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OBITUARY NOTICE 

PERCIVAL SPENCER UMFREVILLE PICKERING 

CHEMISTS and biochemists everywhere will learn with deep regret of the death 
of SpENcER PickeERING on the night of Sunday, December 5th, after a long 

and wearisome illness at the age of 62. 
He came of a long line of distinguished ancestors; his father was Percival 

A. Pickering, Q.C., and his mother was a Stanhope, daughter of John Spencer 

Stanhope and granddaughter of the famous Coke of Norfolk, Earl of Leicester, 

by his romantic marriage with his young ward. Pickering was proud of his 

descent, as well he might be, and spent no little time in editing the family 

records and tracing their extensive relationships. 
He was educated at Eton, but the classics did not appeal to him: when 

he entered Balliol he read science and in 1881 took a First Class Honours. 
degree. From the outset, however, he was a very independent minded student, 

and one of his first published papers was a controversion of an opinion held 

by his tutor. 
Being possessed of sufficient private means the question of a career did 

not worry him as it does some; he was able to follow his bent and pursue 
his scientific studies unhampered by financial considerations. But he was not 

attracted by the life at a university. He went down after he had taken his 

degree and set up a laboratory at his house in Bryanstone Square, London, 
where he carried out his well-known measurements on the physical properties 

of mixtures of acids and water. 
His results led him to controvert the dissociation hypothesis of Arrhenius. 

An account of the phenomena as he saw them is given in Thorpe’s Dictionary 
of Chemistry under the heading “Solutions.” In reading his papers, even 

those who do not agree with his conclusions are forced to recognise that he 

handled his data well and was seriously trying to find out what really lay 
behind them. 

Although an independent worker he did not cut himself off from institu- 
tions; he accepted a lectureship at Bedford College which he held from 1881 

to 1887. He also took part in other intellectual activities and early became 
a member of the Athenaeum. Had he continued in his work he would have 

become a useful critic of physical chemistry, standing outside the dissociation 

school, and he could not have failed to exercise an important influence on the 

development of the subject. 
By a serious accident in the laboratory, however, he had lost an eye and 

suffered a severe shock which led to so much illness that his doctors advised 
him to spend part of his time in the country. He accordingly came to 
Harpenden which though then only a village was already a place of scientific 
associations, there being no fewer than four Fellows of the Royal Society 

among its inhabitants—J. B, Lawes, J. H, Gilbert, R. Warington, and 

Bioch. xv 1 
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Richard Lydekker. In 1890 Pickering was himself elected into the Royal 
Society, thus making the fifth. Although not robust in body he was too 

vigorous in spirit to be idle and he worked on the land. He still continued his 

physical work for a time but finally he turned his scientific activities in 
a wholly different direction: he planned out a series of experiments on fruit 

trees that should do for them what the Rothamsted experiments had done 
for farm crops. With the aid of the Duke of Bedford, an old college friend, 

this was accomplished: a field at Woburn was prepared in 1894, planted with 

fruit trees and the well-known experiments were begun. Seventeen reports 

have been issued and one, the last, is now in the press. The work has been 

of considerable interest to biochemists and plant physiologists because of 

the many problems it raises: it has been of practical importance because 

it has shown fruit growers that many of their traditional practices require 
serious overhauling. Pickering delighted in a result that was entirely op- 

posed to conventional doctrine and greatly enjoyed the sceptical amazement 
with which fruit growers regarded his trees, planted as they thought entirely 

wrongly, manured entirely wrongly, and yet undeniably growing better and 

producing more fruit than those managed on ordinary horticultural lines. 

It must be admitted that Pickering had good grounds for his attitude, as 
horticulture in the nineties, however advanced as an art, was in a deplorably 
backward state as a science. 

His first striking result was that the manuring of fruit trees does not 
conduce to fruit production. This has since been confirmed; it is known that 

fruitfulness is in some sense opposed to vegetativegrowth. Theresult, however, 
caused some surprise at the time and it was opposed to the doctrine of some 

of the pundits of the day. 

Another surprising result which is not yet accepted by practical growers 

is that in planting trees the essential thing is to ram tightly, injury to the 
root during the process being immaterial. The accepted custom is to handle 
the roots very carefully, to press the soil firmly round, but not to ram. 
Pickering’s view was that intimate contact with the soil stimulated the pro- 
duction of new vigorous roots so that the tree was much better off than if it 

had been planted in the usual way. 
He also studied the effects of fungicides and insecticides and put some of 

the rather crude formulae on to a sound chemical basis. 

Perhaps his most important work from the physiological point of view 
was concerned with the mutual effects of one growing crop on another, This 

arose out of an observation at Woburn that the effect of growing grass round 

apple trees is to arrest all healthy growth and absolutely stunt the tree. The 
leaves become unhealthy and light coloured, the bark also becomes light 
coloured, while the fruit loses its green matter and becomes waxy yellow or 

brilliant red. Where the grassing was done gradually the trees accommodated 
themselves somewhat to the altered conditions, but never grew so well as 

when grass was absent. 
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The effect might have been due to various causes: changes in aeration, 
temperature, water supply, food supply or physical condition of the soil, but 

careful experiments failed to show that any of these factors came into play. 
Covering the soil with cement excluded air at least as thoroughly as grass, 

and yet did not produce the grass effect, nor was it suppressed by wet seasons, 
liberal watering, or a supply (in pot experiments) of sufficient water or nutrient 
solution to keep the soils of grassed and ungrassed trees equally moist, or 

equally well supplied with food. On the other hand, the grass effect was 
produced when perforated trays of sand containing growing grass were placed 

on the surface of the soil in which trees were growing, so that the washings 

from the grass went straight down to the tree roots. There seemed no possi- 
bility of the grass roots in the tray abstracting anything from the soil, and the 

only explanation appears to be that a toxin is excreted by the grass. Such 

a toxin however must be very readily decomposed because no toxic properties 
could be discovered by laboratory tests either in soil that had been removed 

from the grass roots or in the washings from the above-mentioned trays. He 
subsequently showed that the phenomena are general and hold whatever 

crops are grown in pots or trays. In consequence we must be prepared to 
consider possible toxic effects of one plant on another growing alongside of it, 

and the parts such effects may play in determining natural plant associations 

and in explaining some of the bad effects of weeds. 
‘This work will, it is hoped, be developed; it is far too important to remain 

as it is. It is thoroughly typical of his method: he would make some simple 
observation that many others must have had the opportunity of making and 

yet had missed, and then he would show that its significance was far deeper 

than at first appeared. 
This originality of mind combined with accuracy of experimental work 

and refusal to be bound by any tradition was thoroughly characteristic of 

the man. His interests, however, were not confined to his investigations. He 

had clear cut artistic perceptions and surrounded himself in his home with 
things of beauty. He sympathised much with the leanings of his brother- 

in-law, William De Morgan, towards the pre-Raphaelite school and he had 
some of De Morgan’s work in his house; its sincerity and fidelity to nature 

appealed to him, and, moreover, though austere and of iron self-control, he 

had a strong vein of sentiment in his character. This combination of artistic 

feeling with high scientific ability is fortunately not rare in England, and when 
it occurs it is usually associated with some remarkable traits of character. 

Pickering was a good example of the scholar and gentleman, a welcome 
member of some of the best circles, and withal one who judged men exactly 
as he found them, refusing to be bound by convention in the ordinary affairs 

of life just as he refused its bondage in his scientific work. 

E. J. RussE.t. 
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I. THE ACTION OF SODIUM HYDROXIDE UPON 

COAGULATION OF FIBRINOGEN. 

By JOHN OGLETHORPE WAKELIN BARRATT. 

Beit Memorial Research Fellow. 

From the Laster Institute. 

(Received October 28th, 1920.) 

THE well-known action of sodium hydroxide in retarding coagulation of 
fibrinogen in presence of thrombin has been variously interpreted. J. Mellanby 

[1909] regards this retardation as due to the solution of the newly formed 

fibrin by the alkali and to a destruction of the ferment. According to 

W. H. Howell [1916] the effect of addition of alkali is to prevent the formation 
of fibrin fibrils, though the formation of fibrin aggregates, to which this author 

regards gelatinisation of fibrinogen as due, may still occur. 

With a view of further investigating the action of alkali upon the coagu- 

lation of liquids containing fibrinogen and thrombin the present work was 
undertaken. 

It is obvious that if the action of alkali is exerted exclusively upon 
fibrinogen or is directed solely to thrombin, it would be easy to determine 

the nature of this action by a comparison of (1) the effect upon coagulation 
of adding increasing amounts of alkali to plasma or fibrinogen solution with 

(2) the course of coagulation in a series of dilutions of (a) fibrinogen, to each 
of which the same amount of thrombin has been added, and (b) thrombin, 
to each of which the same amount of plasma has been added. 

The effect of dilution of fibrinogen is shown in Table I, that of dilution 

of thrombin in Table II and the action of alkali in Table III. In these 

experiments fibrinogen, which cannot at present be prepared in even an 
approximately pure condition, was represented by citrated human plasma: 

it is well known that when fibrinogen is precipitated from plasma by dilution 
and acidification relatively considerable amounts of albumin and globulin 
are carried down in the precipitate [J. Mellanby, 1905]. As source of thrombin 
the venom of Echis carinatus | Barratt, 1913), dissolved in citrated 0-85 % 

sodium chloride solution, was employed’. The volume of citrated plasma 
used (undiluted or diluted) was in each experiment 0-050 cc.: to this was 

added 0-0026 cc. of citrated sodium hydroxide solution of suitable concen- 
tration (Table III) or of citrated 0-85 % sodium chloride solution (Tables I 

1 For a supply of this venom I am indebted to the kindness of Dr C. J, Martin, Director of 
the Lister Institute. 
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Table I. 

To citrated human plasma, undiluted and in the dilutions given below, venom was added in 

amount required to produce a dilution of 1 in 3,000,000. The time of first appearance of 
fibrils is calculated from the equation on p. 6. 

Time of first appearance 
of fibrils Gai) 

Plasma’; A ~ 
% observed calculated Dimensions (approximate) and aspect of fibrils 

100 24 24 ‘25 thick; 504 long; numerous; meshes wide 

90 24 24 

80 23 24 25 thick; 504 long; numerous; meshes wide 

70 50 55 

60 110 99 25 thick; 50u long; numerous; meshes wide 

50 140 151 25 thick; 50 long; less numerous; meshes fairly wide 

40 191 215 ‘2 thick; 40 long; less numerous; meshes less wide 

30 360 297 ‘ly thick; 74 long; scanty; barely visible 

20 + nofibrils seen 414 

and IT); finally 0-0026 ce. of citrated venom was added, of such concentration 

as would furnish, after admixture, the titre indicated in the tables. Im- 

mediately after mixing, a few cubic millimetres were placed on a microscope 
slide within an area ringed with vaseline and examined on a dark ground, 

illuminated by an arc light. The temperature of experiment was 16-18°. 

On comparing Tables I and II it will be observed that the effect of dilution 
of fibrinogen (the amount of thrombin added being the same in each experi- 

ment) or of dilution of thrombin (the amount of fibrinogen present being the 

same in each experiment) is to cause (1) delay in the appearance of fibrin 

fibrils and (2) diminution in their number. Here, however, the resemblance 

Table IT. 

To citrated human plasma (undiluted) venom was added in amount required to produce the 
dilutions given below. The times of first appearance of fibrils are calculated on the assumption 

that concentration of venom x time of first appearance of fibrils =8-3 x 10~*. 

Time of first appearance 
of fibrils min.) 

Venom observed calculated Dimensions (approximate) and aspect of fibrils 

1 600,000 5 5 ‘ll thick; 5 long; fine; very numerous; meshes fine 
1: 1,000,000 8 8 

1: 1,300,000 11-5 1l -2u thick; 154 long; numerous; meshes less fine 

1: 1,500,000 10:5 12-5 

1: 2,000,000 19 16-5 +25 thick; 404 long; numerous; meshes wide 

1: 3,000,000 26 25 - :25u thick; 504 long; numerous; meshes wide 

1: 6,000,000 47 50 ‘3 thick; 60 long; fairly numerous; meshes larger 

1 : 12,000,000 175 100 35 thick; 804 long; less numerous; meshes very wide 

1 : 24,000,000 350 200 ‘Su thick; 1504 long; scanty; coarse 

in the two cases ceases: with increasing dilution of fibrinogen the fibrils 

become short and fine, and ultimately are barely visible (Table I); with 
increasing dilution of thrombin, on the other hand, the fibrils become long 
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and coarse (Table II). The effect of adding alkali (Table III) is seen to be 
identical with that of diluting fibrinogen: this is very strikingly seen when 

the penultimate experiment in Table III is compared with the penultimate 
experiment in Table I and with the last experiment in Table II. It follows, 
therefore, that the action of alkali is exerted upon fibrinogen: no recognisable 

effect upon thrombin is observable. 
The experiments in Table I, when plotted with concentration of plasma . 

as ordinates and time of first appearance of fibrin fibrils as abscissae are 
found to lie at first upon a vertical line and then upon a curve, as is shown 
in Fig. 1. Fibrinogen in solution has been shown to be diphasic [ Barratt, 1920], 

the time of first appearance of visible fibrils (made up almost entirely of the 
period occupied by the growth of the primitive fibrils, which thereby pass 

from invisibility into the range of ultramicroscopic vision, this growth 
occurring at the expense of fibrinogen derived from the continuous or dilute 

phase) being unaltered by dilution until the disperse (concentrated) phase 

has nearly completely passed into solution (dilute phase), after which further 
dilution causes a lowering of the concentration of the dilute phase and as a 

Table III. 

To citrated human plasma (undiluted) sodium hydroxide was added in quantities corresponding 
to the concentrations given below. Venom was then added in amount required to produce 
a dilution of 1 in 3,000,000. 

Fibrils first 
seen at 

NaOH end of Dimensions (approximate) and aspect of fibrils 

0 24min. +25 thick; 504 long; numerous; meshes wide 

1/120 N 23 ,, 
1-3/120 NV 4 ENS -2u thick; 204 long; numerous; meshes small 

1-6/120 N 77 eel 

1-9/120 N SOs ‘2 thick; 204 long; very numerous; meshes very small 

2-2/120 N 54 
2-5/120 N 63 
2-8/120 N 150 

31/120 N 173; ‘Ly thick; 54 long; very numerous; barely visible 

3-4/120N 285 
37/120 N 345 ‘Lu thick; 54 long; less numerous; barely visible 

12 4/120 N_ no fibrils seen 

wB ‘154 thick; 104 long; very numerous; meshes very small 

& 

=~Seeracarevne sD 

result retardation of the growth of primitive fibrils (exhibited by a lengthening 
of the period of first appearance of visible fibrils), The curve, it may be 

observed, can be calculated from the equation 

—~le=kt+a 

where ¢ = concentration of fibrinogen, ¢ + 24 = time of first appearance of 

fibrils and k and a are constants, represented by 0-0035 and — 4-357 respec- 
tively. 

On reference to Tables I and III it will be seen that in the earlier experi- 

ments of each series the period in which visible fibrils first appear is the same, 
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namely 23 to 24 minutes: only in the later experiments is a retardation 
observable. This behaviour indicates that the result of adding alkali to 

plasma is to cause disappearance of fibrinogen, the disperse (concentrated) 
phase in consequence becoming reduced in amount but the continuous (dilute) 

phase not being affected until the former phase has nearly completely dis- 
appeared, and is therefore no longer able on further dilution to maintain the 

saturation concentration of the continuous phase, the process occurring being 
in this respect comparable in its effect to simple dilution of fibrinogen. The 
concentration of fibrinogen corresponding to the periods given in Table III, 

pe Toa 
2720 

_ NaOH 

Fn 

100- 
Lf 

Be 

J0_ 
3 

Lh 

2 L ae 
Fig. 1. Graphic record of experiments given in Tables I and III. Ordinates indicate (1) on the 

left concentration of fibrinogen, that present in undiluted citrated human plasma being 

represented by 100, and (2) on the right titre of sodium hydroxide; abscissae show time of 
first appearance of fibrin fibrils. On the curve, which represents the experiments in Table I, 
the estimated disappearance of fibrinogen on addition of alkali in Tables III and IV is 

exhibited. 

col. 3, may be determined graphically from the curve in Fig. 1 (or by calcu- 
lation with the aid of the equation on p. 6). The figures so obtained are 

shown in Table IV, col. 2. If the average amount of fibrinogen disappearing 
for each increment of alkali is determined (namely that contained in approxi- 
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mately 7-5 % of plasma for each increment represented by 0-3/120 NV NaOH) 
the percentages of fibrinogen given in the third column of Table IV are 

obtained: these are indicated in Fig. 2, the amount of fibrinogen present in 
undiluted plasma being represented by 100. (It will be seen from Fig. 2 that 

no action of alkali on fibrinogen is observable until an amount represented 
“by 0-74/120 N has been added.) 

Table IV. 

Disappearance of fibrinogen on addition of sodium hydroxide in experiments recorded in Table III. 

Fibrinogen 
c . 4 cee) | 

Exp. observed calculated 

1 100 100 
2 <100 94-5 
3 <100 87 
4 <100 79-5 
ae 72 72 
6 71 64-5 
7 68 57 
8 50 49-5 
9 47 42 

10 32 34-5 
ll 27 27 

12 — 20 

hn 

100, 

JO. 

7 i Tt T TL 

7 2 3 A NaOH = 720 
Fig. 2. The relation between amounts of sodium hydroxide added in the experiments given in 

Table ILI and corresponding estimated diminution of fibrinogen (‘Table IV). 
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The variations from a simple proportionality between addition of alkali 
and disappearance of fibrinogen in the individual experiments recorded in 
Tables III and IV are most conveniently exhibited graphically, as in Fig. 2. 
These variations lie within the error of experiment inseparable from the 

circumstance that on the one hand the volume in which the thrombin and 

alkali added is contained must be kept very small relatively to that of the 
plasma (fibrinogen) employed, in order that the concentration of the latter 

may not be lowered thereby in any marked degree (in these experiments the 

respective volumes of (1) plasma and (2) thrombin or alkali solutions employed 
were 19 : 1), while on the other hand owing to the necessity of rapid working 

the amounts of fluid used must be small. Although the fibrinogen used for 
experiment was contained in plasma and the experiments given in Tables IIT 

and IV indicate, as already noted, the occurrence of a subsidiary reaction, 

nevertheless the results obtained suggest that the relation between alkali and 
fibrinogen is stoichiometric. As is well known fibrinogen is not destroyed by 

alkali: on addition of carbonic acid to alkali plasma the fibrinogen which has 

disappeared reappears and clotting in presence of thrombin is now readily 

obtained. The action of fibrinogen in respect of alkali thus appears to be 

comparable to that of an extremely weak organic acid. 
With the increasing dilution of fibrinogen exhibited in Table I, the fibrin 

fibrils become gradually finer until ultimately they can no longer be recognised. 

When this stage is reached there is, however, still evidence of the existence 

of fibrils, though no longer capable of demonstration by ultramicroscopic 

illumination, for soft clot continues to be formed in vitro. It must therefore 

be inferred that in such apparently structureless clot amicroscopic fibrils are 
present, though, owing to the dilution of the continuous phase, no longer able 

to increase sufficiently in size, by further addition of fibrinogen from this 
phase, to become visible. In support of this inference, reference may be made 

to the circumstance that under suitable conditions of experiment the formation 

of structureless clot precedes visible fibril formation: thus when the dilution 
of fibrinogen is just insufficient to lead to the non-appearance of fibrin fibrils, 
“setting” in vitro may be observed to precede the appearance of visible 

fibrils on the microscope slide. It has already been shown [Barratt, 1920] 
that the formation of primitive (amicroscopic) fibrils precedes by a relatively 

considerable time the appearance of visible fibrils. 
When alkali is added to citrated human plasma the same phenomenon is 

observable with much greater facility, owing to the circumstance that the 
volume of solution of alkali added may be made very small compared with 

that of the plasma employed, and thus the diminution in number of fibrils 
dependent upon simple dilution avoided, with the result that greater firmness 
of clot is secured. If sufficient alkali is added to plasma to cause disappearance 
of visible fibrils, a structureless gel of soft consistence is still obtainable: as 
more alkali is added gel formation becomes uncertain and ultimately ceases. 

Thus in a series of experiments of the type shown in Table III, in which the 
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concentration of venom was 1 in 600,000, no visible fibrils were observed 

after the fifth experiment: in experiments 6 to 9 “setting” am vitro occurred 

in periods ranging from 30 minutes to 3 hours; in the remaining experiments 

“setting” was imperfect or did not take place. 
The appearance of structureless gel after addition of alkali was noted by 

Howell [1916], who moreover obtained structureless gel from plasma on 

dilution and on drying. 
Addition of alkali to plasma in amount sufficient to delay fibril formation 

does not at first affect phenolphthalein. No marked red coloration could be 
observed until fibrils were no longer recognisable and gel formation absent: 
in other words, until the amount of sodium hydroxide added was as much as 

would, if added to a volume of distilled water equal to that of the fibrinogen 

solution employed, give to the latter a concentration of alkali represented 

by 1/30 N. 

SUMMARY. 

(1) Sodium hydroxide, added in increasing amounts to citrated plasma, 

causes the gradual disappearance of fibrinogen from the plasma: the fibrin 
fibrils observable in the gel forming on addition of thrombin diminish in size 

and number, and ultimately pass out of the range of ultramicroscopic visibility ; 

when this stage is reached gel formation may be still observable, but the gel 
obtained is structureless under microscopic illumination, being made up of 

amicroscopic fibrils; with still further disappearance of fibrinogen gel forma- 

tion ceases. 
(2) No evidence of any action of alkali upon thrombin was obtained. 
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II. THE PRODUCTION OF CARBON MONOXIDE 
BY THE ACTION OF ALKALINE HYPOHALO- 
GENITES ON UREA. 

By WILLIAM HOLDSWORTH HURTLEY. 

Chemical Laboratory, St Bartholomew’s Hospital. 

(Received November 15th, 1920.) 

R. G. Canti [1916] bas used the hypobromite method for obtaining approxi- 

mate values for the amount of urea in the cerebro-spinal fluid of patients 

suffering from a variety of diseases. Being desirous of controlling this method 
by others more reliable he asked R. L. M. Wallis to determine the urea by the 

urease method in some cases, and G. Graham by the Folin method in others, 

and the writer to determine the total nitrogen by the Kjeldahl method in 
other cases. 

Here are some typical results: 
% urea by Total nitrogen 

No. of ‘ . A — calcula 
case Disease NaOBr Urease Folin to urea 

48  Uraemia 0-88 0-63 es a 

114 Be 0-41 0-10 — — 

115 Carcinoma 0-28 0-18 — — 

75 Uraemia 0-41 — 0-32 —— 

76 et 0:45 as 0-32 — 

97 Chronic nephritis 0-02 — 0-04 — 

134 Uraemia 0°75 — -— 2-05 

137 a 0:77 a = 0-75 

141 99 0-42 — — 0:54 

157 a 0-45 — — 0-94 

From the table it appears that the volume of gas evolved by acting upon 

cerebro-spinal fluid with hypobromite, particularly in cases of uraemia, far 
exceeds the nitrogen contained in the urea of the fluid, but does not exceed 

the total nitrogen of the fluid. A similar phenomenon is well known in the 
determination of urea in urine by the hypobromite method. K. H. Mérner 
[1903] has shown that the nitrogen evolved from urine by the action of hypo- 
bromite upon it may exceed the urea nitrogen by more than four times. 

Canti and the writer then sought for a constituent other than nitrogen 
in the gas evolved from cerebro-spinal fluid and hypobromite, a gas which 
must be practically insoluble in water, and in a solution of sodium hydroxide. 
Oxygen was shown to be absent. In Canti’s case 134 a portion of the gas was 

shaken up with part of a dilute solution of blood, the other part being kept 
as a control. To our surprise we obtained the characteristic colour of 
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carboxyhaemoglobin. On adding yellow ammonium sulphide to one portion 

of the COHb solution it was not reduced while the same reagent reduced a 
similar quantity of the diluted blood in the usual way. Another part of the 

COHb solution was not reduced by sodium hyposulphite while a similar 
amount of the control solution was instantly reduced. Precisely similar 
results were obtained in Canti’s case 141. These two were cases of uraemia, 

but the same result was obtained in a case of diabetes and in a case of cerebral 
softening. These results caused us to test the nitrogen obtained from urea 

by the action of hypobromite upon it for carbon monoxide, and we found 
that the latter gas is always present in the nitrogen when hypobromite of 
the ordinary strength acts upon urea. To be quite certain that the sodium 

hydroxide used, namely sodium -hydroxide “pure by alcohol,” had no effect 
on the result a quantity was prepared direct from sodium, and hypobromite 

made with it gave with urea nitrogen containing carbon monoxide. 
Marie Krogh [1913] had shown that the gas liberated from urea by hypo- 

bromite contained carbon monoxide; but when Canti and I discovered it in 

1916 we did not know of her paper. By acting upon | cc. of a solution of 

urea containing 9-19 mg. N with hypobromites of different strengths Krogh 

once more showed that the volume of gas evolved varied with the strength 
of the hypobromite and she made the important observations (a) that the 
nitrogen contained carbon monoxide; (b) that the amount of the carbon 

monoxide increased with the alkalinity of the hypobromite. For example 

l ce. of the urea solution acted on by 15 cc. of a hypobromite containing 
0-193 g.-mol NaOH and 0-0416 g.-atom Br (4-625 : 1) gave total gas 96-2 % 

of the total nitrogen in the urea and it contained 0-3 % CO; while the same 
amount of urea with hypobromite containing 0-747 g.-mol NaOH and 
0-0203 g.-atom Br (36-86 : 1) gave total gas 99-4 % of the total nitrogen and 
it contained 0-62 °% CO. Krogh was led to suspect the presence of carbon 

monoxide in the nitrogen by the fact that when she acted upon | cc. of urea 
of the afore-mentioned strength and 1 cc. of a 25 % solution of glucose with 

hypobromite of the concentrations just given the total gas evolved was 101-1 

and 101-7 % respectively of the urea nitrogen. This being the case the gas 
from urea and that from urea together with glucose was analysed in an 

apparatus which appears to have been similar to that of Haldane; and after 
combustion a contraction was observed which was half that obtained on 
submitting the product to the action of sodium hydroxide. Krogh therefore 

concluded that the gas must contain a volume of carbon monoxide equal to 
the contraction after treatment with sodium hydroxide. No qualitative tests 
such as the blood test are described, nor is it stated that oxygen was added 
to burn the carbon monoxide. If the oxygen required for combustion was 

supplied by the air of the generating vessel then the results would be low. 
Canti and I estimated the carbon monoxide in the gas from the cerebro-spinal 

fluid of case 142 and in that from a solution of pure urea, To collect the gas 
without mixing it with air a Lunge nitrometer was filled with hypobromite 
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of the usual strength (2-5 te. Br to 25 cc. of a solution of sodium hydroxide 
containing 40 g. NaOH in 100 cc.) and the fluid or the urea solution was added 

from the cup. A small Haldane’s apparatus was used for the analysis; a 
suitable volume of gas having been admitted to the apparatus and measured 
about 2 cc. oxygen were added, the reading taken and the analysis made. 

Vol. of gas Contraction on Contraction 
admitted combustion after KOH co. - 

ce. ce, ce. % 

Case 142 (x. 1916) 7:16 0-05 0-10 1-4 

Pure urea (x. 1916) 7-07 0-025 0-07 0-99 

Subsequent determinations of the carbon monoxide by the writer have given 

a smaller percentage than this early one. In the following determinations 
about 120 cc. of gas were liberated from urea as just described and of this gas 

100 cc. were mixed with 20-4 cc. of oxygen. This mixture was analysed in the 

Haldane’s apparatus: 
Vol. of | Contraction on Contraction 
mixture combustion after KOH co 

ce. ce. ce. % 
9-74 0-05 0-06 0-74 
9-68 0-02 0-06 0-75 > 

In the following determinations a flask holding 255 cc. to the bottom of the 
neck was charged with alkaline hypobromite previously made from 20 cc. 
bromine and 200 ce. of sodium hydroxide: the flask was fitted with a rubber 

stopper carrying a small graduated tap funnel and a short delivery tube 
attached to a nitrometer. To displace the air from the flask and delivery 
tubes 20 cc. of 2 % urea solution were run into the flask. This gas having 
been expelled from the nitrometer, more urea was added to the fiask and the 

next 150 cc. of gas collected; 40 cc. of it were mixed with 10 ce. of oxygen and 

the mixture analysed. To control these results a mixture of air and carbon 
monoxide containing about 2 % of the latter gas was made and stored over 

water. Three analyses of this mixture were made; then 25 cc. of the mixture 
were diluted with 25 cc. of air and two analyses of this were made. The table 

gives the results of two analyses of the gas from urea, and the analyses of 

the air containing carbon monoxide. 

Vol. of Contraction on Contraction 
mixture combustion after KOH co 

ce. ce. ce. % 

9-89 0-04 0-05 0-63 

9°96 0-035 0-055 0-69 

9-93 0-09 0-16 1-61 

9-89 0-07 0-175 1:77 

9-92 0-07 0-16 1-61 

9-84 0-045 0-075 0-76 

9-90 0-040 0-090 0-91 

From these results it may be concluded that the nitrogen evolved from a 
2 % solution of urea, when acted upon by hypobromite of the usual strength, 
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contains 0-7 % of carbon monoxide. Since this percentage of carbon monoxide 
is easily detected by shaking the gas with diluted blood its presence can 
easily be demonstrated in class or in lecture. For this purpose the gas from 
10 ce. of a 2 % solution of urea and 50 cc. of hypobromite generated in the 

usual bottle, may be collected in a nitrometer. From this apparatus the gas 

can be driven into a 150 cc. narrow necked measuring cylinder filled with 
suitably diluted blood and inverted in an evaporating basin containing the 
same. The gas collected, the stopper is inserted, and the cylinder is well 

shaken. A 50 cc. Nessler glass is now filled to the mark with blood from the 
cylinder and a similar glass is filled to the mark with some of the original 

diluted blood. The difference in colour is very marked, and on the addition 
of a trace of solid sodium hyposulphite to each glass it will be seen that the 

COHb remains unchanged while the control is instantly reduced on shaking. 

The Origin of the Carbon Monozide. 

Krogh [1913] showed that. when alkaline hypobromite rich in hypobromite 

was employed to act upon urea, less nitrogen and also less carbon monoxide 
were produced than when the alkaline hypobromite was poor in hypobromite 

and rich in sodium hydroxide (see her figures quoted above). She assumes 

that in the former case more carbon is oxidised to carbon dioxide and more 
nitrogen is oxidised to some oxide of nitrogen, which remains combined with 

base as nitrite or nitrate, than in the latter case and she makes experiments 

to prove that the residual nitrogen is present as nitrate. Nitrate had been 

previously found under certain conditions in the residue from this action of 
hypobromites on urea by Fauconier [1880] and by R. Luther [1889]. 

It seemed desirable to ascertain whether sodium hypochlorite when it 

acts upon urea also gives carbon monoxide. H. J. H. Fenton [1878], using 
sodium hypochlorite whose strength he does not give, obtained according as 

he used hypochlorite alone or mixed with sodium hydroxide 49-72 % of the 
nitrogen in urea; but when the same hypochlorite was used with sodium 
carbonate he obtained 92-51 %. The writer obtained the results embodied 

in thé following table. Washed chlorine was passed into sodium hydroxide 

(40 g. NaOH in 100 ec.) cooled in ice, until the solution was of such a strength 
that lec. of the clear liquid was equivalent to 62-8 cc. N/10 sodium thio- 
sulphate; the usual bottle and tube was used for the reaction and the gas 
was collected over water in a Lunge nitrometer. 

Urea 2 g. in NaOCl NaOH 40 g. Na,CO, NaOCl % of total V 
Exp. 100 ce, solution in 100 ee, saturated co. Normal in urea 

1 5 oe, 25 ce. no oo 157 61:3 

2 ” 25 — 25 ce, 157 54:8 

3 ue 25 25 ce. a 157 77:8 

4 pa 10 40 . so 62:8 84:5 

5 ” 5 45 = 31:4 81:6 

6 ” 2 48 — 12.5 78:2 

7 ” 10 _ 40 co. 62-8 538 
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Here it is seen that a concentrated alkaline hypochlorite gives much less gas 
than a hypochlorite of one-fifth the strength but containing far more alkali. 
Experiment 4 was repeated on a large scale in order to collect a quantity of 

the gas free from air and to examine it for carbon monoixde. In 50 cc. of 
the gas carbon monoxide could be detected, but 100 cc. were required to give 

a really good test. The amount was too small for estimation in my Haldane’s 
apparatus (capacity 10cc.). It is certain that although carbon monoxide 
appears over a wide range of concentrations of hypochlorite it is always less 

- in amount than in the gas from hypobromite. Fenton [1878] showed that 
cyanate was present in the residual liquid from the action of hypochlorite. 
Nitrate had been shown to be present by Fauconier [1880] and Luther 

[1889]. 
It is certain from what precedes that the action of hypohalogenite upon 

urea is a complex occurrence. In this paper the question of residual nitrogen 

is not discussed; only an attempt will be made to explain the formation of 
carbon monoxide. Schestakov [1905] showed that when an alkaline hypo- 

bromite or hypochlorite acts upon urea the following compounds can be 

isolated from the residue in the form of their benzaldehyde derivatives; 

hydrazine, semicarbazide, hydrazinecarboxylic acid—the first of these in a 

yield of 60%. Chattaway [1909, 1, 2] showed that when chlorine is passed 
into a strong aqueous solution of urea, or better into such a solution in 

presence of zinc oxide, a good yield of dichlorocarbamide is obtained and that 

this compound when acted on by ammonia forms p-urazine! 

NH.HN 
7 

co CO. 

\a . HN 

This compound on hydrolysis by acids yields salts of hydrazine. Linch [1912] 
showed that when sodium hypobromite acts upon semicarbazide an 80% 

. yield of p-urazine is obtained, and in this reaction he believes that hydra- 

zodicarbonamide is an intermediate product for he shows that hydrazodi- 
carbonamide itself when acted upon by hypobromite also yields p-urazine. 

He further showed that acetylearbamide acted upon by hypobromite gave 

diacetylhydrazodicarbonamide which was partly hydrolysed by the alkaline 

liquid to hydrazodicarbonamide. Thiele [1892] showed that hydrazodicar- 
bonamide is oxidised by chromic acid to azodicarbonamide and that the latter 

can be hydrolysed to potassium azodicarboxylate. This salt gives a bright 
yellow solution in water, its aqueous solution is unstable but is stabilised by 
alkali, and the salt when heated a little above 100° gives carbon monoxide. 

_ 1 Busch regards the p-urazines as urazoles and on his view this compound would be amino- 
HN—CO 

urazole. . N.NH,. I am not convinced that his arguments apply to this compound. 

—CO 
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When the salt is decomposed by water alone only nitrogen is evolved.. All 
these reactions are summarised in the following scheme: 

HN. co -NH, 

| Schestakov 

H,N.NH, HN. NH.COOH H,N.NH.CONH, H,N.CO. BROOCH 
Line 

Linch CH,COHNCONH.NHCONHCOCH, 
H,NCONH NH.CONH, ! 

Thiele | Linch Linch Chattaway- 
H,NCON : NCONH, NH.NH 

i 
Thiele CO K > co CIHNCONHCI 

NH.NH Chattaway 
HO.OCN :N.COOH 

Thiele 
| 

CO:CO,:N, CO,:N,:H,0 
In order to trace the origin of the carbon monoxide formed by the action 

of hypohalogenite upon urea the action of alkaline hypobromite upon many 

of the substances in the above table has been examined. 
Hydrazocarboxylic acid and its hydrazine salt. As recommended by Stolle 

and Hofmann [1904] carbon dioxide was passed into a well cooled solution 
of hydrazine hydrate, and a part of the solution was acted on by hypobromite 

of the usual strength. No carbon monoxide could be detected in the nitrogen 
evolved. Another part of the solution was evaporated in a vacuum over 

sulphuric acid and the deliquescent crystals of the hydrazine salt of the acid 

also failed to give any carbon monoxide with hypobromite. 
Dichlorocarbamide. An aqueous solution of this compound was run into 

strong ammonia and the gas evolved collected in a nitrometer. The yield of 
gas assumed to be nitrogen was 10°52 % of the dichlorocarbamide used: 

theory 21-73. But the gas was rich in carbon monoxide, containing as the 
mean of three concordant results 1-24 % CO. When sodium hydroxide was 

used in place of ammonia the evolved gas also contained carbon monoxide. 
In all cases a crystalline precipitate of p-urazine was obtained as described 

by Chattaway. 
p-Urazine. This compound acted upon by hypobromite of the usual 

strength also gave monoxide, the amount of which has not yet been deter- 

mined, 
Semicarbazide. Linch’s experiment on this compound (1 g.-mol semi- 

carbazide hydrochloride, 4 g.-mols NaOH and 3 g.-atoms Br) was repeated 
with the modification that the evolved gas which Linch assumes to be nitrogen, 
was collected and examined. It was found to contain 22 % of carbon dioxide 

and also some carbon monoxide. The amount of the latter gas was 0-64 %— 

slightly less than that given by urea under ordinary conditions. 
Acetylearbamide with hypobromite of the usual strength also gave carbon 

monoxide—amount not yet estimated, 
Hydrazodicarbonamide. 0-5 g. of the solid was placed in a dry tube which 
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was put into the usual bottle containing hypobromite made from 50 cc. of 
10 N NaOH and 5ce. Br (1 g.-mol: 119 g.-mols: 46-4 g.-atoms) and the gas 

collected in a nitrometer. The action was quite slow and it gave 101-45 cc. 

moist nitrogen at 67° and 770mm. This is equivalent to 28-23 g. N per g. 
molecule, that is half the total nitrogen. It contained no trace of carbon 

monoxide. 

Linch’s experiment with this compound was repeated (1 g.-mol: 2 g.-mols: 

2-33 g.-atoms), much less nitrogen was evolved but now the gas contained a 

little carbon monoxide. Therefore the following experiment was tried: 0-59 g. 
of the compound was thoroughly shaken with 50 cc. water in the bottle. — 
Into this tube 10 cc. of 10 N NaOH was placed, cooled to 0°, and 0-5 cc. Br 

added. (1 g.-mol: 20 g.-mols: 3-9g.-atoms.) On mixing these 66 cc. N, at 20° 
and 764mm. were obtained = 15:22 g. N per g.-mol or rather more than 

1g. atom. This gas gave a strong reaction for carbon monoxide. Its amount 

has not been determined. When the hydrazo-dicarbonamide dissolves in the 

hypobromite it gives a clear and intensely yellow coloured solution. 

Azodicarbonamide. The first experiment with this compound was made 
in exactly the same way as the first experiment with hydrazodicarbonamide 
and with similar quantities. There is however a great difference in the speed 
of the reaction which in this case is very high and much heat is evolved. 
Calculated on the g.-molecule the nitrogen evolved was 38-67 g. or 2-75 g.- 
atoms. No trace of carbon monoxide could be detected in this gas. This 

experiment was repeated as in the last experiment with hydrazodicarbonamide 
using 0-58 g., 5 cc. 10 N NaOH, and 0-8 g. Br(1 g.-mol: 10 g.-mols: 1 g.-atom). 

In this case the yield of nitrogen was 10-68 g. per 1 g.-mol substance, that 
is 0°75 g.-atom, and the gas gave good tests for carbon monoxide but the 

amount has not yet been determined. The remaining solution was bright 
yellow. 

Schestakov explains the formation of hydrazine, which he isolated as — 
benzaldazine, and of hydrazocarboxylic acid which he also isolated in small 
amounts as its benzaldehyde derivative by the following scheme: 

H,N.C.OH H,N.C.OH Br.C.OH HO.C.OH 

= ,. = | —> || —» HOOC.NH.NH, —> H,N.NH, 
N.Br N.NH, N.NH, 

and he believes that the hydrazocarboxylic acid is the compound which 
furnishes the nitrogen obtained by the action of hypobromite on urea. This 
is probably the main series of reactions; but these reactions alone fail to 

explain (1) the formation of semicarbazide which Schestakov isolated in small 

amount as benzalsemicarbazide, (2) the production of carbon monoxide. The 
writer would suggest provisionally that in addition to the reactions indicated 

by Schestakov the following occur: 

H,N.CO.NH, = HCNO + NH,. 
That this reaction does occur is made very probable by Fenton’s observation 

Bioch. xv ; : 
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[1878] that cyanate is contained in the residual solution when sodium hypo- 

chlorite acts upon urea. Then 

H,N.C(OH): NBr + NH, = H,N.CO.NH.NH,. 

From the semicarbazide, hydrazodicarbonamide is next produced as indicated 
by Linch, then azodicarbonamide by oxidation by hypobromite and finally 
carbon monoxide as outlined in the scheme on p. 16. This work is incomplete, 

but it is being continued in the hope of further elucidating the changes which 

occur when hypohalogenites act upon urea. 
The writer wishes to record his hearty thanks to Dr R. G. Canti for per- 

mission to publish their joint work, and also to Mr J. H. Johnston, M.Sc. 

and Mr 8. D. Barlow for help with many of the determinations and pre- 

parations involved in the work. 

SUMMARY. 

Krogh has shown that carbon monoxide is produced as well as nitrogen 

when sodium hypobromite acts upon urea whether in urine or in solution in 

water. Krogh obtained the result by combustion of the carbon monoxide. 

The author and Canti showed by the blood test and by combustion that 
carbon monoxide is also formed when sodium hypobromite acts upon the urea 

contained in cerebro-spinal fluid and also on pure urea. Its production admits 

of an easy class or lecture demonstration. 
The amount of carbon monoxide contained in the nitrogen when sodium 

hypobromite of the usual strength is used to act upon a 2 % solution of urea 

is 0-7 % of the total gas. 
Carbon monoxide is also produced along with nitrogen when sodium 

hypochlorite acts upon urea, when ammonia or caustic soda acts upon 

dichlorocarbamide, and when sodium hypobromite of suitable strength acts 

upon semicarbazide, hydrazodicarbonamide, azodicarbonamide, and acetyl- 

carbamide. 
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Mellanby [1919] in the course of his experiments on dogs has come to the 
conclusion that rickets is a dietetic disease, and that the ultimate cause is 

a deficiency in the diet of “anti-rachitic factor” a substance which he thinks 
is probably identical with fat-soluble A. He has said that 100 % of young 
puppies fed on his basal diets develop rickets. 

Since the cat, like the dog and man, subsists on a mixed dietary it was 

decided to investigate whether kittens fed on a diet similar to Mellanby’s 
basal diet would develop rickets. Before describing the experiments on kittens 

it is of interest to compare the normal diet of young pups and kittens [ Tibbles, 

1912}: 
8 Cat’s milk Bitch’s milk  Cow’s milk 

% % % 
Protein 9-12 11-15 3-57 
Fat 3°33 9-57 3-69 - 

Sugar 4-91 3-08 4-88 
Ash 0-61 0-73 0-71 

It will be seen from the foregoing table that the percentage of protein is far 

higher in the milk of the cat and the bitch than in that of the cow; bitch’s 
milk contains nearly three times the percentage of fat present in cat’s milk, 

and the fat content of cat’s milk and cow’s milk is roughly the same. If the 
percentage of fat in these three milks could be taken as an index of the quantity 

of fat-soluble A present it would point to the fact that the puppy requires 

a large quantity of this in its diet, and would afford an explanation on Mellanby’s 

hypothesis of the apparently great liability of young dogs to rickets as com- 

pared with other domestic animals. 
The latest of Mellanby’s published basal diets consists of the following 

substances: 
Separated milk  ... 250-350 ce. daily | 
White bread... oak ad lib. 
Linseed oil ... ye 5-15 cc. ,, 

Yeast ae a 5-l5bg. ,, 
Orange juice... ee 300i. 4 

Sodium chloride........ . ]-2g. 4, 
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All the fat-soluble A content of milk is not present in the fat [see 
McCollum, 1917], but no accurate data are at present available from which 

it is possible to make any trustworthy calculation of the amount of this 
factor present in the quantity of separated milk (250-350 cc.) given in the 

foregoing diet. | 

EXPERIMENT I. 

Housing and Diet of Kittens. 

The five kittens used in the experiment belonged to three litters. They 
were housed and fed in two pens (controls in one and experimental animals 
in the other) in a warmed room. They were allowed out for several hours 
every day and had abundant exercise. The diet is given in the following 

table: 
Experimental kittens, 

Control kittens, Nos. 2 and 3 os. 1, 4, and 5 

Whole milk ad lib. ... ise eA rae ... Machine skimmed milk with 
3 % olive oil ad lib. 

White bread ad lib. ade eos 
Orange juice 1 cc. (hand fed) ddiseiats ness ‘is + Same as for controls 

Marmite 2 g. given in milk, whole not consumed 

The milk, whole and skimmed, was brought to the boil and allowed to 
cool before being given to the kittens—a proceeding which probably destroys 

only.a very small part of its anti-scorbutic value [Barnes and Hume, 1919]. 
The average fat content of a week’s supply of machine skimmed milk esti- 
mated by Soxhlet’s method was 0-15 %1. The olive oil used after the first 
six weeks was kindly supplied by Dr Zilva from a consignment of autoclaved 
oil which gave a negative result for fat-soluble A in rat experiments (linseed 
oil had been tried but was refused by the kittens). The oil emulsified fairly 
well with hot skimmed milk but separated out when allowed to stand, so that 

the quantity of oil consumed was not necessarily 3 % of the skimmed milk 
intake. The dose of orange juice was a small one, but it was thought that 
with a diet consisting chiefly of milk a small dose would ensure against anti- 
scorbutic deficiency. A larger amount was at first given but appeared to give 

rise to diarrhoea. 
The marmite, which was used in place of the yeast to supply additional 

water-soluble B accessory food factor, was given in the day’s supply of milk. 
It is not possible to give the food intake of each individual kitten as the food 

(with the exception of the orange juice which was given with a pipette) was 

left in the pens. But the following table gives the average consumption; the 
quantity of bread is a very rough approximation as it was impossible to esti- 
mate with accuracy the residues left. 

1 On a few occasions dried machine skimmed milk or hand skimmed milk was given on 

account of the failure of the supply of separated milk from the dairy. 
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Average daily food consumption of each kitten of experiment 1. 

Control kittens § Experimental kittens 
2and3 - 1, 4, and 5 

Whole milk nee eas -.- About 200 cc. each — 

Skimmed milk with 3 % olive oil a About 145 ce. each 

White bread aa sive axa A a: ty de Se 
Orange juice or ane dei 0-5 ce. 0-5 cc. 

Marmite... 8 ove du 1-2 g. 1-2 g. 

Course of experiment. 

The accompanying charts(Figs. 1 and 2) show the weight curvesof thekittens. 
But at this stage it must be mentioned that every one of the five kittens, 

especially the three experimental animals, was latterly very heavily infested 
with fleas, and that there were in each case at post mortem vast numbers of 

tape worms in the small intestines. This tape worm, the Diplidium caninum, has 

for its secondary host the dog or cat flea. To what extent these parasites 
affected the ultimate result is not clear, but all the kittens suffered from time 

to time with loose stools, their rest was disturbed by the fleas, and at the end of 

the experiment neither of the two control animals was in perfect condition; 
kitten 2 was well nourished and active but had loose stools, No. 3 was very 

thin. The experimental kittens were from the first more keenly interested in 
their food than the controls—they appeared to feel more hungry though their 

consumption of food was on the average smaller. About the sixth week of 

the experiment it was obvious that the experimental kittens were thinner 
than control kitten No. 2 which showed a steady gain in weight after the 

first three-days (control No. 3 was however thin also). By the tenth or eleventh 

week the experimental animals were extremely emaciated, with coats in poor 
condition and were becoming less active. The emaciation, the condition of 

the coat and the inactivity became steadily worse and latterly the abdomens 
were much distended. At the end of the experiment there was an obvious 

difference in size between the two control kittens and the other two of the 

same litters. The difference in length from tip of nose to end of tail was 
2 ins. and 1 in. respectively. 

All the kittens appeared anaemic, possibly aiiky as a result of the tape 
worm infection. The blood count for kitten 5 (on the deficient diet) on the 

114th day of the experiment is given below: 
Normal blood count 

for cat 
Kitten 5 {Gulland and Goodall, 1914] 

_ Red blood corpuscles 4,390,000 per cmm. 8,000,000 per cmm. 

Haemoglobin ... a 21% 70% 

White blood corpuscles 22,300 per cmm. 18,000 per cmm. 

One of the skimmed milk animals, kitten 1, died on the 82nd day, the 

other two, kittens 4 and 5, were killed on the 114th day, 
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Post mortem findings. 

At post mortem no evidence of rickets was discovered. The pathological 

findings are given below. It will be remembered that the three kittens on 
the deficient diet were kittens 1, 4 and 5, those on the theoretically complete 

diet kittens 2 and 3. 
1100- ! 

Kitten 3, diet theoretically complete 
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Control Kitten, 3 2 o——o ; 
: : litter ks old 

Experimental Kitten, 49 e.... “+ ciessaud eninah 00 pScier saan 

It will be seen that this Control Kitten did not thrive 
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1500/- 3 

1400 E = = 

2 
2 

1300} 3 : 

m 1200} 

é 1100}- 
= ; 

‘= 1090 i 
a 
ar & 
iS 900}- § 

ar = 
800 ; ae 

Kittens | & 5, diet deficient in 

700 animal fat 

600 

500 l i i i ! i | l | l | | | | i] 
7 14 21 28 35 42 49 56 63 70 77 84 91 98 105 112 119 

Days from beginning of experiment 

Fig. 2. 

° Control Kitten, 290— 0 

Experimental Kitten, 19 ¢.... 4 Same litter 

Experimental Kitten, 59 x-——x 

Experimental Kirrens4 anv 5, Killed 114th day, Extremely emaciated. 

Costo-chondral junctions slightly enlarged. The histological changes as will 

be seen from the following paper written by Miss F, M, Tozer [1921] resembled 

those found in guinea-pigs and rats receiving a diet deficient in fat-soluble A. 
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Stomach and intestines were distended with more or less complete loss of 
the normal puckering. The walls were much thinner than in the normal 
animals. The changes were similar to those described by McCarrison [1920] 

in animals receiving deficient diets. Liver pale and fatty looking—that of 
kitten 5 small compared tothe controls. Kidneys very pale. Thymus absent. 

EXPERIMENTAL Kirren 1. Died 82nd day. Extremely emaciated. 

Costo-chondral junctions very slightly enlarged [see Tozer, 1921]. Stomach 
and intestines appeared normal. Liver pale fatty and small. Kidneys appeared 

normal. Thymus absent. 
Controu Kirren 2. General condition excellent, nothing abnormal dis- 

covered excepting the parasites which were found in all the animals. 

Contro. Kirren 3. Very thin. No cause found unless the condition was 
due to the presence of the parasites. 

The teeth of all the kittens were perfect. In the two control animals whose 
costo-chondral junctions were normal [but see Tozer, 1921] the thymus gland 

was present, whereas as will be seen above it was absent from the three experi- 

mental animals. 
Summary. To summarise it appears that the chief effects of the diet 

deficient in fat-soluble A on these three six-week-old kittens were emaciation, 

arrest of growth, abdominal distention with (in two animals) atrophy of the 

walls of the stomach and intestines, and changes in the costo-chondral junc- 

tions similar to those seen in guinea-pigs and rats suffering from deficiency 

of the same accessory food factor. 

The weak point of the experiment is of course the presence of the in- 
testinal parasites and the fact that one of the two controls did not increase 

satisfactorily in weight. 

EXPERIMENT 2. 

Children who develop rickets generally do so during the period of the first 

dentition—a stage of development at which they are, comparatively, much 
less mature than six-week-old kittens. Therefore while the first experiment was 

running it was decided to start a second one, this time with younger animals. 

Age and diet of kittens. Of a litter of four kittens aged 16 days, three, after 

certain preliminary “test feeds,’’ were removed from the mother and hand fed 
entirely until nearly five weeks old, and partially until 7-8 weeks old. They 

were fed three-hourly from 10 a.m. to 10 p.m. with warmed food from a 
pipette or baby’s bottle until old enough to feed themselves. The food was 
on the same lines as in the last experiment. 

Average daily food consumption of each kitten of experiment 2. 
. Control Experimental Experimental 

kitten 9 itten 6 itten 7 

Whole milk si See ats ae About 180 cc. — — 
Skimmed milk with 3 % olive oil © ... — About 145 ec. About 160ce. 
ioe supplied ad lib. after 3rd A very small 

week of experiment quantity 
Orange juice hand fed after 3rd week 0:5 ce. Same as for control 
Marmite ... son ve ee at 1-2 g. 
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Course of experiment (see Fig. 3). 

The two experimental kittens appeared always ravenous, though latterly 

their food intake was decidedly smaller than that of the control. This was 
a striking feature almost to the time of death. About the 4th day kitten 7 

had diarrhoea, a condition from which both experimental kittens frequently 

suffered, especially kitten 7 (though both had masses of hard faeces in the 
large intestine at death). By the 8th day kitten 7 was less active than the 

control, the abdomen was distended and it walked very unsteadily on a broad 
base with the back bowed. By the 12th day kitten 6 was in much the same 

condition. They became progressively worse in all respects, the coat was — 
matted and dirty and swarming with fleas, the hair coming out and there 
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Fig. 3. 

Control Kitten, 9 2 o—o 

Control Kitten, 8. Left with mother, final weight indicated —» x 
Experimental Kitten,6 ¢ x x 

Experimental Kitten, 7 g ¢....¢ 

was emaciation and arrest of growth. By the .end of the experiment the 
contrast was striking. Kitten 9, though considerably smaller than the single 

kitten left with the mother, was a healthy active young cat, whereas the 

two animals on deficient diets were wasted dwarfs with ballooned abdomens 
and matted hair. They presented a miserable spectacle. The lengths of the 

kittens quoted below give no idea of the apparent difference in size. Kitten 7 
died on the 38th day with an attack of vomiting, kitten 6 appeared moribund 
and was chloroformed on the 54th day. 

Comparative lengths of kittens (inches) 

Kitten "35th day 54th day 
ot) 14-75 17-75 
7 12:5 
6 13-0 14-75 
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Post mortem findings. 

At post mortem it was found that all three kittens had tape worms, the 

control far more than the two on the deficient diet. The fat and the healthy 
looking well-developed muscles of control kitten 9 were in marked contrast 

to the pale flabby wasted tissues of the two small experimental kittens. The 
two experimental animals had slightly enlarged costo-chondral junctions . 

(for the histological changes, which resembled those found in the earlier 
experiment, see Tozer [1921]). The rib ceniiai: of the control were normal. 

The teeth were perfect. 
The stomach and intestines showed dilatation and atrophy of the wall. 

The liver was pale and small compared to that of kitten 9. The kidneys 

appeared normal. The thymus was absent from all three kittens. 
Summary. The results of this experiment were similar to those of the last, 

but the arrest of growth, emaciation, abdominal distention, weakness and the 

hankering for food were early and very marked features. The picture seems 

extremely like that presented by children suffering from coeliac disease, a 

condition in which there is failure to digest fat, arrest of growth, emaciation, 

distention of the abdomen and hankering for food, as well as, in ‘some cases, 

a diminution in size of the liver. Still [1918], after remarking on the apathy 

and langour of children with coeliac disease, observes “There is one subject 
in which almost all children with coeliac disease show a pathetic interest— 

namely their food; often indeed it is their one subject of conversation.” He 

however attributes this to the meagre dietary which has formed a part of 

their treatment. 

Criticisms of the experimental procedure. 

If these experiments were repeated it would be desirable to feed the kittens 
_ separately in order to ascertain the food intake of each, and for the same 

reason to give the oil by hand instead of as an emulsion in the milk. 

A better control would be provided by feeding the whole litter on skimmed 
milk, and to the control animals giving say cod liver oil, which is rich in 
fat-soluble A, in place of the olive oil of the experimental animals, for it is 
probable that the mechanical factor introduced by the oil was in part the 

cause of the diarrhoea in kittens 6 and 7. It might be as well also to give a 
larger dose of anti-scorbutic, possibly in the form of neutralised orange juice. 

_ As already pointed out the presence of the tape worms and their hosts 

the fleas introduced an unlooked-for difficulty. . 

EXPERIMENT 3. 

Young rats aged 13 days (the eyes had opened on the 12th day) were put 
on a diet of white bread, skimmed milk with 3 % olive oil and small pieces 
of orange pulp. They consumed a much smaller quantity of milk as compared 
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with bread than did the kittens—but as will be seen from the weight chart 
(Fig. 4) their weight was not greatly below normal at the end of 122 days— 
their general condition was excellent. It would appear therefore that kittens 
require a larger proportion of fat-soluble A in their dietary than do young rats. 
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Control rat, 49 ———— Whole milk, bread and orange juice from 13 days old 
»» Yat,7Q ---- Left with mother—mixed diet 

Mxperimentel tas, 27 * > *%*| Skimmed milk with 3 % olive oil, bread and 
os rat,22 +t a 

rat, 5 9 orange juice from 13 days old 
99 ’ hg 

GENERAL SUMMARY AND CONCLUSIONS. 

In the experiments described above it was found that the six-week-oldkittens 
when fed on a diet deficient in fat-soluble A, but otherwise theoretically 
adequate, became emaciated and finally ceased growing. They suffered from 
abdominal distention and diarrhoea; at post mortem it was found that the 
walls of the intestine were thin, and there were changes in the costo-chondral 

junctions resembling those found in young guinea-pigs and rats suffering from 
deficiency of the same accessory food factor. The thymus was present in 
two control animals and absent from the three experimental animals, but in 

the next experiment was absent from control and experimental animals alike. 
The food of these experimental kittens consisted of skimmed milk, olive oil 
and bread, with marmite and orange juice. Some weak points in the experi- 
ment have been pointed out. 

Analogous changes were observed in a second experiment on kittens aged 

16 days, which were hand-fed, and given a similar dietary—but in this case 
all the changes were much more rapid and striking. The appearance presented 
by these animals was extremely like the clinical picture of coeliac disease in 

children. There was no evidence of rickets found in any of the kittens post 

mortem, but the experiments appear to indicate that kittens when given a 
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diet deficient in fat-soluble A develop a condition similar to that found in 
guinea-pigs and rats under the same circumstances, and that kittens are 

probably more sensitive than young rats to a partial deficiency of the fat- 
soluble accessory food factor. 

In conclusion I should like to offer my sincere thanks to Dr C. J. Martin 

for his stimulating assistance and advice. The greater part of the laborious 
task of feeding the animals was carried out by Miss H. Henderson Smith, 

and to her as well as to Miss 8. Rutherford and others who shared in the 
work I owe the possibility of carrying out the experiments. 
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IV. THE EFFECT OF A DIET DEFICIENT IN 
ANIMAL FAT ON THE BONE TISSUE (RIB 
JUNCTIONS) OF KITTENS. 

By FRANCES MARY TOZER. 

From the Department of Experimental Pathology, Lister Institute. 
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THE following remarks are based upon the examination of the rib junctions 

of the kittens used by Dr H. Mackay, in the foregoing experiments [Mackay, 
1921]. 

Dr Mackay kindly supplied me with the material before giving particulars 

of the treatment of each animal in order that the diagnosis of the condition’ 
of the bone tissue might be unbiassed. 

The results of the examination are as follows: 

1. The rib junctions of the control animals Nos. 2, 3 and 9, were all 
diagnosed as “normal” with a reservation in the case of No. 3 that the bony 
trabeculae appeared to be slightly shortened and less normal in appearance 

than those of No. 2. 

It will be observed on reference to Dr Mackay’s paper that No. 3 was 
poorly nourished whereas No. 2 was well nourished. The difference in general 

condition is possibly sufficient to account for and explain the slight difference 

in histological condition. 
2. The experimental animals (Nos. 1, 4, 5, 6 and 7). None of these animals 

was diagnosed without comment as “normal.” No. 1 showed a very slight 

disorganisation of the bony trabeculae, a pronounced and possibly abnormal 

increase in length of the rows of cartilage cells and a slight degree of atrophy 

of the marrow. 
Nos. 4, 5 and 7 showed considerable shortening of the bony trabeculae, 

slight shortening of the rows of cartilage cells and varying degrees of atrophy 

of the marrow—doubtful in 4 and 5 considerable in 7. 

No. 6 was nearly normal except for the condition of the marrow which 
resembled No. 7. 

The abnormalities at the costo-chondral junction in these kittens do not 

appear to resemble those characteristic of rickets, the only suggestion of any 

connection between the two conditions being the possibly abnormal length 
of the rows of cartilage cells in No. 1. They do however correspond closely 

with the changes seen on examination of the rib junctions of guinea-pigs fed 

on diets deficient in fat-soluble A. 
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That deprivation of fat-soluble A produces marked changes at the costo- 
chondral junction in the guinea-pig and that these changes are moreover 
indistinguishable from those caused by definite, but not severe, scurvy was 
suggested in a previous communication [Delf and Tozer, 1918]. This suggestion 

has since received confirmation and a fuller account of the experiments 
leading to this confirmation will be published shortly in the Journal of 
Pathology and Bacteriology. 
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INTRODUCTORY. 

In the course of researches upon guinea-pig scurvy, which have extended 

over several years, evidence has gradually accumulated which seems to show 

that the guinea-pig, for healthy growth and maintenance, requires an abundant 
supply of the fat-soluble A accéssory factor of McCollum (vitamin A of 

Drummond [1920]). Two distinct lines of evidence support this conclusion. 
The first line of evidence is derived from a number of experiments in 

which guinea-pigs grew on one group of diets and failed to grow on another 

group of diets. The distribution of vitamin A among foodstuffs has hitherto 
been only partially mapped out by the various workers in that field, yet, as 
far as the value for that factor of the various foodstuffs used is known, those 

which promoted growth seem to agree in containing vitamin A and those which 

did not, in lacking it.. Furthermore those foodstuffs which produced partial 

growth seem to have done so in proportion to their known relative value for 
vitamin A. It is true that some of the diets which did not promote growth 

were open to criticism in some other respects than a deficiency of vitamin 4, 
but it is also true that some diets on which growth took place were equally 

liable to have been deficient in the same particulars and yet promoted growth. 
The only dietary common factor, absent from the one set of diets and present 

in the other set, was vitamin A. 

Most of the diets to be described were planned for the purpose of in- 
vestigating the anti-scorbutic value of certain foodstuffs and in the very 

earliest experiments the need for vitamin A to be included in the basal diet 

was not recognised. It was, however, soon found that on many diets the 

animals did not thrive [see Chick and Hume, 1917], although they did not 
develop scurvy, and from this time onwards 60 cc, daily of milk (autoclaved 

at 120° for an hour, to destroy the anti-scorbutic factor present) was made 
a routine addition to most experimental scurvy diets; later on, as the result 

of added experience, the daily ration was often increased to 90 cc. for large 

and quickly growing guinea-pigs. 
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The second line of evidence is that derived from the histological examina- 

tion of the rib junctions of all the experimental guinea-pigs, which was carried 
out as a routine by Miss F. M. Tozer. In the course of this examination she 

was forced to the conclusion that a bone lesion can occur on certain diets 
in which there can be no possible suspicion that the anti-scorbutic ration is 

insufficient. This bone lesion is in some stages indistinguishable from the 
bone lesion of scurvy and it occurs on many different diets which however 

have in common a deficiency in vitamin A. It is described by Miss Tozer 

[Delf and Tozer, 1918; Tozer, 1921]. The second line of evidence agrees with 
and supports the first in that the bone lesion is most severe where growth 
is least and in that failure in growth and severity of bone lesion both appear 

to be inversely proportional to the amount of vitamin A in the diet. 
It is only proposed here to bring forward the facts which form the first 

line of evidence, ¢.e. to set out and compare the growth occurring in guinea- 

pigs on certain diets, differing from one another in their content of vitamin A. - 

Miss Tozer’s histological diagnosis of each case, wherever such was made, 

will at the same time be given for comparison, by her kind permission, 

but a full histological treatment of the whole question will be made by her 

separately in another communication. 
Reference to the probable need of the guinea-pig for vitamin 4 has 

frequently been made in the papers of Dr Harriette Chick and her co-workers 

at the Lister Institute [Chick, Hume and Skelton, 1918; Delf and Skelton, 

1918; Chick and Campbell, 1919]. Frélich [1912] refers to a fragility of the 

bones, attributed to a deficient diet, which is not scurvy. Jackson and Moore 

[1916] speak of a lesion resembling macroscopically a rachitic rosary, pro- 

duced in guinea-pigs on a diet which was not quantitatively controlled but 

may have been deficient either in the anti-scorbutic or in vitamin A or in 
both. Hess and Unger [1918] also refer to changes in the rib junctions of 

- guinea-pigs, on experimental diets, which they regard as more akin to 

rickets than to scurvy. It is thus apparent that a number of observers have 

noted the occurrence of more than one bone lesion in guinea-pigs, due to 
dietary causes, but there does not seem to be much evidence ne any 

such lesion with a deficiency of vitamin A. 
Cohen and Mendel [1918] conclude that the fat-soluble factor i is not one 

of the primary factors concerned in scurvy of the guinea-pig, but do not 

state whether they consider it may have other importance. 

TECHNIQUE. 

The technique employed was the same as that which has been used 
throughout the Lister Institute scurvy experiments and has been detailed 

many times already. Young growing guinea-pigs about 320g. weight were 
fed with a mixture of oats and wheaten bran ad libitum, but weighed. To this 
was added the food to be tested in weighed or measured quantities; the residues 

were either fed by hand or were measured and the quantity actually consumed 
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was calculated. In the present set of experiments, extra anti-scorbutic in 

the form of orange juice was added in those cases where the experimental 
_ ration did not already contain sufficient of that factor. It is proposed to give 

here details of various additions to this basal diet, together with details of 
the growth on such variously igen diets and a histological report, 

furnished by Miss Tozer. 
The comparative growth of the animals has been set out in the form of a 

table, in which the weight at the start of the experiment and after 25, 35 and 
45 days is given, together with the percentage increase for each animal and 

the average percentage increase for the whole group over each period. The 

normal as estimated by Delf [Delf and Tozer, 1918] is taken as the standard 
and in these experiments all degrees of deviation from it are found, down to 

cases such as Nos. 628, 629, 631, 632 (Table II, Group 28) on a diet of oats, 

bran, water and 10 cc. of orange juice daily, which showed no growth at all 

even in the first fortnight, but an actual loss in weight, amounting to an average 

of 19-7 % for the group for 25 days. 
The histological bone lesion occurring in the rib junctions has been classified’ 

into the four very convenient degrees of severity already briefly described 

by Miss Tozer [Delf and Tozer, 1918]. She classifies the lesion occurring in 

guinea-pigs fed on a diet deficient in the anti-scorbutic or in vitamin A into 
four degrees of severity; normal, incipient, definite, acute; the exact signifi- 

cance of these terms can be ascertained on reference to her paper where 

diagrams are given. In some cases the experiments were continued for con- 
siderably longer than the 45 days for which the latest weight reading is given. 

In other cases the animal died after as short a period as 20 days so that the 
histological examination was made after the animals had been for very varying 

periods on the different diets. Doubtless this variation must affect to some 
degree the severity of the bone lesion but Miss Tozer has found that his- 

tological bone changes begin very early on a deficient diet [Tozer, 1921] and 
it is not therefore thought that such a variation seriously affects the com- 

parative value of the histological findings, relative to one another. In the 

last column of the table the number of days elapsing between the beginning 

of the experiment and the date of death is noted. 
Beyond the loss in weight and the bone lesion described, there are no 

other marked symptoms. The emaciation may be extreme, not a particle of 

fat being discoverable on the body in severe cases. All bones are more or less 

brittle and the animal is extremely prone to suffer from intercurrent disease, 

particularly lung affections. 

EXPERIMENTAL RESULTS. 

The experimental results can be divided roughly into two groups, those 

concerned with foods which promoted growth (Table I) and those concerned 
with foods which did not (Table II). Naturally the division is only an arti- 
ficial one, for many of the foodstuffs not promoting growth might promote 
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growth if given in much larger quantities and many of the growth-promoting 
ones would fail to do so if given in much smaller quantities, but for purposes 
of convenience such a division is permissible. The first or growth-promoting 

group includes milk in several forms, green cabbage or some modification 
thereof and hay. The second or non-growth-promoting group includes white 

cabbage and a derivative thereof, swede juice, boiled onion, orange juice and 

germinated peas. 

Green cabbage leaf, raw. (Table I, Groups 1, 2 and 3.) 

Group 1. 30g. daily ration. An oat and bran diet to which 30 g. daily of 
raw green cabbage is added is richly growth-promoting and the average per- 

centage increase for a group of animals for 45 days was 60-4 %, actually more 

than the normal standard of 55-8 %, calculated for the same period. 
Histological examination of the costo-chondral junctions of the ribs. Only 

two animals were examined, after 39 days of the experiment, and both showed 

a normal histology. 
Group 2. 15 9. daily ration. With a 15g. daily ration, good growth but 

not to the full normal extent is induced. The average percentage increase 

for a group of seven animals for 45 days being 40-1 % which is only about 

two-thirds of that on 30 g. 
Histological examination. Only four animals were examined; three were 

quite normal and the fourth was nearly so, not being sufficiently abnormal 

to be classed as “incipient.” 
Group 3. 5g. daily ration. A ration of 5g. daily also produced growth, 

_ but the increase was still further below the normal, being an average of only 
29-9 % for a group of three animals for 45 days, i.e. about half the corre- 

sponding figure for 30 g. 
Histological examination. The three animals in this group were all ex- 

amined; one was not quite abnormal enough to be called incipient and the 

other two were between incipient and definite. 

Green cabbage leaf, heated for one hour at 100°. (Table I, Groups 4 and 5.) 

The cabbage was prepared by being steamed for an hour at 100°. 
Group 4. 30 g. daily ration. On a 30g. daily ration a group of three 

animals showed a rate of growth equal to that on 30g. raw cabbage. The 

two animals on which the experiment was continued for 45 days showed an 
even better average rate of increase (71-4 %) than the rate of increase for 

30 g. raw cabbage (60-4 %). . 
Histological examination. All three animals were examined, two of them 

were found to be perfectly normal and the third shcwed a very slight de- 

parture from normality but not sufficient to be called abnormal. 

| Group 5. 15 g. daily ration. Three animals received a daily ration of 15 g. 
and showed a rate of growth (45-5 %) slightly superior to that (40-1 °%) for 
15 g. of raw cabbage. 

Bioch. xv 3 
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Histological examination. Only one animal was examined and was found 

nearly normal. 
Steaming cabbage for an hour at 100° does not therefore appear to destroy 

a perceptible amount of its growth-promoting powers for guinea-pigs. 

Green cabbage leaf, heated for two hours at 100°. (Table I, Group 6.) 

The cabbage was prepared by being steamed for two hours at 100°. 
Group 6. 15g. daily ration. Five animals received 15 g. daily each and 

their average percentage increase (37-9 °/,) for 45 days, is only slightly inferior 

to the corresponding figure for raw cabbage (40-1 %). 
Histological examination. Three of the five animals were examined and 

showed a normal histology. 
Cabbage steamed for two hours at 100° does not appear to be materially 

damaged as regards its growth-promoting powers for guinea-pigs. 

Filtered green raw e juice. (Table I, Groups 7 and 8.) 

A number of experiments were planned in order to dissociate the growth- 
promoting fraction, as far as possible from the proteins and other substances 

in the actual tissues of the leaf. Juice from raw and heated cabbage, filtered and 
unfiltered, was used and in one or two cases caseinogen was added to compare 
the effect. 

For the preparation of the raw juice the green portions of the leaf, free 
of the mid-rib, were minced in a mincing machine, the pulp was enclosed in 
muslin and pressed out in a hand press. In all cases the animals were allowed 

to drink the juice if they would; if they would not it was fed by hand. The 

juice was filtered through paper. 

Group 7. 20 cc. daily ration. Two animals received 20 cc. of the raw juice 
filtered and made some growth, 7.e. an average of 24:3 % in 45 days; this is 

a rate of increase well below the normal (55-8 °%) and less even than that 

(29-9 %) made on 5 g. daily of the raw green leaf. 

Histological examination. Both animals were examined and one was found 
to be almost completely normal and the other between normal and “incipient.” 

Group 8. 30 cc. daily ration. One animal received 30 cc. daily and showed 
32-9 % increase in 45 days, an increment which is still nearly 50 % below 

the normal. : 
Histological examination. The condition of the rib junctions was distinctly 

abnormal, being between “incipient” and “definite.” 

Raw filtered cabbage juice is thus capable of promoting growth but 

possesses this property in a much less degree than the raw leaf. 

Unfiltered green raw cabbage juice. (Table I, Group 9.) 

The juice used was the same as in Groups 7 and 8 except that it was 
unfiltered. 

Group 9. 30 cc. daily ration. Only one animal received this ration and its 

percentage increase for 45 days, i.e. 31 %, was almost identical with that 
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(32-9 %) of the one animal (Group 12) which received 30 cc. of the filtered 
juice. 

Histological examination. The histological result also corresponded with 
that of the animal in Group 12, being between “incipient” and “definite.” 

So far as evidence derived from comparison between two single animals 

is worth anything at all, it points to there being no loss of growth-promoting 

power in cabbage juice on filtration through paper. 

Filtered green heated cabbage juice. (Table I, Groups 10, 11 and 12.) 

The juice was prepared by steaming the cabbage at 100° for 20 minutes, 

folding it in muslin and pressing in a hand press. It was then filtered through 

a paper filter. ; 
Group 10. 20 cc. daily ration. 20 cc. of the juice was fed to two animals 

which both showed some rise in weight at the 25th day (average 9-0 %) but 
this had diminished to 3-6 % on the 35th day. On the 45th day one of the 

two animals showed a percentage loss over the whole period of 11-2 % while 

the other showed some loss of what it had previously gained, though there 

was a net gain over the whole period of 3-9°%. The gain for this animal 

(No. CJ 6) for 35 days was 11-1 %. 

No histological examination was made. 
Group 11. 20 ce. juice + 29. caseinogen daily ration. The caseinogen was 

unpurified ; it was mixed with a little water and was fed by hand. The quantity 
2 g. was selected as being somewhat in excess of the amount present in 60 cc. 

of cow’s milk, a ration of milk well known to be growth-promoting for guinea- 
pigs. 

One animal received the ration but the caseinogen did not affect the 
result in its case for it. just showed maintenance over the whole period of 

45 days. 

No histological examination was made. 
Group 12. 30cc. daily ration. Only one animal received 30 cc. of the 

filtered heated juice; for the period of 45 days it showed considerable growth 
(38-3 %), not equal to the normal (55-8 %), but nearly approaching that for 
15 g. raw green cabbage leaf (40-1 %), and rather greater than that for 30 ce. 

of the raw juice either filtered or unfiltered. 
No histological examination was made, 
On the 20 ce. dose the juice of heated cabbage appears to be much inferior 

in growth promoting power to the raw juice, but on the 30cc. dose this 

difference is not apparent; individual idiosyncrasy is however so great that 

very little importance can be attached to the behaviour of single animals, 

such as are available for comparison of the 30 cc, doses. 

Unfiltered green heated cabbage juice. (Table I, Groups 13, 14 and 15.) 

The juice was prepared as for Groups 10, 11 and 12 but it was not filtered. 

Group 13. 30 ce. daily ration. Two animals received a 30 cc. daily ration 
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and both of them made about half the normal growth for 35 days, but by the 
45th day one animal, CJ 15, had begun to lose slightly and the other, CJ 7, 

had converted the previous gain into a negative balance of 6:8 %. In such 
cases as this the dose would appear to be sufficient to start growth but ceases 
to be so when the animal is larger. It can scarcely be that the animal starts 
growth on a reserve of its own which gradually becomes exhausted, as seems 

to be the case with the rat, when suffering from a deficiency of vitamin 4, 

because on some of the diets, such as oats and bran and orange juice (Table II, 

Group 28), there is absolutely no increase in weight at all but a rapid decline 

from the start. 
Histological examination. The one animal, CJ 15, which made the better 

growth gave a histological result between “incipient” and “definite’’; the 

other animal was not examined. 
Group 14. 30cc. juice + 29. caseinogen, daily ration. This group only 

contained one animal which made rather better growth than the two animals 

in the preceding group; at 35 days it showed an increase of 31-4 % but by the 
45th day it also had begun to decline and showed a net increase for the whole 

period of only 30-2 %. 

Histological examination. The lesion in the rib junctions was of the third 
degree, being “definite.” 

It is unlikely that the rather better growth shown in this case on the 
addition of caseinogen was due to more than the individual idiosyncrasy of 

the animal; the addition of caseinogen in Group 2 produced no such effect. 

Group 15. 40 cc. daily ration. This group includes seven animals, of which 
one was ill during the experiment but recovered, the values for it are therefore 
given but are not included in the averages. The group for each of the three 
time periods shows a rate of increase about half the normal. 

One animal (CJ 21) which showed a low rate of growth had the daily 

dose increased to 50 cc. after the 35th day but this increase was not reflected 
in the subsequent rate of growth although the histology was almost perfectly 

normal, — | 
Histological examination. The histological results were better than those 

recorded for any of the other cabbage juice groups, excepting Group 7 (20 cc. 

raw green filtered juice). One animal showed an almost normal histology, 
three were between normal and “incipient,” one was “incipient,” one was 
between “incipient” and “definite” and one was “definite.” 

Taken together the cabbage juice results indicate that filtration through 
paper does not affect the growth-promoting properties of cabbage juice but 
that the juice from the raw leaves is more potent than that from the cooked 

leaves. As it was observed, in experiments already detailed, that steaming 
did not appreciably diminish the value of the leaves when fed whole, it must 

be that the growth-promoting principle does not pass out with the juice on 
pressure as readily after heating as it did before. Perfectly normal growth 

was not obtained in any case with the cabbage juice rations but the indica- 
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tions are that such growth would be secured if larger doses of the juice could 
be conveniently given to the animals. 

Dried cabbage juice. (Table I, Group 16.) 

The juice was prepared from steamed cabbage leaves in the manner already 
described but was not filtered. The yield of juice was about 50% of the 
weight of cabbage taken. It was poured into large flat dishes which were 

placed in a hot room (37°) with an electric fan just beside them. After about 
24 hours the liquid had evaporated to a sticky, thick paste and was further 

dried by the method described by Harden and Robison [1919]. The paste 
was scraped up and worked up with a knife so as to become full of air bubbles. 

The aerated mass was placed in a desiccator which was then evacuated. The 
whole mass swelled and rose up and if left in the desiccator was dry and 

porous by the next morning and could be broken up into a coarse powder. 

Frequently however the drying was not complete in one operation and it was 

necessary to work the mass up and evacuate the desiccator several times. 
The dry solids generally amounted to about 5 % of the weight of juice taken. 
The powder was extremely hygroscopic and had to be kept in a desiccator; 

new batches were made about once a fortnight. For administration to the 

guinea-pigs, the powder was mixed with a little water and given by hand. 
With this ration 5 cc. of orange juice was given daily, as the anti-scorbutic 

value of the cabbage juice was likely to have suffered seriously in the process 

of drying. é 

Group 16. 50cc. daily ration. The dried cabbage juice was fed to three 
guinea-pigs in amounts calculated to be equivalent to 50cc. of the heated 

juice. Growth was obtained but was less than one-half the normal and was 

also less than that obtained on smaller doses of the heated juice which had 

not been dried. 

Histological examination. The results were also rather inferior to those 

on smaller doses of the heated juice. One animal was between normal and 

“incipient”? and two were “incipient.” 

There is some loss of growth-promoting power on drying cabbage juice 
but the loss is by no means complete. 

Raw cow’s milk, (Table I, Groups 17 and 18.) 

The milk used in these experiments was very pure, freshly delivered 
certified country milk; the time of year at which the experiments were per- 

formed was unfortunately not the same in every case but the months are 

given in each case. 10 cc, orange juice daily was given with this and all other 

milk rations, to supply the anti-scorbutic factor which would otherwise have 
been insufficient. 

Group 17. 20 ce, daily ration, increasing to 40 ce, and later to 60 ce. Dee.- 

Feb, Two animals received 20 ce. daily and after 25 days one, No, 684, showed 
a loss of 8-6 % and the other, No, 685, showed a gain of 4:4 %,. 
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After 30 days the amount of milk was increased to 40 cc. daily and after 
30 days on this altered ration No. 684 had recovered a very little weight but 

had not regained its original weight. No. 685 had gained steadily, though 

not normally, and was allowed to remain on the 40 cc. ration on which it 
continued to gain slowly for over 80 days. No. 684, however, was altered to 

60 cc. daily on which after a little delay it made a sharp gain in weight. 

No histological examination was made. 
From experiments on the anti-scorbutic values of foodstuffs published 

elsewhere [Chick and Hume, 1917] it is well known that 60 cc. of auto- 

claved milk daily gives very good, if not perfectly normal growth in guinea- 
pigs, when added to a diet of oats and wheaten bran and orange juice. The 

foregoing experiment was sufficient to orientate and to show that a quantity 

less than 60 cc. of raw milk will not do so. This amount was therefore chosen 
as the daily ration in the following experiments, Groups 18, 19, 20 and 21, 

in which the growth-promoting powers of several kinds of milk were examined. 

Group 18. 60cce. daily ration. June-July. Four animals received 60 ce. 
daily of the raw milk and made good but not quite normal growth, the average 
increase for the group for 45 days being 46-9 % as against 55-8 % for the 

normal. 
Histological examination. Of the four animals one was perfectly normal 

and the remaining three were almost completely so. 
It would therefore appear that 60 cc. raw milk a day is almost but not 

quite a sufficient quantity to promote normal growth. 

Cow’s milk autoclaved for one hour at 120°. (Table I, Group 19.) 

The same milk as that used in Groups 17 and 18 was autoclaved for one 

hour at 120°. 
Group 19. 60 cc. daily ration. June-July. Four animals receiving the above 

ration showed a rate of growth (44-8 °%), almost identical with that (46-9 %) 

of the animals which received 60 cc. raw milk. 
Histological examination. The results were very slightly inferior to those 

of animals in Group 18, three being nearly normal and one “incipient.” 

It therefore appears that heating for an hour at 120° in an autoclave does 

- not appreciably damage the growth-promoting power of milk for guinea-pigs. 

: Dried milk. (Table I, Group 20.) 

A well-known brand of dried milk, much used in infant feeding, was 
employed. It was not more than a month old and was prepared in March 
and April. The milk was made up so that the liquid should contain 3-5 % 
of fat but the powder is a proprietary article in which the original composition 
has been slightly modified. No fine quantitative deductions could therefore 

be drawn from the result, but it should be possible to say whether drying 
seriously damages the growth-promoting properties of milk for guinea-pigs 

or no. 
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Group 20. 60cc. daily ration. Four animals received the 60 cc. daily 

ration and shewed over a period of 45 days a rate of growth (37-7 %), slightly 
inferior to the corresponding rate (46-9 %) for raw milk. 

Histological examination. The results were distinctly inferior to those on 

raw milk, two animals being “incipient” and two between “incipient” and 

definite.” 
Since the dried milk was not prepared from the milk used in the raw 

milk experiments and since the time of year and consequently the food of 
the cows were different, it is not possible to attribute the slight inferiority 

of the dried milk, with certainty, to the fact that it had been dried. It 
is possible however to say that if drying affects the growth-promoting power 

of milk for guinea-pigs at all, it only does so very slightly. 

Hay autoclaved at 120° for one hour. 

No continuous experiments were put up with a daily ration of hay, but 

six animals receiving oats and bran and varying rations of lemon juice, and 
ten animals receiving oats and bran and varying rations of germinated peas 

showed no appreciable growth. Autoclaved hay (about 20 g. daily) was then 

added to the diets for four days and every animal showed an immediate 

sharp rise in weight which at once ceased when the hay was taken away again. 

After drying and autoclaving for an hour at 120°, therefore, hay still 
retains considerable growth-promoting power for guinea-pigs, though the 

above observation gives no indication whatever, whether some of the original 

growth-promoting power is lost or not. 

White cabbage leaf, raw. (Table II, Group 21.) 

The first of the non-growth-promoting group of foodstuffs is the raw white 

heart of cabbage. Very tightly closed cabbage hearts were used and the 
outer green leaves were stripped off until inside leaves of a uniform pale 

etiolated greenish yellow were reached. © 

Group 21. 15g. daily ration. Guinea-pigs do not willingly eat the heart. 
leaves of cabbage but two were persuaded to do so, One, No. 698, failed 

altogether to grow and when the experiment ended after 39 days showed a 
loss of 4:3 .%. The other, No. 692, showed a gain of 4:4 % at the 35th day, 

which was converted into a loss of 2-4 % by the 45th day. : 

Histological examination. The lesion was well marked being between 
“incipient” and “definite” for one animal and “definite” for the other. 

Since even as little as 5g. of green raw cabbage have been shown to 
produce as much as half the normal growth, while 15g. of white cabbage 

produce practically no growth at all, it is clear that white cabbage is vastly 
inferior to green in its growth-promoting properties. When however the state 

of affairs on a white cabbage ration is compared with that on oats, wheaten 
bran and orange juice it is apparent that the white cabbage cannot be so com- 

pletely deficient in growth-promoting properties as is the orange juice. The 
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former at least secures something like maintenance for as much as 45 days, 
whereas on the orange juice there is a heavy loss (average 19-7 %, Group 28, 
Table IT), even in 25 days. 

Unjfiltered heated white cabbage juice. (Table II, Group 22.) 

The juice was prepared in the same way asthe juice of steamed green 
cabbage leaves and the leaves were selected as in the foregoing experiment 
(Group 21). The juice was not filtered. 

Group 22. 40 cc. daily ration. Three animals received the above ration; 
of these one showed no growth but a negative balance of 4 % even by the 
25th day; on the 35th day the negative balance was increased to 12-5 % and 

before the 45th day the animal was dead. The other two animals, CJ 16 
and CJ 17, showed some increase (9 and 10 %) on the 25th day, but by the 

35th day CJ 17 was losing weight and was dead before the 45th day; CJ 16 

went on gaining a little to the 25th day (14-6 %) but by the 45th day showed 
a negative balance of 4 °/ and died shortly afterwards. 

Histological examination. One animal was between “incipient” and 

“definite,” one “definite”? and one between “definite” and “acute.” 

Comparison of the 40 cc. dose of the green (Group 15) and of the white 
cabbage juice shows the great inferiority of the latter. On the green, growth 

amounting to about half the normal was obtained; on the white, after slight 

initial growth the animals declined and died in 45 days or less. 

Steamed Onion. (Table II, Groups 23 and 24.) 

The onion was steamed in a double saucepan for a rather indeterminate 
time, probably about one hour; it is however known from the experiments 

with steamed cabbage that steaming even for two hours is unlikely greatly 

to damage the growth-promoting property if present. 

Group 23. 30g. daily ration. Four animals received this ration and did 
not give a very uniform result. Two, Nos. 62 and 63, showed a considerable 

rise, nearly half the normal in the first 25 days but one of these declined and 

was dead very soon after. No. 63 increased a little further to the 35th day 
(23-3 %) but then began to decline very slowly, showing a net increase of 

only 20 % on the 45th day. The other two, Nos. 64 and 65 A, both showed 
a constantly increasing loss amounting to 10% in one case and 37-8 % in 

the other, by the 45th day. 
Histological examination. Three of the five animals were examined; one 

was between “incipient” and “definite” and two were “definite.” 
Group 24. 60g. daily ration. One animal received a daily ration of 60 g. 

on which it showed no gain but almost maintained itself for 45 days. 
Histological examination. The lesion was “definite.” 
Steamed onion does not seem to be wholly devoid of growth-promoting 

power for guinea-pigs but in most cases even in large rations it produces 

very little effect. 

Bie 
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Swede juice. (Table I1, Group 25.) 

The juice of the swede turnip (Brassica campestris, var. Napo-Brassica) 

was expressed by first grating the swede root on a kitchen grater and then 
enfolding the pulp in muslin and squeezing out the juice by hand. 

Group 25. 20 cc. daily ration. Four animals received the ration and three 

showed a decline from the start; of these two were dead by the 45th day. 

The fourth, No. 539, showed an increase of 10-1 °%% on the 25th day, but by 
the 35th day the net increase was only 7-6 % and by the 45th day there was 

a negative balance of 4-3 %,. 
Histological examination. One animal was “incipient” and three “definite.” 
Swede juice is evidently almost devoid of growth-promoting power for 

guinea-pigs in quantities of 20 cc. daily. 

Germinated peas, (Table II, Groups 26 and 27.) 

Peas were germinated by soaking in water for 24 hours and germinating 

them in a funnel for 48 hours; the outer coat of the seed was removed and the 

peas fed to the guinea-pigs whole. 

Group 26. 209. daily ration. Three animals received the ration for 25 days 

and just maintained weight; only one received it for the full 45 days and 
showed a very slight negative balance. 

No histological examination was made. 

Group 27. 309. daily ration. Two animals were used but the experiment 
only lasted 20 days in one case and 23 in the other, both animals showed 
slight negative balance. 

No histological examination was made. 

Germinated peas appear to possess very little growth-promoting power 

for guinea-pigs. 

Orange juice. (Table II, Group 28.) 

The oranges were cut across and the juice expressed by hand. 
Group 28. 10 cc. ration daily. Four animals received the ration and after 

25 days showed a large negative balance, amounting to an average for the 
group of 19-7 %. 

Histological examination. The lesion was very bad, three animals being 
definite” and one “acute.” 

The dose of orange juice given was only a small one, not sufficient to 

amount to a real test of the growth-promoting properties of orange juice; 
the result with these four animals is only quoted here to show that there is 
no gain at all but an immediate and rapid loss on the most deficient type of 
diet. 

Discussion AND CONCLUSIONS. 

It is believed that the foregoing experiments indicate that the guinea-pig 
requires for growth and maintenance a congiderable quantity of the fat- 

soluble accessory factor of McCollum (vitamin A of Drummond) in its diet. 
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Such a conclusion is reached for two reasons, firstly the diets which produced 
growth were not superior in their protein, salt or caloric value, to those which 

did not; the difference must therefore lie in their vitamin content, but it is 

known that the anti-scorbutic and anti-neuritic vitamins were adequately 

supplied in all cases; the only known dietary constituent which could have 
been lacking is thus the vitamin A. 

Secondly, the distribution of the growth-promoting factor revealed in 
these experiments, and its behaviour under certain forms of treatment, corre- 
spond with what is known of the distribution of vitamin A and its behaviour 

in similar circumstances. 

To take the first point in more detail, growth occurs on green cabbage 

juice but not on white nor on swede juice, it occurs on green cabbage leaf 

(5 g.) but not white (15 g.) nor on germinated peas nor on onions. These 
sets of rations do not differ materially from one another in salt, protein or 

caloric value, the difference must rather be that of a body, present only in 

the minute amounts in which a vitamin is present. If it be granted then that 
the growth-promoting factor in this set of experiments is probably a vitamin, 

it is further apparent from the next paragraph that that vitamin corresponds 

with vitamin A in its distribution among foodstuffs and in its behaviour. 
The work of McCollum has shown that vitamin 4 is present in green leaves 

[McCollum, Simmonds and Pitz, 1916] and in the butter fat of milk [McCollum, 
Simmonds and Pitz, 1916; McCollum and Davis, 1919]; in his book, McCollum 

[1920, p. 89] makes the generalisation, drawn from various experiments, that 
it is only present to a small extent in most roots and non-fatty seeds, such as 

cereals. Osborne and Mendel [1919] show that it is still present in green leaves 

after drying. Correspondingly it is found in the experiments detailed in this 
paper, that green cabbage and milk and dried leaves (hay) promote growth 
in guinea-pigs, while roots, as represented by swede juice and onions (truly . 

an underground stem), and seeds, as represented by peas, fail to do so. 

Coutts and Winfield [1918] have shown that milk, after drying, is still a 
rich source*of vitamin A for rats and similarly in these experiments, dried 

milk is found to be little if at all inferior to raw milk in its growth-promoting 

properties, 

Till recently the evidence with regard to the behaviour of vitamin A 

towards heat was conflicting but the position is now greatly cleared up by 
a contribution of Hopkins [1920], which shows that vitamin 4 is resistant 

to heat only as long as there is no access of oxygen but that as soon as 
oxidation is permitted at the time of heating, destruction of vitamin A begins 
to take place. In the present experiments in which milk and cabbage were 

heated in an autoclave or in a steamer, little or no loss of growth-promoting 
properties could be detected and correspondingly it is clear that the conditions 
were not such as would promote oxidation. 

Lastly Drummond and C@ward have found (Unpublished Experiments) 

that etiolated and non-green organs of plants are deficient in vitamin 4, 

r 
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corresponding with the present results that they are non-growth-promoting 
for guinea-pigs. 

The correspondence is complete as far as the experiments go and there 
are no discordant facts, but on the other hand the evidence is not quite 
complete, for in no case can it be said that the only difference between a 
growth-promoting and a non-growth-promoting diet was the presence or 

absence of vitamin A; were it shown for instance that milk on heating with 

access of oxygen loses at the same time its growth-promoting power for 

guinea-pigs and its vitamin 4 value for rats, the evidence could be regarded 
as conclusive. 

Prima facie it is extremely probable that the guinea-pig would require 
vitamin A for it is akin to the rat and must be accustomed, in natural con- 
ditions, to a diet of greenstuff even richer in vitamin A than the diet of the 
wild rat; such a line of argument is not however really permissible, for the 
guinea-pig differs, on the other hand, very markedly from the rat in its large 

need of the anti-scorbutic factor, a need so large that it has probably limited 
the creature’s geographical distribution and made the numerical success 

achieved by the rat, mouse and rabbit in the struggle for existence, an im- 
~ possibility for it. 

If it can be accepted from these experiments that the guinea-pig is an 
animal requiring a large supply of vitamin A, it provides another animal on 

which the vitamin A value of certain classes of foodstuffs can be tested. The 
technique of rat feeding for testing the value of substances in vitamin A has 
now been much improved by the work of Drummond and Zilva but it still 

holds many difficulties and when the vitamin A value of a substance is low, 
so that large quantities of it have to be given, the technique sometimes fails 

altogether and frequently from the quantitative point of view. It is ex- 
ceedingly difficult to hand-feed an unwilling rat, it is comparatively easy to 

do so with a guinea-pig. Further, guinea-pigs do not appear to grow at all 
if the diet is entirely deficient in vitamin A, though perhaps a larger number 
of experiments is needed, before this can be affirmed absolutely to be the 

case. If, as is believed, it is the case, then the growth achieved on any diet 

can be regarded as a measure of the amount of vitamin A in that diet and 

even the first few days of growth or failure can be regarded as the true trend 

of the whole of the rest of the experiment, without the need of any preliminary 
depletion period such as it is often customary to use with rats. In this way, 
vegetables, fruits, extracts of substances and other non-fatty preparations 

can be tested on guinea-pigs for their vitamin A value, but, as far as can be 
seen, fats cannot be so tested. Fat as emulsion in milk is tolerated by the 
guinea-pig but for more concentrated fats it appears to have an intolerance; 
cream and egg yolk were found to be fatal and codliver oil, even in small 
doses, appeared to have a very deleterious effect; these substances are however 

ones with which the rat technique is able to deal. 
The above experiments were all conducted under the direction of Dr 
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Harriette Chick by whom I am kindly permitted to collect and tabulate them. — 
Almost every one of those who have ever cooperated with Dr Chick, in her 
work on deficiency diseases, has contributed to the actual performing of these 

experiments and I have to thank Dr Dalyell, Miss Rhodes, Miss Skelton and 
particularly Mrs Barnes and Dr Delf for permission to use them. A number 

of them have been published already in various papers on guinea-pig scurvy, 

particularly those of Dr Delf on cabbage [Delf and Skelton, 1918; Delf and 

Tozer, 1918], the question of the effect of heat on the growth-promoting 

properties of cabbage is there discussed but it is not thought out of place to 
quote the same experiments again here. 

SUMMARY. : 

(1) A large number of dietary experiments on guinea-pigs, originally 

planned to determine the anti-scorbutic values of various foodstuffs, are 

analysed and the-diets tabulated together with the growth of the animals 
on the diets. 

(2) Growth is found to take place when green cabbage (raw or steamed), 

green cabbage juice, hay and milk (raw, heated or dried) are added to a diet 

of oats and bran and water. Orange juice was added when the anti-scorbutic 
value of the ration was insufficient. Growth is found to vary according to 

the size of the ration given. 
(3) Little or no growth is found to take place when raw white cabbage, 

white cabbage juice, swede juice, orange juice, onion or germinated peas are 
added to the diet. | 

(4) It is argued that the diets could only have been deficient in a dietary 

factor of the rank of a vitamin and that the growth-promoting factor in these 
experiments corresponds in its distribution among foodstuffs with the known 
distribution of yitamin A. 

(5) As the result of these experiments guinea-pigs are recommended for 

trial, as suitable for testing the vitamin A value of non-fatty foodstuffs, for 

which rats are for any reason unsuitable. : 
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Tue enteroliths occurring in man which have been described previously have 

consisted largely of inorganic material, principally ammonio-magnesium 

phosphate, calcium phosphate and calcium carbonate. Concretions in the 

alimentary tract may also occur, however, which contain notable quantities 
of calcium or magnesium soaps | Williams, 1907], and yet others which contain 

gall stones as a nucleus. 
The enterolith described in the present paper was found by Mr James 

Phillips, Honorary Surgeon to the Bradford Royal Infirmary, in a case 

operated on for intestinal obstruction and he kindly allowed me to examine it. 
The stone was found about the middle of the jejunum and was the cause of 

the obstruction. In the ordinary way it might have been mistaken for a gall 
stone but was more friable than gall stones usually are. It weighed 6-8 g., 

was about the size of a walnut and on section had no definite nucleus. When 

ground up it had a yellowish sand colour. From the ground material two 

small pieces of tissue resembling fruit skin were separated. On heating a 
small portion on platinum foil the material was seen to be almost entirely 

organic, only a trace of ash being left. An actual estimation of ash showed 

that only 1-19 % was present. 
A preliminary extraction with solvents showed that a portion was easily 

soluble in ether and light petroleum; another portion was slightly soluble in 

ether, more so in acetone and very soluble in alcohol. After removing all 

the soluble matter with ether and alcohol a pigmented residue was left which 
gave bile pigment reactions and contained food debris (starch and protein 

colour reactions). A quantitative examination by extraction of a weighed 
amount of the material in a Soxhlet apparatus was next carried out in order 

to determine the amount of the various fractions. The amount of material 

used for the extractions was 1-8896 g. 
Ether Extract. This extraction was not carried to completion but allowed 

to proceed until it was judged that all the easily soluble substance had been 

removed. After distilling off the ether the residue was extracted several times 

Bioch. xv 4 
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with hot light petroleum to remove fatty acids, fat and cholesterol-like 
substances. The residue from the petroleum extract weighed 0-3094 g. and 

represented 16-37 % of the original material. It was dissolved in alcohol, 
the fatty acids neutralised with sodium hydroxide and the alcoholic solution 

diluted with water until it contained about 50 % alcohol. The fat and un- 
saponifiable matter were then extracted by light petroleum and weighed. 
0-0561 g. was obtained, which is equal to 5:52 % of the original material. 

From the alcoholic solution of the soaps the fatty acids were recovered and 
their iodine value determined. 0-2233 g. absorbed 0-1022 g. I; iodine value, 

45-8. That part of the ether extract which was insoluble in light petroleum 
was easily soluble in alcohol and was therefore added to the next extract, 

which was obtained by continuing the extraction in the Soxhlet apparatus 

with alcohol. The total alcohol-soluble substance thus obtained weighed 
1-37 g. and represented 72-5 % of the original material. Its further examina- 

tion is described later. The residue from the enterolith which was insoluble 

in alcohol or ether weighed 0-16 g., and formed therefore 8-4 % of the whole. 
It gave the usual colour reactions for proteins and on extracting with boiling 

water a solution was obtained which gave a good reaction for starch. On 
extracting some of the material with acid alcohol and applying Cole’s modifi- 

cation of Huppert’s test a strongly positive reaction for bile pigments was 

obtained. This residue therefore consisted of food debris mixed with bile 

pigment. 
Alcohol Extract. As indicated above, this formed the main portion of the 

enterolith. It was insoluble in water, easily soluble in hot alcohol and 

moderately soluble in hot acetone. It crystallised easily from hot aqueous 

alcohol (75 %), and after recrystallisation melted at 185°-186° (corr.). It was ~ 
decolorised by boiling with charcoal and by further recrystallisation was 
obtained in colourless rosettes of prisms melting at 186-5°-187:5°. This’ 
melting point did not change on further recrystallisation. The substance did 

not contain nitrogen, it was an acid, since it dissolved easily in aqueous 

alkali and it gave Pettenkofer’s reaction for bile salts. It was therefore 
suspected to be an unconjugated bile acid. Further investigation confirmed 
this view and it was identified as choleic acid. The melting point of choleic 

acid is usually given as 185°-187° [Schryver, 1912; Fischer and Meyer, 1911; 
Wieland and Sorge, 1916], whereas that found in the present instance was 
slightly higher and more sharp. To confirm the identity of the acid a mixed 

melting point was determined. Dr Schryver kindly furnished me with a 
specimen of choleic acid prepared by him from ox bile and a portion of this, 
after recrystallisation until its M.p. was constant, was mixed with an equal 

amount of the acid from the enterolith. The two were fused, the mass ground 

up and the m.P. of the mixture determined. It was 186°-187°. The two acids 

were therefore identical. 
The optical activity was determined in a 2-316 % solution in absolute 

alcohol. Length of tube 1 dem., temp. 20°, rotation observed + 1-17° hence 
ee a eS ee a 
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[a ry = + 50-52°. The values previously recorded for choleic acid are slightly 

lower than this, the highest being + 48-72°. 

On combustion the following results were obtained: 

Found Cale. for C,H 0, Cale. for C,,4H,.0, 

C 72-92, 73-28 73°47 73°10 

H_ 10-53, 10-78 10-20 10-66 

Fischer and Meyer [1911] give C.,H,,O, as the formula for choleic acid 

but the analytical figures obtained in this case agree better with the formula 
C.,H,.0, as also do those of Fischer and Meyer. 

The molecular weight was determined by titration with N/10 NaOH, the 

acid being dissolved in neutral alcohol, and was found to be 384-9. Calculated 
for CyyH Oy, 394. 

According to Wieland choleic acid is a compound of eight molecules of 
desoxycholic acid and one molecule of a higher fatty acid. The figures obtained 

in the combustion analysis are not incompatible with this view except that 

the carbon figure is somewhat low, neither is the value obtained for the 
specific rotation. 

The acid was tasteless like that isolated from ox gall stones by Fischer 
and Meyer. It was also observed that the choleic acid sent by Dr Schryver, 

when quite pure was also tasteless. Some observers have described choleic. 

acid as having a bitter taste but small traces of cholic acid might have been 
responsible for this. 

There appears to be no doubt that the acid from the enterolith was 
‘choleic acid. Being unassociated with other bile acids in any considerable 

quantity it was easily purified and probably on this account had a slightly 
higher melting point and specific rotation than other workers have observed. 

After the choleic acid had been crystallised out, an examination of the 
mother liquors was made in order to determine whether desoxycholic acid 

was present. On evaporation of the mother liquor and crystallisation of the 
residue from glacial acetic acid a very small amount of an acid, M.P. 139-5°- 
142-5°, was obtained. Desoxycholic acid melts at 145° and according to 
Wieland and Sorge [1916] choleic acid when heated with glacial acetic acid 

forms a compound melting at 144°-146°; it was not possible therefore with 

the small amount of acid obtained to establish its identity. 

It may be concluded therefore that the enterolith had the following 
composition : 

Fatty acids Keel” an eas 10-85 % 
Neutral fat and sacaianiighie a ae oun Ben 5-52 ,, 

Unconjugated bile acids ~ ead choleic acid) 12:5 ,, 
Food residues... oe i 84 ,, 

It was found later that the eitlcet cman of getting the choleic acid 
from the calculus was to extract the latter with acetone in a Soxhlet apparatus. 
The acetone extract, after removal of the acetone, was boiled with light 

petroleum to remove fatty acids and fat. There was then left behind a residue, 

4—2 
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insoluble in light petroleum, consisting largely of the bile acid. This was found 
to be practically pure after a single crystallisation from aqueous alcohol. 

I believe this is the first recorded instance of the occurrence of an in- 

testinal calculus composed largely of one of the unconjugated bile acids. 
Choleic acid has been detected in ox gall stones by Fischer and Meyer, but, 
so far as I am aware, it has not been found in the ordinary cholesterol stones 

of man. There is no evidence in the present case that the enterolith originated 

in the gall bladder. Although cholesterol was not definitely isolated from it 
the amount present must have been very small since the unsaponifiable 

matter soluble in light petroleum was only 5 °%. Further, the bile acid found 

was unconjugated and had probably arisen from the conjugated acid by 
bacterial action in the small intestine. Since cholic, choleic and desoxycholic 
acids are all relatively insoluble in water it. is difficult to understand how 

preferential deposition of one of these acids rather than the other two should 
take place unless it be assumed that the acid found was the only one being 

formed by the liver. The existing analyses of human bile from various indi- 

viduals do not furnish any ground for such an assumpticn and it certainly 

seems very improbable. What appears more likely in the present case is that 
glycocholeic acid, which is more insoluble than glycocholic acid, was deposited 

in the first instance and subsequently decomposed by bacteria giving rise 
to choleic acid. 

Cases of intestinal obstruction due to gall stones which have ulcerated 
through the gall bladder into the small intestine are well known. It seems 

possible however, as pointed out by Phillips [1921], that some of the cases 
of intestinal obstruction supposedly due to gall stones may be due to deposits 

of choleic acid similar to that described in this paper. In appearance, such. 
deposits are not unlike gall stones. 
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(Received December 3rd, 1920.) 

In a group of papers, Ramsden and Lipkin [1918], Ramsden, Lipkin and 

Whitley [1918] and Lipkin [1919] have described the chemical assay by a 
nephelometric method of traces of quinine when present in tissues and body 

fluids. The method consists essentially in matching the turbidity produced 
in the quinine solution of unknown strength by the addition of Tanret’s 

reagent (potassium mercuric iodide) with the turbidity produced in a series 

of standard solutions. The sensitiveness of the test is enhanced by producing 
the turbidity in saturated ammonium sulphate solutions, preliminary trial 

having indicated the dilution necessary to bring the solution of unknown 
strength within the range of the standard solutions, usually between 1 in 

200,000 and 1 in 300,000. 

One of us [Acton, 1920] having found other cinchona alkaloids of great 

value clinically in the treatment of malaria, it was thought that some light 
might be thrown on the mode of action of quinine in malaria by the inter- 
pretation of the results obtained by using the afore-mentioned method for 

determining the relative distribution of the various cinchona alkaloids in the 

body. 
That results of practical significance might be obtained by such an in- 

vestigation seemed to be suggested not only by Ramsden and Lipkin’s results 
but more particularly by the recent work of Morgenroth [1918], who has 

based an ingenious theory of the action of quinine, on the distribution of this 
alkaloid and of the closely related alkaloid optoquine (ethylhydrocupreine) 
between the corpuscles and plasma as determined by himself by physiological 

methods—production of anaesthesia in the rabbit’s cornea and inhibition of 
the growth of bacteria. According to Morgenroth’s determinations by these 
methods quinine and the related alkaloids, when added to blood, accumulate 

in or on the red corpuscles, the serum or plasma retaining only a low pro- 

portion. 
This statement of Morgenroth is in pronounced disagreement with the 

various determinations of the distribution of quinine in blood which have 
been made by chemical methods. Hartmann and Zila [1918] found a distri- 

bution between plasma and corpuscles in the ratio of 8 to 5. Halberkann 
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[19]9], using larger quantities of quinine, found 35 to 48 %, and in one case 
as much as 54 % in the corpuscles; but neither of these observers showed a 
predominance in the corpuscles such as that suggested by Morgenroth’s 

results. Even more definitely in disagreement with Morgenroth’s findings 
were those of Ramsden, Lipkin and Whitley, who found a distribution between 
serum and corpuscles in favour of the serum in the proportion of from 3 : 1 

to 2:1. More recent determinations by Lipkin [Ramsden, 1920] have again 

shown a proportion of 3 : 1 in favour of the serum. 
It seemed desirable to make an effort to clear up this discrepancy as 

regards quinine and to apply to a study of the distribution of the other 

cinchona alkaloids methods found to give good results with quinine. The 
method described by Ramsden and Lipkin seemed to be the best adapted to 

our purpose, since in the hands of its authors, it appeared to have made 

possible the estimation of very small quantities of quinine with an error of 
not more than 5%. We met with unexpected difficulties in the application 

of the method, and, after months of effort, we were forced to the conclusion 

that a strict adherence to the written description of the method would not 

give us results to which we could attach any quantitative significance. That 
description seems to us to err in greatly underestimating the difficulty of 

extracting quinine from blood: with the volume of fluid and amount of 

extraction which it indicates we could never recover more than 30 to 40 % 
of the quinine which we added to samples of blood from a number of different 
species. We found in it, further, no adequate indication of the extreme care 

which is necessary to avoid the contamination of the extracted quinine with. 

traces of other substances, which affect the turbidity with Tanret’s reagent 

upon which the final determination depends. By increasing the volume of 
fluid used in extracting the blood coagulum, and introducing as the result 

of experience various additional precautions against contamination, we have 

succeeded in obtaining in clean condition practically constant proportions 

of the quinine added to samples of blood, corpuscles, plasma or serum. With 

due allowance for the proportion of quinine which, in each case, is, in our 
experience, irrecoverable by any amount of extraction, a fairly accurate 

estimate of distribution can be obtained and the rate of absorption and dis- 
appearance of quinine from the circulating blood can be followed. Under such 

conditions it may be possible to obtain comparative figures of moderate 

accuracy with the other alkaloids. Our purpose here is to indicate the modifi- 
cations of the Ramsden and Lipkin technique which we have found it necessary 

to adopt, and the conclusions as regards the distribution of quinine in blood 

to which we have been led. 

EXPERIMENTAL DETAILS, 

Standard Reagents. 

1. Aqueous quinine solution made by dissolving 0-25 g. of anhydrous 
quinine base in water containing 7-71 cc. of N/10 sulphuric acid (one equi- 
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valent) plus 0-77 cc. of acid to facilitate solution, and diluting to 250 cc. 
1 cc. of final solution contains 1 mg. of quinine base. 

2. 1 in 100,000 quinine in ammonium sulphate solution, made by adding 
5 ce. of solution 1 to a saturated solution of pure recrystallised ammonium 

sulphate and diluting to 500 cc. with the same saturated solution. 
Solutions 1 and 2 were kept in the dark as there is a marked deterioration 

of qiinine content of 2 on prolonged exposure to sunlight. 
3. 0:6 % sulphuric acid solution of saturated ammonium sulphate made by 

adding 12 g. of sulphuric acid to a saturated solution of pure recrystallised 
ammonium sulphate and diluting with the same saturated solution to 2000 cc. 

The ammonium sulphate used throughout the results recorded below was 

an unusually pure sample containing only the faintest trace of chloride. We 
find that commercial ammonium sulphate “recryst” is pure enough for the 

solutions recorded here, after removal of adventitious matter by filtration. 
4. Pure ether, free from aldehydes prepared as described by Ramsden and 

Lipkin. 
5. Pure ammonia solution prepared by distilling 0-880 ammonia through 

an all glass apparatus and collecting the gas in distilled water at 0°. This 

precaution is essential owing to the solvent action of strong ammonia on 
organic matter, grease, etc. and a separation, moreover, is effected from less 

volatile tar-bases present in traces in commercial ammonia which might affect 

the subsequent estimation of quinine. 

Method of estimating Quinine in Blood. 

This is based on the Ramsden Lipkin process with important modifications 
which will appear in the sequel. 

5 ce. of fresh defibrinated blood were added to 1/20 mg: of quinine in a 
beaker, well stirred and then laked with about 5 cc. of distilled water. 20 ce. 

of saturated ammonium sulphate solution containing 0-6 % of sulphuric 

acid were added and 5 g. of solid pure recrystallised ammonium sulphate. The 
solution was brought to the boil over a free flame, after a preliminary coagula- 
tion of the contents on a boiling water-bath, with constant rotation of the 

contents and filtered through a Gooch crucible packed with a layer of asbestos, 
covered with a porcelain filter disc and over the latter a filter paper so as to 

prevent the coagulum passing into the asbestos. The entire coagulum on the 
filter paper was returned to the beaker, treated with a second 20 cc. of acidified 

ammonium sulphate solution, disintegrated and the solution again brought 

to the boil and filtered as before, the coagulum being in each case well pressed 
down. The same process was repeated ten times in all, the entire coagulum 

being each time returned to the beaker. The combined filtrate, about 200 cc., 

was transferred to a well-stoppered 250 cc. measuring cylinder, and 10cc. of pure 
ammonia solution added, followed by 20 cc. of pure ether. On shaking with 

further successive quantities of 15, 15 and 10 cc. of ether, practically the whole 
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of the quinine present passed into the ether, which was in each case pipetted 
off by means of a 1 cc. pipette fitted with a rubber teat, and transferred to a 
boiling tube dipping into a gently boiling water-bath. When every trace of 
ether had boiled away the quinine was left as a clear colourless varnish which 

was dissolved in 10 cc. of pure saturated ammonium sulphate solution by 

just bringing to the boil. The solution was rapidly cooled in water and 5 ce. 
transferred to one of a series of standard tubes, the remainder of which 

contained 5 cc. each of various standard solutions of quinine made by mixing 
the requisite quantities of 1 in 100,000 quinine in saturated ammonium 

sulphate solution with saturated ammonium sulphate solution. 0-05 cc. of 
Tanret’s reagent was rapidly added to each and the contents mixed. The 

whole series of tubes was transferred simultaneously to a boiling brine-bath . 

for a few minutes and then rapidly cooled in running water. By comparing 

the turbidities in uniform daylight (not direct sunlight) against a dark back- 
ground, the standard solutions differing in strength by as little as 7 % can be 

invariably placed in the correct sequence of strengths and the solution of 

unknown strength is also placed without difficulty and is qualitatively in- 
distinguishable from the standards. We have tried the Ramsden nephelo- 

meter but in our opinion it fails to offer any advantage over direct observation 

in daylight. 

The points of importance, which Ramsden and co-workers have not laid 

stress on, are that the most scrupulous care must be exercised throughout the 
experiment so as to ensure complete freedom from all traces of grease of all 

surfaces with which the solutions, whose turbidities are going to be compared, 
come in contact. The standard tubes cannot even be washed out with organic 

solvents to accelerate drying, but must be washed with several changes of 

distilled water and then dried by draining or by blowing out in a current of 
warm air. 

Mere contact of the final solutions with the fingers is sufficient to vitiate 
the results and in addition there is the importance of the use of pure ammonia 

referred to above. Failure to take these precautions causes the turbidities to 

be qualitatively abnormal and renders quantitative estimation impossible. 

Results with the Method. 

Using the method as just described the following table shows to what 
extent quinine can be extracted from blood or its constituents. 

Quinine Quinine 
Treatment Volume added recovered Mean 

ee. mg. % % 

Serum 5 0-05 (a) 84, (b) 84 84 
Corpuscles Laked 5 0-05 (a) 77, (b) 69 73 
Whole blood Not laked 5 0-05 (a) 62, (b) 69 65 
Whole blood Not laked 5 0-05 71 — 

(15 boilings) 

Whole blood Laked 5 0-05 (a) 74, (b) 74 74 

' Professor Ramaden informs us that, with the exception of the dangers arising from im- 
purities in the ammonia, they were themselves well aware of them. 
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It is evident that laking the blood materially assists the extraction of 
quinine and that recovery from corpuscles is more difficult than from serum. 

The effect of increasing the number of changes of boiling fluid and of 

increasing the volume of the fluid is shown by the following table, 5 ce. of 

freshly defibrinated goat’s blood being used in each case and the quinine 

added dissolved in saturated ammonium sulphate solution. 

No. of No. of changes Total volume Quinine 
boilings of fluid of fluid recovered 

ce. % 

(a) 10 4 50 44 
(b) 10 10 100 69 
(c) 10 10 200 87 

That the chief loss lies in the difficulty of extracting the quinine from the 

coagulum is shown by omitting the blood and adding the quinine to the 

acidified ammonium sulphate, making alkaline and extracting as described 
for the remainder of the process. A duplicate estimation was made giving 

the same result in both. Out of 0-05 mg. added to 200 cc. of acidified saturated 

ammonium sulphate solution, the quantity recovered lay between 0-05 mg. 

and 0-045 mg. As an approximation we put it at 95 % recovery. 
The substitution of 0-6 % sulphuric acid by weight by 2 % sulphuric acid 

by volume, or the substitution of saturated ammonium sulphate by 30% 
ammonium sulphate in the boiling fluid', made no difference to the amount 

of quinine extracted, as is shown by a comparison of the following table with 

the first table. 
Quinine Quinine 

Volume H,SO, (NH,),SO, added recovered 
ce. % % mg. % 

Blood 5 2 30 0-05 66 
Serum 5 2 Saturated 0-05 80 
Corpuscles 5 2 Saturated 0-05 67 and 70 

Distribution of Quinine between Serum and Corpuscles. 

The distribution of quinine as found by us is shown by the following: 

1. 0-10 mg. of quinine was added to 10 cc. of fresh defibrinated goat’s 

blood of which the serum-corpuscle ratio as determined in duplicate was 
65/35 by volume. 

Quinine found in total serum 0-045 mg. 
Quinine found in laked corpuscles 0-027 mg. 

Quinine recovered 0-072 mg. 

whence it can be calculated that for equal volumes of the two fluids 

Quinine in corpuscles 53 

Quinine in serum 47 

2. 0-10 mg. of quinine was added to 17 cc. of fresh defibrinated sheep’s 
blood of which the serum-corpuscle volume ratio had been artificially adjusted 

by removal of serum at 50/50. 

1 These modifications were suggested to us by Professor Ramsden as being more expeditious. 
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Quinine found in total serum 0-041 mg. 
Quinine found in laked corpuscles 0-035 mg. 

Quinine recovered 0-076 mg. 

Quinine in corpuscles 46 
whence — 5 =—, 

Quinine in serum 54 

3. 0-17 mg. of quinine was added to 14 cc. of fresh defibrinated goat’s 
blood of which the serum-corpuscle volume ratio had been artificially adjusted 

by removal of serum at 50/50. 

Quinine found in total serum 0-047 mg. 

Quinine found in laked corpuscles 0-043 mg. 

Quinine recovered 0-090 mg. 

Quinine in corpuscles 48 

= Quinine in serum 52. 

Bearing in mind the greater difficulty of extracting quinine from laked 

corpuscles than from serum, and the impossibility of completely removing 

serum from corpuscles, these three experiments point to an approximately 

uniform concentration of quinine in corpuscles and serum. 

Quinine and Hydroquinine Content of Human Blood. 

One of us took 1 g. of quinine base and on another occasion 1 g. of hydro- 

quinine base (both as bisulphate in aqueous solution) by mouth at 10 a.m. 

5c. of blood were removed at hourly intervals and the quinine or hydro- 

quinine content estimated. Previous experience with laked blood has shown 

that as a rule about three-quarters only of the alkaloid can be estimated. 

By calculating on the basis of a 75 % recovery of quinine from blood the 
following concentrations of quinine and hydroquinine were found, and if the 

total volume of blood be put at 5 litres, the percentage of the quinine taken 

orally which is subsequently found in the blood is determined. 

Concentration 
Interval after of quinine Amountin % of dose 
administration in blood blood taken 

hours mg. 

1 1 in 150,000 33 3:3 
2 1 in 187,000 27 2:7 

3 1 in 225,000 22 2-2 

For Hydroquinine. 

1 1 in 250,000 20 2-0 
3 1 in 280,000 18 1:8 

As a point of interest it can readily be shown by calculating from these 
figures that at the end of one hour the number of molecules of quinine per 

corpuscle is about 20 millions. 
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The concentrations reached in the blood after oral administration of 

smaller doses of quinine are shown in the following table: 

Concentration Concentration 
Dose after 1 hour after 2 hours 

0-5 g. 1 in 375,000 1 in 500,000 

0-25 Below 1 in 375,000 Below 1 in 750,000 

As a practical method for estimating traces of quinine in blood we cannot 

recommend the process. Apart from the non-quantitative recovery of the 
quinine, a single complete estimation takes three to four hours, the scrupulous 

care required to be exercised over this period involving a considerable strain 

on the operator. 
In conclusion our results show that neither the preponderance of quinine 

in corpuscles as maintained by Morgenroth nor the preponderance in plasma 

as held by Ramsden and Lipkin can be correct. On the contrary, like other 
observers, we find approximately equal or uniform distribution of quinine 

between corpuscles and serum. On such evidence it is clearly undesirable 
to found any theory of the mode of action of quinine in malaria, such as that 

propounded by Morgenroth. 
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In spite of the importance of this subject, very little is known up to the 
present about the nitrogenous metabolism of the higher plants. This is due, 

to a great extent, to the extraordinary difficulty in the chemical technique. 

A large number of metabolic processes are continually taking place within 

the leaves, and many different substances must be present at the same time, 
for the separation of which no well-defined chemical methods have been 

evolved. The first object of. these investigations was the elaboration of 
methods by means of which the chief nitrogenous constituents of the leaves 

could be isolated and identified. 

The work was commenced in 1916 by one of the present authors (8. B. 8.) 
in collaboration with Miss Laura M. Saunders, but had to be abandoned after 

a few months work owing to the pressure of other duties. Certain work of 

a preliminary nature was however brought to a conclusion, and the results 

obtained by Miss Saunders were utilised when the work was resumed by the 

present authors at the beginning of 1920. 
The first subjects chosen for investigation were cabbages, not because 

they are ideal for the purpose, but because they could be readily obtained 

in quantity in London almost throughout the year. The experiments were 
directed, in the first instance, towards the discovery of a method by means 
of which the maximum amount of nitrogenous material could be removed 

from the leaves in the form either of true or colloidal solution. They were 

treated with water containing various cytolytic agents, and the effect of each 
was quantitatively investigated. An account of the results obtained is given 
in the following [see Chibnall and Schryver, 1920]. The most satisfactory agent 
was ether, and water saturated with ether was found to remove not far short 

of twice the amount of nitrogen which was dissolved out by water alone, 
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By treating minced leaves for a short period with water saturated with 
ether (five parts of leaves to four parts of the ether-water) and then sub- 

jecting the mixture enveloped in filter cloth to pressure in a tincture press, 
a green opalescent fluid was obtained, from which no particles separated on 
pouring through a folded filter-paper. This fluid however deposited a floc- 

culent precipitate on keeping, very slowly in cold weather, but more readily 
in summer. On warming gently (to about 40°) a dense flocculent precipitate 

was formed almost immediately, which was found to consist chiefly of complex 
nitrogenous compounds. A method was hereby revealed for preparing in 

mass the proteins of the leaves, which has not been hitherto described. Only 
when a relatively large quantity of material was in hand appeared a paper 

[Osborne and Wakeman, 1920], in which a method of preparing proteins from 
spinach was described, and this must therefore be regarded as the first record 
of the preparation in mass of the proteins of the leaves. The method em- 

ployed differs in certain important particulars from that described by the 

authors of the present paper, who, by applying their process to spinach, 

have obtained results not altogether in agreement with those of the American 
authors—the most notable difference being that of the nitrogen content of the 

products isolated. 

The results obtained with cabbage leaves pointed to the possibility of 
obtaining a general method for isolating in mass a part, at any rate, of the 
proteins of leaves, and the more detailed examination of the simpler nitro- 

genous substances in the cabbage was relinquished for the moment, in order 

to ascertain whether the method for preparing proteins, as outlined above, 

was of general application to all leaves. In the meantime the investigation 

of the simpler nitrogenous products of the leaves has been undertaken by 
Mr H. W. Buston and Mr A. E. D. Burdett, some of whose results are utilised 

in the ‘present paper. 
The method of extracting the proteins by means of ether-water has been 

applied, in addition to the cabbage, to the leaves of Virginia creeper, grass, 

scarlet runners and spinach. 
In the case of Virginia creeper, the leaves of which were collected just as 

they were about to change colour, and when active metabolism was appar- 

ently finished, no appreciable amount of protein was obtained. From the 

grass, proteins were separated, but they were obtained only in small quantities, 
and considerably contaminated with starch. From the leaves of the scarlet 
runner and spinach, on the other hand, proteins were obtained in fairly 

considerable quantities. Samples were prepared from two pickings of the 
former leaves, the earlier when the pods were in active process of formation, 
and the latter when they were fully formed, and when the general metabolism 

of the plant was on the down grade. The leaves of the earlier picking yielded 
a fair quantity of protein, the ether-water extract of the plant being con- 
verted into a semi-solid mass on warming, whereas those of the later picking 

gave a very much smaller yield. These results indicate that the proteins, 
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which can be isolated by means of ether-water, are obtained in the largest 
quantity when the plant is in an active state of metabolism, and the amount 

is likely to have some considerable physiological significance, and to represent 

the proteins which are in process of active translocation. 
By means of ether-water a little less than two-thirds of the total nitrogen 

in the leaves has been removed. An examination of the residual nitrogen has 

not yet been made, but it forms part of the programme of subsequent research. 
As already indicated, the main object of the present communication has 

been to give a general account of the method for isolating the proteins of 

plants, and none of the products obtained has as yet been subjected to ex- 

haustive examination. It is not possible therefore at the present moment 
to give anything more than a very superficial account of their properties. 
Work is, however, proceeding on the 150g. of the crude cabbage product 

prepared earlier in the year. 
The proteins isolated appear to have a nitrogen content in the neighbour- 

hood of 13 %, and that isolated from the cabbage has distinct acidic pro- 

perties, dissolving in weak alkalis, and being precipitable from this solution 

by acids; this precipitate does not redissolve on addition of excess of acid. 
When the general character of the proteins is considered, it will be seen 

that theoretically there can exist either distinctly alkaline or distinctly acid 

products, in addition to those that have the iso-electric point only slightly 
on either side of neutrality. The alkaline proteins should yield on hydrolysis 

preponderating amounts of di-amino-acids. The protamines, isolated from 
fish sperm, belong to this class. Acid proteins on the other hand should yield 
on hydrolysis large amounts of dicarboxylic acids (glutamic and aspartic 

acids). Proteins of this class have, so far, not been described. The plant 

globulins, however, on hydrolysis yield large amounts of dicarboxylic acids, 

but they are not distinctly acidic in character in that they also yield large 

amounts of ammonia, corresponding roughly to the excess of the carboxyl 
groups over the amino groups in the molecule. This indicates that these 

proteins have been isolated in the form of amides. Now it is worthy of note 

that the protein of cabbage which has been isolated is acidic in properties, 

and yields on hydrolysis an amount of ammonia (amino-nitrogen) corre- 
sponding to 5 % of the total nitrogen, which is distinctly below that of the 
other plant proteins. These results indicate that acidic proteins exist in the 

leaves, which, when they pass into the resting stage in the seed, undergo 
amidisation. Such proteins should contain a relatively small amount of 

nitrogen. Whether the low percentage found in the samples described in 
this paper is due to this cause or whether they are conjugated with some 

nitrogen-poor prosthetic group can only be determined by subsequent research. 
There exists in the leaves an appreciable amount of ammonium salts, and 

the study of the equilibrium of these, the amino-acids, and the proteins, should 
throw considerable light on the nitrogenous metabolism of the plants. 

The proteins from scarlet runner leaves yield an appreciably higher number 
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for the amide nitrogen than the cabbage protein. It is conceivable that the 
leaf proteins can exist more or less completely amidised in different stages 

of the development of the plants, and it is hoped that at an appropriate 
season opportunity will be offered for investigating this point. It may account 
for the difference in the properties of the proteins already isolated by the 

ether-water method. In the meanwhile, material obtained during the summer 

months is under examination, and the results will, it is hoped, form the 

subject of a later communication. 
The rather full analytical details given for the cabbage are quoted as an 

illustration of the methods employed rather than as accurate totals, which 

must of necessity be incomplete until the nitrogen in the residue has been 

more fully investigated. 

EXPERIMENTAL. 

Preliminary experiments on cabbage leaves. 

A preliminary series of experiments was made in 1916 by Miss Laura M. 

Saunders under the direction of one of the present authors (8S. B. 8.). The 
soft parts of the cabbage were minced, and treated with various solvents, 

as enumerated below, and the total nitrogen thereby passing into solution 
was estimated by Kjeldahl’s method. Table I gives the results obtained. In 

each case the solvent was allowed to act for several hours, and the liquid 

afterwards expressed through muslin in a tincture press. 

Table I. Showing the effect of various cytolysing agents. 

Weight of cabbage used, 200 g. 
i Weight of N 

Solvent extracted in g. 

Water saturated with ether ae 5. ‘isi 0:38 

Water saturated with chloroform a ies 0°335 

M/2 benzoate of sodium . os 2 0-259 
Water containing 20 g. ihecel hydrate p per litre 0-304 

Distilled water... is aye 0-220 

This indicated that ices wien: was the most efficient agent, whilst further 

experiment showed that the proportion of five parts by weight of minced 

cabbage to four of the ether-water was ample, also that 20 minutes was 
sufficient time to leave the mixture before pressing. 

The investigation of the liquid extract was taken up by the present authors 
in January 1920. A dozen cabbages, purchased in the ordinary market, 

were taken, the hard ribs and heart removed, and the remainder minced in 
a mechanical mincer, using a fairly coarse cutting plate. Very little, if any, 
liquid was expressed during this operation, but the leaves were well torn up 

and lacerated so as to expose a large surface to the cytolysing agent. They 
were then mixed with ether-water in the proportions stated above (five by 
weight of cabbage to four of the water), and after standing for 20 minutes 
the fluid was expressed through thick muslin in a tincture press. It was 



64 A. C. CHIBNALL AND 8. B. SCHRYVER 

green in colour, opalescent, and filtered slowly, but without leaving a residue, 
through filter paper at the pump. Attempts were next made to concentrate 

it under reduced pressure at 40°. It was found however that a green solid 
separated with rise of temperature, causing such violent frothing that the 
operation had to be suspended. This indicated that the liquid as it came from 

the press contained some substance in colloidal solution, and attempts were 

made to cause this to flocculate before concentration. Standing for several 
days, either alone, or with the usual flocculating salts, did not bring about 

the desired effect (the room temperature was about 13°; this will probably 

account for the difference observed in June, when the room temperature was 
25°), whereas warming on a water-bath at the ordinary pressure to 40° caused 

the immediate formation of a thick precipitate, which settled at once on 
cooling, leaving a clear solution that could be concentrated quietly without 

trouble. This gave a method of obtaining the products of the extraction in 

a concentrated form suitable for storing, and 135 cabbages were forthwith 
so treated. Each batch of about 12 was extracted twice with the ether-water, 

the second extract from one batch being used as the first in the next, and so on.. 
In all 70 kilos of minced material were treated, and the resultant clear liquid 

concentrated to about 10 litres after separation of the colloid. 
The green colloidal precipitate. This was washed twice with two litres of 

95 % alcohol, then with two litres of 0-730 ether and finally allowed to dry 

in the open air. (The alcoholic washings on evaporating to dryness and 
purifying by extraction with warm water gave a dark ccloured oil consisting 

almost entirely of chlorophyll. The ether washings likewise consisted chiefly 
of pigment, giving a solid on evaporation.) On rubbing lightly through a 

0-1 mm. sieve, 290 g. of a fine olive-green powder were obtained. The fine 

powder was then exhaustively extracted with ether in:a Soxhlet, and the 

resultant product, of a dull green colour, weighed 165 g. It contained 11 % 
of moisture, and the dry material 10-6 % N and 0-255 % P. The extract 

from the Soxhlet consisted of fats and lipoids with a small amount of green 

colouring matter. 
The high nitrogen content of this precipitate showed that a large pro- 

portion of it was apparently protein. Water extracted a small amount of 

non-nitrogenous matter, leaving a residue which now contained 11% of 
nitrogen. The only solvent found for it was aqueous caustic soda, which first 
gelatinised, and then slowly dissolved a little more than half of it. The 
strength of the soda used was 0:3 %, and three extractions were made. The 
residue was centrifuged off, washed with graded strengths of alcohol, then 
ether, and dried in an oven at 108°. It contained 8-85 % of nitrogen. The 

alkaline solution remained clear on exact neutralisation, but gave an im- 
mediate precipitate on being made slightly acid. This was centrifuged off, 
washed with graded strengths of alcohol, then ether, and dried in the air. 

It contained 11 % of nitrogen. On redissolving in soda an appreciable amount 
was found to be insoluble, After this had been centrifuged off the clear liquid 
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was again made acid, and the resultant precipitate was found to contain 
12:8 %, N and a trace only of phosphorus. It was now completely soluble 
in soda, and could be reprecipitated unchanged. It gave a strong biuret 
reaction and was new in character in that it was insoluble in excess of acid. 
Table II shows the distribution of the nitrogen in this compound, as deter- 
mined by Osborne’s modification of Haussmann’s method. 

Table II. Distribution of nitrogen in the cabbage leaf protein prepared 

in the winter. 

oN. 

Amide nitrogen ; oO See 

Humin s,, Gu Ghee 

Basic oe oe 21-95 

Mono-amino nitrogen (by diff.) ... 66-93 

The clear mother liquid. The 10 litres that had been prepared were poured 

into an equal volume of 95 % alcohol, when a copious white precipitate was 

formed, which settled on standing. The supernatant liquid was siphoned off 
and the residue sucked dry at the filter-pump, washed with alcohol, then 

ether, and dried in the air. The clear alcoholic liquid was again concentrated 

under reduced pressure, and has been stored since under toluene and a little 
chloroform. 

Mr H. W. Buston is at present at work on the isolation of the individual 
amino-acids in this liquid. He has shown that 9-49 % of the total nitrogen 

is in the form of ammonium salt, and after the removal of this, 25-1 °% in the 

form of amino-nitrogen. Also that 20 % of the total nitrogen is precipitated 
by means of lead salts. After the removal of this the major part of the residual 

nitrogen is precipitable by phosphotungstic acid. 

The alcoholic precipitate weighed 300 g., and was white when dry. On 
analysis it gave 6-5 % of moisture, and the dry substance 1-90 % of nitrogen 

and 1-64 % of phosphorus. 
Part of it was extremely soluble in water, and could be purified by re- 

peated reprecipitation in 80 % alcohol. Nothing further has been done to 
identify this substance. Several grams of it have been prepared, which give 

a colourless solution in water. A similar sample prepared by Miss Saunders 

in 1916 gave the following analysis: Ca, 24 %; SO,, 18%; P, 1%. It 
probably contains free calcium sulphate. 

Of the residue insoluble in water, part was soluble in 5 % acetic acid. It 
could be precipitated by alcohol, and was purified by repeated solution and 
reprecipitation. It gave an ash weight of 65 %, and the following analysis 

(Saunders): Ca, 22-5%; P, 11-7%; C, 122%; H, 235%. No nitrogen 
and a trace of halogen. Molisch’s test’ was positive on standing. It is 
probably some conjugated calcium or calcium-magnesium phosphate, but 

does not appear to be phytin in that it is not precipitated from acetic acid 

solution by boiling. The material will be investigated later. 

Bioch. xv 5 
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ANALYSIS OF THE PROTEIN OF THE CABBAGE EXTRACT. 

Having made this brief survey of the various products that had thus 
been prepared, it was decided that, for the present, attention should be given 

to the substance that obviously contained much protein. To obtain accurate 
data as to its percentage weight in the cabbage, and the proportion of the 

total nitrogen that it contained, a quantitative analysis was made of another 

sample of six cabbages, purchased early in June. These were a little different 

from those used earlier in the year. They were smaller; both the inner and 
outer leaves appeared to contain more green colouring matter; and the area 

of small yellow leaves, growing around the heart, was much less. 
As before, the heart and thick fibrous stems were removed, and the 

remainder minced. The weight of the minced material was 1877 g., and of 
this 297 g. (leaving 1580 g.) were placed in an oven heated to 108° for-the 

purpose of obtaining the dry weight and the total nitrogen. From these data 

it was estimated that the 1580 g. used for the experiment contained 157-7 g. 

of solid matter; 6-18 g. N; and 25-4 g. of ash. 
This 1580 g. was then thoroughly mixed with 1200 cc. of ether-water, 

allowed to stand for 20 minutes, and then pressed out through thick muslin 

in the tincture press. The total volume of the extract was 2440cc. The 
residue, removed from the filter-cloth, was again passed through the mincer, 

and then mixed with another 1000 cc. of the ether-water, allowed to stand for 

20 minutes, and pressed out. The volume of this extract was 965 cc. The 

residue was then again removed from the filter-cloth, crumbled up by rubbing 

between the hands, and treated successively with another 1000 cc. of the 

ether-water three times, the volumes of the extracts being 935, 940 and 940 ce. 

respectively. 
The final residue, after the fifth pressing, was dried in an air oven at 

108°. It weighed 67-5 g. and contained 2-32 g. N. 
The nitrogen in the several extracts was also determined, the results being 

given in Table III. It will be observed that the first extract contains 80-9 %, 

and the first with second combined, 90-2 °%, of the extractable nitrogen. 
To test if any of the nitrogen was held back in the pores of the filter-cloth, 

the latter was washed first with water and then three times with 80 % alcohol. 
A quantity of green colouring matter was removed, but the total nitrogen 

in all the washings was less than 0-05 g. 
The green colloidal precipitate. It was not found necessary to heat the 

extracts so obtained to coagulate the protein material, as the temperature 

at which the experiment was being conducted, 22-25°, was sufficient to cause 

a heavy precipitate to come down during the course of the night, leaving an 
almost clear solution. 

The precipitate from the first extract, called “A” henceforth, was separated 
by decanting and centrifuging, as was also that from the other four solutions 

combined, called henceforth “ B,” 
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Table III. Showing the distribution of N after extracting five times 

with ether-water. 

Total volume Weight of 
or weight N ing. 

Ist ether-water extract ... we 2440 ce. 3-066 
2nd a se bad ins 965 ,, 0-352 
3rd * = des Sas 935 ,, 0-191 
4th - a oe ‘a 940 ,, 0-096 
5th Pe ss ve sey 940 ,, 0-088 

Total extract ne ies ai 6180 ,, 3-793 

Dry residue oe say ms 67-5 g. 2-320 

Total nitrogen id — 6-113 
- Taken for sccpeclinents icilinaed — 6-18 

Table LV. Showing total solids precipitated by standing 24 hours 

(after washing with alcohol and ether). 

Weighting. Weight of ‘8 
moisture free Ning. N 

Precipitate A 3-70 0-452 12-1 

is B 0-448 0-052 11-9 

Both A and B were washed with 80 % alcohol until all the chlorophyll 
was removed, then three times with 0-730 methylated ether, and left to dry 

at the room temperature. 

Table IV summarises these weights in terms of the total cabbage taken. 

The alcoholic washings of A and B consisted almost entirely of chlorophyll, 

with a certain small amount of the soluble nitrogenous substances carried 
down during the precipitation. The dry weight was 1-05 g., and the nitrogen 
content 0-056 g. 

The ether washings of A and B on evaporation gave an orange-yellow 

grease, weighing 0-18 g. 
The original extracts, after the precipitation of A and B, were still slightly 

cloudy. It was found that raising the temperature to boiling point caused 
another slight coagulation to occur, and a deposit, called henceforth C, to 

settle during the course of the night. After this had been removed by centri- 
fuging, the nitrogen in each solution was again determined. All five were 

then mixed, and an aliquot part evaporated to dryness and heated to 108° 
in an oven. From this it was calculated that the weight of the water-soluble 
material was 73-1 g. 

The coagulate C, the major portion of which was thrown down from the 
first extract, was washed with water, which removed 0-392 g. of material 
containing 0-021 g. N, then with alcohol, which removed a further 0-159 g. 
of material, containing less than 0-01 g. N and finally with ether, being 
allowed to dry off at room temperature. The weight, moisture free, and calcu- 
lated for the total cabbage taken, was 0-608 g., and it contained 0-074 g. N. 

The results of the preceding analyses are summarised in Table V. 

5—? 
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Table V. Showing distribution of nitrogen. 

Weight in g. Weight of N 
moisture free in g. 

Ist clear solution 2-370 

2nd ,, po 73-1 0-312 

3rd_,, 9 a .. of solid 0-165 
4th ,, es matter 0-076 

5th ,, ” 0-078 
Precipitate A aa 2 ee 3°74 0-452 

“ B a Jan ay 0-45 0-054 
Coagulate C aed 6 chp 0-68 0-074 
Alcoholic washing of Aand B ... 1-05 “0-056 

Ether ra om én 0-18 ? 
Water washing of C aa ee 0-39 0-021 

Alcoholic washing of C ... sa 0-16 ? 

Residue... Sa. ee Re 67-50 2-32 

DOG. occ wa Py be 147-25 5-992 

Taken for experiment (estimated) 157-7 6-18 

Examination of precipitates A and B. 

These were mixed and treated with 0-4 % caustic soda. Considerably 
more than half was found to go into solution this time, imparting to it as 

before a deep brown colour. The residue was centrifuged off and treated 
twice again in the same way. The third solution on being made acid gave 

very little precipitate, so it was resolved to treat with hot alcoholic alkali 

according to the method described by Osborne and Wakeman [1920] in their 

paper on spinach leaves, which had come into our hands about this time. 

The first application of 0-3 % potash in 60 % alcohol dissolved about half 
the residue, and gave quite a heavy precipitate on being made acid. A second 
application dissolved practically nothing. The residue, after being thus 
treated, was washed with graded strengths of alcohol, then ether, and dried 

at 108°. It weighed 0-136 g. and contained only 0-003 g. N. 

The aqueous soda extract was made slightly acid, and the heavy pre- 
cipitate allowed to settle. The supernatant liquid was poured off, and the 

remainder centrifuged. The solid was redissolved in the same strength soda. 

It was again precipitated with acid, centrifuged, washed with graded strengths 
of alcohol, then ether, and allowed to dry at the room temperature. The 

dried product weighed, moisture free, 2-247 g. and it contained 12-81 % N, 

and only a trace of phosphorus. 
The residual acid solution, together with the alcoholic washings, was 

found to contain 0-129 g. of nitrogen. 

The alcoholic soda extract was treated in a similar way. The final product 
weighed, moisture free, 0-162 g., and it contained 12-7 % N. The weight of 
nitrogen remaining in this solution and the washings was 0-005 g. Table VI 
shows the complete analysis of the precipitates A and B, calculated for the 
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total weight of cabbage taken. It will be seen that 63-3 % of the total weight 
of A and B is recovered from the aqueous soda solution, and 4-55 % from the 
alcoholic; in all 67-85 %. Of the total weight going into solution, 70-6 % is 
reprecipitated. 

Table VI. Showing the extraction of precipitates A and B by 

aqueous and alcoholic soda. 
Weight Weight of N 

in g. in g. 

Protein, precipitated from aqueous soda ... aS ‘a 2-651 0-339 

Hy! ae alcoholic soda ... = pas 0-191 0-024 

Non- aetna substances, soluble in aqueous soda hid acid 1-185 0-139 

a a alcoholic soda and cia} (by diff.) 0-005 

Tanckable residue pe “as on ben waa oe 0-161 0-003 

Total eas 4-188 0-516 

Table VII. Showing the distribution of nitrogen in the cabbage leaf 
protein prepared in summer. 

ON 

Amide nitrogen 5-62 

Humin nitrogen 5-15 
Basic nitrogen 21-31 
Mono-amino nitrogen 67-92 

_ The figure 12-8 for the. % N in the final product is in agreement with that 
obtained for the similarly prepared compound from the cabbages purchased 
several months earlier. The internal distribution is also very similar, as will 

be seen from Table VII. 
Table VIII shows the results of the complete analysis. 

Table VIII. Final results of the analysis. 

Weight in g.  % weight, Weight of N 
moisture free moisture free in g. %N 

In aqueous solution .. eee one 73-49 46-59 3-02 48-87 

Tn colloidal aapenaicn in water: 
Protein eee see 2-84 1-80 0-36 5°83 

Non-protein ‘ilidiaienl Ay 1-19 0-76 0-13 2-13 
Albumin (? coagulated on boiling) 0-68 0-43 0-07 1-13 

Soluble in alcohol and ether ee 1:39 0-88 0-07 1-13 
Residue wus aoe one <n 67-66 42-80 2-32 37-64 

Total ise 147-35 93-26 5-97 96-73 
Taken for analysis (estimated) _... 157-70 —= 6-18 — 

Cur Grass. 

Short lengths of grass, as cut by a lawn-mower, were obtained from the 
Botanical Gardens, Chelsea. After being washed and air dried they were 
minced, with a fine cutter, and treated with ether-water as before. 1420 g. 

of minced material were used, and from experiments on an aliquot part it 
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was estimated that this amount contained 857 g. of solid matter, or 60-4 %, 

and 32-8 g. of nitrogen. 
The amounts of nitrogen expressed in the five ether-water dressings are 

given in Table IX. 

Table 1X. Showing the weights of N in the ether-water extracts 

from grass. 

Weight of N 
in g. 

Ist extract... _ ... 4:79 

Si a ee 2-35 : 
DEO Sti 5 Se hs ace 1:36 
BG oe ora ns 0-79 

Berg Gly ares eee 

Total of 5 extracts 9-95 

The solution from the press was olive-green as in the cabbage, and gave 

no deposit on prolonged centrifuging. Experiments to bring about flocculation 
were then tried. Standing for two days, either unchanged or after warming 

to 60°, failed to bring this about. The only reagents successful were alcohol 

in the proportion of 1 in 4 and mineral acid. 
As the cabbage had given a final product that was precipitated from 

solution by acids, it was resolved to use this method in the present case. It was 

found that the addition of enough sulphuric acid to make the whole N/12 was 

sufficient to give a definite precipitate and leave a clear solution. Acid of this 

strength also would be insufficient to bring about any hydrolysis in the cold. 
The material so obtained was washed with alcohol and ether as before and air 
dried. It contained 6 % N only, but was soluble in 0-3 °% aqueous soda from 
which it could be reprecipitated by acid. The product so obtained contained 

8-25 %, N. It failed to give any of the colour reactions for a protein, and as 

the amount obtained was small and we were desirous of investigating other 
leaves before the season became too late, nothing further was done with it. 

ScARLET RUNNER LEAVES. 

These were picked at the end of the first week in September, when the 
beans were still in process of formation. They were cut so as to leave no 
stem, and after being cleansed were minced, using a coarse cutting plate. 
They appeared to undergo very considerable disintegration, the minced product 

being a dark green pulp, containing a large quantity of expressed juice. 
The total weight minced was 1331 g. and of this 110g. were taken for 

dry-weight analysis. From the result of this it was estimated that the 

1221 g. used in the experiment contained 185-8 g. of solids, or 15» 2%, and 
8-21 g. N. 

It was then treated five times successively with ether-water, being re- 

minced before the second application. 1000 cc, were used in each case, and 
the results are given in Table X. 
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Table X. Showing distribution of nitrogen in bean leaves hier 

extraction in the ether-water. 

Weight of N 
in g. 

lst extract ... ae 4 ans 4-07 
Oo I ee Be sie ae 0-75 
iS tyler Aiea ore ae 5 ae 0-37 
BN sal ise dis By see 0-16 
Fe ere eae enh = 0-16 

Total in 5 extracts és 5-51 
In the residue, weight 79. g. ‘in 2-60 

Total ... 8-11 

Taken for experiments (estimated) 8-21 

In comparison with the cabbage it will be seen that the total nitrogen 
expressed in the first extract is about the same, 7.e. nearly one-half; the 

_ residue similar, being 42 °%, and the total expressed nitrogen greater, being 
68-4 ° as compared with 62-4 %. 

All the extracts, especially the first, were deep green and opaque. A sample 
of the latter, on warming to 40°, flocculated into a solid mass, and the main 

bulk was diluted with an equal volume of water before being heated. The 
precipitate, called henceforth D, after washing with alcohol and ether as 

described above had a moisture-free weight of 15-5 g., and contained 10-3 % N 

The similar product from the second and third extracts, called hence- 

forth E, weighed, moisture free, 2-2 g. and contained 8-5 % N 
Extracts 4 and 5 failed to flocculate on warming to 40°, but warming to 

60° brought this about. This temperature also eaused a second flocculation 
in the first three extracts, and the combined products, called henceforth F, 

after washing as before, weighed, moisture free, 4-7 g. and contained 10-8 % N 
All the extract solutions were now a clear light brown. The first on boiling 

gave a third small coagulate, but the others remained clear. This coagulate 
weighed 0-52 g., contained 9-1 % N and is probably the impure product from 

some water-soluble albumin. It appeared to be insolublein all common 
solvents. 

Table XI shows the results of the foregoing precipitation after allowance 
has been made for the quantities withdrawn for experiment. 

Table XI. Showing the products obtained by warming the 

: ether-water extract of bean leaves. 

Weight in g. YN g. N 
Precipitate D _... 16-5 103 1:70 

* E re 2-3 8-5 0-19 
at F ‘ia 5-0 10-9 0-55 

Coagulate on boiling 0-5 9-1 0-05 

Total weight ... 24-3 an 2-49 

It will be seen from this that 13-1 °% of the total dry weight is precipitated 
in the form of a highly nitrogenous body containing 38-4 % of the total 

nitrogen. 
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Examination of Precipitates D, E and F. 

Precipitate D was found to contain starch, and was freed from this by 
repeated washing with water at 60° until the washings gave no reaction with 

iodine solution. The resultant product was found to be almost insoluble in 

cold aqueous soda (0-3 %), but went up readily in alcoholic potash (0-3 % 
in 60 % alcohol) warmed up just to the boil on a water-bath. After centri- 
fuging, it was just made acid with dilute sulphuric acid, when a copious 

precipitate came out, which, unlike the cabbage product, was soluble in 
excess. It was now partially soluble in cold aqueous soda. The remainder 

was taken up again in hot alcoholic potash, and on reprecipitation was found 

to be completely soluble in cold soda. The combined solutions in cold soda 

were centrifuged, yielding a clear liquid, which threw down a heavy white 
precipitate on being made just acid. This was centrifuged off, washed with 
alcohol and ether as before, and dried in the air. The product weighed, 
moisture free, 5-88 g., and contained 13-33 9% N, and very small traces of 

phosphorus. It would appear (from its mode of preparation and properties) 

to be of the nature of an alkali albumin. 
Precipitate E was worked up in the same way, starch being first removed. 

As before hot alcoholic potash was required, the product after two washings 

becoming soluble in cold soda. Whilst drying it was accidentally lost by the 

cracking of the beaker, but the yield appeared to be the same as in the other 
two preparations, 7.e. about 40 %. | 

Precipitate F contained no starch, which probably accounts for its higher 
percentage of nitrogen. As before hot alcoholic potash was required to dissolve 

it, the product obtained after acidification becoming soluble in cold soda 

after a second washing. Washed and dried the final preparation weighed, 

moisture free, 2-15 g., and contained 13-4 % N. 

The resultant products from D and F are probably the same, for they 
behave in exactly the same way with acids and alkalies, give a strong biuret 
reaction, and contain about 13-5 % N. 

Table XII gives the distribution of the nitrogen in the product from D. 

Table XII. Showing the distribution of nitrogen in the bean leaf protein, 

%N 

Amide nitrogen 9-38 
Humin nitrogen 7-95 
Basic nitrogen 28-66 
Mono-amino nitrogen 54-01 

It will be observed that the amide nitrogen is considerably higher than 
in the case of the cabbage product, possibly accounting for its less acidic 
character. 

The working up of this bean material was not done with quite the same 
care as that bestowed on the cabbage, so that small losses may have been 
entailed, Allowing for this, and calculating the product to be obtained from 
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Eas 40 % of its weight, we estimate the total yield of this protein to be 9 g., 
containing 1-12 g. N. Expressed as percentages, 5 %, of the dry weight and 

13-8 % of the nitrogen are isolated in the form of a protein. 
Considering that the combined weight of D, E and F was nearly 24 g., 

this yield is very low. A comparison of it with that of the cabbage and 

spinach (Osborne’s figures) is given in Table XIII. 

Table XIII. Showing the different effects of aqueous and hot alcoholic alkali on 
the proteins of the cabbage, bean and spinach leaves. 

% weight recovered 

, ” Bean Spinach. 
Cabbage (mean) (Osborne) 

From cold aqueous soda 63-3 — 58-6 
From hot alcoholic potash 4-6 38 13-4 

Total ms 67-9 38 72-0 

These figures are instructive in that they show that a high yield is obtained 
only when the reaction takes place in cold aqueous soda. It seems probable 

therefore that warming with alcoholic potash to the boil brings about a greater 

degree of hydrolysis than we at first suspected, the solution containing 
degradation products that are not precipitated in slight excess of acid. With 
regard to this question of the degree of solubility in cold soda, we have been 
struck by the way in which this property seems to vary in the different 
preparations from the same plant. From the experience gained in working 

up the various products described in this paper we have come to the conclusion 
that the previous treatment the first precipitate undergoes in its washing 

with alcohol has something to do with it. In one case in particular, in which 
some of the precipitate from spinach was left over the week-end in absolute 
alcohol, we found the resultant product, dried by ether, to be quite insoluble 

in the cold. Possibly strong alcohol has some denaturing effect on the protein 
present. 

SPINACH. 

About a kilo. of spinach was worked up at the beginning of October by 
our method in order to compare the final product obtained with that isolated 
by Osborne and Wakeman [1920]. Only 57 % of the total nitrogen passed 
into solution, which was divided into two parts. One was warmed to 40° to 
flocculate the colloid by the method described above, the other was flocculated 

by adding a quarter volume of alcohol, as described by Osborne. In both 

cases the washed and dried product gave about 10-4 % N, showing that the 
two methods had apparently the same result. On extracting with cold soda 
and precipitating with acid a protein-like substance was isolated which gave 
only 12-6 % of nitrogen and was insoluble in excess of acid. It appeared 

therefore to be a substance with an acidic character similar to that isolated 

from the cabbage. 
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This result does not correspond at all with that of Osborne and Wakeman. 
Their method is first to grind the fresh leaves three times in a Nixtamal mill, 

then add water in the proportion of 1 litre to 1 kilo. of spinach, and regrind 
the mixture twice. They then centrifuge to remove the disintegrated cellular 

matter and obtain a green opaque solution containing a large quantity of 
protein in colloidal suspension. They flocculate as described above by adding 

alcohol, and after washing and drying obtain a substance averaging 14 % N. 

This substance they then treat in the same way as we do, 7.e. with cold soda, 
and on making the solution slightly acid bring down a substance giving 

15-3 % of nitrogen. This differed from all our preparations in that it was 

soluble in slight excess of both acid and alkali. 

A chemical explanation of this difference we are at present unable to give, 
but it may be a purely physiological one. From the very large proportion of 

the total nitrogen that they actually isolate as protein (43 %), it would appear 

that they took their leaves at a period of great physiological activity. They 
do not give the time of year when their leaves were picked, nor the period 

between picking and working up. In our case the leaves were purchased in 

a shop, and were probably picked two days previously. This period may have 

allowed some enzyme action to have taken place, but if that were the case 

we should have expected a much higher nitrogen percentage in the protein 

of the bean leaves, which were treated the same day that they were picked. 

The explanation seems to us, in view of the small amount of evidence yet 
available, to be due to different chemical compounds being actually present 

in the leaves taken. 
For comparison the distribution of the nitrogen found by them in their 

compound is given in Table XIV. 

Table XIV. Showing the distribution of nitrogen in the spinach leaf protein 

(Osborne and Wakeman). 

%N 

Amide nitrogen 7-50 
Humin nitrogen 5°97 
Basic nitrogen 22-49 

Mono-amino nitrogen 64:04 

SuMMARY. 

(1) A method has been described for obtaining the proteins of green leaves. 
(2) This consists in treating the disintegrated tissue with water con- 

taining a cytolytic agent, for which purpose ether was found to be the most 
suitable. 

(3) By means of water saturated with ether, opalescent colloidal solutions 
are obtained from which flocculation of the colloid takes place, either on 
standing, if the room temperature is sufficiently high (above 20)°, or more 
rapidly on warming to 40°. 
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(4) The colloidal precipitates obtained in this manner from the leaves of 

cabbage, scarlet runners and spinach have been examined and found to consist 
for the most part of proteins, and to contain about 10 % N. 

(5) Methods have been described for obtaining the proteins in a purer 
condition, and products containing about 13 % N have been prepared. 

(6) The cabbage and spinach proteins are, when freshly prepared, soluble 

in weak alkaline solutions from which they can be precipitated by acids, in 
excess of which they are not speedily soluble. The protein of scarlet runner 
was insoluble in weak aqueous alkalies. 
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THE method used by Raistrick [1919], in the quantitative study of the 

decomposition of histidine by bacteria, has been applied with slight modifi- 

cation to the study of the decomposition of the cyclic nuclei of tryptophan 

and tyrosine. The solution of mineral salts used in these experiments differed 

slightly however from that previously employed and had the following 

composition recommended for the purpose by Koser and Rettger [1919]: 

Distilled water 1000 cc. 

NaCl... | 3a: BO. 

MgSO, aoe 

OT, oes te Oe 

KH,PO, .. 410g. 
BoHPO, 5 SIM 

I. EXPERIMENTS ON THE DECOMPOSITION OF TRYPTOPHAN. 

4 g. of tryptophan were dissolved in 2 litres of the foregoing saline solution. 
In duplicate portions of 75 cc. the total N [A} was estimated by Kjeldahl’s 

method, 200 cc. of the medium were pipetted accurately into each of nine 
flasks (250 cc. capacity). To each of three of these 2 cc. of glycerol were 
added. All the flasks were then plugged with cotton wool and autoclaved 

at 115° for 20 minutes. Of the nine flasks 
(a) One without glycerol was used for the determination of the distri- 

bution of N in the medium without precipitation with colloidal iron. 
(b) One without glycerol was used for the determination of the distri- 

bution of N in the medium, using precipitation with colloidal iron as described 
later, 
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(c) Four without glycerol were inoculated with pure cultures of one of 

the following bacteria: 
. B. fluorescens. 

. B. pyocyaneus. 

. B. prodigiosus. 

. B. proteus vulgaris. 

(d) The three flasks containing glycerol were inoculated with pure cultures 

of one of the following organisms: 

1. B. fluorescens. 
2. B. pyocyaneus. 
3. B. prodigiosus. 

The inoculated flasks were then incubated at 37° for a specified number 
of days. 

mm wD 

Analysis of medium for distribution of N. 

After incubation (or in the case of the control without incubation) 8 cc. N 
acetic acid were added to the 200 cc. medium. Then 25 cc. of colloidal iron 

(1:25 %%) were introduced drop by drop in the cold with constant shaking. 

The flask was heated on a water-bath to flocculate the iron precipitate, then 
cooled, and the contents filtered on a small Buchner funnel containing a 

filter paper covered with a thin layer of kieselguhr. The residual iron pre- 

cipitate was washed with hot water, dried in a steam oven, and the nitrogen 
contained in it was estimated by Kjeldahl’s method (synthesised N [E}). 
The combined filtrate and washings were transferred to a litre Claisen dis- 

tilling flask, and 100 ce. alcohol and 10 cc. of a 10 % suspension of lime were 
added. The ammonia which was present was distilled in vacuo and absorbed 

in a known amount of standard acid, the excess of acid being titrated with 
standard thiosulphate (ammonia N[C]). The residue in the Claisen flask was 

then made just acid with HCl, evaporated to a volume of a few cc., washed 

out quantitatively and made up to a volume of 25 cc. The amino N content 
of this was estimated in the usual way by van Slyke’s method (amino-acid | 

N [B)). 
In this way the following values, expressed as mg. N per 100 cc. medium, 

were obtained: 
Total N. 
-Amino-acid N. 
Ammonia N. 
Non-amino N (= A—[B+C+ E)). 

Synthesised N. 

From a consideration of these values the following information is ob- 
tained: 

1. Amino-acid N[B] gives the N contained in the amino-group of the 
side chain, and hence shows to what extent the amino-group has been broken 
down. 

eR a 
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2. Ammonia N[C] gives the whole of the N,; whether originating from 

the amino-group or from the nucleus, which has been metabolised by the 
bacteria into ammonia. 

3. Non-amino N[D] gives a measure of the degradation of the N con- 

tained in the nucleus, and hence a decrease in this indicates that the indole 

nucleus has been attacked and ruptured. 

4. The use of colloidal iron as a precipitant enables one to obtain a 
measure of the amount of N used for synthesis into complex N compounds. 
This includes the N contained in the bacterial cell and that in the proteins 

etc. which may diffuse out of the cell. No amino N arising from the trypto- 

phan is included in the colloidal iron precipitate since it is a well-known fact 

that colloidal iron does not adsorb amino-acids. This was definitely proved 
by the comparative experiments, previously mentioned with and without the 

use of colloidal iron. The results of our experiments are recorded in Table I. 

Table I. Composition of medium in each case expressed as mg. N per 100 ce. 

1. Original Medium 2. Original Medium after treatment with colloidal iron. 

A. Total N 26-89 A. Total N aay 26-89 

B. Amino-acid N 14-06 B. Amino-acid N ... 13-95 

C. Ammonia N 0-30 C. Ammonia N 0-22 

D. Non-amino N 12-53 D. Non-amino N ... ase es 12-34 

E. N in colloidal iron precipitate 0:38 

Tryptophan + Glycerol Tryptophan without Glycerol 

Incubation %: Incubation E 
period, Increase Decrease period, Increase 
days of N of N days of N of N 

B. pyocyaneus. 

13 Total N 26°89 — —_ 19 Total N 26-89 — —_ 

Amino-acid N 3-21 — 10-74 Amino-acid N 0-40 oo 13-55 

Ammonia N 0-47 0-25 — Ammonia N 19:15 18-93 — 

Non-amino N- 10°85 —- 1-49 Non-amino N 3-00 — 9-34 

Synthesised N 12:36 11-98 — Synthesised N 4-34 3:96 — 

B. fluorescens. 

16 Total N 26-89 — — 27 Total N 26-89 — — 

Amino-acid N 1-47 — 12-48 Amino-acid N 0-02 — 13-93 

Ammonia N 0-03 — 0-19 Ammonia N 16:57 = 1635 — 

Non-amino N 7:19 — 515 Non-amino N 2-92 — 9-42 

Synthesised N 18:20 17-82 — Synthesised N 7-38 7-00 — 

B. prodigiosus. \ 

18 Total N 26-89 — — 38 Total N 26-89 —_ 

Amino-acid N 9-56 — 4:39 Amino-acid N 5-90 oo 8-05 

Ammonia N 0-07 — 0-15 Ammonia N 9-84 9-62 — 

Non-amino N- 13-26 0-92 a Non-amino N- 10:10 — 2-24 

Synthesised N= 4-00 3-62 —_ Synthesised N- 1-05 0:67 a 

B. proteus vulgaris. 

33 TotalN  ... 26:89 — — 

Amino-acid N 9-15 Lo 4°80 

Ammonia N 5-19 4:97 — 

Non-amino N- 12-05 —- 0:29 

Synthesised N 0-50 0-12 — 
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Discussion of Results. 

From a consideration of the results given in Table I, the following con- 
clusions may be drawn: 

1. Both in the presence and absence of glycerol, B. pyocyaneus, 

B. fluorescens and B. prodigiosus can attack and produce ammonia from both 

the side chain and the indole nucleus of the tryptophan molecule. 
2. Whereas with B. pyocyaneus and B. fluorescens ammonia is produced 

from the nucleus almost as readily as from the side chain, B. prodigiosus 
produces ammonia from the side chain much more quickly than from the 

nucleus. 
3. With B. proteus vulgaris ammonia formation is limited to the side 

chain nitrogen. The failure to open the indole ring is analogous to the 
inability of the same organism to rupture the iminazole ring [Raistrick, 1919]. 

4. The effect of the presence of an alternative source of carbon is seen 
from the results obtained with B. pyocyaneus, B. fluorescens and B. prodigiosus 

in the presence and absence of glycerol. Whereas in the absence of glycerol 

much free ammonia is produced but relatively small amounts of synthesised N, 

in the presence of glycerol practically no free ammonia is produced, and in 
two of the three cases the amount of ammonia is actually less at the end of 

the experiment than at the beginning. This non-formation of free ammonia 
is coincident with large increases in synthesised N. 

These results offer an explanation for a number of observations, made by 
various bacteriologists [Kendall and colleagues, 1912-1913] during the last 

few years, on the so-called “protein-sparing”’ action of carbohydrates. These 

observers find that, when bacteria are grown in ordinary peptone media 
containing no carbohydrate, there is progressive production of ammonia, 

often in considerable amount. In the presence of an available carbohydrate, 

however, only quite inappreciable amounts of ammonia are formed, although 
growth is often better in the latter case than in the former. This failure to 

produce ammonia from carbohydrate-containing media they ascribe to the 
“protein-sparing” action of the carbohydrates. The first obvious criticism of 

this interpretation is the fact that these workers regard ammonia formation 

as an index of protein decomposition, and make no other attempt to estimate 

the extent to which protein decomposition has taken place. We consider 
that the best method of measuring protein and amino-acid decomposition is 
to follow the disappearance of amino-acid N. Our results show that an amino- 
acid is decomposed by bacteria in the presence of glycerol without the pro- 

duction of a corresponding amount of ammonia, the N of which appears in 
the form of synthesised N. It seems to us that the probable explanation of 

the so-called “protein-sparing” action of carbohydrates is the following. 
Bacteria need for their anabolic processes certain relative amounts of nitrogen 
and carbon. If the available N is in excess of that amount necessary to 
combine with the available carbon for these synthetic purposes, this N appears 
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in the form of ammonia (as shown in the experiments on tryptophan without 

glycerol, and in the results obtained by other workers on peptone media 

containing no carbohydrates); if, however, the amount of available carbon 
is in excess of the amount necessary to combine with the available N for 
synthesis, no ammonia appears because all the N is used for synthesis (as 

shown in our experiments on tryptophan with glycerol, and in the results of 

other workers on peptone media containing carbohydrates). Hence we believe 

that carbohydrates far from having a “protein-sparing” effect in the sense 

used by the above authors, actually enable bacteria to utilise more protein 

or protein products than they would in the absence of carbohydrates. 

Il. ExpERIMENTS ON THE DECOMPOSITION OF TYROSINE,’ 

2-5 g. tyrosine were dissolved, by the aid of heat, in 2500 cc. of the basal 

saline solution described in the tryptophan experiments. After cooling, the 

medium was distributed as follows: 
1. 400 ce. were pipetted accurately into each of two flasks (500 ce. 

capacity). After sterilisation, these were inoculated with B. pyocyaneus and 

B. fluorescens respectively. 
2. 400 cc. were pipetted accurately into each of two flasks (500 ce. 

capacity) and 2 cc. of glycerol were added. After sterilisation these were 

inoculated with B. pyocyaneus and B. fluorescens respectively. 
3. About 500 cc. were sterilised and used for the estimation of the initial 

distribution of N in the medium. 
4. The residual liquid was placed in a flask, plugged with cotton wool, 

and autoclaved. Along with the inoculated flasks, this was incubated at — 
37°, and was used as a standard control solution for the estimation of phenolic 

groups described later. 

Analysis of the Medium. 

The method used for determining the distribution of N was exactly the same 
as that described in the tryptophan experiments. However, since tyrosine con- 
tains no nitrogen in the phenolic nucleus, another method had to be used for 

following the fate of this nucleus. This was done by using Folin’s colorimetric 
method for the estimation of phenolic groups [Folin and Denis, 1912, 1915). 

The details of our methods of procedure are as follows. 
After incubating for a specified number of days, 25 cc. of the inoculated 

medium were pipetted into a graduated 100 ce. flask (the residue being used 

for the determination of the distribution of N). To this were added 1 ce. of 
normal acetic acid and 2 cc. of colloidal iron drop by drop. The flask was 
heated on a water-bath to flocculate the iron precipitate, cooled, made up 

to 100 cc., and filtered through a dry filter paper. The phenolic groups present 
in this solution were then estimated by the use of Folin’s phosphotungstic- 

phosphomolybdic colorimetric reagent, using the control tyrosine solution 4 

as a standard phenolic solution. 
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Table II. Composition of medium in each case expressed as mg. N per 100 ce. 

Original Medium. 

Total N ein jee ee 7-82 

Amino-acid N Bes ‘ass 7-78 

Ammonia N ... be a 0-06 

Phenolic groups equivalent to 100 mg. tyrosine 

Tyrosine + Glycerol Tyrosine without Glycerol 

Increase Decrease ~ Increase Decrease 
Incubation of Nand of Nand Incubation of Nand of N and 
period, phenolic phenolic period, phenolic phenolic 

groups = groups days : groups groups 

B. pyocyaneus, 

45 Total N «ee «7°82 — — 51 Total N we 7°82 a: a 

Amino-acid N 0-51 —— 7:27 Amino-acid N 0-12 oo 7-66 

Ammonia N ... 0°00 ~ 0-06 Ammonia N ... 4:78 4-72 — 

Synthesised N 3°22 3°22 -- Synthesised N 1-61 1-61 —_ 

Phenolic groups Phenolic groups 
equivalent to equivalent to 
mg. tyrosine... 0-25 _— 99-75 mg. tyrosine... 0-14 —_ 99-86 

B. fluorescens. 

34 Total N cory 4°88 — -- 46 Total N -- 7°82 —— — 

Amino-acid N 0-30 — 7-48 Amino-acid N 0-00 > 7-78 

Ammonia N .., 0-00 -- 0-06 Ammonia N ... 3-99 3-93 — 

Synthesised N 4-98 4-98 — Synthesised N 2-95 2-95 — 

Phenolic grou . Phenolic grou 
jovcnag hig 5 pcan y 
mg. tyrosine... 1-90 — 98-10 mg. tyrosine... 0-00 — 100 

_ Discussion of Results. 

From a consideration of these experimental results, the following con- 
clusions may be drawn: 

1. As observed in the tryptophan results, relatively large amounts of 

ammonia but very little synthesised N are formed in the absence of glycerol. 

In the presence of glycerol, however, the appearance of relatively large 

amounts of synthesised N is coincident with (in this case) a total absence of 
free ammonia. This gives further support to our suggested explanation of 

the so-called “protein-sparing” action of carbohydrates. 
2. Both in the presence and absence of glycerol, there is an almost 

complete disappearance from the tyrosine of phenolic groups giving a colour 

reaction with Folin’s reagent. Since Folin has shown that neither straight 
chain hydroxy-compounds nor benzene derivatives containing no hydroxyl- 
group attached to the carbon atoms in the ring give a colour with his reagent, 

our results may be interpreted in either of the two following ways: 
(2) That the benzene ring has been ruptured giving rise to straight 

chain compounds of some sort. 
(6) That the hydroxyl-group has been removed from the nucleus 

leaving the benzene ring unbroken. : 
At present we have no experimental evidence to prove which of these 

possibilities is correct. It is of interest, however, to note that Traetta-Mosca 

Bioch. xv 6 
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[1910] isolated from stable manure a bacillus which in cultural characteristics 
is closely related to B. pyocyaneus. This micro-organism decomposes tyrosine 

and gives rise, in addition to other compounds, to benzoic acid. Thus in this 

case there is a removal of the hydroxyl-group from the phenolic nucleus, 

which would harmonise with our second possibility indicated above. 

We are glad to have this opportunity of thanking Professor F. Gowland 
Hopkins for much kindly criticism and advice during the progress of this work. 
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X. DETERMINATION OF THE MINIMUM DOSES 
OF SOME FRESH CITRUS FRUIT JUICES 
WHICH WILL PROTECT A GUINEA-PIG 
FROM SCURVY, TOGETHER WITH SOME 
OBSERVATIONS ON THE PRESERVATION 
OF SUCH JUICES. 

By ALICE JANE DAVEY. 

From the Department of Experimental Pathology, Lister Institute. 

(Received January 5th, 1921.) 

Tae following account deals with work relating to the preservation of fruit 

juices over long periods, in such a way as to retain the anti-scorbutic principle 

as little changed as possible. 

The work has been carried out under the direction of Dr Harriette Chick, 

to whom and to Miss Hume I am indebted for much help and advice during 

the progress of the experiments. 

Many experiments by other workers at the Lister Institute have also 
been included. Some of them have been published already in a summarised 

form [Chick, Hume and Skelton, 1918, 1, 2], for others I am indebted to my 

various colleagues at the Lister Institute. 

INTRODUCTION. 

Early in 1917, in the course of experiments concerned with the relative 
anti-scorbutic values of fruit and vegetables, particularly with a view to the 

needs of the Army, official samples of preserved lime juice, as supplied to the 
Army and Navy, were tested. The results showed that such preserved lime 

juices were practically devoid of anti-scorbutic principle, since the largest 
doses (10 cc. daily), that could be administered, did not indicate the slightest 

protection of guinea-pigs from scurvy, whereas a very much smaller dose 
(1:5 cc. daily) of fresh orange or lemon juice will suffice to keep a guinea-pig 

in good health. — 
It was thought that the failure of the lime juice might be due to deteriora- 

tion induced by long keeping or by the method of preservation. Accordingly, 
tests were instituted on samples of crude juice supplied by the manufacturers 

and on fresh juice expressed in the laboratory from imported fruit. It was 
found that the fresh lime juice possessed not more than one quarter of the 

value of fresh lemon juice [see Chick, Hume and Skelton, 1918, 1, 2]. 

6—2 
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This result raised the question of the generally received belief in the 
efficacy of lime juice as a preventive of scurvy and investigations were set 

‘on foot to determine the relative anti-scorbutic values of the commoner 
Citrus fruit juices, and the extent to which these values were diminished by 
the various methods of preservation used and by long keeping at different 

temperatures. Attempts have been made to find a method of preserving 

lemon juice which shall reduce this deterioration to a minimum. 
There have already been published the results of the enquiry just referred 

to, by Chick, Hume and Skelton [1918, 2] into the relative content of anti- 

scorbutic principle in lemons (Citrus medica var. limonum) and limes (C. medica 

var. acida) where the summarised results include experiments with both 

guinea-pigs and monkeys. Both sets of experiments clearly demonstrate that 

“the value of fresh lemon juice is approximately four times that of fresh 

lime juice” and that preservation and long keeping of lime juice induce 

considerable loss of its anti-scorbutic principle. 

The conflict between experimental results on the one hand and human 
tradition and practice on the other was resolved by the historical enquiry 

made by Mrs Henderson Smith [1918, 1919], regarding the use of lime and 

lemon.juice in connection with human scurvy. 
More recently, the complete failure of lime juice to afford protection to 

the army in Mesopotamia is a well-known fact [ Willcox, 1920] and later still 
in Febuary and March 1919, Stevenson [1920] made the same observation of 

its worthlessness, among the inmates of the Russian civil prisons at Archangel. 

PREVIOUS EXPERIMENTAL WORK ON CITRUS FRUIT JUICES. 

Old records contain many instances of the great value of oranges and 

lemons for the prevention and cure of scurvy. One of the most striking is 
the classical human experiment carried out by Dr Lind [1757; quoted in the 

Medical Research Committee’s Report, 1919, p. 39] by which he showed that 

oranges and lemons were far superior to other remedies, current in his time. 
Some experiments have been carried out by Holst and Frélich [1912] on 

the anti-scorbutic value of lime and lemon juices, using guinea-pigs as experi- 

mental animals. These workers compared freshly squeezed raw lemon juice 

with commercial samples of lime juice preserved in various ways. The animals 

were fed on a basal diet of grain and water only; the dose of fruit juice was 
5 to 10 ce. daily at most. Comparison was made with other animals receiving 

no anti-scorbutic. Very little protection was afforded from scurvy and the 

juice of fresh lemons was found little if at all superior to the preserved lime 
juices. The addition of the juices to the diet of grain and water prolonged 

life and mitigated the scurvy symptoms slightly, hence anti-scorbutic in small 
amount was assumed to be present in the doses given. Holst and Frélich 
regard this result as lending additional support to the view that guinea-pigs 
are more susceptible than man to scurvy, and point out that a daily dose of 
5 to 10. ce, of lime juice for a guinea-pig, if related to the body weight, is a 
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proportionally much greater dose than that held to be sufficient to protect 
a man from scurvy. Since the slight protective effects of the preserved lime 

juice were not found to be markedly inferior to those of the fresh lemon, the 
authors inferred that lime juice retains most of its potency after preservation 

and keeping, and they assume that their experiments justify the widespread 

belief in the usefulness of preserved lime juice, which they never seem to have 
called in question. 

On the basal diet of grain and water used by Holst and Frélich, with 
addition of anti-scorbutic in the form of lemon juice, the animals grew very 

little and hunger symptoms were apparent, since the animals failed to consume 
the grain. Some of the earliest experiments of Chick and co-workers (Chick 

and Hume, 1917], showed that if guinea-pigs received a basal diet of oats 

and bran and water with anti-scorbutic in the form of fruit juice, good health 
and growth could not be maintained. The animals failed to consume sufficient 

food and often could not be induced to take their ration of lime or lemon 
juice without ill effect. The diet cannot be considered equivalent to one in 

which a ration of fresh cabbage (containing all the accessory food factors) 

takes the place of the fresh fruit juices. Hence no conclusion drawn from 
such experiments as to the relative anti-scorbutic potency of, for instance, 
cabbage and lemon juice can be regarded as valid. 

SCOPE OF THE PRESENT PAPER. 

The present paper deals first with the determination of the minimum 
doses of fresh fruit juices, orange, lemon and lime, required to prevent scurvy 

in guinea-pigs. The results have been used as a basis for finding the loss in 
anti-scorbutic value which takes place when these juices are preserved or 
kept for long periods at different temperatures. 

Besides an investigation of the keeping properties of carefully preserved 
laboratory material, the results are also included of tests on several com- 

mercial and official samples. Since the true history and mode of preparation 

of these is not always known the results lack scientific value, but are of very 

great importance from the practical standpoint. 
Some data are also included for the value of chilled fruit. The whole 

investigation is still not quite complete since few of the specially prepared 

specimens have been kept as yet for more than two years. Such a period of 

preservation is however sufficient to give some good indications of the best 

practical methods to adopt. 
TECHNIQUE. 

In all particulars the method employed is that described by Chick, Hume 

and Skelton [1918, 2] and also by Delf and Tozer [1918]. All the experiments 
have been carried out on young growing guinea-pigs (about 340 g. in weight 

at the beginning of the experiment) fed on a basal diet of oats and bran, 
to which was added a ration of 60-90 cc. of cow’s milk, autoclaved at 120° 

for an hour. The fruit juices tested were given as daily doses, administered 
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by pipette. All food residues were weighed or measured so that the quantities 
consumed daily could be recorded. The animals were weighed three times 
weekly. Symptoms of scurvy were noted during life and at post mortem. 

The symptoms of guinea-pig scurvy are fully described by Chick, Hume 

and Skelton [1918, 2] and by Delf and Tozer [1918]; see also the Report of 

the Medical Research Committee on Accessory Food Factors [1919]. 
In the present paper the presence or absence of haemorrhages is taken as 

the decisive symptom in diagnosing scurvy or the reverse. A condition of 

histological bone lesion, in absence of haemorrhages, is not taken as indicative 
of scurvy in the light of the results obtained by Tozer [Delf and Tozer, 1918], 

which show that such a bone lesion frequently also occurs in animals on non- 

scorbutic diets and is probably due to a deficiency of vitamin A. . . 
In order to avoid the ill effects on the animals of large doses of acid juices, 

all lime juices and certain of the more acid preserved lemon juices were partly, 
never wholly, neutralised with solid sodium carbonate. Lime juice was rendered 

more palatable by the addition of cane sugar (1 g. to 10 ce. of juice). Lemon 

or lime juice doses, whether neutralised or not, were mixed with a little auto- 
claved milk from the animal’s ration before administration. Neutralisation 

was carried out as short a time as possible before administering doses to the 

animals, and it is assumed that no appreciable change in the anti-scorbutic 

value of the ration was so induced [see Harden and Zilva, 1918]. 
Juices used for experiment were always kept in the Lister Institute re- 

frigerator during experiment in order to keep them as uniform as possible 

throughout the experiment. The temperature of the refrigerator usually 
ranged from — 3° to 4°. On rare occasions it went down to — 5° and once 

rose for a week to 18°. 

DETAILS OF EXPERIMENTS AND RESULTS. 

I. DereRMINATION OF MintmuM Dosss oF FrREsuH JUICES. 

A. Lemon Juice (Citrus medica var. limonum). 

Sound ripe fruit was selected, any soft or blemished specimens being 

rejected. The large rough skinned varieties were used and efforts were made 
to secure uniformity as far as possible. The fruits were halved and the juice 

expressed by hand on a glass squeezer and strained through coarse muslin 
or mosquito net with firm squeezing. Juice thus prepared was kept in the 
refrigerator, but not frozen, during the period of testing. For the earlier 

experiments [Chick, Hume and Skelton, 1918, 1] supplies were made monthly, 

so as to be comparable with lime juice from imported fruit, which could not 

be obtained more frequently. In order to eliminate possible changes due to 
keeping even for a short time, the juice for the present experiments was 

prepared fresh every week. 
Experiments have been carried out in order to determine within narrow 

limits, the minimal daily protective dose for a guinea-pig. Karly unpublished 
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experiments, conducted in 1917, show that 10 cc. and 5 ce. daily doses afford 

ample protection. The paper published in 1918 recorded the effects of 2-5 cc., 
1-5 ce. and 0-5 ce. daily doses and 1-5 cc. was found to be the minimal pro- 

tective dose. The present experiments, using fresher juice, also test the same 

three doses and reach the same conclusion. 
2-5 cc. daily dose. Six animals were employed. Two of these died from 

illnesses other than scurvy after 33 and 37 days respectively. The remaining 

four animals completed the experimental time and were killed in good health. 
They were all four in splendid condition, but two of them which had consumed 

a larger milk ration (85 and 95 cc. respectively, during the last 60 days of 

experiment), continued to increase in weight to the end of the experimental 

time and attained a higher maximum weight than did the others. 
1-5 cc. daily dose. Six animals were used. Of these one died after 30 days 

of an acute intestinal affection; no scurvy was indicated. The others completed 

the experimental time (90 days) in good health. The post mortem indicated 

protection from scurvy. 
0-5 ec. daily dose. Six animals were used. All developed scurvy. Two of 

them were killed after 45 days. Attempts were made to ¢ure three of the 

others with the juice of sweet limes (see p. 90), while the remaining one was 

treated with canned apricot juice. 
The 0-5 ce. daily dose is manifestly insufficient, but some slight protection 

is indicated because symptoms in life were not diagnosed earlier than the 
21st to 28th day, and the length of life in cases where no cure was attempted, 

was not less than 40 days. 
It is concluded therefore that a daily ration of 1-5 cc. fresh lemon juice 

(never more than one week old) is the minimum daily dose-which will protect 

a guinea-pig from scurvy and this datum is used for the basis for comparison 
with the anti-scorbutic value of other fruit juices or of different preserved 

lemon juices. The result of this experiment is very slightly better than that 
detailed by Chick, Hume and Skelton [1918, 1] where the juice used was kept 

0-2 months in the refrigerator, a result which suggests an appreciable though 
slight loss of anti-scorbutic principle when the juice is kept for such a period 

even at a low temperature. 

B. Lemon Juice with the Rind Oil. 

Experiments on preservation which are detailed later had shown that 
lemon and orange juice, squeezed so as to contain some of the essential oil 

of the rind, would keep sweet and palatable for long periods, without addition 

of other preservative, in the same way as lime juice, so treated, does. Lemon 
and orange juices squeezed without such precaution and without any other 

preservative, quickly become mouldy and unpalatable. Experiments to de- 
termine the minimum dose of such material when fresh are therefore included 

here with the determination of the minimum doses of the other fresh fruit 

juices. 
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The material was prepared in the following way. Whole lemons were 

sliced by hand and minced in an ordinary kitchen mincer. The juicy pulp 
thus obtained was squeezed by hand through coarse muslin. The resulting 

“juice” is a thick creamy emulsion which sets to a soft curd, from which a 
small amount of clear juice slowly separates. The curd is easily broken up 

later. This material was bottled without any sterilising precautions and seems 

to keep well even when the bottles are frequently opened. 
As compared with fresh lemon juice expressed without the rind oil, this 

material is diluted somewhat with the rind constituents, 7.e. the solid matter 

of the white inner rind and its watery sap. 
The material was kept in the refrigerator (about 0°) during the period of 

the experiment, i.e. about 100 days. 
For convenience in measuring small doses of the very thick material, the 

total quantity required each day was diluted with an equal volume of water; 

twice the volume of the prescribed dose was then administered to each animal. 

1-5 ce. daily dose. Four animals were used; one of these showed severe 

scurvy after 34 days, while another completed 90 days of experiment but 

showed some ind{cations of scurvy of long standing. Two others were com- 

pletely protected for 90 days. 1-5 cc. of this juice was not, therefore, quite 

adequate. 
2-5 ce. daily dose. Four animals were used of which two died early from 

intestinal troubles (32 and 34 days). The two remaining animals completed 

the experiment in good health, without signs of scurvy at post mortem. 
The minimum daily dose of this lemon juice with the rind oil (0-10 days 

old) which will protect a guinea-pig from scurvy is therefore between 1-5 

and 2:5 ce. 

C. Orange Juice. 

The juice was prepared exactly as is described for fresh lemon juice. Some 
difficulty was experienced in obtaining uniformity owing to the variation in 

quality of the oranges according to the season of the year. This accounts for 

certain discrepancies in the results. Oranges deteriorate more rapidly than 
lemons and late in the season they become dry. The critical experiments 

on which minimum dose values have been based, were carried out early in 
the year (Jan. to March), using as far as possible oranges of the same variety 
(Denia). The juice was prepared once a week, in certain experiments twice 
a week, and was kept in the refrigerator between successive times of pre- 
paration. 

Experiments conducted in 1917, using daily rations of 10 cc., 5 cc. and 
3 cc., show that these are amply sufficient to protect a guinea-pig from scurvy. 
Some of these experiments are mentioned in an earlier paper from the Lister 
Institute [Chick and Hume, 1917]. Further experiments have been conducted 
and are detailed below, using 1-5 ce. and 0-5 cc. daily doses, 
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1:5 cc. daily dose. Three series of experiments have been conducted at 

different seasons of the year. 
(a) Experiment extending from May to July; three animals were used; 

the juice was expressed weekly. Of the three animals, one died from scurvy 
in 50 days; another showed “doubtful scurvy” without haemorrhages after 
83 days, while the third succumbed to an intestinal illness after 63 days, 

but was completely protected from scurvy. 
(b) Experiment extending from March to May; four animals were used; 

the juice was expressed weekly. Only one animal survived 90 days. It was 

in excellent health and was completely protected from scurvy. All the other 
cases were complicated by intestinal infections. No scurvy symptoms were 

observed during life or at the post mortem, but as the animals died or were 

killed after 46, 62 and 67 days, the result is not conclusive. 

(c) Experiment extending from January to March; four animals were 
used; the juice was expressed twice weekly. One animal died of pneumonia 

after 67 days but some scurvy was found at post mortem. Two others died 

from intestinal disorders after 74 and 88 days respectively. At the post mortem 
one of these showed fragility of bones but no haemorrhages, while the other was 

without any signs of scurvy. The remaining animal survived 90 days and at 

the post mortem was found to be normal. 
The above results may not appear entirely conclusive; out of a total of 

eleven animals six were protected from scurvy and of these four survived more 

than 80 days of experiment. The remaining two, as well as the other partially 

protected animals, were all victims of infections or illnesses other than scurvy. 
Experiment (c), in which oranges were at their best and the juice used never 

more than four days old, gives a substantially better result than the others; 

only in one case was there any scurvy indicated at the post mortem, and that 
by fragility of the bones only, haemorrhages being absent. In fact three out 

of the four animals were protected. 
0-5 cc. daily dose. An experiment with one animal was begun in June 1918. 

Oranges were then dry and their anti-scorbutic potency lowered as shown 
by the experiments described above with larger doses. The animal died on 
the 58th day of experiment with moderately severe scurvy complicated by 

other illness. 
A further experiment was begun in March 1919, the juice being prepared 

twice weekly. Five animals were employed, all of which showed signs of 
scurvy round about the 34th day of experiment. One of them showed scurvy 

with severe haemorrhages and fragile bones after 57 days; another died from 

disease other than scurvy after 43 days; scurvy haemorrhages were not found 
but the bones were slightly fragile and the rib junctions nodular. The re- 

maining animals were suffering from severe scurvy from the 57th to the 
67th days, as indicated by sore swollen joints, lameness etc. At this time their 
doses were changed to a daily ration of sweet lime juice which effected a 
partial cure. 
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From these experiments it is assumed that 1-5 cc: daily may be considered 
a minimal protective dose for a guinea-pig, when the freshly expressed juice 

of oranges at their best, 7.e. in the early part of the season, is used. 

D. Orange Juice with the Rind Oil. 

Experiments with lemon juice with the rind oil were so promising that 
material was prepared in exactly the same way from oranges, in order to 

establish the minimum dose and test the keeping capacity of this material also. 

The fruit was obtained early in March 1919; it was treated exactly as is. 

described for lemons. The emulsion was very thick and set to a substantial 
curd, a small proportion of juice squeezed without the rind oil was therefore 

added. 
The material was kept in the refrigerator at a temperature about 0° for 

the time of the experiment, 7.e. 0-108 days. 
1-5 cc. daily dose. Four animals were used, of which two were in good 

health at the end of the experiment. Two died from other causes (63 and 

72 days) with very doubtful scurvy, slight bone brittleness but no haemo- 

rrhages. 
3 cc. daily dose. Two animals were used and both were normal at the end 

of the experiment. The minimum dose of orange juice with the rind oil kept 

in the refrigerator for 0-108 days was therefore taken to be 1-5 cc. daily. 

E. Sweet Lime (Citrus medica var. limetta). 

A small sample of sweet limes was received from Basra in February 1919, 

sent by Lt.-Col. Ledingham. The sample arrived in poor condition owing to 
the long time taken in transit. Many of the fruits were useless and the re- 

mainder though placed in the refrigerator, deteriorated rapidly and became 

mouldy and soft. Juice was expressed every two or three days. 
It was tested as a cure for animals sick with scurvy, induced by insufficient 

doses of fresh lemon and orange juices. 
Of the six animals used, three had been on a daily ration of 0-5 cc. fresh 

lemon juice for 49, 52 and 48 days respectively, while three had been on a 
similar ration of fresh orange juice for 57, 65 and 67 days respectively. All 

were suffering from severe scurvy as evinced by swollen, painful joints, scurvy 

position, lameness and falling weight. A daily ration of 2-5 cc. of the juice 
of sweet limes was substituted for the orange and lemon doses. A very 
gradual improvement in the condition of the animals became apparent with 
steadying of the previously falling weight curves; in some cases slight gain 
in weight took place. Although the cure was very far from complete, the life 

of the animals was very considerably prolonged. The average life of the six 

animals in question was 78 days and two of them survived 89 and 91 days 

respectively; whereas the average length of life of five animals which continued 
on the small doses of orange and lemon was 49 days only. The post mortem 
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examination revealed some repair of bone lesions and absence of recent 

haemorrhages, although signs of severe old haemorrhages were apparent. 
Although the sweet limes were old and in very poor condition their juice 

exercised considerable curative power when administered in 2-5 cc. daily doses 

to guinea-pigs suffering from severe scurvy. No definite conclusions can be 
drawn as to the value of sweet limes in good condition, but the result obtained 

suggests that they should be useful as an anti-scorbutic and superior in this 

respect to sour limes. 

F. Sour or West Indian Lime Juice (Citrus medica var. acida). 

The experiments with fresh ripe lime juice were conducted during the 

winter of 1917-18 and have been summarised by Chick, Hume and Skelton 
[1918, 1, 2]. The results are included again here, with some further notes for 

comparison with the newer results from preserved lime juice and juice from 
green limes. 

The fruit used was obtained through the kindness of Messrs L. Rose & Co. 

who furnished monthly supplies of specially imported West Indian limes. 

Owing to war conditions these limes were from one to two months in transit. 

They do not seem to bear keeping as well as lemons, possibly because of their 
thinner rind, from which the volatile essential oil is more easily lost. 

The juice was prepared exactly as described for lemon and orange juices 

without the rind oil, only sound firm fruit being employed in its preparation. 
The experiment included tests with green unripe limes as well as with 

ripe limes, as it was thought that the anti-scorbutic value of the green fruit 
might be greater than that of the ripe fruit. We can draw no very definite 
line as to what constitutes the limit of ripe and unripe fruit, but ripe fruits 

were definitely yellow. 

Experiments were conducted with 2-5 cc., 5 cc. and 10 cc. daily doses of 

fresh lime juice. The doses were half neutralised with sodium carbonate, and 

cane sugar (1 g. per 10 cc. juice) was added to render the juice palatable. 
The age of the juice after squeezing varied from 0 to 30 or 40 days old, 

it being preserved for that time in the refrigerator between squeezings. 

2-5 cc. daily dose. (a) Ripe lime. This amount of ripe lime juice afforded 
no protection from scurvy. Of seven animals, five died from severe scurvy 

in 23 to 59 days. The remaining two cases were complicated by other illness 
and scurvy was less severe after 29 to 67 days, than in the preceding cases. 

(b) Green lime. When the juice from green limes was employed the results 

were appreciably better. Scurvy symptoms were milder and the duration of 
life was longer. One of the four animals used lived for 116 days suffering from 

slight chronic scurvy, with some improvement towards the end of the 
experiment, probably correlated with the use of a fresh sample of juice. In 

another animal which died from infection after 38 days, the post mortem 
showed no sign of scurvy. The two remaining animals showed scurvy of 
moderate severity after 56 and 85 days respectively. 
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5.ec. daily dose. (a) Ripe lime. Ten animals were used of which three 
showed definite scurvy and three were normal; two showed doubtful scurvy 

and two died from other causes (26 and 35 days) without haemorrhages. 
(6) Green lime. Seven animals were used, of which three died within 

34 days from other illness than scurvy and are therefore discounted. As with 
the ripe lime, practically complete protection was obtained in three of the 

four cases remaining; the animals survived for over 90 days and no hae- 

morrhages were found at post mortem. The fourth animal showed only 

doubtful traces of scurvy after 56 days. 
10 ce. daily dose. Ripe lime only. Doubling of the 5 cc. dose produced 

no appreciably better result and it failed to eliminate the slight fragility of 

the bones and enlargement of the rib junctions, with the corresponding 

histological symptoms, which so frequently occurred but which there is little 

doubt were due to an insufficiency of vitamin A. 
Of six animals one was normal in all respects after 88 days of experiment. 

Another died with severe visceral haemorrhage after 85 days, showing fragility 

of bones at post mortem. Scurvy was doubtful or absent (no haemorrhages) 

in two other cases after 52 and 62 days respectively and two died without 
haemorrhages at 25 and 34 days from other causes. 

It must be noted that animals receiving lime juice never grew as vigorously 

as the animals receiving orange juice or the smaller doses of lemon juice. 
. Healthy animals usually attain a maximum weight of from 550 to 600 g. 

within the 90 days of experiment, their weight curve approximating nearly 

to that of animals fed on normal diet. With one exception the highest 
maximum weight reached by any animal on a 5 ce. or 10 cc. fresh lime juice 
ration was 470 g. The exception was the single completely protected animal 

on the 5 ce. daily ration of fresh ripe lime juice, whose weight reached 537 g. 

on the 78th day of experiment. 

The experiments with fresh lime juice indicate 5 cc. daily as the minimal 

protective dose for a guinea-pig. Taking into consideration the poor growth 
and consequent low body weight of even those animals which were completely 

protected from scurvy, it is possible that the 5 cc. daily dose might not ensure 
protection to better grown animals, whose weight curve more nearly approxi- 
mated to the normal. 

On the other hand, conditions necessitated the use of lime juice prepared 
monthly from fruits which had suffered from delay in transit. If tests be 

made from lime juice prepared at more frequent intervals from fresh fruit, 

the results may indicate a slightly lower value for the minimal dose than has 
so far been obtained. Pending such further experiments, the minimal pro- 
tective dose of fresh lime juice required by a guinea-pig cannot be fixed at 
less than 5 cc. daily, which amount is perhaps best regarded as marginal. 
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II. PRESERVATION OF FRUIT JUICES. 

A. Official and Commercial Samples. 

The work carried out with official or commercial samples chiefly concerns 
the juices of lemon and lime, on account of their use in the rationing of armies, 

arctic expeditions etc. and the consequent urgent need during the late war 

for exact information as to their anti-scorbutic value. 
Tests have been carried out with a number of official samples as supplied 

to the Army and Navy, obtained through the authorities. Various commercial 

samples preserved by different methods have also been tested. Details with 
regard to a number of such samples have already been published [Chick, 

Hume and Skelton, 1918, 1]; a few more tests of special samples are added 

here and the tests of a certain number of similar samples of lemon juice. 
Acknowledgments are here made to Messrs L. Rose & Co. and to Messrs 

Evans Sons, Lescher & Webb for their kindness in supplying samples and 

furnishing data as to age and method of preparation. 

In view of the proved inferiority of lime juice to lemon juice in the fresh 
state and the uselessness of the preserved lime juices, and having regard also 

to the promising results obtained with preserved lemon juice, it was recom- 

mended to the authorities that steps might be taken to substitute lemon 
juice for lime juice in supplies to the Army and Navy, thus reverting to the 
usage of the early part of last century. In response to this suggestion, samples 

of lemon juices submitted to the authorities have been tested on their behalf. 
Since there is some evidence that greater care in the method of preserva- 

tion will allow retention of more of the anti-scorbutic potency, careful com- 

parison has also been made of the above-mentioned lemon juice with lime 
juice specially prepared by Messrs Rose, on exactly the same lines as were 

recommended and adopted in preparing the samples of lemon juice. 

Al. Official and Commercial Samples of Lime Juice. 

Reference to the table given by Chick, Hume and Skelton [1918, 1, Table T] 
shows that of six samples of crude lime juice examined, none showed any 
protection in 5 cc. daily doses, save two samples (Nos. 3 and 4 in table) which 
did show some small degree of protection. In the case of two of the samples 
however, even a 10 cc. daily dose conferred no protection. 

Two further samples, Nos. 7 and 8, were examined in the course of the 
present work and yielded a similar result. These were both crude juice 
supplied by Messrs Rose; the one (No. 7) was prepared from ripe limes in the 

usual way save that none of the essential oil of the rind was removed before 
crushing and squeezing; the whole fruit was squeezed right out and the juice, 

containing more than the usual amount of essential oil, was run straight into 
the casks for export; two animals on 5 cc. and two on 10 cc. of this material 

all showed scurvy. 
The second sample (No. 8) was ordinary crude lime juice containing no 
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more than the normal amount of essential oil but prepared from green limes 

instead of ripe ones. Four animals received 5 cc. of it daily and all showed 

scurvy. In neither of these cases was the juice more than 2-3 months old 

when the experiment started. 
A third sample (No. 9) was prepared with especial care by Messrs Rose 

so as to be comparable with the special sample of lemon juice submitted on 

behalf of the War Office. The material appeared to be crude juice containing 
the rind oil and 0-07 % SO,, added as preservative. This sample of lime 

juice gave the best result ever obtained with lime juice. The lowest value 

hitherto obtained for the minimum daily dose of lime juice needed to protect 
a guinea-pig from scurvy is 5 cc., even with juice expressed from imported, 

though not very fresh limes. With this dose not all guinea-pigs were pro- 

tected. The special sample, at present under consideration, gave a value . 
rather less than 5 cc., all animals on 5 cc. being perfectly protected; animals 
on 2-5 cc. all showed scurvy. The inferiority of lime juice is thus still upheld, 

though in this special case it is considerably less marked than in any other 

sample ever tested. 

A2. Official and Commercial Samples of Lemon Juice. 

Four different samples were examined and of these three gave good results, 

showing a far higher degree of protection on a 5 cc. dose than did the com- 

mercial samples of lime juice. 
No. 10 was a sample of lemon juice prepared by Messrs Rose for the 

War Office, squeezed with the rind oil and with SO, = 0-1 % as preservative. 

This sample corresponds with the lime juice sample No. 9. Protection was 

obtained in two cases, and a doubtful result in the third case with a 1-5 ce. 
daily dose of this material, a result practically equal to as obtained with 

the freshly expressed j juice. 
No. 11. Lemon juice, expressed without the rind oil, preserved in Messina 

with 0-25 gal. sulphurous acid to 100 gals. of juice. so juice had been 
kept for at least six months at room temperature. Only a 5 cc. daily dose was 

administered and this gave undoubted protection in three cases out of four, 

the fourth being uncertain. Considerable loss may therefore have taken place 
but it cannot have been by any means complete. 

No. 12. A lemon juice sample furnished by Messrs Evans Sons, Lescher 

& Webb. It was received in October from lemons squeezed in the preceding 
spring in Sicily. No preservative was added and apparently none of the rind 

oil. Only 5 ec. and 10 ce. daily doses were administered and in each case no 

scurvy developed. Loss, if it had taken place, was therefore not great. 
‘No. 13. A sample of “Kia-Ora” lemon squash, bought in a shop. The 

history was unknown. Sugar had been added. Doses of 5 and 10 cc. showed 

no protection from scurvy. This sample therefore ranks with the commercial 
samples of lime juice, all the other lemon juices being very much superior. 

It is quite clear from the results so far given that lemon juice is much 
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more potent anti-scorbutically than lime juice. It is not however possible to 

make an accurate quantitative comparison of the keeping capacities of the 

two, for it is easy to give to guinea pigs a 5 cc. dose of lemon juice, which 
gives the information whether lemon juice has lost two-thirds of its anti- 

scorbutic value or not, but it is impracticable to give 15 cc. of lime juice. 
which is the daily dose necessary in order to obtain the same information 

about lime juice. 

B. Preservation of Special Samples. . 

The foregoing experiments show clearly (a) that orange and lemon juice 

are more potent as anti-scorbutics than lime juice, and (b) that they are on 
this account more suitable material for use in keeping experiments where 

gradual loss of anti-scorbutic potency is to be anticipated. 
Samples of lemon juice prepared from fresh fruit were stored in the Lister 

Institute refrigerator, without addition of any preservative. They were tested 
after an interval of seven months, and it was found that a daily dose of 5 ce. 

conferred almost complete protection on a guinea-pig. Such juice retained 

its value even after fermentation of the sugar had taken place, a 5 cc. daily 

dose again conferring considerable protection. This result stimulated further 
the enquiry into the methods of preserving and keeping lemon juice, and 
experiments have been carried out with juice prepared in the laboratory, 

while others are still in progress. As it was believed that the temperature at 
which the juice was stored would make considerable difference to the anti- 

scorbutic, as well as to the gross keeping capacity of the juice, samples were 

stored at different temperatures. Experiments with samples of lemon juice 

preserved with varying percentages of sulphite and with the rind oil and of 

orange juice with the rind oil are also given. 

Bl. Preservation of Lemon Juice by means of “ Sulphite” 

(potassium metabisulphite). 

The juice was expressed from carefully selected fruit, exactly in the 

manner described for fresh fruit juices. Quantities of from 20 to 30 litres 
were prepared at one time and the process occupied one or two days. The 

sulphite was added in 10 % aqueous solution, the juice being stirred vigorously 
to ensure complete mixing. The juice was bottled immediately, stoppers or 
corks being sealed with wax so as to be airtight. Two strengths of preservative 

were tried giving final concentrations of 0-06 % and 0-09 % sulphite in the 

juice. In the case of a sample of juice to be kept at a higher temperature 
0-1 % sulphite was used. It has been found that juice preserved with sulphite 
does not keep well after bottles have once been opened, hence it is best to 

store it in bottles containing quantities suitable for a single experiment. 
Sterilising of bottles previous to filling made no appreciable difference and 
was accordingly dispensed with. 
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Samples of this material have been stored for periods of many paca 

under the following conditions: 
(a) At ordinary room temperature (12° to 25°), in a dark cupboard in 

a corridor, not subjected to sunlight. 

(6) In a hot room at 37°. 
(c) In the Lister Institute refrigerator, where the temperature was usually 

slightly above 0° but ranged from — 3° to 4°, once falling as low as — 5° and 

once (owing to a breakdown) for a week rising to 18°. In winter the juice 
was occasionally frozen. 

The preserved juice is a clear pale yellow liquid containing a small amount 

of curdy sediment. When efficiently sealed the material does not darken 

perceptibly after 12 months’ keeping in the cold room or at room temperature, 
but in the hot room considerable darkening takes place in the course of a 

few weeks although the juice continues for some time to remain good as far 

as taste and smell are concerned; ultimately however it becomes bad and quite 
unpalatable. The samples to be tested were removed from the place of storage 

at the beginning of the experiment and kept in the refrigerator while the 

experiment progressed. 

Tests have been carried out as shown below. 

(a) Lemon juice preserved with sulphite, kept at room temperature. 

1. Material preserved with 0-06 % sulphite. 

Two batches of this material were made. The first batch (No. 14) had 

been entirely used up after eight months; a second batch (No. 15) was therefore 
made for further keeping. 

Age 34 to 5 months (No. 14). After 3} to 4 months, a 2-5 cc. daily dose 
failed to protect. After 4 to 5 months a 5 ce. daily dose failed to protect, but 

the juice appeared to have gone bad, probably due to faulty sealing and all 

the four animals used developed scurvy as though no anti-scorbutic had been 
given. On the 19th and 25th days respectively, two of them had their doses 

replaced by 5 cc. of the juice left over from the last experiment. This seemed 
to check falling weight in one case but after 14 days both the animals showed 

advanced scurvy, being thin and miserable. Their dose was then changed 
to 5 ec. of juice from an unopened bottle of the same material. After 14 days 

the condition of both animals improved remarkably; there was rise of weight 

and the use of the hind limbs was regained; they were then killed and showed 

good condition and repair of bone lesions. 
Thus a 5 cc. daily dose, after four months’ keeping at room temperature, 

is in some cases sufficient to effect a cure in cases of advanced scurvy. This 

indicates a deterioration to about one-third of the original value. 
Age 6 to 10 months (No. 14). A 5c. daily dose gave almost complete 

protection. Of the four animals used, one died from disease other than scurvy 

in 30 days. Three animals completed the experiment (88-90 days). There 
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was evidence of slight scurvy, some fragility of bones and slight haemorrhage 
being found at post mortem. 

A further test was carried out using 10 cc. daily. Only one animal was 
_. employed. It never made very good growth, remained thin and in poor 

condition and died after 61 days. Slight fragility of bones was found, but 
the animal was protected from scurvy. 

None of the above-mentioned animals received more than 60 cc. of auto- 
claved milk daily. Animals receiving large daily rations of the juice preserved 

_ with sulphite never made good growth and failed to reach the weights attained 

by normal animals or by those on small rations of fresh juice. In subsequent 
experiments the animals received a larger milk ration and the doses of lemon 

juice were half neutralised with sodium carbonate. 
Age 18 to 22 months (No.-15). Animals receiving a 5 cc. and a 2-5 ce. daily 

dose showed good health after 60 days; the experiment was unfinished at the 

time of going to press but it seemed likely that the 2-5 cc. daily dose would 

afford protection, showing that in this case after nearly two years’ keeping 
at room temperature, lemon juice preserved with 0-06 % sulphite, in some 

cases at any rate, retains at least three-fifths of its anti-scorbutic potency 

(the average minimum protective dose of fresh lemon being 1-5 cc.). 

2. Material preserved with 0-09 % sulphite. 

Age 7 to 12 months (No. 16). At seven months a 5 cc. dose effected pro- 
tection. At 12 months a 2-5 ce. dose failed to do so. 

Age 19 to 21 months (No. 16). At 19 months a 5 ce. dose failed to protect. 
At 21 months two animals on a 10 cc. dose were in good health after 50 days 

of experiment; the experiment was still unfinished at the time of going to 

press. 
Material preserved nearly two years with 0-09 % sulphite at room tem- 

perature therefore, in this particular set of experiments, showed signs of slow, 
steady deterioration down to one-fifth or one-sixth of its original value (taking 

the minimal dose of fresh lemon juice as 1-5 cc.). The various results with 
lemon juice preserved with sulphite are however rather inconsistent and the 

different points are more fully discussed later. 

(b) Lemon juice preserved with sulphite, kept at 37°. 

This material was prepared in April 1918 and contained 0-1 % of sulphite. 
Tests were carried out after three months’ keeping, when the juice was already 

very dark in colour and after 28 months. 
Age 3 months (No. 17). Four animals received 5 cc. daily. One of these 

died from infection after 30 days but it is doubtful whether scurvy was 

beginning. Another animal showed complete protection from scurvy after 
67 days. The remaining two survived for 89 days, one with slight scurvy and 

the other with severe scurvy, the onset of which dated from about the 67th day. 

Bioch. xv 7 
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Although insufficient for complete protection the 5 cc. dose was of con- 

siderable value. 

- Age 28 months (No. 17). There was no evidence of any protection when 
a daily dose of 10 cc. was given, the two animals used dying of scurvy in 

23 to 30 days. Thus the material when kept at a temperature of 37° showed 
no anti-scorbutic value after two years; it was also bad in the gross sense. 

(c) Lemon juice preserved with sulphite, kept in the refrigerator 

(about 0°). 

This material contained 0-06 % of sulphite and was the same as that used 

as No. 14. Tests were carried out on it after 5 and 27 months’ keeping. 
Age 5 months. A 5c. daily dose afforded complete protection to four 

animals. 

Age 27 months. A 2-5 ce. daily dose affonied complete protection to two 

animals. Of two animals receiving 5 cc. one was completely protected and one 
which became ill from other causes showed slight symptoms of scurvy; doubt- 

less this anomaly, in which the 2-5 cc. dose appears more effective than the 
5 ec. was due to the interference of intercurrent disease. In the case of this 

material stored for more than two years at about 0°, the anti-scorbutic 

loss seems very slight. 

Summary of results, obtained with lemon juice preserved with sulphite. 

On reference to the details (Nos. 14, 15, 16) of material stored at room 

temperature, it is seen that no daily ration of less than 5 cc. was capable of 

giving adequate protection to a guinea-pig from scurvy, except possibly in 
the case of the unfinished experiment with 2-5 cc., 22 months old (No. 15). 

After the juice had been kept only four months, the 5 cc. dose was barely 

adequate while half this amount was insufficient. Nevertheless, after 18 

months’ keeping, a 5 cc. daily dose of lemon juice containing 0-06 % of sulphite 
afforded complete protection. . | 

The effect of the time factor during periods of less than three months 

has not been investigated. There is considerable loss of anti-scorbutic within 
this period, since the minimum daily dose of fresh lemon juice is 1-5 ce. daily. 

There is no striking difference corresponding with the different percentages 

of sulphite employed, but the larger amount is probably to be recommended. 

The results contain one striking discrepancy, namely that while 5 cc. of 

lemon juice, containing 0-06 % sulphite, constituted a protective dose after 
18 months’ keeping, the same dose of similar material, containing 0-09 % 
sulphite, was powerless to prevent scurvy. Such inconsistencies as this, con- 

sidered together with the ready tendency of sulphite material to deteriorate 

after exposure to air, suggest that the sulphite method of preservation is 

unreliable, in some cases giving good results but in others failing completely. 
The keeping experiments at higher temperatures were carried out in order 

to test the possibility of preserving lemon juice for use in hot climates. As 
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might be expected, the destruction of anti-scorbutic goes on more rapidly 

than at lower temperatures. Nevertheless the material was not entirely 
useless after three months’ storage, when a daily dose of 5 cc. afforded con- 

siderable protection from scurvy. After 27 months’ storage however, no value 

at all could be detected. 
Preservation at lower temperatures increases the time for which the juice 

will remain efficacious. Extreme limits have not yet been determined. After 

27 months’ keeping, a 2-5 cc. daily dose of material stored in the cold room 

protected a guinea-pig from scurvy. | 

B 2. Preservation by means of the Rind Oil. 

__ Experience with lime juice showed that when the juice is expressed from 

the whole fruit so as to contain the essential oil of the rind it keeps well in 
the gross sense, without the addition of foreign preservatives. It seemed 

probable that this method might also serve for other Citrus fruit juices. Small 
samples of such juice expressed from minced lemons were found to keep well 

in the laboratory so far as taste and smell are concerned. It remained to 

test how far the anti-scorbutic value was at the same time preserved. 
Accordingly large quantities of material were prepared for testing in the 

way already described under the determination of the minimum dose for 
orange and lemon juice with the rind oil. Arrangements were made to carry 

out tests at considerable periods on material stored at room temperature, 
at 37° and at a temperature round about 0° (in the Lister Institute refrigerator) 

in the case of lemon juice, and at 37° and room temperature for orange juice. 

Material from whatever source was, as usual, stored in the refrigerator during 
the actual course of each individual test. 

(a) Lemon juice with the rind oil. 

1. Kept at room temperature. No. 19. 

Material was tested at 44 months, at 12 to 13 months, and 24 to 27 months. 
Age 44 months. A 2-5 cc. daily dose gave full protection showing little or 

no deterioration to have taken place. 
Age 12 to 13 months. Both 2-5 and 5cc. daily doses gave protection, 

showing that after a year at room temperature, little deterioration had still 

taken place. 
Age 24 to 27 months. The material used in this test had not been kept 

for the whole time at room temperature, for the first 10 months it was kept 
at about 0°, later being kept at room temperature. 2-5 cc. failed to give 
protection. 5 cc. dose gave good health up to 60 days and promised to give 
full protection though the experiment was incomplete at time of publication. 

Even after 10 months at about 0° and 14 to 17 months at room temperature, 
therefore, the loss in anti-scorbutic value of lemon juice preserved with the 

7—2 
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rind oil though perceptible was not very great, and the result compares 
exceedingly favourably with the lemon juices preserved with sulphite, where 

only one specimen gave a similar result while other specimens kept for shorter 

periods failed to protect in larger doses. 

2. Material stored in hot room, 37°. No. 20. 

Under these conditions the juice darkened after a few weeks, but smelt 

and tasted good after many months. The first samples were not tested till 
after 24 months’ keeping. Two animals received a 2-5 cc. dose, two a 5 ce. 
dose and one a 10 cc. dose. All showed severe scurvy and there. was little if 

any sign of protection even in the case of the 10 cc. dose. Further experi- 

ments with this material were therefore abandoned as it was evident that 
the method of preservation was useless at such a temperature as 37°. 

3. Material stored in cold room (‘“<chilled”; about 0°). No. 21. 

The material was tested for the first time after 26 months’ keeping. Two 

animals receiving 2-5 cc. daily remained in good health for the full period of 
experiment. Lemon juice with rind oil preserved at about 0° does not therefore 

lose a perceptible amount of its anti-scorbutic potency even when so stored 

for more than two years, a property which it shares with the lemon juice 

preserved with sulpbite when that is stored at the same temperature. 

Summary of results with lemon juice preserved with the rind oil. 

The juice preserved in this way at 0° and 37° gives much the same result 
as juice preserved with sulphite. Both show little or no loss of anti-scorbutic 

potency even after two years at 0° and both scarcely appear to retain any 

potency after preservation for two years at 37°. 
It is in the results at room temperature that the material preserved with 

rind oil shows its superiority over that preserved with sulphite. In one case, 
No. 15, the sulphite material appears to be as good, but it evidently cannot 
be relied upon, particularly after the bottle is opened. There is no evidence 

that opening the bottle has any destructive effect upon the rind oil material. 

(b) Orange juice with the rind oil. 

The preparation of the material has already been described under the 

determination of the minimum dose. A portion of the material then tested 
was set aside for keeping and was preserved at room temperature and at 37°. 

Whenever a test was started the portion of material required was kept 
at about 0° until after the test was finished. 

1. Preserved at room temperature. No. 22. 

Aged 16 to 19 months. This material was not tested till it was 16 to 19 
months -old, 
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Of two animals on a 3 cc. dose one developed scurvy towards the end of 
the 90 days experiment, the other died from other causes at 63 days without 

signs of scurvy. 
On a 5 cc. dose two animals were in good health after 50 days and one 

after 22 days, the experiment was unfinished at time of publication but 
promised well and seemed to suggest that orange juice with the rind oil 

behaves much in the same way as does lemon juice. 

2. Preserved at 37°. No. 23. 

Aged 16 to 17 months. Doses of 2-5, 5 and 10 ce. None of these afforded 

any protection. 

Orange juice preserved with the rind oil does not therefore appear to retain 

its anti-scorbutic potency at 37° any better than does lemon juice preserved 
in the same way or with sulphite. 

III. PRESERVATION OF CHILLED Fruit, ORANGES AND LEMONS. 

At the request of the Food Investigation Board, some tests have been 

carried out in order to determine the extent to which the anti-scorbutic 
principle is retained when fruit is preserved by the chilling process, 7. e. cold 

storage at temperatures which do not permit of freezing. 
Carefully selected samples of oranges and lemons have been kept in cold 

storage at a temperature of 2-5 to 5-4°. The fruits were wrapped in paper to 
prevent contact with one another and packed in crates. They were examined 

periodically and any found to be soft or mouldy were removed. Fluctuations 

in the temperature of the storage chamber were registered daily by means 
of a self-recording apparatus. The highest maximum temperature recorded 

during the period of storage was 5-4° and the lowest minimum was 2°5°. 
After periods of several months, a supply of fruit was removed for testing. 

The juice was prepared as described for fresh fruit every other day, and the 

fruit and juice were kept in the Lister Institute refrigerator during the period 
of experiment. 

A. Oranges. No, 24. The fruit was put into storage in May 1919 and 
tests were begun in October, 1919, after five months’ storage. At the periodic 

examinations between these dates, 44 % of the original fruit had been re- 

jected. When the testing was begun 96 oranges were available of which only 
11 were perfectly sound; all the rest were partly bad but their juice was 

tested. 
Experiments were made with 5 cc., 3 cc. and 1-5 ce. daily doses and were 

. continued for 75 days only. Two guinea-pigs were used for each test. With 
all three doses complete protection from scurvy was obtained. 

After five months’ cold storage of the fruit therefore, the anti-scorbutic 

potency of orange juice is not appreciably impaired, since a daily dose of 
1-5 cc. will still protect a guinea-pig from scurvy (minimum dose of fresh 
orange juice 1-5 cc. daily, see p. 90). 
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B.. Lemons. No. 25. The lemons were first tested in January 1920, 

after nine months’ cold storage. During this period they became very mouldy 
and at different times 108 out of the onenn sicaths were eCeiaee At the time 
of testing none was completely sound.: 

Experiments were made with 1-5 ce.,. 2-5 ce.: aa 5 ee. daily-¢ atin With 

the 1-5 cc. daily dose severe scurvy sambaibead, the experiment after 32 days. 
The 2-5 cc. daily dose gave a similar result. Of two animals receiving 5 ce. 
daily, one died from lung haemorrhage after 28 days, distinct scurvy being 

present; the other animal showed sore and painful joints by the 25th day 

and died from severe scurvy after 51 days. 
Thus even the 5 cc. daily dose was practically useless, whereas in the 

fresh state a 1-5 cc. daily dose of lemon juice affords complete protection 

from scurvy. The test is not satisfactory because the fruit was not prevented 

from becoming mouldy. It was in much worse condition and four months 

older than were the oranges, though neither was in a condition which would 
ordinarily: be regarded ‘as edible. Itis probably therefore safe to say that the 

juice of oranges and lemons, which are preserved by chilling, does not lose 
appreciably in anti-scorbutic value as long as the fruit is fit for food, but it 

cannot apparently be kept fit for food in a “chilling” cold store for more than 

a very few months. | : 

| CONCLUSIONS AND SUMMARY. 

1. Further experimental evidence is advanced as to the inferiority of 

lime juice to lemon and orange juice as an anti-scorbutic. 

2. The minimum daily doses of the juice of these three Citrus truita, 

needed to protect a guinea-pig from scurvy are established as follows: 

Lemon ... Ai SAtO CO 

Orange ... pes dO 20, 

Lime nh ... 5°0 cc. 

These values are used as a basis for comparing the keeping properties, as 
anti-scorbutics, of the juice of oranges and lemons. The juice is. kept for 

varying times at different temperatures, and in the case of lemon juice 
preservation with sulphite and with the rind oil is tested, and in the case of 
orange juice preservation with the rind oil. 

3. Preservation with sulphite appears to be satisfactory at a low tem- 

perature (about 0°) but at room temperature it seems uncertain and at 37° 
it is useless, the juice becoming bad in the gross sense as well. 

4. Preservation with the rind oil, in case of lemon, is satisfactory and 
reliable at about 0° and at room temperature, With. oranges preservation 

by this method at 0° was not tried but at room temperature the result was 
satisfactory. At 37°, both for oranges and lemons, it is ‘as unsatisfactory as 

is preservation with sulphite, though the juice was not as unpalatable as was 
the juice preserved with sulphite. 
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Consequently for 0° and for temperatures about English room temperature, 
preservation with the rind oil is suggested as the most reliable. There is loss, 
but even after two years it is not very great. 

5. Preservation at 37° has not so far been secured by any method; it is 
possible that could preservation in the gross sense be secured, the anti- 

scorbuti¢ property might also be better preserved; it is suggested that this 
might be attained by boiling the juice first to render it sterile. It has been 
shown by Delf [1920] that to heat orange juice for an hour at 100° does not 
materially diminish its anti-scorbutic potency. 

6. Experiments are also described on the preservation of oranges and 
lemons, kept in a chilling (not freezing) cold store; the results are not quite 
consistent but it appears probable that the anti-scorbutic property is not 
seriously diminished so long as the fruit is edible. 3 

Tn conclusion it is my pleasant duty to record my gratitude to Miss Hume: 

who when I was obliged to resume my university work, undertook the task. 
of final preparation of this paper for the press. Thanks are also due to. 
Miss H. Henderson Smith and to Miss S. Rutherford for assistance in feoding 
the animals. 

A part of the cost of the research was defrayed by the Medical Research, 
Council to whom thanks are also tendered. 
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ALTHOUGH the relationship of beriberi to vitamin B has by now been firmly 

established there are still those [ Walshe, 1918] who maintain that the disease 
is in reality a toxaemia. This view is by no means new though the original 

theory has undergone many modifications as our knowledge of beriberi has 
progressed. At present it is believed that in the absence of vitamin B there 
is a breakdown in metabolism, more particularly in regard to the metabolism 
of carbohydrates. Toxins are formed and as a result of their action on the 

central and peripheral nervous systems, there occur changes very similar to 

those seen in other forms of toxic polyneuritis. In support of this hypothesis 

may be cited the curious fact that birds that have been fed on a diet lacking 
in vitamin B develop symptoms of beriberi more rapidly when their diet 
contains an excess. of carbohydrate. It may, however, be noted that according 
to Mellanby [1920] carbohydrates have a similar effect in hastening the onset 

of rickets in puppies deprived of vitamin A. So far, however, no toxin has 
been isolated from the blood or tissues of animals suffering from beriberi nor 
has there been demonstrated any interference with the normal metabolism 

of carbohydrates. In order to investigate the carbohydrate metabolism in 
avian beriberi the following experiments were carried out on the glyoxalase 
content of the liver in avian beriberi. Glyoxalase, as was first pointed out by 

Dakin and Dudley [1913, 1], is an enzyme with an important réle in the. 

metabolism of sugar. It is widely distributed in nearly all tissues, more 

especially in the liver and muscles and has the power of transforming 
“glyoxals” of various compositions into compounds of lactic acid. In the 

body the chief “glyoxal” so acted upon is pyruvic aldehyde, or as it is 
sometimes called methylglyoxal. “Pyruvic aldehyde is an intermediate 

stage between glucose and lactic acid. Glyoxalase also plays a part in the 
conversion of d-alanine to lactic acid, while the relationship of pyruvic 
aldehyde to pyruvic acid is of considerable interest in view of the fact that, 
as pointed out by Smedley [1912], the higher fatty acids can be synthesised 
by starting with pyruvic acid. The presence of glyoxalase in the tissues is 
thus of importance in relation to the metabolism of proteins, fats and carbo- 
hydrates. 
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In the present investigation estimations were made of the glyoxalase 

content of the livers in control pigeons, in pigeons suffering from beriberi 
and in pigeons “cured” of beriberi by the administration of vitamin B. 
Preliminary estimations of the water content of the livers showed that the 

variation between healthy and beriberic pigeons was practically negligible. 
The glyoxalase was estimated by the method already employed by Dakin 

and Dudley [1913, 2, 3], which consists essentially in allowing a 20 % watery 

extract of the tissues to act on phenylglyoxal, when the phenylglyoxal is 

converted into mandelic acid according to the equation— 

| C,H;.CO.CHO + H,O = C,H,;.CH(OH).COOH. 

The mandelic acid is then extracted and estimated by titration in terms 
of N/10 NaOH. 

In the present instance 15 cc, of a 20 % tissue extract were allowed to 

act on 0-1 g. of phenylglyoxal for 24 hours at 37°. The acidity obtained is 

shown in the following table: 
Control Beriberic “Cured” 

Experiment 1 4-2 19 2-8 
* 2 4:3 0-9 3-4 
”» 3 4-7 2:1 3-0 

Average ... 44 1-6 3-1 

It will thus be seen that in pigeons suffering from beriberi there is as com- 
pared with control birds a reduction in the glyoxalase content of the liver 

by more than one-half. The administration of vitamin B produces a definite 
‘rise in the amount of glyoxalase present. 

Very similar results were obtained in the case of liver catalase by Dutcher 

[1918], who believed that vitamin B acted as a co-enzyme for catalase. An 

attempt was therefore made to determine whether vitamin B acted as a co- 
enzyme for glyoxalase. For this purpose experiments were performed by 
adding vitamin B to a watery extract of the liver of beriberic pigeons. The 

vitamin B was obtained from yeast extract, which had been previously heated 

to 100° for an hour to destroy its glyoxalase. Three grams of this yeast extract 
were then added to the mixture of phenylglyoxal and tissue extract and 

allowed to stand for 24 hours at 37° as before. The average acidity obtained 
from three observations was 1-72, a result scarcely differing from that found 
in beriberic birds. Vitamin B can thus only lead to an increased production 

of glyoxalase when it acts through the intact cell; it cannot therefore be 

regarded as a true co-enzyme of glyoxalase. 
There is thus some evidence to show that in avian beriberi a definite 

breakdown in carbohydrate metabolism occurs though whether such a break- 
down is followed by the production of toxic substances in the tissues is still 
undetermined. 

The writer desires to take this opportunity of thanking Prof. Barger and 
Mr E. Stedman for their kindness in preparing the phenylglyoxal used in 

these experiments. 
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CoNCLUSIONS. 

() The glyoxalase content of be liver in | Pigeons with beriberi i is less 
than that in control pigeons. . 

(2) The administration of vitamin B to a beriberic pigeon is followed by 
an increase in the glyoxalase content of the liver. 

(3) Vitamin B does not act as a co-enzyme of glyoxalase. 

REFERENCES. 

Dakin and Dudley (1913, 1). J. Biol. Chem. 14, 155. 
—— —— (1913, 2). J. Biol. Chem. 14, 423. 
—— —— (1913, 3). J. Biol..Chem. 15, 127 
Dutcher (1918). J. Biol. Chem. 36, 63. 
Mellanby (1920). Brit. Med. J. ii, 328. 
Smedley (1912). J. Physiol. 45, 24. 
Walshe'(1918). Brit. J. Child. Dis. 15, 25° 



XII. OXIDISING ENZYMES. IV. THE DISTRI-. 
BUTION OF OXIDISING ENZYMES AMONG 
THE HIGHER PLANTS. 

By MURIEL WHELDALE ONSLOW. 

From the Biochemical Laboratory, Cambridge. 

| (Received December 20th, 1920.) 

Tuts and the following paper are a continuation of investigations upon the 

oxidising enzymes of fruits undertaken for the Food Investigation Board of 

the Department of Scientific and Industrial Research. 
In a previous paper [Onslow, 1920] evidence has been given in favour of 

the view that many plants contain a representative of a class of enzymes 
which have been termed oxygenases. It is suggested that these enzymes 

catalyse the autoxidation of aromatic substances having the dihydroxy 

grouping of catechol, that is two hydroxyl groups in the ortho-position. Such 
substances are known to be widely distributed in plants, and certain com- 

pounds of this character, such as catechol, caffeic acid, protocatechuic acid, 

hydrocafieic acid, etc. have been identified in various genera and species. 
The existence of an oxygenase and its aromatic substrate has already been 

demonstrated in several fruits [Onslow, 1920]. With a view to finding out 

; how general the distribution of these enzymes might be, an examination has 

_ ___ been made of plants selected from a number of orders of the Angiosperms. 
: In the case of many orders only one representative has been examined, as the 

object in view was to ascertain how widely oxygenases are distributed; in 

certain cases, however, a number of genera in one order have been tested. 
Since the reactions of oxidising enzymes may be greatly interfered with by 

sugars, tannins, organic acids and other substances, the following procedure, 

already described [Onslow, 1920], has been adopted in making the test. The 

plant tissue is well pounded in a mortar with 96-98 % alcohol and the mixture 
filtered on a filter pump. The process is then repeated once or twice with 

the residue on the filter. In this way the sugars, tannins, etc., are removed, 

but the enzymes are precipitated and retained in the residue. Previous 
observations have shown, however, that in some cases the enzyme is not 

readily extracted from such a residue by water. Hence in testing, the residue 

itself is divided into two portions in two small evaporating basins. One 
portion is stirred with dilute catechol solution, the other with water: In 

ai Ea oe 



508 3 M. W. ONSLOW 

cases where oxygenase is present, browning occurs in the catechol solution 

and is followed by a blue colour on addition of guaiacum solution. (Before 

use, the alcoholic solution of guaiacum should be well boiled with a little 
Merck’s charcoal and filtered. This removes any peroxides which may have 

formed by autoxidation of the guaiacum.) 
If no reaction occurs, the control dish is tested with guaiacum and 

hydrogen peroxide which will determine whether a peroxidase is present or 

not. If the peroxidase should be absent, which is a rare occurrence, it should 
be borne in mind that the reaction for oxygenase cannot take place, even 

though the oxygenase enzyme may be present. 
The total number of species examined was 320 and these constitute a 

selection from the whole of the group of Angiosperms. They. represent, 
moreover, 180 Natural Orders and 309 genera. Of the above species, 16 

(t.e. 5%) representing 16 genera and 13 Natural Orders, failed to give a 

peroxidase reaction with hydrogen peroxide and guaiacum. In order to 
ascertain satisfactorily whether they contain oxygenase by the catechol- 

guaiacum test, it would be necessary in these cases to add peroxidase from 

another source. This has not been tried, so that in estimating the percentage 
of “positive orders” (¢.e. those containing oxygenase) these 16 species must 

be eliminated. Some of the latter occur in Natural Orders (marked * in the 
following list) of which other representatives have been examined, so that in 

fact only 7 orders remain to be cancelled on the above grounds. They are 

Bruniaceae, Ebenaceae, Empetraceae, Frankeniaceae, Myrsinaceae, Pyrola- 

ceae and Sarraceniaceae. It should strictly be understood that further obser- 
vations on these species, or on additional genera and species, may show that 

these orders might be ranked as positive and they are merely eliminated from 

the present set of observations.” 
Taking these revised figures of 304 species, 173 Natural Orders and 

293 genera, the percentages of positive orders are distributed in the various 

sub-groups as follows: 
Percen of orders 
sxamaiieeatcining 

Angiosperms: oxygenase 

Of the total number of orders (286), 60 % were examined 62 

Monocotyledons: 
64 % examined Pe see ote vee abe 76 

Dicotyledons: 
60 % examined es one oie ove ose 60 

Archichlamydeae: 
57 % examined vse ens ose ese 51 

Sympetalae: 
71 % examined ses ove oe vee 84 

The following is a list of orders examined. Those in italics contain species 

with oxygenase, i.e. are positive orders, The numbers in brackets denote the 

species examined; the second numbers the species with oxygenase. 
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MoNOCOTYLEDONEAE. 

PANDANALES. Typhaceae (1), 0; Pandanaggae (2), 2; Sparganiaceae (1), 1. 
Hetostrar. Potamogetonaceae (1), 1; Aponogetonaceae (1), 0; Scheuchzeriaceae (1), 0; Alismaceae 

(1), 1; Butomaceae (1), 1; Hydrocharitaceae (1), 1. 
GLUMIFLORAE. Gramineae (1), 1; Cyperaceae (1), 1. 

Princrees. Palmae (1), 1. 
SynantTHaxn. Cyclanthaceae (1), 1. 
SPATHIFLORAE. Araceae (1), 1; Lemnaceae (1), 1. 
Farinosa8. Bromeliaceae (2), 1; Commelinaceae (1), 1; Pontederiaceae (1), 0. 
LiirLoraAr. Juncaceae (1), 1; Stemonaceae (1), 1; Liliaceae (3), 0; Amaryllidaceae (2), 0; T'acca- 

ceae (1), 1; Dioscoreaceae (1), 1; Iridaceae (1), 0. 
SorraMInEAE. Musaceae (1), 1; Cannaceae (1), 1; Marantaceae (1), 1. 
MicrospeRMAz. Orchidaceae (1), 1. 

DicoryLEDONEAE (Archichlamydeae). 

VERTICILLATAE. Casuarinaceae (1), 1. 

Preerates. Piperaceae (1), 1; Chloranthaceae (1), 1. 
Saticaues. Salicaceae (2), 2. 
‘GARRYALES. Garryaceae (1), 1. 
JUGLANDALES, Juglandaceae (1), 1. 
Facaves. Betulaceae (1), 0; Fagaceae (2), 0. 

Urricates. Ulmaceae (1), 1; Moraceae (2), 2; Urticaceae (1), 1. 
PrRoTeALEs. Proteaceae (1), 1. 
SantaLaues. Santalaceae (1), 1; Olacaceae (1), 0; Loranthaceae (1), 1. 

ARISTOLOCHIALES. Aristolochiaceae (1), 1. 
PotyGonaLes. Polygonaceae (1), 0. 
CENTROSPERMAE. Chenopodiaceae (3), 2; Amarantaceae (1), 0; Nyctaginaceae (1), 1; Phyto- 

laccaceae (1), 0; Aizoaceae (1), 1; Basellaceae (1), 1; Caryophyllaceae (4), 1. 
Ranates. Nymphaeaceae (1), 0; Ranunculaceae (11), 9; Lardizabalaceae (1), 1; Berberidaceae* 

(1), 1; Menispermaceae (1), 1; Magnoliaceae (1), 1; Calycanthaceae (1), 1; Anonaceae (1), 1; 

Lauraceae (1), 1. i 
RHOEADALES. Papaveraceae (4), 4; Capparidaceae (1), 0; Cruciferae (8), 0; Resédaceae (1), 0; 

Moringaceae (1), 1. 
SARRACENIALES. Nepenthaceae (1), 0. 
Rosaues. Crassulaceae (1), 0; Saxifragaceae* (3), 1; Pittosporaceae (1), 1; Hamamelidaceae (1), 0; 

Eucommiaceae (1), 0; Platanaceae (1), 1; Rosaceae (17), 17; Leguminosae (5), 0. 

GERANIALES. Geraniaceae* (1), 0; Oxalidaceae (1), 0; Tropaeolaceae (1), 0; Linaceae (1), 1; 

Erythroxylaceae (1), 1; Zygophyllaceae (1), 0; Rutaceae (2), 0; Simarubaceae (1), 0; Meliaceae 
(1), 0; Malpighiaceae (1), 0; Polygalaceae (1), 0; Euphorbiaceae (2), 0; Callitrichaceae (1), 1. 

SAPINDALES. Buxaceae (1), 0; Coriariaceae (1), 0; Anacardiaceae (1), 1; Corynocarpaceae (1), 0; 

Aquifoliaceae (1), 1; Celastraceae (1), 0; Staphyleaceae (1), 0; Aceraceae (1), 0; Hippo- 
castanaceae (1), 1; Sapindaceae (1), 0; Melianthaceae (1), 0; Balsaminaceae (1), 0. 

Ruwamnaces. Rhamnaceae (1), 0; Vitaceae (2), 2. 

MatvaEs. Elaeocarpaceae (1), 0; Tiliaceae (1), 0; Malvaceae (2), 0; Sterculiaceae (2), 2. 
ParreTaLEs. Dilleniaceae (1), 0; Hucryphiaceae (1), 1; Ochnaceae (1), 1; Marcgraviaceae (1), 1; 

Theaceae (1), 1; Guttiferae (1), 1; Tamaricaceae (1), 0; Cistaceae (1), 0; Violaceae (1), 0; 

Flacourtiaceae (1), 1; Stachywraceae (1), 1; Passifloraceae (1), 0; Caricaceae (1), 0; Loasaceae 

(1), 1; Datiscaceae (1), 0; Begoniaceae (1), 0. 

OpuntTIALES. Cactaceae (3), 3. 
MyrrrrioraE. Thymelaeaceae (1), 0; Elaeagnaceae (1), 1; Lythraceae (1), 0; Punicaceae (1), 0; 

Alangiaceae (1), 1; Combretaceae (1), 0; Myrtaceae (1), 0; Onagraceae (2), 0; Hippuridaceae 

(1), 1. 
UmBELLIFiLorar, Araliaceae (2), 2; Umbelliferae (5), 5; Cornaceae (2), 1. 



110 Juss 2 WV DRO W 

DicoTyLEDONEAE (Sympetalae). 

Ertcaues. Clethraceae (1), 1; Ericaceae* (4), 3; Diapensiaceae (1), 0. 

PrrmvuLaLes. Theophrastaceae (2), 0; Primulaceae* (39, 0. 
PLUMBAGINALES. Plumbaginaceae (1), 0. 
EBENALES. Sapotaceae* (1), 0; Styracaceae (1), 1. 
ContorTak. Oleaceae (3), 3; Loganiaceae (1), 1; Gentianaceae (2), 2; Perec (3), 23 As- 

clepiadaceae (1), 1 

TUBIFLORAE. Ustesbedlasede (1), 1; Polemoniaceae (3), 2; Hydrophyllaceae (1), 1; Boraginaceae 

(4),4; Verbenaceae (2), 2; Labiatae (3), 3; Nolanaceae (1), 1; Solanaceae (7), 7; Scrophulariaceae 

(14), 14; Bignoniaceae (1), 1; Martyniaceae (1), 1; Orobanchaceae (1), 1; Gesneriaceae (6), 6; 

Globulariaceae (1), 1; Acanthaceae (1), 1; Myoporaceae (1), 1. 
PLANTAGINALES. Plantaginaceae {Dj o43 

Rusrates. Rubiaceae (2), 2; Caprifoliaceae (5), 5; Valerianaceae (1), 1; Dipsacaceae (2), 2. 
CucuRBITALES. Cucurbitaceae (2), 1. ; 

CAMPANULATAE. Campanulaceae (2), 0; Compositae (13), 13. 

The observations recorded give an idea of the extent to which the enzymes 

of the oxygenase type are distributed, and, on the whole, there appears to be 

a connection between systematic relationship and the presence of oxygenase.. 
Either the presence, or absence, of these enzymes is frequently characteristic 

of an order. A certain percentage of orders, on the other hand, has been found: 

to contain both positive and negative genera, and this percentage would 

probably increase if more genera were examined. No definite case of positive 

and negative species within a genus has been noted, but the data on this 
point are very limited. 

The conclusions which may be drawn are as follows. Enzymes of the 
oxygenase type are present in the aerial parts of about 62 % of the orders 

of Flowering Plants examined!. Considering the groups in detail, they are 

widely distributed in the Monocotyledons (76 °% of the orders examined); in 

the Dicotyledons, they are less frequent in the Archichlamydeae (51 %) than 

in the Sympetalae (84 %). In most of the great cohorts of the Archichlamydeae 

there is a mixture of positive and negative orders in practically equal numbers, 

but in the Sympetalae nearly all the orders are positive. It has been suggested, 
on botanical evidence, that the main lines of evolution among the Sympetalae 

had their origin among the Archichlamydeae. It would appear that the 
presence of an oxygenase system is characteristic of plants of the dominating 

lines of evolution among the Dicotyledons, as practically all the most highly 

developed orders are positive. Hence these lines may have taken origin from 

positive stock among the Archichlamydeae. 
Though on the whole there is a distinct correlation between presence of 

oxygenases and systematic relationship, it appears possible that in any genus 
or species there may be lack of an oxygenase due to some form of metabolism 

peculiar to that individual. This may not indicate a different origin phylo- 

genetically, as for instance the case of the Campanulaceae, which, though 

* Many of the remaining orders uninvestigated are rare and it is difficult to obtain repre- 
sentative genera; or they may contain only a few genera, All the larger and widely represented 
orders have been considered. 
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negative, are doubtless related to phyla and groups which are character- 
istically positive. 

_ The extent of the distribution of the catechol substances which act as 
substrates for the oxygenases has not been so widely investigated. About 

30 species, mostly of different genera, which give the oxygenase reaction have 
been found to contain substances giving the catechol reaction. About 15 

species, also chiefly representatives of different genera, which give no oxygenase 
reaction were found to be devoid of catechol compounds. No case has been 

noted yet in which oxygenase is present and no catechol compound, though 

the converse, absence of oxygenase and presence of catechol compound, 

appears to be true of one or two plants examined. 
In the 38 % of negative orders, presumably the oxygenase-catechol system 

is absent. With respect to this the following points may be considered. It 
has already been insisted upon repeatedly that water extracts of tissues are 
usually quite unreliable as material for testing. The same may be true of 

the actual tissue itself, owing to inhibiting substances present. Even after 

treatment with alcohol, the readiness with which the tissue residue gives the 

catechol-guaiacum reaction varies within very wide limits. Hence it is con- 

ceivable that in negative species there may still be some inhibitor in the 
tissue residue, or some inhibiting condition in the experiment, and that the 

presence of the system cannot be detected by the enzyme method. The 

enzyme, catalase, might represent such an inhibitor; though almost universally 
distributed, it might under certain conditions decompose all available peroxide. 

Experiments to detect such inhibitors have not been successful. Additional 

determinations of the presence or absence of catechol compounds in negative 

cases would decide whether the system is absent altogether or not. 
Browning and discoloration of the tissues, occurring after death brought 

about by mechanical injury, chloroform vapour, etc., which was originally 

thought to accompany the presence of the oxygenase-catechol system, has 

been found not to be an infallible guide, as it may be inhibited in the same 
way as the guaiacum reaction. It may also occur in plants in which no 
oxygenase could be detected (Vicia, Aucuba) and this point will be referred 

to again. 
It should be borne in mind that the discoloration of tissues, when it does 

occur, is probably not only due to the oxidation of the catechol compounds 
but may be augmented by the oxidation of any other aromatic substances 

present in the tissue. For the system, peroxide-peroxidase, when once estab- 

lished, can oxidise compounds of the most varied types. 
Examinations, on a considerable scale, of the guaiacum reaction with 

plant juices have been conducted by Passerini [1899] and also by Clark [1911]. 
The former observer examined representatives of about 49, the latter of about 
72 orders. Their results agree on the whole with those described here, though 

fewer direct reactions were obtained on account of fresh juices and water 

extracts having been employed by them. 
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In the examination described in the present paper, leaves and leafy 

shoots were nearly always used as material. Usually the enzyme and substrate 
are more or less distributed throughout the plant. In some cases as in the 

raspberry (Rubus Idaeus), the blackberry (R. fruticosus) and the tomato 
(Solanum Lycopersicum) it was noted that the fruit is negative though the 

plant is positive. In one case, the fig (Ficus Carica), it was noted that the 
fruit was positive and the leaves negative. 

No roots have been examined. Passerini examined various roots and with 

respect to these organs positive results are recorded by him for species de- 

scribed as negative in the present paper. Possibly root examination might 

throw further light on distribution. 
As far as evidence goes, the conclusion may be drawn that catechol 

oxygenases, and most probably catechol compounds also, are widely dis- 

tributed among the Flowering Plants. Their distribution is not apparently 
correlated with any particular habit or morphological characteristic, as it 

occurs alike in water and land plants, in trees, shrubs and herbs, in annuals 

and perennials, in parasites, etc. The only outstanding fact is the almost 

universal presence of oxygenase in the most highly developed orders, of which 

the herbaceous, in contrast to the woody, habit is also a characteristic. Hence 
there is the possibility that there may be a connection between the herbaceous 

habit and the distribution of the catechol-oxygenases. 

The physiological significance of the catechol-oxygenase system is obscure. 

It is no doubt of the nature of those described by Palladin and others as 

being involved in respiration processes; such systems, by means of converting 

molecular into active oxygen, may oxidise substances produced in respiration. 
If so, one would expect to find the oxygenases universally distributed. No 

evidence has yet been obtained of an extensive distribution of any other 

similar system. The bean (Vicia Faba) and the Aucuba Laurel (Aucuba 
japonica), however, blacken after death and apparently do not contain a 

catechol oxygenase. Hence they and other plants may contain a different 
type of oxidising enzyme. 

SUMMARY. 

(1) Representatives of a number of orders of the Angiosperms (about 

60 %, of the total) were examined for an oxygenase which would catalyse 

the oxidation of catechol. About 62 % of the orders examined were found 
to contain species with such an enzyme, 

(2) With regard to sub-groups of the Angiosperms, such oxygenases are 
widely distributed in the Monocotyledons, being present in 76 % of the orders 
examined. In the Dicotyledons such enzymes are less frequent in the Archi- 

chlamydeae (51 °% of the*orders examined) than in the Sympetalae (84 % of 
the orders examined). 

REFERENCES. 

Clark (1911). Torreya, 11, 23, 55, 84, 101. 
Onslow (1920). Biochem. J. 14, 535. 
Passerini (1899). Nuov, Giorn. Bot, Ital, 6, 296. 



XIII. OXIDISING ENZYMES. V. FURTHER OB- 
SERVATIONS ON THE OXIDISING ENZYMES 
OF FRUITS. 

By MURIEL WHELDALE ONSLOW. 

From the Biochemical Laboratory, Cambridge. 

(Received December 20th, 1920.) 

Tue following is an account of the examination for oxidising enzymes of a 
further selection of fruits. 

The results are in general accordance with those already obtained [ Onslow, 
1920]. Of the fruits examined, the following were found to contain the com- 
ponents of an oxidase: cherry, peach, apricot, medlar, strawberry, grape, fig 

and mulberry. In others, the blackberry, red currant, black currant, goose- 

berry, grape fruit, pomegranate, pineapple, melon and tomato, only a per- 

oxidase could be detected. These results are not contrary to what may be 
expected on the basis of natural classification; they also exemplify a point 

mentioned in the former paper, that the enzyme content of the fruit is not 

always the same as that of the plant itself. Blackberry and tomato leaves, 

for instance, contain an oxidase, whereas the ripe fruit does not. 

The experimental methods employed were those described in the author’s 
previous paper [ Onslow, 1920]. Pieces of fresh tissue of the fruits were placed 

in guaiacum tincture, both with and without hydrogen peroxide; also in 
solutions of benzidine and of a-naphthol, both with hydrogen peroxide. Water 

extracts of the tissues (after neutralisation, if acid) were also tested with the 

same reagents. To remove inhibitors, fresh tissue was pounded thoroughly 

with 96-98 % alcohol, sucked dry on a filter funnel, and the process repeated. 
The residue (“tissue residue”) was extracted with water; the filtrate (“en- 

zyme extract”) was tested for peroxidase with guaiacum and hydrogen 
peroxide (and if this test were negative, with benzidine and hydrogen per- 

oxide), and for oxygenase (peroxidase being present) with catechol solution 

and guaiacum. If the extract failed to give any reaction, the tissue residue 
itself was suspended in the reagents. Finally, a hot alcoholic extract of the 
fruit was made, filtered, and the alcohol distilled off in vacuo. The residue 
was precipitated with solid lead acetate, and the precipitate formed filtered 

off. The latter was decomposed with the minimum amount of dilute sulphuric 
acid, filtered from lead sulphate and neutralised. This extract (“aromatic 

extract’’) was tested for the catechol reaction, and, if positive, was treated 
with enzyme extract (or tissue residue if the extract gave no result) and 
guaiacum. If organic acids and tannins were present, the former were pre- 

cipitated with calcium chloride and alcohol, the latter with gelatin. 

Bioch, xv 8 
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Some points which have already been mentioned in previous papers may 
be again emphasised. First, discoloration of tissues cannot be relied upon in 

every case for an indication of the presence of the system. The simultaneous 
presence of a certain amount of various substances, such as tannins, organic 

acids, sugars, etc., may inhibit the discoloration, though the components 

for its production are present. This is true, for instance, of the apricot, of 

which the flesh does not discolour on injury, though the enzyme system 

present is similar to that in the peach, plum, cherry and many others, all of 

which do discolour on injury. 
A second point to be emphasised is that inhibitors may, in the same way, 

render water extracts of tissues, or even the tissue itself, quite unreliable 

material with which to test for enzymes. The tissues should be extracted with 

alcohol which remoyes the inhibiting substances and precipitates the enzymes 
in the tissue residue. 

A third point is that in some fruits it is difficult or impossible to extract 

the enzymes from the tissue residue; hence the action of the peroxidase on 

guaiacum, and of the oxygenase on catechol or the plant aromatic substance, 

can only be demonstrated by placing the tissue residue itself in the solution. 

Fruits which show this phenomenon contain tannin, and it is suggested that 

the tannin may cause precipitation and adsorption of the enzymes, thereby 

rendering them less soluble. This phenomenon is shown in various degrees 

by the medlar, quince, cherry and apple. 
A similar phenomenon was also observed in another type of fruit, namely 

that in which the tissues are much disintegrated on ripening, and in which 
there is frequently much pectin substance. Such are the strawberry, goose- 

berry, red and black currants and, to some extent, the grape. From the 

tissue residue consisting chiefly of pectinogen, either no or very little extrac- 
tion of enzymes could be obtained with water in the case of the gooseberry and 

currant; neither peroxidase nor oxygenase could be extracted from the 

strawberry and only peroxidase from the grape. 
Employing the above methods, the following results have been obtained: 

X. The cherry, Prunus Cerasus (Rosaceae), contains an oxidase (oxy- 

genase, catechol substance and peroxidase), 

A slightly pigmented variety was used. Discolours on injury. Tissues and their water extract: 

guaiacum alone and benzidine (H,0,), positive; a-naphthol (H,O,), negative. Water extract of 
tissue residue: peroxidase and oxygenase reactions, positive. Aromatic extract: catechol reaction, 

positive; added to enzyme extract (or tissue residue) and guaiacum, negative. After precipitation 

with calcium chloride and alcohol, again added to tissue residue and guaiacum, positive. Tannin 

present. 

XI. The peach, Prunus Persica (Rosaceae), contains an oxidase. 

Discolours on injury. Tissues and their water extract: guaiacum alone and other two tests, 
positive. Water extract of tissue residue: peroxidase and oxygenase reactions, positive. Aromatic * 
extract; catechol reaction, positive; added to enzyme extract (or tissue residue) and guaiacum, 

negative. After precipitation with calcium chloride and alcohol, again added to enzyme extract 

and guaiacum, positive, 
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XII. The apricot, Prunus Armeniaca (Rosaceae), contains an oxidase. 

Does not discolour on injury. Tissues and their water extract: guaiacum alone and other two 
tests, positive. Water extract of tissue residue: peroxidase and oxygenase reactions, positive. 
Aromatic extract: catechol reaction, positive; added to enzyme extract and guaiacum, positive. 

XIII. The medlar, Mespilus germanica (Rosaceae), contains an oxidase. 

The oxygenase cannot readily be extracted by water from the tissue residue, 
but reacts as if adsorbed to this residue. Sufficient peroxide is formed in a 

water extract of the crushed tissues to give a reaction with benzidine alone!. 

Fruit examined in October before it becomes soft. Discolours rapidly on injury. Tissues and 
their water extract: guaiacum alone and other two tests, positive. Water extract, positive reaction 

with benzidine alone. Water extract of tissue residue: peroxidase reaction, positive; oxygenase 
reaction, negative. Tissue residue: oxygenase reaction, positive. Aromatic extract: catechol 
reaction, positive; added to tissue residue and guaiacum, negative. Tannin present. Precipitation 

with calcium chloride and alcohol not tried. 

XIV. The strawberry, Fragaria elatior (Rosaceae), contains an oxidase, 
though the reactions are not very readily obtained. Neither the oxygenase 
nor the peroxidase can be extracted by water from the tissue residue, but both 

act as if adsorbed to the residue. 

Does not discolour on injury. Tissues: all three tests negative. Water extract (after neutralisa- 
tion): all three tests negative. Water extract of tissue residue. If fruits are smashed and squeezed 
through muslin to remove seeds, and juice and pulp stirred up with excess of alcohol, a bulky 

gelatinous precipitate of pectinogen mixed with tissue residue is obtained. Treated again with 
alcohol. Residue is largely pectinogen and swells up in water, but water extract is negative for 

peroxidase and oxygenase reactions. T'issue residue: peroxidase and oxygenase reactions, positive 
though not given very readily. Aromatic extract: catechol reaction, positive though abnormal; 
added to tissue residue and guaiacum, negative. After treatment with calcium chloride and 

alcohol, still negative. 

XV. The blackberry, Rubus fruticosus (Rosaceae), contains a peroxidase. 
All colour reactions difficult on account of anthocyan pigment. Water extract of tissue residue : 

all three tests negative. Tissue residue: only benzidine (H,O,) positive. Aromatic extract: catechol 

reaction, doubtful owing to the presence of an iron-blueing substance, probably a tannin. 

XVI. The red currant, Ribes rubrum (Saxifragaceae), contains a per- 

oxidase. This cannot be extracted by water from the tissue residue but 

behaves as if adsorbed to the residue. 
Does not discolour on injury. Tissues: guaiacum (H,0,), negative; other two tests positive. 

Water extract (after neutralisation): only benzidine (H,O,) positive. Water extract of tissue residue: 

peroxidase and oxygenase reactions, negative. Tissue residue: benzidine (H,O0,) and a-naphthol 
(H,0,), positive. Aromatic extract: catechol reaction, negative. 

XVII. The black currant, Ribes nigrum (Saxifragaceae), contains a per- 

oxidase. This cannot be extracted by water from the tissue residue but 
behaves as if adsorbed to the residue. 

Colour reactions difficult on account of anthocyan pigment. Water extract of tissue residue: 
peroxidase and oxygenase reactions, negative. Tissue residue: only benzidine (H,O,) positive. 

1 The experiment of adding a solution of catechol oxidised by an oxygenase, together with a 
peroxidase, to benzidine has also been tried with a positive result. 

8—2 
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XVIII. The gooseberry, Ribes Grossularia (Saxifragaceae), contains a 

peroxidase. As in the case of the currant, it cannot be extracted from the 

tissue residue. 
Both red and green varieties used, and reactions may vary with the variety employed. Does 

not discolour on injury. Tissues: guaiacum (H,O,), negative; other two tests, positive. Water 
extract of tissues (from green variety after neutralisation): two latter tests positive. Water extract 
of tissue residue: peroxidase and oxygenase reactions, negative. Tissue residue (tested only in 

red variety): all peroxidase tests positive. Aromatic extract: catechol reaction, negative. 

XIX. The grape fruit, Citrus decumana (Rutaceae), contains a per- 

oxidase. . 
Tissues: (rind), all peroxidase tests positive; (flesh), two latter only positive. Water extract 

of tissues (after neutralisation): almost completely negative results. Water extract of tissue residue: 
only benzidine (H,O,) positive. Tissue residue: all peroxidase tests positive. Aromatic extract: 

catechol reaction, negative. 

XX. The pomegranate, Punica Granatum (Punicaceae). The inner tissues 

contain a peroxidase. A substance giving the catechol reaction is present 

and is probably a tannin. 

Tissues (fleshy part of seed): guaiacum (H,0,), negative; other two tests positive. Water 
extract (after neutralisation): only benzidine (H,O,) positive. Water eatract of tissue residue: 
peroxidase and oxygenase reactions, negative. Aromatic extract: catechol reaction, positive 

though abnormal: tannin present. 

XXI. The grape, Vitis vinifera (Vitaceae), contains an oxidase. Neither 
the oxygenase nor peroxidase is readily extracted by water from the tissue 

residue but both act as if adsorbed to this residue. 

Both purple and white varieties were used, Results seem to vary in detail with the variety 

used. Discolour on injury. Tissues: guaiacum alone and other two tests, positive. Water extract 

(after neutralisation): only benzidine (H,O,) positive (white variety). Water extract of tissue residue : 
only benzidine (H,O,) positive; oxygenase reaction, positive in white variety only. Tissue residue: 
peroxidase and oxygenase reactions, positive. Aromatic extract: catechol reaction, results on 

the whole positive, especially in the white variety: added to enzyme extract (or tissue residue) 
and guaiacum, negative; also after precipitation with calcium chloride and alcohol. 

XXII. The pineapple, Ananas sativus (Bromeliaceae),; contains a per- 

oxidase, i 

Does not discolour on injury. T'issues and their water extract: positive with all three peroxidase 

tests. Water extract of tissue residue: peroxidase reaction, positive; oxygenase reaction, negative. 
Aromatic extract; catechol reaction, negative. 

XXIII. The melon, Cucumis Melo (Cucurbitaceae), contains a peroxidase, 

Does not discolour on injury. Tissues and water extract: positive with all three peroxidase 
tests. Water extract of tissue residue; peroxidase reaction, positive; oxygenase reaction, negative. 
Aromatic extract: catechol reaction, negative. 

XXIV. The tomato, Solanum Lycopersicwm (Solanaceae), contains a 
peroxidase, 

Does not discolour on injury. Tissues and water extract: positive with all three peroxidase tests. 
Water extract of tissues: peroxidase reaction, positive; oxygenase reaction, negative. Aromatic 

extract: catechol reaction, negative, 
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XXV. The fig, Ficus Carica (Moraceae), contains an oxidase. 

Discolours on injury. Tissues and water extract: guaiacum alone and other two tests, positive. 
Water extract of tissue residue: peroxidase and oxygenase reactions, positive. Aromatic extract: 

catechol reaction, positive. i 

XXVI. The mulberry, Morus nigra (Moraceae), contains-an oxidase. 

Discolours somewhat on injury. Tissues: guaiacum alone and other two tests, positive. 
Water extract (after neutralisation): no satisfactory reaction, and observation difficult. because of 

anthocyan pigment. Tissue residue: peroxidase and oxygenase reactions, positive. Aromatic 
extract: catechol reaction, difficult to detect on account of anthocyan pigment; added to enzyme 

extract (or tissue residue) and guaiacum, negative. After precipitation with calcium chloride and 

alcohol, again added to tissue residue and guaiacum, positive. 

I take this opportunity of recording my thanks to Dr F. F. Blackman, 
F.R.8., for help and advice in connection with this and the preceding paper. 
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Ir has generally been assumed that the black pigments (melanins) which occur 

normally or pathologically in animal tissues, hair, skin, feathers, etc. are 

chemically very inert substances, and in most cases their isolation has been 
carried out by dissolving the tissue in boiling alkalies or strong acids. Thus 

Abel and Davis [1896] prepared melanins from both the skin and hair of a 
negro by heating the material at 100° either with 5-6 % potassium hydroxide 

or with concentrated hydrochloric acid until all the keratin had dissolved. 

Other investigators have used even more drastic methods such as boiling with 
more concentrated alkalies or even fuming hydrochloric acid. 

That some melanins are really not so resistant to alkalies and acids was 

shown by Gortner [1910] who investigated the effects of alkalies upon the 
melanin of black-sheep’s wool. He extracted the pigment from the wool by 
boiling with successive portions of a 0-2 % solution of sodium hydroxide, and 

from the first two or three extracts he obtained a melanin of constant com- 
position, C = 52-57%, H= 7:28 %, N = 13:43 %, S= 1:33 %. This sub- 
stance when purified contained no ash, was soluble in alkali and in very dilute 

mineral acids (V/20), and was precipitated by stronger acids. After boiling 

this with stronger alkali a pigment could be precipitated by acid from the 

solution, which contained less nitrogen and hydrogen than the original, and 

was no longer soluble in dilute acids. 
This acid-soluble pigment was only obtained from the first two or three 

extractions, the subsequent extracts yielding a different pigment, insoluble 
in acid and containing less nitrogen and hydrogen, and Gortner considered 
this to be a decomposition product of the acid-soluble pigment. 

When stronger solutions of alkali were employed for the extraction, the 
compounds obtained were insoluble in acid, and their nitrogen and hydrogen 
decreased, in general, as the concentration of alkali increased; thus the sub- 

stance extracted with 50 % sodium hydroxide contained only 3-84 % hydrogen 

and 8-98 %, nitrogen. 
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So far from being inert to alkalies the melanin of sheep’s wool was thus 
readily decomposed by boiling with sodium hydroxide in concentrations over 

0:2 %, whilst even this concentration decomposed the pigment on continued 
boiling. 
_ From these results Gortner considered that in all probability many of 
the melanins described in the literature were really products of the decom- 
position of melanin and not the pigment as it occurs in the natural material. 

The melanin obtained by Abel and Davis from negro skin was left in the 

form of pigment “granules” (pigment and pigment structure) after the 

keratin had dissolved in the alkali; and the pigment was freed from the 
pigment structure by continued treatment with 5 % hydrochloric acid, and 

subsequent extraction with potassium hydroxide. It then had the composition 

C = 53°56 %, H= 5-11 %, N = 15-47 %, S = 2-53 %. 
The author [Young, 1916] described the preparation of a melanin from 

the skin of an Australian aboriginal, by treatment with successive portions 

of boiling 5 % sodium hydroxide, each portion being allowed to act for a 

short time only. In this preparation no granules were obtained but the 

pigment was gradually dissolved in the alkali, from which it was obtained 
by precipitating with acid. The analysis differed from that of the preparation 

of Abel and Davis as it gave C = 60-12 %, H = 6-70 %, N = 11:89 %. 
More recently an opportunity of obtaining more material came to hand, 

and further preparations were made, the method being modified so that a 

more dilute alkali (V//20) could be employed in the extraction. Pigments 
were extracted with this alkali from portions of the skin from two Australian 

aboriginals and a low caste Cingalee. 

Preparation. 

It was found that if the skin were soaked in boiling water, the outer layer, 
which contained practically all the pigment, could be readily removed by 

scraping. This layer (200 g.) was washed with alcohol and ether to remove 
grease, and was boiled with 100 cc. of NV/20 sodium hydroxide for one hour 

under a reflux condenser. It was allowed to settle and the dark liquid de- 

canted and filtered. The process was repeated with successive portions of 

fresh alkali until, after four extractions, there was only a very small residue. 

To the four clear filtrates after cooling, hydrochloric acid was added to about 
N/3, whereby the melanin was thrown down as a dark-brown precipitate. 
It was allowed to settle, the liquid siphoned off and the precipitate repeatedly 

washed by decantation with N/3 hydrochloric acid. The clear washings were 
siphoned off as much as possible and water and hydrochloric acid added to 
make the liquid to 500 cc. of N/20 hydrochloric acid. The mixture was then 
heated to boiling. The precipitates from the first two extracts completely 
dissolved to a deep brown solution; that from the third extract was only 
partially soluble; whilst the fourth precipitate did not appear to dissolve at 
all. The solutions were filtered through a fine filter paper (Schleicher and 
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Schiill’s Blue Band), and the first three solutions mixed. In this way the 
pigment was separated into two fractions, one soluble, the other insoluble 
in dilute hydrochloric acid. The solution in hydrochloric acid was cooled, and 

concentrated acid added until the mixture was V/3. The melanin was thereby 
precipitated and was allowed to settle, the liquid siphoned off, and the residue 
washed several times by decantation with hydrochloric acid of the same 

strength. The process of dissolving in N/20 acid, filtering and reprecipitating 
was repeated once, the pigment was then again dissolved in the dilute hydro- 

chloric acid, and the solution dialysed until the liquid no longer gave a pre- 
cipitate with silver nitrate. 

This treatment precipitated the pigment, which was then filtered off on 
a hardened paper, washed with distilled water, then with alcohol, finally with 
ether and dried. The paper was folded and extracted in a Soxhlet apparatus, 

successively with carbon disulphide, light petroleum and ether, and was 
dried at 100°. It was thus obtained as a black powder, and will be referred 

to as acid-soluble melanin. Before being dried the powder was readily soluble 
in dilute (V/20) sodium hydroxide, and in glacial acetic and concentrated 

sulphuric acids. It dissolved on warming in dilute (N/20) hydrochloric and 
acetic acids. After drying at 100° it dissolved only with difficulty in boiling 

dilute alkali, more readily in stronger alkali, and was almost insoluble in 

dilute hydrochloric acid. 

The pigment from the later extractions of the skin, which was insoluble 

in dilute acid, was also purified by treatment on the filter paper repeatedly 
with boiling N/20 hydrochloric acid. It was then washed repeatedly with 
water and subsequently dissolved in warm N/20 sodium hydroxide. The 

melanin was precipitated by adding hydrochloric acid in slight excess, washed 

by decantation until free from acid, filtered and washed with alcohol and 

ether, and extracted as before with carbon disulphide, light petroleum and 

ether, and dried at 100°. This powder, after drying, dissolved completely, but 
only very slowly, in boiling alkalies. 

In the above manner both acid-soluble and acid-insoluble preparations 
were obtained from the three skins, 

Analysis of products. 

The carbon and hydrogen were determined by burning in a current of 

oxygen by Dennstedt’s method, lead peroxide being employed to keep back 
any oxides of nitrogen and sulphur. The yields of material were too small 

for a separate estimation of sulphur, and in some cases the sulphur was therefore 

estimated at the same time by Dennstedt’s method. The quantity of barium 
sulphate actually weighed was very small, so that the results must only be 

regarded as approximate, Nitrogen was estimated by Kjeldahl, the heating 
with sulphuric acid being continued for four hours after the solution had 
become clear, as recommended by Dakin and Dudley with pyrrole compounds, 

ere 
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In one preparation nitrogen was estimated both by Kjeldahl’s and by Dumas’ 
methods with practically identical results. 

In all cases before analysis the material was dried to congtancy im vacuo 

at 100° over phosphorus pentoxide. 
In some preparations which contained a high percentage of ash samples 

were again treated by suspending in N/3 hydrochloric acid in a dialyser, 

allowing the acid to dialyse away, and washing and drying as before, whereby 
the ash was very considerably reduced. In such cases the analysis before and 

after this treatment is given. The percentages are all calculated for the ash- 
free substances and the results are tabulated below. - 

Sol. in dil. acid Insol. in dil. acid 

Gorn ape a ad ho ee ee 
I. Aust. Black I: 
(a) 56-41 733 — — 702 5603 586 — — 351 

(6) After further Scbitnets 
to remove inorg. matter 56°33 7:37 1246 — 2-78 55-92 625 — 1-77 2-60 

It. Aust, Black IT: 

(a) Extracted or first por- 
tion of eee eee 55-49 8-30 13-54 — 0-67 

59-87 7:27 10-80 1-66 1:39 

(6) Extracted subsequently 56-81 6-68 in? 2-49 4-03 

III. Cingalee: 
(a) 5601 624 — — 547 

° 2 * 

(6) Afterfurthertreatment 66-06 671 14:57 2-56 263 SOC 658 1327 237 3-00 
Previously — a 5 % 

alkali —- —- — — — 610 670 1189. .— — 

In all cases the ash was left as a light brownish powder, only partially 
soluble in hot hydrochloric acid, and containing a small amount of silica. 
Estimations of the iron in the ash were made colorimetrically with potassium 

thiocyanate, and the quantity was found to vary from nothing in one sample, 

to 7 %, of the total ash in another, the latter quantity corresponding to 0-2 % 
of the original pigment. 

The iron was therefore not an essential part of the melanin molecule. 
The ash also contained a trace of sulphate. 
From the foregoing analyses it is seen that the ash was materially bedused 

by treatment of the melanin with acid, without altering the carbon and 

hydrogen percentage calculated on the ash-free substance. It would appear, 

therefore, that the ash is not an essential part of the melanin. 

Action of alkali on the acid-soluble melanin. 

A small quantity (about 0-5 g.) of the acid-soluble pigment from the 
Cingalee skin was boiled with N/20 alkali in a reflux apparatus. The sample 
which had been previously dried at 100° dissolved only slowly, passing, how- 

ever, completely into solution after about five hours’ boiling. The boiling 
was continued for 15 hours, after which the mixture was cooled, exactly 
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neutralised with N hydrochloric acid, and sufficient acid added to bring the 
whole to V/20. The melanin was partially precipitated, and even when heated 

to boiling some,of the precipitate did not redissolve. ° 
That this was not due to the drying alone was shown by warming another 

portion of the original dried melanin with the alkali until solution had taken 

place, neutralising and making to N/10 hydrochloric acid and boiling. In 

this case the melanin completely dissolved. 
The pigment soluble in acid behaved, therefore, like Gortner’s pigment, 

in that it was altered slowly by continued boiling with dilute alkali into a 

substance no longer soluble in dilute acid. Sufficient material was not available 

to test whether nitrogen and hydrogen were lost during this treatment. 

Discussion oF RESULTS. 

It will be seen from the table of results that variations were found in the 

percentage composition of the different preparations. The acid-soluble pig- 

ment generally contained a lower carbon percentage and a greater percentage 

of nitrogen and hydrogen than the acid-insoluble pigment subsequently 
extracted from the same skin, although the insoluble preparations from one 

skin did not always contain less nitrogen and hydrogen than soluble prepara- 

tions from another. It is observed also that in the case where the first 
extraction was kept separate the same difference was found between this and 

the pigment from subsequent extracts, although both pigments were soluble 

in acids. Continued boiling with dilute alkali converted the pigment soluble 

in acid to one insoluble in acid; it seems therefore probable that in extracting 

the pigment even with very dilute sodium hydroxide (N/20) it is gradually 

decomposed, losing nitrogen and hydrogen and gradually changing toa 

pigment insoluble in acid. 
The melanin of black skin thus resembles that prepared from wool by 

Gortner in that a pigment may be extracted with alkali which is soluble in 

dilute acids, and which, on further heating with alkali, changes to a pigment 

insoluble in dilute acids, with loss of nitrogen and hydrogen. In this case, 
however, a constant product could not be obtained, and it is possible that 

none of the preparations represents the pigment as it occurs in the skin. 
The preparations gave quite different analyses from the pigment from 

negro skin prepared by Abel and Davis. 

REFERENCES. 

Abel and Davis (1896). J. Hep, Med. 1, 361. 
Gortner (1910), J. Biol. Chem, 8, 341. 
Young (1914). Biochem, J. 8, 460. 



XV. CONSTITUENTS OF THE BARK OF 
ZANTHOXYLUM MACROPHYLLUM, OLIVER. 

By JOHN AUGUSTUS GOODSON. 

From the Wellcome Chemical Research Laboratories. 

(Received December 24th, 1920.) 

THE chemistry of Zanthoxylum species is in a confused state partly owing 
to the doubtful authenticity of the material examined by various investigators 

but chiefly due to the confused botanical synonymy of the genus. This 
difficulty has arisen largely through the transfer by Engler [1895] of a large 
number of species from Zanthoxylum to the genus Fagara so that closely 
allied species have been examined under apparently distinct names, with the 

result that a number of substances have been described as new, which are 
so similar to substances already known as to warrant the assumption that 

they are identical. 
In the course of the present investigation the author has had occasion to 

make as complete an examination as possible of the literature relating to the 
chemistry of Zanthoxylum and Fagara species and as the results present some 
interesting points they are briefly summarised here. The following list of 

nine species includes all that have been examined and from which charac- 
teristic and well-defined substances have been isolated: 

(1) Zanthoxylum brachyacanthum, F. Muell (F. brachyacanthum, Engler) 
contains the alkaloids 1-a-canadine methochloride, C,,H,,0,NCl, and y-homo- 

chelidonine [Jowett and Pyman, 1913]. 
(2) Z. Ochroxylon, D. C. (F. monophylla, Lam.) contains two alkaloids; 

C.,H,,0,N, and a second for which no formula is given [Leprince, 1911]. 

(3) Z. Clava-Herculis, Linn. (Z.carolinianum, Lam.; F. caroliniana, Engler). 
According to Perrins [1862] this contains berberine, and more recently Gordin 

[1906] has isolated from it xanthoxylin 8, C,,H,.0, or C,,H,,0,. There seems 

to be some doubt as to the authenticity of the bark used by Perrins, and 

Wehmer suggests that it was really derived from Z. caribaeum, Lam., which 

Perrins himself suggests as a synonym for the species he used though according 

to the Index Kewensis the two are distinct species. 
(4) Z. senegalense, D. C. (F. xanthoxyloides, Lam.) contains an alkaloid 

C.,H.30,N or C,)5H,,0,N and a neutral substance C,)H,,O, or C,,H,,0, 

[Giacosa and Soave, 1889], caprinamide, xanthotoxin C,,H,O,, fagarol 
Cy9H,,0, [Priess, 1911] and fagaramide C,,H,,0,N [Thoms and Thiimen, 1911]. 
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(5) Z. macrophyllum, Oliver (F. macrophylla, Engler) contains fagaramide 
and lupeol (see below). 

(6) Z. Budrunga, D. C. (F. Budrunga, Roxb.) contains xanthosterin 

C.3Hs 50H [Dieterle, 1919]. 
(7) Z. flavum, Vahl. (Ff. flava, Kr. et Urb.) contains a lactonic substance 

C,,H,,0, and an ether-lactone C,,H,.0, [Auld and Pickles, 1912]. 
(8) Z. americanum, Mill (Z. fraxineum, Willd.) contains xanthoxylin N, 

C,;H,,0, [Gordin, 1906]. 
(9) Z. piperitum, D. C. contains a crystalline substance C,)>H,.0, [Sten- 

house, 1854, 1857]. 

The presence of alkaloids has been recorded in all the above mentioned 
species, but the amount present appears generally to be small except in the 

four cases (Z. brachyacanthum, Z. Ochroxylon, Z. senegalense and Z. Clava- 

Herculis) in which they have been isolated and characterised. The other 

definite constituents fall into three classes: lactones, phytosterols and amides. 

Thoms and Thiimen [1911] have suggested that the neutral substance 
. (m.P. 120°) isolated by Giacosa and Soave from Z. senegalense, to which they 

assigned the formula C,,H,)0, or C,,H,,0, was in all probability fagaramide 
C,,H,,0,N. The name xanthoxylin has been applied to three apparently 

distinct substances two of which have been distinguished by Gordin [1906] 

as xanthoxylin 8 and xanthoxylin N. It seems possible that xanthoxylin 8 
from Z. Clava-Herculis, for which Gordin proposed the formula C,,H,.0, or 

C,H,,0,,is fagaramide, since, although it is not recorded ascontaining nitrogen, 
this constituent is not mentioned as having been sought for, and the com- 

position and constants of the substance are otherwise in close accord with 

those of fagaramide. Xanthoxylin N, C,;H,,0, [Gordin, 1906] from Z. ameri- 
canum, Mill and the lactonic substance C,,H,,0, [Auld and Pickles, 1912] 

from Z. flavum, Vahl. are similar in properties, and may be identical. 
Again the melting points of xanthosterin C,,;H,g0H [Dieterle, 1919] from 

Z. Budrunga, D. C. and its derivatives are in striking agreement with those 
of lupeol now shown to be present in Z. macrophyllum. The analytical figures 

are not in good agreement, but this is not surprising in view of the difficulty 
of purifying phytosterols; thus the formula for lupeol is variously given in 

the literature as Cy,H.0, Cy,H 0, and Cs,H;90, the second being probably 
correct, 

It is interesting to note that fagaramide occurs in the two species Z. sene- 
galense and macrophyllum, which are both West African, and as noted below 

are closely allied. A further point of interest lies in the fact that berberine, 
l-a-canadine methochloride, and fagaramide which have been isolated from 
four of the species mentioned above contain the grouping 

OH, | | 
\y ry For 9 a 

in common. 
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Of the nine species examined all but two, viz. Z. americanum and Z. 
piperitum, were included in Engler’s transfer. No marked difference can be 

traced between the components—so far as they have been ascertained—of 
these two species and those found in Engler’s Fagara species, so that the 
chemical evidence appears at present to be of no value in deciding for or 
against the validity of Engler’s view. 

Zanthoxylum macrophyllum. 

Zanthoxylum macrophyllum, Oliver (Fagara macrophylla, Engler) of the 
natural order Rutaceae is a tree 30 or 40 feet high, with either spreading or 
ascending prickles on its leaf-stalks, and leaves composed of numerous leaflets 
6 to 8 inches long. It is closely related to but quite distinct from Fagara 
xanthoxyloides, Lam. (Zanthoxylum senegalense, D. C.); the latter does not 

exceed 20 feet in height, has recurved prickles and leaves with not more than 

nine leaflets, 2 to 3} inches long. Both species occur in Upper Guinea. The 
present investigation shows that the bark. of Zanthoxylum macrophyllum 

contains fagaramide, previously isolated by Thoms and Thiimen [1911] from 
Fagara wanthoayloides and thus further emphasises the close relationship of 
the two species, already indicated by their structural similarity. 

The material used in the present investigation came from the Gold Coast 
Colony and was kindly supplied by the authorities of the Imperial Institute. 
The bark is said to be used by the natives as an analgesic, especially in cases 
of toothache and rheumatism. It produces a tingling sensation in the mouth 
when chewed. 

EXPERIMENTAL. 

The material contained 11-2 % of moisture and 4-7 % of ash. Only traces 
of alkaloid could be detected by the usual reagents. The finely ground bark 

gave the following percentages of extract on exhaustion in a Soxhlet apparatus 
with solvents in the order named: petroleum (B.P. 35-60°), 1-46; ether, 0-95; 
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chloroform, 1-48; alcohol, 12-07; water, 4:80. Of these extracts the first and 

second appeared to contain all the substance producing the tingling sensation, 

to which presumably the alleged physiological action is due. 
Petroleum extract. The ground bark (32 kilos) was extracted with hot 

petroleum (B.P. 35°-60°). On standing this deposited a sparingly soluble 
substance amounting to 60-4 g. or 0-18 % by weight of the bark, which proved 

to be fagaramide (see below). The mother liquors on concentration deposited 

in several crops 85-9 g. of a phytosterol, which was shown to be lupeol. The 
residue of the petroleum extract was of a resinous character and contained 

the substance producing the tingling sensation when applied to the tongue. 

Attempts to isolate this substance in a pure state were unsuccessful. 
Ether extract. The ground bark after extraction with light petroleum was 

exhausted with hot ether, the solution shaken with aqueous solution of 
_potassium hydroxide, separated and the solvent distilled off. The residue on 

extraction with petroleum yielded a further quantity of fagaramide, whilst 

the resinous active substance remained in solution. 

Identification of Fagaramide. 

The crude fagaramide, obtained as described above, was repeatedly re- 
crystallised from ethyl acetate, and so obtained in colourless six-sided plates, 

which softened at 105° and melted at 119-5° (corr.). It gave Gaebel’s test 

[1910] for the methylene di-oxy group, and readily absorbed two atoms of 

bromine. | 
Found Calculated for fagaramide, C,,H,,0,N 

C 67-8, 67-6 68-0 

HH’: 10; 63 6-9 

Mol. weight 231, 241 247-2 

Fagaramide is hydrolysed with difficulty by alkalis or acids. It was found 

most convenient to obtain the acid hydrolytic product, piperonylacrylic acid, 
by alkaline hydrolysis, and the basic hydrolytic product, iso-butylamine, by 

acid hydrolysis. 
Alkali hydrolysis. 0-5 g. of fagaramide was boiled for four hours with a 

mixture of 12 g. of 50% aqueous sodium hydroxide and 12 cc. of methyl 

alcohol, The mixture on dilution with water yielded 0-33 g. of unchanged 
fagaramide. The filtrate after acidification yielded to ether 0-13 g. of piper- 

onylacrylic acid. The piperonylacrylic acid (from several hydrolyses) was 
recrystallised from ether, in which, when dry, it is only sparingly soluble, and 

obtained in almost colourless needles, melting at 243° (corr.). The melting 
point was not depressed on mixing with piperonylacrylic acid prepared from 

piperonal. Found C = 62:1, H = 4-2; calculated for piperonylacrylic acid, 

C19H,0,, C = 62°56, H = 4-2, 
Acid hydrolysis. One g. of fagaramide was heated to 130-140° for 14 hours 

in a sealed tube with 5 cc. of alcohol, 2 ce, of concentrated hydrochloric acid 

and 3 ce, of water, The tube was washed out with water and ether, the aqueous 
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solution separated and evaporated to dryness under reduced pressure, when 
0:25 g. of crude iso-butylamine hydrochloride was obtained. The latter after 

purification with animal charcoal and recrystallisation from alcohol melted at 
178-179° (corr.). The platinichloride changed colour slightly at 204° (corr.), con- 

- siderably at 225° (corr.) and melted with frothing at 242-243° (corr.). Found 
Pt = 36-4; calculated for iso-butylamine platinichloride, (C,H,,NH),PtCl¢, 

Pt = 36-0. 
Contrary to the statement of Thoms and Thiimen [1911] fagaramide forms 

salts, which however are easily dissociated. When a solution of fagaramide in 
chloroform containing dry hydrogen chloride was evaporated at atmospheric 

temperature under reduced pressure, a crystalline hydrochloride melting at 
137° (corr.) was obtained. Found HCl = 6-6; calculated for (C,,H,,O,N),HCI, 
HCl = 6-9. 

Identification of Lupeol. 
The crude lupeol obtained as already described was repeatedly recry- 

stallised from ethyl acetate and obtained in colourless needles melting at 
216° (corr.), and having a specific rotatory power in chloroform of [a], + 31-0° 
(ce = 25165, l= 1 dem., @p + 0-78°). It gave the usual colour reaction with 
acetic anhydride and sulphuric acid. Found C = 84-6, 84-6, H = 11-6, 11-9; 
calculated for Cs,H,,0, C = 84:4, H = 11-9. 

The following derivatives were prepared: 
Acetyllupeol, m.p. 220° (corr.), [a], + 443° in chloroform (¢ = 2-5235, 

I= 1 dem., ap + 1:12°), found C = 81-8, H = 11-1; calculated for 

CspH,0 .CO.CHs, 
C = 82-0, H = 11-2. 

Benzoyllupeol, m.p. 272° (corr.), [a] + 62-0° in chloroform (¢ = 2-5020, 
l= 1 dem., ap + 1-55°), found C = 83-7, H = 10-0; calculated for 

C59 H gO. CO.C,H,, 
C = 83-7, H = 10:3. 

Monobromolupeol, m.p. 183° (corr.); found Br= 15-5, calculated for 

Cy95HygOBr, Br = 15-8. 
Monobromo-acetyllupecl, m.p. 232° (corr.). 
It was at first thought that the phytosterol obtained from Z. macrophyllum 

was identical with androsterol obtained by Moore [1909] from Apocynum 

androsaemifolium. No direct comparison could be made as the original 
reference specimens of androsterol and its derivatives were destroyed in the 

fire which occurred a few years ago at the Brussels Exhibition. The properties 
of androsterol and lupeol are however so similar that there can be little doubt 
of their identity. The phytosterol obtained in this investigation, together 
with the acetyl and benzoyl derivatives, have been directly compared by 

means of their melting-points with specimens of lupeol, acetyllupeol, and 
benzoyllupeol kindly supplied by Prof. van Romburgh, and the identity of 
the two established, 
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Examination of the active resin. 

The resinous residue obtained as already described exhibited in a marked 

degree the property of causing a tingling sensation on the lips and tongue, 
shown by the crude bark when chewed. As this resin could not be induced 
to crystallise and nothing crystalline could be separated from it by steam 

distillation or other means it was boiled with N/2 potassium hydroxide in 

alcohol, the alcohol distilled off, and the “unsaponifiable matter” extracted 
with ether. It constituted 24-4 % of the crude resinous substance and still 

possessed, apparently undiminished, the property of causing intense tingling 
of the tongue and lips. It was readily soluble in alcohol or ether and insoluble 

in water or alkalis. As it could not be crystallised an attempt was made to 
distil it in vacuo. It yielded two fractions, boiling at 240-280°/40 mm., and 

280-350°/40 mm. respectively. These distillates though both still physio- 

logically active were less so than the crude unsaponifiable matter. Some de- 

composition evidently occurs towards the end of the distillation as on opening 
the flask there was a slight smell of ammonia. The lower boiling of the two 

distillates when dissolved in alcohol and allowed to stand for some days 

deposited a small amount of a crystalline substance, which after recrystalli- 

sation from ethyl acetate melted at 82° and contained nitrogen. This substance 

did not produce the tingling sensation. 
Mr G.8. Boulger, F.L.8., of the Imperial Institute Staff, to whom the 

author is much indebted for assistance with the botany of the subject, points 

out that Bentham and Hooker placed the Linnean genus Fagara and several 
others under the genus Zanthorylum, which thus became.a group of some 

150 species, and that Engler’s action in restricting Zanthoxylum to some nine 
species, and restoring the one Linnean genus Fagara, thus appears to be a 

very slight and conservative revision. 

In conclusion, the author desires to express his warmest thanks to 

Dr T. A. Henry for his advice and criticism throughout the course of the work. 
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DRIED MILK. 

By HARRY JEPHCOTT ann ALFRED LOUIS BACHARACH. 

From the Glaxo Research Laboratory, 42 a, Bravington Road, W. 9. 

(Received January Ist, 1921.) 

A CONSIDERABLE conflict of evidence exists as to the presence or absence in 
dried milk of the anti-scorbutic accessory food factor, or vitamin, commonly 

referred to as “water-soluble C.”” The experiments described in this paper 
were an attempt to clear up some of the discrepancies. 

The animals used were guinea-pigs, and the methods those of previous 

investigators, except where it seemed to us necessary to make certain modifi- 

cations by way of additional safeguards. 
Care was taken as far as possible to eliminate abnormal animals before 

experiment. In every case the young animal weighing about 250 g. was put 
into a cage on a normal diet of green-stuff (cabbage or cauliflower-leaf) with 
oats and bran, and was only given a milk diet when it showed a normal and 

steady rate of growth, and had reached 300-350 g. Before the experimental 

diet was begun, all hay was removed from the cages, and sawdust alone used 
as bedding. 

The normal diet of a guinea-pig contains no moisture other than that 

associated with the cabbage-leaves or other vegetable matter on which it 
lives, and we found that, in the absence of green-stuff (as in the case of certain 
animals that we put on to a purely scorbutic diet), only about 50 cc. of water 

were taken during the day. Whatever the nature of the food, it is obviously 

unreasonable to expect animals, whose constitution is only adapted to the 
taking of a small quantity of liquid, to take several times this quantity and 
still maintain perfect health. To avoid, therefore, undue dilution of the food 

the milk-powder was made into a thin cream with three times its weight of hot 

water. We were thus giving our reconstituted milk in a form twice as concen- 
trated as that used by Barnes and Hume [1919], and other investigators. 

In order to make the reconstituted milk as palatable as possible to the 

animals, it was made up freshly every morning and evening, about twice as 
much being given for the night as for the day. It was reconstituted with 

hot water and not with cold or boiling water, in order to postpone as far as 
possible the formation of a layer of solid fat on the surface, which seemed 

Bioch. xv 9 
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to be resented by the animals, and also because they appeared to us actually 
to prefer it with the chill off. Fresh oats and bran were given every morning, 
but not until after the milk had been put in the cages, in order to prevent the 

animal satisfying its appetite on the oats and bran, and then feeling disin- 
clination for the milk. Hand-feeding was only necessary in quite a few cases, 

for the first day or two of an animal’s change of diet. The disturbing effect 

on a guinea-pig of so unusual a diet as milk is only accentuated by so unusual 

a method of nutrition as hand-feeding with a glass-tube. In all cases sufficient 

food was given to ensure that some was left over when the next allowance was 
supplied. 

Four series of experimerits were undertaken. In the first three, comparison 

was made of summer milk, winter milk, and winter milk neutralised with 

sodium bicarbonate before drying. All three were dried by the roller process, 

in which the milk is in contact with the source of heat for less than three 

seconds. The fourth variety was full-cream milk dried by the spray process. 
This was purchased direct from the makers and packed into air-tight tins 

immediately on arrival. We have no details as to the time for which such 
milk is heated during manufacture but the remarks made by Hart, Steenbock 

and Smith [1919], and others, would suggest that it is subject to prolonged 
heating. 

The winter milk was dried by one of us (H. J.) in the first week of December, 

1919. The weather was cold and wet, and no cattle were in the fields. The 

milk when received was perfectly fresh, having an acidity of 17-3° and was 

immediately dried, sifted, and placed in air-tight tins. The neutralised winter 
milk was dried at the same time. The acidity of the milk before drying was 

26-5° and 11 ozs. of sodium bicarbonate were added to 38 gallons. The summer 
milk was part of a considerable quantity of milk dried at the same factory 

in late August and early September. Its acidity before drying was 19-9°, 

and the powder was stored in hermetically sealed tins, and transferred to 

smaller air-tight tins for experimental purposes. We give below the compo- 
sition of the powders: 

Table I. 
Neutralised 

Winter milk Summer milk winter milk Spray process 

Moisture 2-6 28 3:3 4:3 

Ash 5-9 5-8 6-6 56 
Fat 26-7 27-0 27-2 28:2 

Lactose 37:3 36:3 35-4 35-6 

Protein 27-0 27:8 26-5 25:6 

99-5 99-7 99-0 99-3 

It will be observed that the general composition of these milk powders 
was almost identical. 

Our experiments were begun in January 1920 in the case of the winter 
and the summer milk series, The experiments in the summer milk series 

ee ee 
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were completed by the end of May, while the experiments in the winter milk 
series were concluded at the beginning of July. The experiments in the 
neutralised milk series were begun in the middle of March and were concluded 

at the end of July. 

It will thus be seen that the winter milk was from two to eight months 

6ld during the course of the experiments, while the summer milk was from 
four to ten months old. The neutralised milk was from three to seven months 

old; we have no information as to the age of the spray milk. 

Fig. 1. Diet of oats, bran, and summer dried milk (roller process). 

Curves 3, 6, 7 and 8. Death from disease; no scurvy in 7, 10, 21 (Curves 7, 6, 3); slight scurvy 
in 19 a (Curve 8). 

Curve 5. This animal (16) hurt its foot at (a); its food consumption fell om _ it developed 
mild scurvy; from this it recovered completely, without any change of 

Curves 1 and 2. (b) indicates change over to full normal vegetable diet. 

Fig. 2. Diet of oats, bran, and winter dried milk (roller process). 

Curve 12. Death from disease; no signs of scurvy. Animals 2, 18, and 20 showed similar curves. 

Curve 14. Attack of scurvy repelled without change of diet. 

Curves 11 and 13. (6) indicates change over to full normal vegetable diet. 
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Fig. 3. Diet of oats, bran, and neutralised winter milk (roller process). 
Curve 24. This animal died from disease, but post-mortem examination showed many of the 

characteristics of mild scurvy. 
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Fig. 4. Diet of oats, bran, and dried milk (spray process). 

Curves 25, 26, and 27. (c) indicates change of diet to roller process milk. In the case of these 
three animals (38, 42, and 40) no cure was effected. 

Curves for animals 35 and 41, which were cured in this manner, are shown separately (Fig. 5). 
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Fig. 5. Diet of oats, bran, and dried milk (spray process) followed by dried milk (roller process). 

Curves 29, and 30. (c) indicates change from spray process to roller process (summer) dried milk; 
(b) indicates change over to full normal vegetable diet, 
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The following table and the curves in Figs. 1-5 record the results of 
feeding groups of animals upon the four varieties of dried milk. 

Table II. 

Series I. Summer milk. 

Animal averaged over ow hae of ex- i Highest hisen A 
. perim we 

a oe (days). ine. ‘ee in g. Remarks 

a 88 145 121 103 «=6308)=—s(i572)—Ss«B6T~=—Ss« NN curvy 

6 122 157 124 108 339 692 685 No scurvy 
7 90 119 —- 82 302 543 #420 Death from disease 

10 84 108 123 96 330 564 #465 ##Death from disease 

15 97 124 136 115 365 633 612 No scurvy. Chloroformed 
16 85 122 129 115 368 #636 ~ 636 Noscurvy. Chloroformed 
17 85 120 — 77 302 «= 437 332 Slight scurvy. Death from 

19a = 73 86 _ 65 336 427 ~ 311 Slight scurvy. Death from 

21 128 — —- 47 309 542 370 Death from disease 

Series IIT. Winter milk 
1 88 90 160 98 277 530 530 In good health. Chloroformed. 

Signs of old scurvy 
2 107 100 _ 73 265 429 421 Died of disease. Slight scurvy 

in early life 
4 117 140 — 73 259 £645 645 #£Nosign of scurvy 

ll 98 143 147 112 546 707 706 No sign of scurvy. Survived 
12 88 96 _— 71 300s 471 308 Slight scurvy. Disease main 

cause of death 

13 91 101 85 112 =300 ©6590 577 #8 Noscurvy. Chloroformed 
18 72 105 _ 65 340 392 309 No scurvy. Death from disease 
19 117 156 153 129 342 700 683 No scurvy. Chloroformed 

71 313 604 432 Noscurvy. Death from disease 

Series III. Neutralised winter milk. 

117 147 165 137 310 732 714 Slight scurvy. Chloroformed 22 
23 86 132 95 98 306 557 505 Mild scurvy. Chloroformed 

24 89 107 96 93 306 539 340 Scurvy main cause of death 
25 88 142 126 «§6125 869306 06«=6—565 = 496 )3)—S Mild scurvy. Chloroformed 

Series IV. Deroy process milk. 
34 = 105 _ _ 54 470 335 Acute scurvy. Moribund, 

Chloroformed 

36 91 —_— — 41 350 86399 293 Acute scurvy. Moribund, 
Chloroformed 

37 101 98 _— 63 358 866451 310 Acute scurvy. Moribund. 
Chloroformed 

38 68 (97) — 52 338 395 248 Severe scurvy 
39 78 — _ 38 333 351 223 Acute scurvy. Moribund. 

Chloroformed 

40 oe — — 37 299 378 235 Died of acute scurvy? 
42 92 — — 35 = 308 380 244 Died of acute scurvy 

43 98 (69) — 38 317 399 247 Acute scurvy. Chloroformed 
44 80 (80) — 48 332 367 #241 Died of acute scurvy 

45 70 _— _— 29 337 328 #=(233 ~~ Died of acute scurvy 

+ See below. 
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In the case of animals 40 to 45 spray process milk was given at a concen- 

tration of 1 in 3 in order to ascertain if the animals could be induced to take 

sufficient of the milk to avoid scurvy. 
Average weight curves are given for each series, as well as the normal 

growth curve obtained by keeping nine animals on full vegetable diet, but 

under otherwise the same cage conditions as the animals fed upon milk. The 
curve thus secured shows, unlike that of Barnes and Hume [1919], a gradual 

decline in steepness, becoming flatter as the animals grew older. It will 
be noticed that it is a somewhat steeper curve than any of the others; this 

is only to be expected, for milk is, at best, an inferior food for an animal with 
a natural vegetarian diet. Nevertheless, the difference between this normal 
curve and those obtained for summer and winter dried milk is remarkably 

small (see Fig. 6). 

700 

8 
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Fig. 6. Average curves for four series of experiments on dried milk, and for 
a full normal vegetable diet. 

It is not considered necessary to give full protocols of all the animals used, 
but certain of the animals have been of sufficient interest to merit individual 
comment; we give also individual curves for the majority of animals in each 
series. 

Four animals, two on winter milk (experimental animals 5 and 6) and 
two on summer milk (experimental animals 11 and 13), after over 100 days 

on experimental diet had reached a weight that was practically constant, and, 
_to ascertain whether they were full-grown or whether their lack of further 
growth was due to absence of a sufficient supply of growth-promoting factor, 
they were then given a normal diet of oats and bran and about 100g. of 
cabbage-leaf per diem, No marked growth occurred in any case and the 

dotted parts of Curves 1, 2, 11 and 13 (Figs. 1 and 2) illustrate this feature. 
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Certain animals on spray process milk diet were, after they had become 
definitely scorbutic, placed on summer dried milk (dried by the roller process). 

In two cases (experimental animals 40 and 42), haemorrhage had already set 

in, and the animals after a brief rally died (see Table II, Series IV). In two 
cases, however, a complete cure was effected by the change over from spray 
process to roller process dried milk. 

Table III. 

Animal me gcllgay Fran. aah ae Paice 
No. 30-day periods (days) in g. in g. 

35 80 112 142 170 136 330 611 

41 103 118 «=6(121)  — 73 330 490 

See also Fig. 5. 

1 Change over on 23rd day, weight 364 g. 

® Change over on 29th day, weight 320%g. 

In order to give a general comparison of the anti-scorbutic value of the 
four milks used, we summarise our results in the following table: 

Table IV. 

Summer Winter Neut. Spray 

Under experiment... as one rr ll + 12 
Developed scurvy... oo pres ass 2 3 3 12 
Survived, or died of causes other than scurvy 6 9 1 — 

Two animals on summer milk which died from disease (probably coccidium 
or pseudo-tuberculosis) showed signs of scurvy. One consumed throughout 
considerably less than the average ration of milk (experimental animal 19 a), 

and the other showed a marked falling-off in its food intake during the three 
weeks preceding death (experimental animal 17). 

Of the three animals on winter milk that showed signs of scurvy, one 
recovered without change of diet (experimental animal 1), one (experimental 
animal 12) was weakened by a fall and consequent loss of appetite, and one 

was recovering from an early attack of scurvy when it succumbed to disease 
(experimental animal 2). Our conclusion on this point must, therefore, be 

negative; we have, in fact, found no appreciable difference in anti-scorbutic 
value between winter and summer dried milk. 

When we turn to the actual anti-scorbutic value of dried milk as compared 
with raw milk, we find considerable discrepancy between our results and those 
of Barnes and Hume [1919] and Chick, Hume and Skelton [1919]. We are 

greatly indebted to these workers for the invaluable suggestions contained in 
their pages, and, as will have been made clear above, have followed their 

methods very closely. We wish, in conclusion, to point out how we consider 

this discrepancy has arisen, and how it can be explained. 
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For purposes of comparison we have expressed the amount of dried milk 

taken in terms of equivalent cc. of ordinary milk. (Thus, when an animal 
took 60 cc. of our double-strength concentrated milk containing 15g. of 

dried milk and 45 g. of water, we refer to it as having consumed 120 cc. of 
milk). 

It should be observed, in the first place, that up to the publication of a 
paper by Hart, Steenbock and Ellis [1920] there was no record -of any 

guinea-pig on experimental diet reaching a weight of 500 g.; in most cases, 
indeed, even 400 g. was not achieved. In the paper of the above mentioned 
workers a certain advance was made, and out of 54 animals, one reached a 

weight of over 600 g. and eleven more a weight of over 500 g. 
None of our animals when weighing between 300 and 400 g. consumed 

more than 135 cc. of milk, and in some cases, the average daily consumption 

was lower than 100 cc. Barnes and Hume [1919, p. 308] state explicitly 
“that scurvy could be prevented and health maintained in those cases in 

which 150 cc. (of raw milk) were taken.” On the other hand, recent workers 

[ Hart, Steenbock and Ellis, 1920] claim to have obtained complete protection 
with 50 cc. of fresh summer milk. It seems possible that one source of dis- 

crepancy may be the failure to take into account, as well as the amount of 

food necessary for protection, the size of the animal protected from scurvy. 
In very few cases did any of our animals consume appreciably more than 

150 ec. of milk, and, even then, only when their weight was well over 500 g. 

Frequently, at a later period, the consumption actually dropped off; the 

animal was no longer growing rapidly, and food was mainly needed to maintain 

metabolism for an animal leading a sedentary life, and not to supply the matter 

or the energy for building new tissue. Even so, with this smaller intake, the 

animals still remained free from scurvy. 
It would appear, therefore, that on the average growing guinea-pigs can 

find in milk reconstituted from dried milk as much protection as, according 

to Barnes and Hume, is afforded by raw milk. It is desirable, if possible, to 

gain some idea as to what is the minimum of such reconstituted milk required 
for protection. We have adopted the following method for arriving at this 

quantity. Ignoring those animals that showed signs of scurvy, since protection 

in their case was not complete, and eliminating, in the case of those that died 
from other causes, that part of their career where they were eating little and 

losing weight (to include those parts would, obviously, quite inaccurately 
lower the estimated minimum protective dose of milk), we have then divided 
the time of normal growth into 8-day periods, and for each 8-day period we 

have calculated the average weight of the animal (W) and the average con- 

sumption of milk in cc. (V), The expression ail represents the average 

daily consumption per 100 g. body-weight. This has been calculated for each 

animal and the average for the two series where there was complete protection 

from scurvy is also taken. We give below a summary of the results: 

_ * 
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Table V. 

Animal Period er 100V 100V 100V 
No (days) Minimum W M a A WW 

1 Winter milk 4- 27 32 36 33 
4 ss 4- 73 24 37 29 

ll re a 1-104 17 28 23 

13 ” ” 1l- 96 19 27 22 

18 - am 4- 51 20 35 23 

19 a - 4— 67 24 33 29 

20 ” ” 3- 54 20 31 26 

Average for winter milk series — =27. 

5 Summer milk 10-103 22 35 27 

6 Pe: a 3-106 19 31 25 

7 ns DA 3— 88 22 32 27 

10 * ~~ 6— 85 21 26 23 

15 ” % 1- 96 20 34 26 

16 =e a 35- 96 21 30 25 

17 2 ue 3- 70 19 32 26 

19a eas = 4— 59 23 20 25 

21 is a l- 36 29 33 32 

: . 100V 
Average for summer milk series Wr = 26, 

Average for two series (16 animals) = =26. 

It will be seen from these figures that the average daily intake of milk 
in ec. per 100 g. body-weight varies considerably. There is variation in the 

case of each animal for different 8-day periods in its history; there is variation 
between the general average of one animal and another. The averages, for 

the two series, are identical within the degree of accuracy possible for this 

kind of experiment. The average for the whole series indicates that the 

minimum protective dose of milk reconstituted from dried milk for a guinea-pig 

of 400 g. body-weight is about 110 ce. 
It has previously been stated [Harden and Zilva, 1918] that alkali has 

a destructive effect upon vitamins and the results obtained with neutralised 

milk would indicate that there is some destruction of the anti-scorbutic 
vitamin by alkali in the quantities used in this experiment. The reduction 

of the anti-scorbutic value was, however, slight and in no case were symptoms 
of scurvy observed in less than 100 days; even then they only appeared when 
rather less than the average quantity of raw milk required for protection was 

taken. 
In series IV, even when animals which took small quantities of milk are 

eliminated, it can only be concluded that the anti-scorbutic factor had been 
very considerably affected, even if not entirely destroyed. A description of 

the spray process, from which it would appear that the milk is held at high 
temperatures for a very considerable time, is given by Hart, Steenbock and 
Smith [1919]. It has been suggested by these workers and others [e.g. Delf, 

1920] that heat is responsible for diminution in the anti-scorbutic value of 

certain cooked or manufactured foods. Recent work, however, suggests that 
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oxidation may be an important factor in destroying the anti-scorbutic vitamin 
[Zilva, 1920}. 

That winter milk should be found to have as high anti-scorbutic value as 

summer milk is contrary to the opinions generally held, and to certain other 
experiments, but enquiry has shown that the cattle were being partly fed 

upon swedes at the time when the winter milk was obtained, and it is probable 

that the anti-scorbutic value was due to this cause. 
There is some evidence to show that the method of drying may have a 

considerable influence on the degree to which the anti-scorbutic vitamin in 

milk is affected. The milks with which we have experimented were subjected 

to the high temperature of drying for not more than 2} seconds and, when the 
milk left the rollers, it was still steaming. This clearly indicates that there 

was considerable moisture present when the milk ceased to be in contact 

with the hot surfaces, and its temperature cannot, therefore, have appreciably 

exceeded 100° at any time. The comparatively low temperature of drying, 

the short period of contact with the hot rollers, and the relatively short 
exposure while hot to oxidation (compared with the spray process), may all — 
contribute to the results we have found. 

We are aware that under unsuitable conditions of storage, especially 
exposure to the air, dried milk undergoes marked change, and it is possible 

that the accessory food factors present are affected. This is a purely theoretical 

conclusion based upon physical changes in dried milk, and we have not, at 
present, any experimental evidence to support this view. Other workers 

[Hess and Unger, 1919] have expressed similar opinions. 
We have called attention earlier in this paper to the fact that milk, 

especially full-cream milk with its high percentage of fat, is hardly a suitable 
diet for guinea-pigs. The question, therefore, arises how far such experiments 

are applicable to infant feeding. It has been argued that pasture-fed cattle 

yield milk of higher anti-scorbutic value than do stall-fed animals. It might 

equally be argued that human milk would, for the same reason, be markedly 
deficient in anti-scorbutic value, as compared with cow’s milk. Whether or 
not this is the case cannot*be known until experiments have been made with 
human milk. 

We can only conclude from our own work that the results give a con- 

siderable measure of support to the clinical opinion, widely held in places 

where dried milk has been used for infant feeding during many years, that 
perfectly fresh milk dried by the roller process and stored in air-tight vessels 

contains sufficient anti-scorbutic accessory food factor to prevent scurvy in 
infants fed solely on a milk diet [e.g. Coutts, 1918]. 

It should be recognised, however, that whilst such dried milk is apparently 

equal to raw milk in anti-scorbutic value neither is rich in anti-scorbutic 
vitamin and where infants are only taking small quantities of milk or are 
upon a diet which is mainly farinaceous, the addition of a little fruit-juice 
is not only desirable but essential. 
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SUMMARY. 

Animals have been fed upon summer milk, winter milk, and neutralised 
milk dried by a roller process and upon milk dried by the spray process. In 
the case of the summer and winter milks the anti-scorbutic values were found 
to be about equal to one another and to those of the original raw milks. The 

neutralised milk had an anti-scorbutic value slightly less than that of the raw 
milk and the spray process dried milk was markedly deficient in anti-scorbutic 

value. 
Of the summer and winter dried milks a daily dose of 26 cc. per 100 g. 

body-weight, of reconstituted milk was, on the average, sufficient to afford 
protection against scurvy in the guinea-pig. 
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I. IyrropvuctIon. 

Tue literature of research work performed to elucidate the effect of diet on 

the secretion of milk does not give the impression that there is a definite 
relation between the two things. On the other hand, the great experience of 

the farmer indicates how closely these are related, and any precise information 

would be not only of value to him, but might also assist in overcoming the 
disability so frequently met with in modern women, many of whom are unable 

to breast-feed their children owing to a deficient secretion. 

Various methods are available for studying this problem. 
1. The animals could be fed on diets of well-known foods, used in different 

proportions, such as bread, meat, butter, etc. 
2. Synthetic diets could be employed, consisting of isolated core 

drates, proteins, fats, vitamines, salts and water. 

3. A combination of both the above methods is possible. 
It seemed probable that some factors could be most easily found in one 

way and some in another. 
Since man lives on natural foods and not on a diet of synthetic foodstufis, 

the first method is more likely to yield results, directly applicable to human 
mothers and babies, than either of the others. Hence in the experiments 

described in this paper, the diets were chosen from ordinary foods and the 

rate of growth of the young during the lactation period was gauged by the 
daily increase in weight. The mother’s weights were also recorded, since an 

ideal diet would keep up the mother’s weight, and at the same time provide 
for the rapid growth of her young, while an inadequate diet might fail in one 

or both respects, 
An omnivore had to be used and rats were chosen, because they readily 

eat all foods normally taken by man, and psychic effects resulting from 
forcing an animal to eat unpalatable food were prevented. Also rats were 

ro 
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most convenient, since they are small, have short gestation and lactation 
periods and will breed throughout the year, provided they are kept warm. 

One rat will give birth to and rear as many as six healthy litters in a year. 
The drawback to work on rats is that it is difficult, if not impossible, to 

differentiate whether the results obtained are due to alteration in quantity 

or quality of the milk. 
; Although very little appears to be known about the actual factors con- 

cerned in the production of milk, it is generally accepted that a nursing 
} mother should have a large proportion of protein in her diet. The experi- 

ments described later tend to show that this statement needs modifying to 

some extent. Up to a certain limit protein is certainly beneficial, it not only 
i promotes good growth in the young, but also helps to maintain the mother’s 
. weight and prevent excessive loss, but above that limit, decidedly harmful 

b 

. 

effects are obtained and the baby rats usually die, showing very typical 

symptoms. 
The experiments of McCollum, Simmonds and Pitz [1916] were made on 

similar lines to those described in this paper, but the mothers were fed on 
synthetic diets. These observers showed that a maximum rate of growth in 

the baby rats can only be obtained when the mother is receiving a full diet, and 
that with a poor diet, although the litter does gain, yet the gain is not normal, 

and is at the expense of the mother’s own tissues, as shown by the fact that 
her weight goes down during the lactation period. They further pointed out 

that there are limits beyond which the mother cannot meet the demands on 
her tissues and certain factors (especially fat-soluble A and water-soluble B) 

must be present in the diet and cannot otherwise be supplied by the mother 
(or only to a very slight extent for a limited time). On the whole the experi- 

ments described below agree with those of McCollum, Simmonds and Pitz, 

but it is shown here that the loss in weight of the mother, which is so charac- 
teristically noticed with a poor diet, can be prevented, except for an initial 

loss, by adding extractives to the mother’s diet, in spite of the fact that it 
may still be inadequate in other respects. In speaking of the work of these 

observers one comment suggests itself with regard to the duration of their 
experiments. Their curves extend over a period of 24 days, but a baby rat 
usually begins to eat at about the 18th day and is quite capable of living 
without its mother from the 21st day, so that the last part of the curve may 
not be entirely due to the nourishment obtained from the mother. 

On the other hand the babies might have been prevented from eating for 
themselves, but this would hardly be working under normal conditions and 
would put an extra strain on the mother rat. 

Hart, Nelson and Pitz [1918] proved that the mammary gland has not 
the power to synthesise lysine, and that as far as proteins are concerned, 
the milk secretion is ultimately dependent upon the quality and quantity of 
amino-acids ingested in the food. The actual dependence of the milk secretion 

on the food ingested is also noticeable in the experiments described later, 
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in which the diet is changed during the lactation period, and an immediate 
effect on the rate of growth of the young can be seen. 

These observers further state that the average time taken by a young rat 

to double its birth weight is 14 days, but they do not support their statement 
by experimental evidence. 

On the other hand McCollum, Simmonds and Pitz show by actual weight 
curves that the time taken is much shorter, viz. 7 days with a full diet and 

8-9 days on a deficient diet. This latter fact is in accordance with results of © 

experiments described below, which are also based on actual figures. Therefore | 

it seems permissible to say that the time taken to double the weight of a 
new-born rat is 7-9 days and not 14 as stated by Hart, Nelson and Pitz. 

A great deal of work has been done on the composition of milk as varied 

by different diets, but in all cases larger animals were used and consequently 
a certain quantity of milk could be obtained and analysed. In experiments 

such as are described in this paper, it is of course impossible to analyse the 

milk, and its quality can only be surmised from the rate of growth of the 
young. 

Voit’s experiments on a bitch showed that the composition of the milk 
secretion only varied slightly when the mother received different diets, such 

as meat alone, meat and starch, meat and fat, starch alone, fat alone and 

also when she was starved. However the composition of the milk did vary 

to a slight extent and this variation might possibly have been greater had 
the animal been fed on the same diet for more than 2-3 days. 

Lusk [1917] fed a goat on a diet of hay, cornmeal and bran, then starved 

it for two days, after which it was fed again on the original diet. He found 
that when the animal was starving the fat content of its milk was greater 

than normal and nearer in quantity to that found in the milk of the dog. 
When the goat received its normal diet again, the fat content of the milk was 
reduced. 

It is somewhat difficult to correlate experiments such as are described in 

this paper with known facts about dairy feeding, because the object in view 

is different. When feeding animals on the commercial scale, it is necessary 
to consider what foods produce the greatest quantity of milk and butter fat 

for the least cost. Although the amount of butter fat and the amount of 
protein in the milk are generally closely related, at any rate in some animals, 

yet this may not always be the case. 
Again it is difficult to draw conclusions with regard to human milk secre- 

tion from results obtained by feeding cows, since the metabolism of a herbivore 

must be different from that of an omnivore. 
It seems quite possible that a milk which is highly suitable for cheese or 

butter-making might not be so suitable for rearing the young. 
In order to obtain an abundant milk secretion, farmers have found ‘it 

necessary to consider the palatability of the food and this factor has probably 

the same significance with all animals, The experiments described later show 
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that in many cases the young grow better when their mother eats more of 
any given food and therefore the question of palatability must certainly have 
a bearing on this question. 

Eckles [1911] states that in cows it is almost impossible to restore the 
milk flow to its original amount after once allowing it to run down from lack 

of food. With rats, however, it appears that a good diet after a poor one 

succeeds in pulling up the milk secretion practically to a maximum. 
Eckles also points out that with cows, if the ration is changed suddenly 

from grain to grass, a peculiar taste is noticed in the milk, but this is scarcely 

detected if the ration is changed by degrees; in other words, the milk supply 

seems to be dependent, to some extent, on the food taken at the time. This 

fact is also shown by altering the diet of the rat, as a result of which a difference 
is at once evident in the growth curve of the young. 

Eckles further states that for a heavy-milking cow, the food must be 

concentrated, since sufficient grass to provide material for the secretion cannot 

be eaten and, therefore, grain must be supplied in addition. 
On the whole farmers think that diets rich in protein are the best for 

getting a good supply of milk and this is certainly supported by the experiments 
done on rats, provided the ration does not contain a large excess of protein. 

A well-balanced diet is recommended for cows and it is evident from the 
experiments described later that this is an important factor. It is found with 
rats that butter may have practically no effect when fed with bread only, 
but may be quite beneficial if fed with a better, more mixed type of diet. 

A heavy milking cow usually loses weight for 2-3 weeks (and sometimes 

more) after the birth of the calf, probably because she is not taking enough 
food for all her requirements. This feature is also exhibited in the curves 

shown later. Many of the rats lost a considerable amount of weight for the 
first few days after the birth of the litter, and for about 48 hours after the 

birth they rarely ate more than the average rat. | 

This loss of weight of the mothers may be due to one of the following 
factors: 

1, The energy of the diet might be insufficient to supply food for the 
young and to replace the mother’s heat loss. 

2. The diet might be adequate from the energy standpoint, but lacking 
in certain necessary constituents, which are then supplied from the mother’s 
own tissues, thus causing a loss of weight. 

This latter supposition is supported by an experiment of Hart and 
Humphrey [1915]. They fed a cow on a food with a “nutritive ration” of 

1 : 8, 2.e. one part of protein to eight parts of carbohydrate and fat. Provided 

the protein given was milk protein, this diet gave a positive nitrogen balance, 

but if wheat protein was substituted a negative nitrogen balance resulted. 
The amount of protein in the milk was unchanged and the loss of maternal 
nitrogen must have resulted from tissue breakdown, consequent on the lower 

biological status of wheat protein as compared with milk protein. 
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Il. MretHops EMPLOYED. 

The actual experiment was started as soon as the litter was born. In the 
majority of cases the babies were born in the night, but a litter born during 

the day was not weighed until the next morning, because it was found 

desirable not to disturb the mother too soon. 
During the gestation period the females were fed on an ordinary mixed 

. diet, consisting chiefly of bread, with small amounts of milk and green and 

other vegetables. They were removed from the males a few days before the 
birth of the litter. The number in each litter was always reduced to six. The 
mothers and litters were weighed every day, as nearly as possible at the same 

time and after weighing they were given their 24 hours’ rations. It was im- 

possible to give definite and equal amounts to the various rats, because their 

appetites exhibited great differences, and what was ample for one rat proved 

to be starvation diet for another. Hence the method was adopted of keeping 
the proportions of the constituents of the food constant and allowing the 

rats to eat what they liked, the amount eaten, of course, being noted. If a 

rat ate all its food, then the diet was increased the next day. In this way, 

with a little experience it was easy to gauge the animals’ appetites, and feed 

them so that only small quantities were left each day. It seemed essential 

that they should have sufficient to satisfy them, otherwise abnormal curves 

were obtained for the litters, even though the mother was given a very good 

diet, such as bread and milk (which will later be shown to be one of the best 

diets for a nursing rat). 
Bread alone was taken as the. poorest type of diet. In every case, except 

where 100 cc. milk were given, the animals were allowed water to drink. 

It was found that 15-0 g. bread was enough to start with and the amount 
was increased as necessary. When other foods were to be given, they were 

mixed with the bread, so that an even mixture was obtained. The bread etc., 

was always slightly moistened with warm water, because the animals would 

not eat much dry food, and it was also advantageous because they did not 

scatter the paste thus made about their cages, as they did dry food. The 
bread ration was increased by 5-0 g. per diem when necessary and the other — 

foods in corresponding proportions. 

The chief diets used were: 

1, Bread only ; 

2 » and meat extract 
3 ps » butter 

: E oe el > with water to drink, 

6 ” » milk 

et ae »» meat 
8. Meat only y 

Various combinations of the above were also made, e.g. bread, butter and 
meat extract, 
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The day on which the babies were first seen eating, generally the 18th, 
is indicated by * on the curves. The mothers were removed on the 21st day, 

unless the babies did not eat at the usual time, in which case the mother was 

allowed to remain three days after the babies began to eat. 

III. Errecr oF VARIATION IN THE MOTHER’S DIET ON THE GROWTH 

OF THE LITTER. 

(a) General conditions. 

Considerable differences were shown in the weights of the various litters. 
In some cases the average gain per day was about 4-5 g., while in others it 
was as much as 11-12 g. It might be expected that the daily gain would be 

greater towards the end of the lactation period than at the beginning, but this 

was not always the case. On a good full diet, e.g. bread and milk, there was 
a slight actual increase in weight gained per day towards the end of the 
lactation period, tending to keep the percentage increase constant, but with 
a poor diet, e.g. bread only, the actual increase in weight per day was usually 

greater at the beginning than at the end of the period. This latter fact seems 
what would be expected because such a diet is lacking in certain constituents 

which are normally present in milk and, it may be inferred, were present 
in the milk of these rats, as the litters were normally healthy, but small. The 

constituents are probably supplied from the mother’s tissues. Therefore 

towards the end of the lactation period it is probable that the available 

reserves of these special substances are coming to an end and consequently 

the babies do not gain as much as previously. In keeping with this explanation 
is the fact shown in the curves that the mothers themselves lose weight on 

poor diets. On other poor diets and especially those rich in extractives there 
seems to be a fairly uniform daily gain in the Sages of the litters and the 

mothers’ weights remain constant. 
There are a few remarks which apply generally to the curves. Later they 

will be treated separately. 

"1. The relation of the milk secretion to the amount of food taken by the mother. 
In the majority of cases, given any definite diet, a litter belonging to a 

mother which ate considerably more than another, did better than the litter of 
a mother which ate less. 

2. Relation of milk secretion and age and weight of mother. 

The age and weight of the mother seem to be unimportant factors. In 
some instances the heavier rats brought up their litters better, 7.e. curves of 

the young were better but this was by no means a general rule. In some 

cases a first litter did not grow as rapidly as the later ones, but this again is 
not always true. 

Bioch. xv 10 
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3. Condition of litters. 

(a) At birth. Litters of very low weight 7.e. about 20-0 g. for six (normal 

weight of six is about 30-0 g.) were generally weakly, but with a good mother 
they usually pulled up after a few days In a few cases the six weighed a 

small amount and yet did well. This was when they belonged to exceptionally 

large litters and this fact alone accounted for their low weight. Also such 
babies seemed physically fit, while weakly litters were easily detected by 

their general appearance as well as-low weight. 
(b) During lactation. In all cases (except where excess protein in the form 

of caseinogen was given) the litters were healthy and the babies quite strong 

and able to look after themselves when separated from their mothers, but the 
large differences in weight were parallelled by differences in size, e.g. a 10-11 

days’ “bread and milk” baby was often about the size of a 20-21 days’ 

“bread” baby. With the poorer diets, especially bread only, bread and butter, 
bread and dextrin, the babies’ coats were rather thin, more like an animal’s 

summer coat. An exception to this statement was found in the case of bread 

and meat extract where the babies had a normal coat, rather thick and silky. 
All the babies (except when the mother was given excess protein, as before 

mentioned) were able to run about at the usual age. Those belonging to the 

less well-fed motbers were, if anything, more lively than the fatter litters of 

the well-fed mothers. The babies belonging to the rats fed on (1) meat extract 

and bread, (2) meat extract, bread and butter were specially active. The 

general good health and activity of the young rats, even when the mother’s 

diet is deficient and their own weight small, indicate that it is the quantity 
rather than the quality of the milk which suffers as the result of defective 

feeding in the mother. 

(b) Individual diets. 
The majority of the figures consist of two sets of curves: 

1. The mothers’ weights. 

2. The weights of the litters. 

The corresponding mother and babies are indicated by the same symbols. 

At least three experiments were made with each diet, and an average growth 

curve given in Fig. 6. 

1. Bread only. Basal diet. Water to drink. 

The diet consisted of white bread, no crust being used. It was slightly 

moistened with water to prevent it from getting too dry. An initial ration 
of 15-0 g. per diem was given and this was increased by 5-0 g. at a time when 
necessary. 

In each experiment the mothers lost a considerable amount of weight and 
their curves show a varied loss throughout the lactation period. A large 

initial drop in weight was shown by two of the three animals and this is 
typical of many other experiments. 
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The litters show a steady but not large daily increase, which gradually 
gets less towards the end of the lactation period. Roughly, the curve might 

be divided into three parts, the first showing a daily increase of about 4-5 g., 
the second of 3-6 g., and the third of 2-2 g., after which the babies began to 

eat for themselves (see Fig. 6 and table on p. 158). 
This diet consisted chiefly of carbohydrate in the form of starch and 

protein. It was, therefore, partially deficient in fat, fat-soluble A, water- 

soluble B, and the anti-scorbutic factor. Since the young rats were healthy 

throughout and showed normal activity, it is probable that the mother can 
supply these deficiencies from her tissues. And, also, as the daily gain 

gradually becomes less, it might be inferred that the mother’s tissue supplies 

cannot entirely meet the demands made on them. 
It is seen from the figures given below that J ate more than either of the 

other rats and her litter showed the best growth; further, Z ate more than Y 
and the L babies did better than the Y babies. 

I ate 520 g. bread in 17 days 

L ,, 500 ,, o WD os 
Fret ea FE 

Result. The rat can bring up a healthy litter, normal in all respects except 
size, on a diet deficient in fat and vitamines. The mothers lose weight through- 
out the lactation period (see tables on p. 158). 

2. Effect of adding meat extract to basal diet. Water to drink. 

The initial diet consisted of 15-0 g. bread and 2-0 g. meat extract (a com- 
mercial preparation “Jardox” was used). The extract was dissolved in hot 
water, poured over the bread and an even mixture made. When necessary 
the diet was increased by 5-0 g. bread and a proportionate amount of meat 
extract added. This diet is slightly better than the basal diet, but is again 
deficient in fat and probably in vitamines as well. Nevertheless there are 
remarkable differences in the results. 

The most noticeable feature when meat extract is given, is that the 

mothers’ weights show very little or no loss, and in one case a decided gain 
was exhibited throughout the lactation period. Also the initial loss in the 
mothers’ weights (pointed out previously when discussing the bread diet) is 
absent in two of the three animals. In addition the mothers show a steadier 
weight curve than that usually obtained, when the animals frequently lose 

or gain about 10-0 g. per day. 
The greater increase in growth of the litter as a result of the mother’s 

eating more is again illustrated. 

3 ate 490 g. bread and 66 g. meat extract in 18 days 
ee ee eae a) 
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The litters show a more even increase in rate of growth throughout the 
lactation period and do not exhibit the slower growth towards the end of the 
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period, as shown by litters whose mothers received only bread (see Fig. 6 and 
table on p. 158). 

Result. When extractives are added to the basal diet, the mothers lose 

very little, if any, weight and their curves are much more regular. As com- 

pared with bread diet the milk secreticn is slightly improved, more especially 
at the end of lactation and the litters gain practically equal amounts throughout 

the lactation period. 

3. The effect of additional carbohydrate in the diet. Water to drink. 

The initial ration consisted of the usual 15-0 g. bread to which 5-0g. 

dextrin were added. The dextrin was dissolved in a small eee of hot 
water, the bread added and an even mixture made. 

The curves representing the rate of growth of the litters are peaatienlle 
identical with those of litters whose mothers fed on bread only. From this it 

_ appears that an excess of carbohydrate in the diet makes no difference to the 
milk supply of the mother, which is very different from the results obtained 

when excess protein was given to the mother (see curves in Figs. 1, 2, 3 to 

be described later). 
The mothers’ curves also are very similar to those of the rats fed on bread 

only, a typical loss in weight being again a characteristic (see table on p. 158). 
Result. Additional carbohydrate in the form of dextrin has no effect on 

the milk secretion. 

4. Effect of adding fat and fat-soluble A to basal diet. Water to drink. 

Two types of diet were used in these experiments: 
(a) 15-0 g. bread, and 2-0 g. butter, for initial diet. « 

(6) ” 29 5-0 g- ? ” 

The bread was moistened with hot water, the butter melted and an even 

mixture made. 

The curves of the growth of the litters are again similar to those obtained 
when the mothers were given a bread diet. 

From the experiments made under these conditions, it seems that the 

extra fat has a slightly depressing effect on the curves of the litters, but this 
may be an indirect effect, because it was found that with a fatty diet of any 

kind, the mothers tended to eat less than the normal amount. In such a diet 

the calorific value was not appreciably depleted, but the animals were getting 

less protein. 

These experiments suggest that fat is an unimportant factor in the 
question of milk production. 

The curves of Fig. 2 suggest that fat may play a more important part if 

more protein is given, because litters K and M in the upward parts of their 

curves did better than litter O, the mother in this case receiving no fat in 
her diet. The significance of this is by no means clear and the point awaits 

further investigation. 
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Result. When fat and fat-soluble A are added to the basal diet, the mothers 
lose in weight as on the basal diet and the rate of growth of the litters is 
practically the same as when the mothers are fed on bread alone (table, 

p. 158). 

5. The effect of adding milk to the basal diet. 

The milk ration was kept constant at 100 cc. per diem. An initial amount j 

of 15-0 g. bread was given and increased by 5-0 g. as in previous experiments. _ 
This is decidedly the best diet used as it contains all the necessary factors. 

The daily gain of the litter exceeded that obtained with any other diet (see 
Fig. 6, curve D). When milk was given to the mothers it was noticeable that 
the actual daily increase in weight of the litters became greater towards the 
end of the lactation period, the exact opposite of what was found with poor 

diets, e.g. bread, or bread and dextrin, or bread and butter. The mothers’ - 

curves were somewhat irregular but speaking generally, a loss in weight was 

followed by a gain, so that there was no very great permanent loss. 
Result. Milk added to the basal diet forms a most efficient food and the 

litters show maximum gains in weight (table, p. 158). 

6. (a) Effect of adding meat to basal diet. Water to drink. 

Equal weights of bread and meat were given. The bread was moistened 
with water as before, the meat minced finely (after removal of fat) and an 

even mixture made. 
The mothers’ curves are characterised by gain rather than by loss of weight. 

The litters gained practically equal amounts daily throughout the lactation 
period. This result is similar to that described with respect to those litters 
whose mothers were fed on bread and meat extract. The addition of meat 

to the bread had an obviously beneficial effect on the secretion of milk (see 
Fig. 6, curve 2). 

| Result. Meat added to the basal diet of bread promoted rapid growth of 
the young, but not so marked as when the mothers were fed on bread and 
milk (table, p. 158). 

(6) Effect of feeding with lean meat only. Water to drink. 

This diet was not so good as that of bread and meat, possibly because the 
carbohydrate was insufficient for the effective metabolism of the protein 

taken. The mothers lost weight and the daily gain of the litters was less than 

half that of the litters whose mothers received bread and meat (see Fig. 6, 
curve 10 and tables on p. 158). 

When fed on bread and meat or meat only the rats ate large quantities, 
e.g. 30-0 g. meat plus 30-0 g. bread, and 60-0 g. meat. These are exceptionally 

large amounts considering that the rats were by no means fully grown and 
only weighed 190-0 and 150-0 g. respectively. Even then, when eating meat 

only, the rats would not be getting an energy value equivalent to that of the 
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basal diet. The average amount eaten per day on a meat diet was 45-0 g. 
and on a bread diet the average consumption was about 28-0 g. per day. The 
energy value of 45-0 g. meat is about 460-0, while that of 28-0 g. bread is 
690-0. Hence on a meat diet the mother may not be able to eat sufficient 

food to get the necessary amount of energy for a good milk secretion. 
Result. Meat only is not a diet suitable for producing a good mammary 

secretion, possibly because the energy of the food is too little to allow for 

the supply of a good milk secretion. 

(c) The effect of adding bread to a diet consisting entirely of meat. 

Water to drink. 

A rat was fed entirely on meat for nine days of the lactation period and 

then her diet was changed to an equal mixture of bread and meat. When 

the mother was eating meat alone, the litter gained an average of 4-0 g. per 

day, but when her diet was altered they gained on an average 6-8 g. per day. 
She lost less weight on the mixed diet and after a few days even showed a 
tendency to put on weight. The question of change of diet during the lactation 

period is discussed more fully later. 

7. The effect of adding butter and meat extract to basal diet. Water to drink. 

The proportions used were 15:0 g. bread, 2-0 g. butter and 2-0 g. meat 
extract (commercial preparation “Jardox”). The meat extract was dissolved 

in sufficient hot water to moisten the bread. The butter was melted and the 
whole made into an even mixture. 

An interesting point arises here in connection with the mothers’ weights. 

In other experiments, where meat extractives were fed, the mothers did not 

lose weight to any appreciable degree, but either maintained or slightly 
increased their original weight. In these earlier described experiments, no 
fat was given, while in the ones now being discussed, two or more g. of fat 

were taken per day. The action of the fat appears to inhibit that of the ex- 
tractives since the mothers lost weight to about the same extent as when they 

were fed on the basal diet of bread only. A further point is brought out by 

these results. One mother lost more weight than either of the others which 
received the same diet. At the same time her litter gave a better growth 

curve, the jmprovement being greater than could be accounted for by the 
extra food eaten by their mother. Similar results were obtained in other 

experiments, which might be taken to indicate a connection between loss of 

weight in the mother and gain of weight in the young. 
However, the experimental evidence is insufficient to allow of a definite 

statement either with regard to the metabolism of simultaneously ingested 
butter and extractives, or the mutual relation between the weights of the 
mother and her offspring. 

Result. When fat is added to a diet of bread and meat extract it does not 
have any marked stimulating effect on the production of milk and the litters 
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do not show any great increase in weight (table, p. 158). On the other hand 
the addition of fat now brings about loss in the mother’s weight, which is 
not evident in its absence (table, p. 158). 

8. The effect of excess protein in the mother’s diet (Figs. 1, 2, 3). 

The protein employed was pure caseinogen used in various diets described 

below. 
The results were striking, the litters did well for a time, but eventually 

died, showing typical symptoms. In most cases they gained weight normally 
at first, then ceased to gain, finally lost weight and died. The first indication 

that something was wrong with the babies was that they became very ex- 
citable, and when taken out to be weighed, kicked and struggled, whereas 

normal babies would have kept fairly still. The age at which the symptoms 
developed varied in the different litters according to the diet chosen, but all 
exhibited them sooner or later. About two days after the excitability was 

first noticed, the babies usually showed signs of inability to crawl normally 
and had a marked tendency to drag one hind leg and roll over towards that 
side. 

Later extensor and contractor spasms were evident and in very bad stages 

the young rats dashed madly round their cages, bit each other and their 

mother and knocked themselves wildly against the sides of the cage. The 
fits generally lasted 3-5 minutes, after which the babies were exhausted and 
slept. 

If the symptoms were not really bad until the babies were about 18 days 

old, they frequently recovered, if they ate for themselves. When the babies 

died at about 15-16 days, death was always preceded by extreme weakness 
and they had the appearance of being starved, although starvation alone 
could not cause these symptoms. On examination their alimentary canals 
were found to be practically empty, which naturally suggested interference 

with the milk supply of the mother. Accordingly the mother was killed and 

the mammary glands were found to contain no milk, but only a small quantity 

of a lymph-like substance, while the glands of a well-fed mother contained 
a large amount of milk, which oozed out directly the tissue was cut. Thus 

it appears that excess protein in the diet first causes the production of abnormal 

milk and then stops the milk supply. 

The mothers appeared to be normally healthy but in some cases developed 
diarrhoea to a slighter or greater extent and the faeces were light in colour. 

This question of the relationship between protein metabolism and milk 
secretion arose purely incidentally in the experiments. Its importance was 

at once recognised and therefore experiments to elucidate the problem were 
begun and are still in progress. 

The mothers gained noticeably in weight and remained apparently in good 
health even when the young all died. Whether an excess of protein in the 

diet has any relation to the development of fits in suckling children or even ~ 
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to the abnormal excitement and réstlessness that is often seen in such children, 

remains to be examined by further investigation. 

(a) Effect of adding excess caseinogen to basal diet. Water to drink (Fig. 1). 

The proportions used were 15-0 g. bread and 5-0 g. caseinogen. The bread 

was well moistened and thoroughly mixed with the caseinogen. 
The litter P did not develop the symptoms early, possibly because their 

mother ate less caseinogen than N or 7. However three died; probably the 

others survived because they ate for themselves. 
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Fig. 1. Diet of bread and caseinogen. 

Litter N all died, in spite of the fact that the mother’s diet was changed 
to bread and milk on the 13th day when the symptoms became evident. It 
may be that the milk supply started again as found in experiment O (p. 154), 

but the babies were too weak to suck. 
Litter 7 showed symptoms similar to those of litter N, one was found 

dead on the 17th day, two more died that day and the remainder were killed 
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together with their mother. The babies’ stomachs were empty and their 

intestines almost so. The mother appeared normal, except that on cutting 
the mammary glands, no milk oozed out, but only a thin lymph-like secretion. 

Result. Addition of excess caseinogen to the basal diet causes the mother 

to put on weight, but the milk supply:is affected in such a way that the 
litters do well up to the 10th day, after which they cease to gain weight and 
finally die. It appears that the quality of the mother’s milk, after being very 

good, is detrimentally altered before being completely suppressed. 

(b) Effect of adding caseinogen to other diets. Water to drink (Fig. 2). 

The diets given were: 
1. Bread 15-0 g., caseinogen 5-0 g., meat extract 20g.  ...  «. Exp. O 
2. ” bg am ” ” ” ” butter 2-0 &. Exp. K 

3. ” ” ” ” Yeast ” ” ” ” Exp. M 
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The yeast extract used was “Marmite” and the foods were mixed as before 

described. 
The mothers’ weights again show a decided increase. The weighings of M 

were discontinued because she was found to be pregnant. 
With regard to the litters, all the K babies died, in spite of the fact that 

the mother’s diet was changed. It seems probable, as suggested previously, 

that the milk supply was not re-established until the babies were too weak 

to suck. 
In the case of M the diet was changed to bread and milk before the 

symptoms became very severe, and as shown by the curve, the babies re- 

covered. Later they were given to a foster mother as their own mother was 
pregnant and there was the possibility of the birth of another litter. (This 

second litter proved to be quite normal in every respect.) It may be that 

the rat’s becoming pregnant again, while no others did so, is a factor which 
must be taken into account, but the work is insufficient to warrant any 

suggestions upon this point. © 
Litter O all developed the typical symptoms; one was dead on the 15th 

day and the remaining five died the next day. The mother O was killed on 

the 16th day (24 hours after the diet had been changed to bread and milk) and 

her mammary glands contained a small quantity of milk which led to the con- 
clusion that the milk supply was just being restarted. The babies, like those 

of litter V, had nothing in their stomachs and very little in their intestines. 

Result. The milk supply of the mother is stopped by excess caseinogen 

in any diet, but the secretion can be re-established by changing the diet to 

bread and milk. 

(c) Comparison of bread and milk diet with one containing 

excess caseinogen (Fig. 3). 
The diets used were: 

1. 100 cc, milk, bread 15-0 g. (increased when necessary) .. Exp.D 
2. Bread 15-0 g., caseinogen 5-0 g., meat extract 2-0 g., butter 2-0 g.... Exp. K 

An interesting point is brought out by this experiment. The two curves 

run parallel until the 10th day. This is a curious fact for it is to be remembered 

that bread and milk diet gives the best growth curve. After the 10th day, 
the litter K ceased to gain weight and finally died. Possibly a similar diet 
to that used in experiment K, 7.e. bread, caseinogen, meat extract and butter, 

would give a maximum growth curve, if less caseinogen were used. It is hoped 
to work out this point later. 

9. (a) Comparison of animal and yeast extractives (Figs. 4, 5). 

The diets used were: 

A. 1. Meat extract, bread, caseinogen, butter Exp. a Fic. 4 

2. Yeast. ,, ‘s Ri Exp. M a tied 

B. 1. Meat extract, bread and butter wee Exp. I | 5 

2. Yeast ,, “ o eb Exp. A & 
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The diets were mixed as before described. The meat and yeast extracts 
used were the commercial preparations “Jardox” and “Marmite” respec- 
tively. : 

The work on this question is scanty, but tends to show that the growth 
curves of the young are better when the mother receives animal extractives, 

than when she is given yeast extractives in her diet. 
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(b) Comparison of various diets in relation to growth of litters (Fig. 6). 

In the following comparisons typical curves taken from the previously 

described experiments are used (see p. 158), 
1, Comparison of (a) bread (basal diet), 

(6) bread and fat, 
(c) bread and additional carbohydrate. 
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E The growth curves obtained when the mothers were fed on the above 

diets were almost identical. Hence fat, fat-soluble A and extra carbohydrate 

added to a poor diet appear to have no effect on the mammary secretion. 

The mothers show a distinct loss in weight during the lactation period. 
2. Comparison of (a) bread (basal diet), 

(b) bread and meat extract, 

(c) bread and meat extract and fat. 
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Fig. 6. 

The typical “bread curve” is compared with curves obtained by feeding 
the mothers on bread and meat extract, and bread, meat extract, and butter 

respectively. This shows that better results are obtained with the improve- 
ment in diet and also that (as pointed out previously) butter has not very 
much effect. The difference in growth is so slight that it could even be ob- 
tained using the same diet, and it may be concluded that a diet of bread 
and meat extract is practically equivalent to a similar one with butter added 
so far as the secretion of milk is concerned. 

3. Comparison of (a) bread (basal diet), 
(6) bread and meat, 
(c) bread and meat extract, 

(d) bread and milk, 

_ (e) meat only. 
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Fig. 6 represents a comparison of the typical growth curves obtained with 
widely different diets. To avoid complication in the figure, bread is taken 
as representing the curves of bread, bread and fat, and bread and additional 

carbohydrate, previously described as almost identical. Similarly bread, meat 
extract and fat is omitted owing to its resemblance to bread and meat extract 
with regard to effect on mammary secretion. 

Comparing the diets in this way accentuates the fact that differences in 

the curves are greater towards the end of the lactation period, than at the 

beginning, e.g. the curves of (D) (bread and milk) and (2) (bread and meat) 
run together till the 9th day and then gradually diverge. Again the curve 

of L (bread only) runs parallel with that of (3) (bread and meat extract) 

until about the 7th day after which the extractives produce a better effect. 

Table showing relative gain in weight of litter when 

mothers recewe different diets: 

Average gain of litters 
C= — Y 

Mother’s diet Days 1-7 Days7-14 Days 14—eating 

g. g. g. 
Bread only (basal diet) ... es ae 4:5 3-6 2: 
Bread and butter oe Sa aes 4:3 3-06 2-5 
Bread and dextrin a En Si 4-5 3°25 2-0 
Bread and meat extract... fers ase 5-1 5-25 5-0 

Bread, meat extract and butter ee 5:3 6-1 4-7 

Bread and meat ... se ake ee 8-3 8-66 9-0 

Meat only oi cop aie ook 3°5 3-2 4:5 
Bread and milk ... ne “ae Fee 9-0 10:5 11-0 

Bread, caseinogen, butter, meat extract 8-0 5:3 -8-0 

Table showing initial and final weights of litters and mothers, 

when latter received different diets. 

Weights of litters Weights 8 of mothers 
A. 

When eating ‘After birth When litter 
Mother’s diet At birth for themselves _ of litter eating 

g. g. g. g. 
Bread only (basal diet) sae 30 90 12 105 

Bread and butter yas aap 30 85 148 125 

Bread and dextrin as a 30 88 173 144 

Bread and meat extract eet 33 114 132 132 

Bread, meat extract and butter 28 122 176 168 

Bread and meat aa a5 26 143 140 140 
Meat only eve vee one 24 81 168 148 

Bread and milk eae int 35 185 163 161 

(c) The effect of change of diet during the lactation period (Fig. 7). 

The effect of changing the diet during the lactation period is most striking. 

It is obtained quickly, the difference in daily gain being noticeable within 

24 hours after changing the food. The curve @ represents the typical curve 
of a bread and milk diet and L that of a bread diet. 
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In experiment U the mother was fed on bread and milk for the first 

eight days and then the diet was changed to bread only. A.decrease in the 
daily gain of the litter was noticed 24 hours after the change of diet (see 

Fig. 7). 
In experiment S the converse was tried, 7.e. bread for the first period, 

changing to bread and milk later and in this case the improvement in diet 

produced a corresponding increase in the daily gain of the litter. | 

It is interesting to note how the parts of the curves due to a bread diet 
run parallel with the typical bread curve, and those due to bread and milk 

diet with the typical bread and milk curve. This experiment indicates that 

it makes no difference whether the good diet be given at the beginning or the 

end of the lactation, since the milk supply is largely dependent on the daily 

intake of food. 

This point was also noticed on changing from a diet composed entirely 

of meat to one of bread and meat. 

IV. THE SUPPLY OF ESSENTIAL SUBSTANCES FROM THE 

MOTHER'S TISSUES (Fig. 8). 

Since the mothers receiving such inadequate diets as bread only, bread 
and dextrin etc., were able to bring up healthy litters, normal in all respects 
except that they were smaller than those of litters whose mothers received good 
diets, it seems evident that the mothers can supply various constituents for 
their milk from their own tissues. 

The adequacy of the different diets was tested by keeping the young (after 
removal of the mother) on the same diets used during the lactation period. 
The results of these experiments are shown in Fig. 8. The day on which the 

babies began to eat for themselves is indicated by * and the removal of the - 
mother is shown by an arrow. 

From this diagram it is quite evident that with a full diet, e.g. bread and 

milk, bread and meat, the young will continue to grow at a fair rate after 

their mother has been taken away. On the other hand, with poor diets, the 
young rats gained weight very slowly after their mother had been removed. 

From these “poor diet” results, it appears probable that the mother is 

able to supply certain food constituents absent from the diet. 

The supply is cut short when the mother is removed and the young rats 
at once show a decline in the rate of growth. 

Bread diet. Experiment L: 

Baby rats gained 60 g. in 18 days when fed by mother. 
, » 24g., 11 ,  ,, eating bread. 

Bread and fat diet. Eaperiment Q: 

Baby rats gained 68 g. in 17 days when fed by mother. 

i" s 18g. ,,14 ,,  ,, eating bread and butter. 
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These experiments indicate that the mother can furnish from her own 
tissues, fat, fat-soluble A, water-soluble B, and the anti-scorbutic factor. 
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Scale reduced $ compared with other diagrams. 

V. GENERAL CONCLUSIONS. 

1. With certain typical diets, definite and different curves can be obtained 

for the rate of growth of the litters which obviously are an indication of 
differences either in quantity or quality or both of thé mother’s secretion 
of milk. 

When the mother is given a good diet, e.g. bread and whole milk, the 
baby rats at the end of lactation weigh twice as much as when she receives 
a poor diet, e.g. bread only. 

2. The loss or gain in the weight of the mother is not definite, but liable 
to great variation. Speaking generally the mother loses less weight as the diet 

contains more physiologically good elements. In the majority of cases the 

mother shows a typical initial loss of weight at the beginning of the lactation 
period. 

3. Extractives tend to keep up the mother’s weight. Protein has a 
similar effect. . 

4. Excess protein in the mother’s diet probably alters the composition of 
the milk and after a time causes the milk supply to cease. On altering the 

diet to bread and milk, the secretion is again established, 

Bioch. xv 1l 
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5. Excess carbohydrate appears to have no effect at all. 

6. Excess fat in the mother’s diet has a slightly depressing effect on the 
growth of the litter, but the absence of fat seems to make practically no 

difference. 

7. On any given diet, the litter belonging to a rat which eats a large 
amount, does better than one the mother of which eats a less amount. 

8. The mother can supply certain essential substances from her own 

tissues, viz. fat, fat-soluble A, water-soluble B and the anti-scorbutic factor 

during the normal period of lactation. 

9. The milk supply to a large extent is dependent on the food taken and 

can be increased or diminished within 24 hours by changing the diet. 

The expenses of the research were partly defrayed by a grant from the 

Medical Research Committee. 
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XVIII. INVESTIGATION OF THE ANTI-SCORBUTIC 
VALUE OF FULL CREAM SWEETENED 
CONDENSED MILK BY EXPERIMENTS 
WITH MONKEYS. 

By ELEANOR MARGARET HUME. 

From the Department of Experimental Pathology, Lister Institute. 

(Received January 5th, 1921.) 

INTRODUCTORY. 

EXPERIMENTS have already been made [Barnes and Hume, 1919] on the anti- 

scorbutic value of raw, dried and heated cow’s milk and for some of these 

experiments monkeys were used. Reference is there made to the literature 
of the subject, but as far as is known no experimental observations are extant 
on the anti-scorbutic value of sweetened condensed milk. 

It is probable from what is already known of the anti-scorbutic value of 
milk heated to 100°, or above, that unsweetened condensed milk has lost all 
or almost all of its anti-scorbutic property, since it is heated at a temperature 
above 100° in order to sterilise it. With sweetened condensed milk however 
the high concentration of sugar is depended upon as the preservative after 
the preliminary pasteurisation of the milk. Concentration is carried out 
below 55° and is conducted in vacuo. It therefore seemed of interest to examine 
some well-known brand of condensed milk from this point of view and Nestlé’s 

was chosen for the purpose. — 
In the work already referred to [Barnes and Hume, 1919], the minimum 

dose of raw milk daily needed to protect monkeys of 2-3 kilos. weight from 
scurvy was found to be 100-150 cc. daily. It was therefore only necessary 
to establish the minimum daily dose of condensed milk which would protect 
the same or similar animals from scurvy, in order to be able to calculate the 
loss, if any, suffered by the condensed milk. 

MATERIAL USED: ‘ 

The material used consisted of two batches of milk, of which one batch 

was used in experiment 1 and the other in experiment 2. 
By arrangement with the Nestlé Anglo-Swiss Condensed Milk Co., to whom 

the writer is indebted both for the gift of the material and for all details 
about it, the milk in each batch was absolutely uniform, Batch 1 was made 

11—2 
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on June 7th, 1919, and the experiment was started in August, 1919; batch 2 

was made on October 24th, 1919, and the experiment was started in February, 

1920. In neither batch was any of the milk from stall fed cows. 
The milk is condensed as follows: 
Pooled full cream milk is first heated in a vessel with continuous inflow 

and outflow, the temperature of which is about 80°. It is computed that the 
milk remains at this temperature for about 3} minutes. The sugar is next 

added; during this part of the process there is access of air. It then passes 
to a vacuum condenser where it boils at about 50° for about three hours and 

is drawn off when it passes a certain viscosity test. It is then cooled in bulk 
and during this part of the process there is again access of air. 

Figures were provided by the Company giving the degree of condensation, 
which made it possible to calculate the amount of condensed milk equal to 

any given quantity of raw milk. These figures differ for every batch. 

TECHNIQUE OF THE EXPERIMENTS. 

The technique is fully set out in the paper already quoted [Barnes and 
Hume, 1919]. 

The basal diet consisted of boiled white rice and wheat germ and the 
ration of milk was relied on to provide sufficient vitamin A. 

Both monkeys were male sooty mangabeys (Cercocebus fuliginosus) the 

anti-scorbutic needs of which had been previously ascertained. The one 

“Rags” had remained in health on a ration of 200 cc. of raw milk daily for 
225 days, while the other “Toby” had developed scurvy after 77 days on 

a ration of 200 ce. dried milk; he was then cured on 200 cc. of raw milk, just 
scalded, daily. A ration of: 200 cc. raw milk daily was therefore more than 

sufficient to provide anti-scorbutic for either of these monkeys, at a time 

when they weighed 2-3 kilos. In the course of the present experiments they 
grew to be monkeys weighing 5 and 4-5 kilos. respectively and were still 
growing; their anti-scorbutic needs might therefore be supposed to be greater 
and not less than in the preceding experiment. 

EXPERIMENTAL RESULTS. 

Experiment 1. This experiment was carried out with the June batch of 
milk. Both monkeys received the equivalent of 250 ce. of fresh milk daily, 
Rags for 188 days and Toby for 199 days. 

In this period Rags grew from 3370 g. to 4190 g., an increment of 820 g., 

while Toby grew from 3560 g. to 4320 g., an increase of 760 g. Both remained 
in perfect health the whole time. 

Experiment 2, This experiment was conducted with the October batch 
of milk. Toby received the equivalent of 200 cc. of fresh milk for 260 days 

and increased from 4320 to 5020 g., an increase of 700g. He was in perfect 
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health at the close of the experiment but the rate of growth was slower than 
in the previous experiment. 

Rags received the equivalent of 150 cc. of fresh milk together with 50 cc. 
of the same milk, autoclaved at 120° for one hour; this destroyed the anti- 

scorbutic in the added 50 cc. but made the vitamin A value of the ration 

the same as in the case of Toby. The animal increased in 246 days from 
4190 to 4570 g. an increase of only 380 g., less than half the growth in the 
former shorter period, and not much more than half the growth shown by 

Toby on the same vitamin A ration. The two animals’ rates of growth in 
the first experiment on identical rations were almost exactly the same: the 
animal however appeared to be in perfect health at the close of the experi- 
ment. 

The lag in Rags’ growth on the 150 cc. ration might be due to a slight 

anti-scorbutic insufficiency, but since in previous experiments [Barnes and 
Hume 1919], the minimum requirement for monkeys of 2 to 3 kilos. was 
found to be 100 to 150 cc. of raw winter milk a day, it cannot be definitely 

stated that any loss of anti-scorbutic potency is demonstrated in the con- 
densed milk. 

The loss, if any, is small and the same is also true with regard to vitamin 4. 

The present experiments were not made with a view to testing this property, 

but save for the wheat germ, the milk provided the sole source of vitamin 4 
in the diet. Previous experience [Barnes and Hume, 1919] has shown that 

about 200 cc. of autoclaved milk daily provide a supply of vitamin 4 which 
enables good growth in monkeys of 2-3 kilos. to take place. 

_ A recent experiment of Hopkins [1920] has shown that the vitamin A 

value of butter is only destroyed on heating at 120° for four hours, when access 
of air is permitted. Recent experiments by Delf [1920, p. 227] suggest that 

the anti-scorbutic vitamin is also much more susceptible to heat when free 

access of air is permitted. Unpublished experiments by Zilva show that there 

is loss of anti-scorbutic potency in substances exposed to the action of ozone. 
Doubtless these observations give the explanation of the non-destruction of 
vitamins in the condensation of Nestlé’s sweetened condensed milk, for though 

_ the milk is heated for a very considerable time, though at a low temperature, 

it is heated in vacuo. 
One important point should however be made with reference to the use 

of sweetened condensedmilks in infant feeding. The above experiments show 
that there is little if any vitamin destruction in such milk but it must be borne 
in mind that in the experiments the milk was reconstituted to have as nearly 
as possible the same fat and vitamin (assuming no destruction) content as 

raw milk. That is to say that it was diluted at most four times (one vol. 
condensed milk to-about three vols. water) whereas instructions for the use 
of the milk for infants suggest a dilution of at the lowest eight times and at 

the highest very much more. So large an addition of water produces a dilution 
of the fat and vitamins to an extent likely to be dangerous, although the high 
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percentage of sugar gives an adequate calorie supply, a danger to which 

attention was drawn by Coutts [1911]. 

Thanks are due to Dr C. J. Martin and to Dr H. Chick for help in directing 

the experiment and to Miss H. Henderson Smith for help in caring for the 

monkeys. 
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XIX. NOTE ON THE PERMEABILITY OF THE 
RED CORPUSCLES FOR AMINO-ACIDS. 

By SHUZO KOZAWA anp NOBU MIYAMOTO. 

From the 2nd medical clinic, Medical College, Osaka. 

(Received January 13th, 1921.) 

In previous publications, one of the authors, 8. Kozawa [1914, 1919], has 
shown that the red corpuscles of man and monkey can take up all the hexoses 
and pentoses, as well as glucosamine. This was proved by chemical analysis 

and by means of the hematocrit. In connection with this experiment, the 

permeability of red corpuscles was also tested for amino-acids by means of 
the hematocrit, and the following results were obtained on the blood of different 
animals, 

Table I. 

Time Alanine Glycocoll 

I. Red corpuscles of man. 

20 minutes 27-2 27-2 
6 hours 28-5 27-5 

II. Red corpuscles of dog. 

15 minutes 29-0 — 
5 hours 27-5 — 

III. Red corpuscles of horse. 

10 minutes 28-2 _ 

2 hours 29-0 _- 

IV. Red corpuscles of ox. 

10 minutes 25-5 24-0 
5 hours 24-0 23-0 

These results seemed to show that the red corpuscles were impermeable 
for amino-acids. The hematocrit test is, however, not so exact as chemical 
methods. It has been stated by Constantino [1913], who employed the formol 

method of estimation, that glycocoll, asparagine and the amino-acids obtained 
by the hydrolysis of caseinogen penetrated in small amounts into the red 
corpuscles of ox blood. We, therefore, thought it worth while to reinvestigate 
the permeability of the corpuscles in man, ox, and goat for amino-acids, 
employing the method of van Slyke [see Plimmer, 1915] for our estimation. 

For the removal of blood protein, we employed the method of Rosenberg 

[1914], using a 2 % solution of mercuric chloride, containing 0-8 % HCl. 
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EXPERIMENTAL. 

The amino-acids used in these experiments were isotonic solutions of 

glycocoll (2-2 %), and histidine (4-7 %). We first determined the quantities 

of the amino-acids present in normal defibrinated blood and its constituents, 
namely, the red corpuscles and serum. We then added 0-2 g. of each amino- 

acid (2:2 % glycocoll solution, 9-0 cc.; 4-7 % histidine solution, 4-25 cc.) to 

each 30 cc. of defibrinated blood. The mixture was then placed for one hour 

in an incubator at 38°. The red corpuscles and serum were then separated by 
means of a powerful centrifuge. The red corpuscles separated in this way 

still contain a small quantity of serum, which is estimated by means of the 
hematocrit, and allowed for in the formol estimation. After one hour in the 

incubator, 5 to 10 cc. of the mixture are taken up with a pipette, the proteins 

are removed, as already indicated, and the nitrogen contents estimated by the 
van Slyke method. By this method, glycocoll would give rather larger figures 

than are actually obtained, but this has been allowed for by reducing the 

results in the ratio of 105 to 100. 

Table IT. 

I. Experiments on ox blood. 

A. Normal defibrinated blood. 

Volume of 
amino-nitrogen Amino-nitrogen 

Kind of blood (corrected) in 10 ce. 
ce. mg. 

Defibrinated blood 20 ce. 2-40 0:6936 

I [ied corpuscles 20 ce. ... 2°15 0-6256 

Serum 20 ce. ... a 2-80 0-7989 

Defibrinated blood 20 ce 3-23 0-9173 
IL. 4 Red corpuscles 20 ce. ... 2-80 0-7952 

Serum 20 cc, ... we 3-18 08991 

Defibrinated blood 20 ce. 3°80 1/1105 

III. 4 Red corpuscles 20 ce. ... 3°50 1:0228 
Laat 2000. ... sé 3°20 0-9884 

B. Defibrinated blood 30 ce. with 0-2 g. glycocoll or histidine. 

Further cor- 
Volume of rected with 

pre a hematocrit Amino-nitrogen 
Kind of blood (corrected) volume in 10 ce. 

ce. ce. mg. 

I f{ Red corpuscles with glycocoll 10 ce. 6-93 3°135 1-8386 

* \Serum with glycocoll 10 ce. ass 22-10 — 12-9285 

ll { Red corpuscles with histidine 10 cc. 5-04 3°50 1-9687 

* Serum with histidine 10 cc, or 11-20 _ 6-3000 

ill f Red corpuscles with histidine 10 ce, S17 3°88 2-2756 

(Serum with histidine 10 cc. oss 10°34 — 6-0644 — 
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II. Experiments on goat’s blood. 

A. Normal defibrinated blood. 

Volume of 
amino-nitrogen Amino-nitrogen 

Kind of blood (corrected) in 10 ce. 
ce. mg. 

Red corpuscles 10 cc... 2-66 1-5324 
Serum 10 ce. dss ese 1-98 1-1414 

B. Defibrinated blood with amino-acid. 

Further cor- 
Volume of rected with 

amino-ni n hematocrit | Amino-nitrogen 
Kind of blood (corrected) volume in 10 ce. 

ce. ce, mg 

I Red corpuscles with glycocoll 10 ce. 8-84 5-13 2-9420 
* (Serum with glycocoll 10 ce. oe 23-66 — 13-5350 

nt Red corpuscles with histidine 10 cc. —-_- 6-60 5-60 3-2284 

* (Serum with histidine 10 cc. os 10-64 _ 6-1339 

III. Haperiments on human blood. 

A. Normal defibrinated blood. 

Volume of 
amino-nitrogen Amino-nitrogen 

Kind of blood (corrected) in 10 ce. 
ce. mg. 

Blood 5 ce, aa 1-16 1-36996 
Red corpuscles 5cc. —.... 1-17 1-39814 

Serum l0ce. ... pans 2-20 1-31450 

B. Defibrinated blood with amino-acid. 

Further cor- 
Volume of rected with 

» amino-ni hematocrit Amino-nitrogen 
Kind of blood (co: ) volume in 10 ce. 

ce. cc. mg. 

L Red ‘corpuscles with glycocoll 10 ce. 10-08 7-10 4-1748 
Serum with glycocoll 10 ce. sie 21-84 _ 12-8184 

Ir Red corpuscles with histidine 10 ce. 6-88 5-02 2-9317 

* (Serum with histidine 10 ce. aos 14-30 —_— 8-3512 

It is evident from the results of these tables, that the amino-acid content 
of the red corpuscles undergoes a considerable increase on the addition of 
amino-acids to the whole blood. In the experiments given, the corresponding 
content of amino-acids was raised to two or three times the normal amount, 

and was below the content of the serum. We are thus, by the application of 
van Slyke’s method, able to confirm, on ox, man and goat, the results obtained 

by Constantino in ox blood by the formol method. 



or ie ~§. KOZAWA AND N. MIYAMOTO — 

CoNCLUSION. ; 

We may conclude that the red corpuscles of ox, man and goat are, to a C q 
certain extent, permeable for amino-acids, such as glycocoll and histidine. 
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XX. THE ESTIMATION OF BLOOD SUGAR. 

By ERIC PONDER anp LAURENCE HOWIE. — 

From the Department of Physiology, University of Edinburgh. 

(Received January 13th, 1921.) 

THE method devised by Folin and Wu in 1918 and revised by them in 1920 
[1918, 1920] has afforded a means of estimating blood sugar with a high degree 
of consistency and accuracy. To obviate the one objection to this method— 

namely, the necessity of using a larger quantity of blood than is readily 
obtained from a finger prick—Mackenzie Wallis and Gallagher [1920] have 
devised a micro-method, based partly on the work of I. Bang [1914], but 

chiefly on the method of Folin and Wu. That their method is convenient in 
the respect that small quantities of blood are required, is beyond doubt: their 

technique, however, introduces several very undesirable features, besides 
being somewhat lengthy. In their method the small quantity of blood required 

is weighed on absorbent paper on a torsion balance: the glucose is then ex- 
tracted from the paper by distilled water, the proteins precipitated by tungstic 

acid, and the sugar in the filtrate estimated by the method of Folin and Wu. 

The use of the torsion balance is an unfortunate feature of this method, 

for it almost necessarily introduces an initial error of considerable magnitude, 

owing to the evaporation from the absorbent paper. We have performed a 

series of weighings to demonstrate the extent of this error as follows: the 
subject was bled directly on to a piece of absorbent paper of known weight, 

hanging on the torsion balance, and the weight of the blood obtained by 
rapid weighing, the weighing being completed within ten seconds after the 
withdrawal of the blood from the finger. The piece of paper with the absorbed 
blood was then left hanging on the balance, and repeated weighings made 
at the end of one, two, three, and four minutes. The progressive loss of weight, 

which was greatest during the first minute, was found to be fairly constant 
for all samples of blood. That this loss by evaporation should occur is un- 
avoidable, and only to be expected: when it occurs to the extent of several 
milligrams in a sample of only about 150 mg. weight, the percentage error 

is too great to be disregarded. 

We give a table of the results obtained with five weighings—these five 

being representative of a large number made (the balance used was an instru- 
ment by Hartmann and Braun). 
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Loss % occurring in 

blood 1 min. 2 mins. 3 mins, 4 mins. 
163 1-2 1:8 3-0 3-0 
163 18 2-4 2-4 3-7 
165 18 3-0 3-6 3-6 
165 18 2-4 3-0 3-6 

- 160 1-9 2-5 3-1 3-7 
Mean 1-7 2-4 3-0 3°5 

It will be seen that if the interval between the withdrawal of the blood 
from the finger of a patient and the completion be as long as one minute an 
error of nearly 2 % is introduced, whereas if the interval be longer, a greater 
error will be present. This is unsatisfactory. Mackenzie Wallis and Gallagher 

prefer this method to the use of small sized pipettes of doubtful accuracy; 

since, however, it is an easy matter to calibrate a pipette to deliver 0-2 ce. 

with an error of as little as 0-5 %, we have preferred the use of such to the use 
of the torsion balance. The use of pipettes further greatly simplifies the 

technique, and at the same time avoids an obvious fallacy in the micro- 

method of these authors, the assumption that all the glucose in the blood is 
extracted from the absorbent paper by distilled water; it also avoids the 
inconvenient lengthening of the time required for the estimation, which this 
extraction entails. 

It may be pointed out that the error introduced by the use of the torsion 

balance (tending to give too high a percentage), may be compensated by an 
incomplete extraction of the glucose from the absorbent paper, the results 

finally obtained perhaps agreeing with results given by the method of 
Folin and Wu. To rely on this occurring is, however, most undesirable, for 

this compensation may not regularly occur. 

We suggest the use of the following simple micro-method, which is essen- 

tially the method of Folin and Wu applied to small quantities. 

Special apparatus, etc. required: 

1. The solutions required for the precipitation of proteins and the esti- 
mation of sugar in blood by the method of Folin and Wu. 

2. Small boiling tubes, about 7 x 70mm. The necks of these tubes are 

drawn out so as to form a tube of about 10 mm. long and 3 mm. in diameter. 

The tubes must be able to contain 1-2 cc., but not more than 1-5 ce. 
3. A micro-filtration apparatus. A small funnel about 1 inch in diameter, 

is passed through a rubber stopper in a wide, flat-bottomed tube, carrying 
a side tube which may be attached to a filter pump. The funnel delivers 

the filtrate into a small tube, about 10 x 30mm. which is contained in- 

side the tube above described. Over the filter is a cover, to protect the 
blood from evaporation during filtration. Slight suction only is used, applied 
not constantly, but intermittently, and only occasionally; the papers used 

with the filter are “extra-hardened,” This filter will produce 0-6 ce. of filtrate 
from the amount of blood used, 

JON as ee ee ee 

Ae a Re ee Ee Tee ee ee en ee a re 

——S: - er 

— 



ESTIMATION OF BLOOD SUGAR 173 

4. Pipettes, accurately calibrated by weight, to deliver 0-4 ec. and 0-2 cc. 
These may be operated by teats. 

The estimation is done as follows: . 

1. Blood is drawn from the finger into a 0-2 cc. pipette. The contents of 
the pipette are added to 1 cc. of distilled water: the pipette is then twice filled 
with water, and these volumes, carrying with them the traces of blood from 

the walls of the pipette, are added to the tube containing the blood and dis- 

tilled water. 0-2 cc. of sodium tungstate and 0-2 ce. of 2/3 N sulphuric acid 
are then added: the tuhe is allowed to stand for five minutes at least, its 

contents being occasionally shaken gently. 
2. The contents of the tube are placed in the filter; after about two minutes’ 

filtration through hardened paper under slight pressure, sufficient filtrate will 
be obtained. It is important to keep the filter covered during filtration. 

3. Toasmall boiling tube, as above described, is added 0-4 ec. of a 0-01 % 

glucose solution; while to a similar tube is added 0-4 cc. of the filtrate. To 

each is added 0-4 cc. of the alkaline copper tartrate solution. The contents 
are mixed by stirring. The narrow tube-like necks of the boiling tubes are 

sealed rapidly in a blow pipe flame, care being taken not to heat the contents 
of the tube. The air space left will be small if the tubes are of the proper 

size. The tubes are immersed in a boiling water bath for six minutes. 
4. At the end of this time, the temperature of the bath is lowered to about 

80°. The necks of the tubes are cut off, and 0-4 ce. of the phenol reagent are 
added to each tube; this requires care lest the contents of the tubes be expelled. 
The tubes are allowed to cool. Each is emptied into a tube containing 3-8 cc. 
of water, thus making the volume of the contents of this tube up to 5 ce. 

5. The contents of these tubes are matched in the colorimeter in the 
usual way; and the percentage of glucose present in the blood calculated. 

This method has in our hands given results closely comparable with the 
results given by the method of Folin and Wu. The following table shows the 

results obtained in ten specimens of blood examined (a) by the method of 
Folin and Wu, and (6) by the method above described. 

% of sugar 

Specimen  Folinand Wu _ Micro-method 
1 0-121 0-123 
2 0-103 0-102 
3 0-093 0-094 
4 0-055 0-054 
5 0-148 0-148 
6 0-125 0-122 

F 7 0-150 0-151 
8 0-145 0-142 
9 0-127 «0-127 

10 0-138 0-139 
It should be noted that these are not all samples of normal blood under the 
usual conditions, since certain of them were taken after prolonged fasting, 

while others were taken after excessive carbohydrate intake. 
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It is claimed for this modification that (1) the amount of blood required 
may readily be obtained from the finger, (2) that this amount of blood is 

accurately known, and that none of it is lost by manipulation, (3) that re- 
oxidation during boiling is reduced to a minimum, (4) that the colour finally 

obtained in the “blood” tube is very similar to that in the “standard,” and 

(5) that the results obtained are practically identical with those given by the 
method of Folin and Wu. 

. We have to thank Professor Sir Edward Sharpey Schafer for giving 

facilities for the carrying out of this research; our thanks are also especially 

due to Dr W. W. Taylor, for the advice which he has so readily given. 
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XXI. THE EFFECT OF ACETALDEHYDE AND 
METHYLENE BLUE ON THE FERMENTATION 
OF GLUCOSE AND FRUCTOSE BY YEAST- 
JUICE AND ZYMIN IN PRESENCE OF PHOS- 
PHATE AND ARSENATE. 

By ARTHUR HARDEN anp FRANCIS ROBERT HENLEY. 

From the Biochemical Department, Lister Institute. 

(Received January 18th, 1921.) 

Ir was previously shown by the authors [Harden and Henley, 1920, where the 
literature is quoted] that, in the fermentation of glucose in presence of phos- 

phate by zymin or yeast-juice, acetaldehyde or methylene blue produced a 
remarkable acceleration in the early stages of the reaction and it was suggested 
that the function of these substances was to act as hydrogen acceptors and 
thus enable the reaction at once to attain a high rate. The experiments have 
now been extended to fructose, with the objects of ascertaining the maximum 
rates attainable with or without added acceptors and of comparing these 

with the corresponding rates yielded by glucose. 

I. CoMPARISON OF THE MAXIMUM RATES AND THE COURSE OF THE REACTION 

OBSERVED IN THE PRESENCE OF PHOSPHATE WITH GLUCOSE AND FRUCTOSE 

RESPECTIVELY IN THE PRESENCE AND ABSENCE OF ACETALDEHYDE, 

A. Zymin. To 2 g. of zymin were added 10 cc. of a solution containing | g. 
of the sugar and, when acetaldehyde was used, 3 cc. of 1 % acetaldehyde; 

0-2 cc. toluene was added in each case. This mixture was incubated at 25° 
until a constant rate of fermentation had been attained and varying volumes 

of 0-6 M K,HPO, (previously saturated with CO,) added. Readings were in 
many cases made every two minutes but the rates have usually been calcu- 
lated for five minutes. With the smaller quantities of phosphate repeated 

additions were made when the rate began to slacken. This procedure was 
adopted because, especially in the case of glucose, the rate was depressed 

even by a small excess of phosphate. The final volumes therefore occasionally 
differ slightly, but this has very little effect on the maximum rate obtainable. 

In Table I are given the maximum rates obtained with and without 
acetaldehyde, and the volumes of phosphate solution added. 
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Table I. 

With 3 cc. 1 % acetaldehyde Without acetaldehyde 
A A ~ 

Max. rate Max. rate 
No. . Sugar cc. per 5 min. Additions cc. per 5 min. Additions 

1 Fructose 15 1 of 5 cc. 7-25 1 of 5 ce. 

2 "3 14 oof 2. 9 2 of.3 

3 be 14 30th; 9°75 3 of 1.5, 

4 Glucose 9 Zot 2. 2 lof 25, 

5 exe 7:5 DOF A. is 55 Vote as 

6 ae . 9 i= Tee 5 — — 

7 - 8-25 1 of 2 ,, and nah ae 

j eco as BAR 

8 Cane-sugar 8-75 lof2,, 7:5 2 of 2),5 

B. Yeast-juice. The experiments with yeast-juice were carried out in a 

similar manner to the above, 20 cc. of yeast-juice and 4 cc. of 1 % acetaldehyde 

being used, the total volume being 24-6 cc.; 0-2 cc. of toluene was added in 

each case. The results are embodied in Tables II and III, each of which 

refers to a different sample of yeast-juice. 

Table IT. 

With 4 cc. 1 % acetaldehyde Without acetaldehyde 
A Rn 

Max. rate Max: rate j 
No. Sugar cc. per 5 min. Additions ec. per 5 min. Additions 

9 Glucose 16 lof lee. 10°75 3 of lce. 

10 a 18-5 lof 1,, and 11-75 Ac: Bay Sea 

L of 2. 

ll 9 21 lof 5,, aie Bit 

12 Fructose 29-6 Loaf 8:,, 24-5 lof 5,, Bs 
13 ‘a 36 1 of 10 ,, 33 1 of 10 ,, 

Table ITI. 

14 Fructose 17-25 lof 5 ce. — — 

15 = 18-25 “ot | 2: —_ —_— 

16 Cane-sugar 8-25 1 of Ds, 5-5 1 of: 0 4 

17 “A 11-25 2 of: 2: 10 1 of 25, 

Owing to the fact that repeated additions of phosphate were made in 
most of these cases, the course of the reaction was irregular. Fig. 1 however 

shows the characteristic effect exerted by acetaldehyde on the fermentation 
of fructose in presence of phosphate (experiment B 13 above). In this case 

the rates in cc. per 2 min. are plotted against the time, and it is seen that in 
the presence of aldehyde the rate rises much more rapidly, but only to a 

slightly higher maximum, 
It will be seen from the above that the maximum rate obtainable from 

glucose under the optimum conditions of phosphate and aldehyde falls far 
short of that observed with fructose. For the sample of zymin employed 

for experiments A 1-8 the maximum rates in presence of aldehyde were 15 

ee ne ee 
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for fructose and 9 for glucose, a ratio F/G = 15/9 = 1-67. In the case of the 
yeast-juice used in experiments B 9-13 the ratio F/G = 36/21 = 1-7, almost 
identical with that for zymin. 

It appears to follow from this, since all these rates were determined in 
presence of an excess of acceptor, that the difference in the behaviour of 

fructose and glucose although partly attributable to a difference in the rate 
of production or of reduction of acceptor, cannot be wholly accounted for in . 

this way, but must extend to some other stage in the reaction. 
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Il. RELATIVE EFFICIENCY OF ACETALDEHYDE AND FRUCTOSE AS 

AGENTS OF “INDUCTION.” 

It was suggested in the previous paper [Harden and Henley, 1920] that 

the inductive effect of fructose [Harden and Young, 1909] on a mixture of 
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glucose and phosphate was due to the more ready production of acceptor 

from fructose than from glucose. This might occur in either or both of two 

ways: firstly, by the more rapid production from fructose of a substance 
capable of acting as an acceptor in the preliminary stage of the reaction 

(possibly identical with the precursor of glycerol and possibly a different 
substance from that produced from glucose) or by the more rapid reduction 
of such a preliminary acceptor under the prevailing conditions; secondly by 

the more rapid fermentation of the fructose, yielding as intermediate product 
acetaldehyde (which may be termed the normal acceptor) which would then 
be available to complete the cycle of fermentation of further molecules either 
of fructose or of glucose, even in the presence of a considerable excess of 

phosphate. Under these circumstances it became of interest to ascertain the. 
relative efficiencies of fructose and acetaldehyde in this respect. Experiments 

were therefore made with yeast-juice and glucose in presence of excess of 

phosphate by adding varying amounts of acetaldehyde and fructose and 

comparing their effects, with the result that a concentration of 1/42,200 of 

acetaldehyde gave almost exactly the same reaction curve as 1/211 of fructose 

(see Fig. 2), this latter being equivalent to 10 % of the glucose present. In 
other words acetaldehyde is 50 times as effective as fructose, when molecular 

quantities are compared. 
Experiment 18. Six quantities of 25 cc. yeast-juice + 2 g. glucose + 10 ce. 

0-6 M K,HPO, + 0-2 cc. toluene were incubated for ten minutes at 25° and 

then were added: 
10% 10 % 19 

No. glucose fructose acetal ehyde Water 
ce. ce, ce. ce. 

1 2 0 0 4 
2 2 0 0-1 3-9 
3 2 0 0-5 3°5 
4 2 0 1-0 3 
5 2 0 15 2-5 
6 0 2 0 4 

The course of the fermentations in the various flasks is shown by the 
curves of Fig. 2, rates in cc. per five minutes being plotted against time. The 

curve for (4) was almost coincident with that for (5), whilst that for (3) 
was intermediate between those for (4) and (2). It will be seen that the 

addition of 0-1 cc. of acetaldehyde solution (2) produced almost exactly the 

same effect as that of 2 cc. of the fructose solution (6). 

III. Erreor OF ACETALDEHYDE ON THE FERMENTATION OF GLUCOSE AND 

FRUCTOSE BY YEAST-JUICE AND ZYMIN IN PRESENCE OF ARSENATE AND 
PHOSPHATE. 

It has previously been shown [Harden and Young, 1911] that arsenate 
greatly accelerates the action of the hexosephosphatase of yeast-juice and 
zymin so that the fermentation of glucose and fructose proceeds much more 

rapidly in the presence of a suitable concentration of arsenate than in its 
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absence. Excess of arsenate, however, produces inhibition. It therefore 
became of interest to ascertain whether the arsenate, in addition to its effect 
on the hexosephosphatase, exerted any modifying influence on any other stage 

of the fermentation and in particular whether it in any way affected the 

accelerating action of acetaldehyde, a possibility which has not previously 
been considered. 
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Fig. 2. 
C. Yeast-juice. 

Experiment 19. Six flasks were made up as follows: 

1 % 
No. Yeast-juice Sugar Toluene Water acetaldehyde 0-3 M Na,HAsO, 0-6 MK,HPO, 

ce. ce. cc, ce, cc. cc, 

1 20 2.g. fructose 0-2 15 0 Yeahs 
2 20 . 0-2 10 5 0 5 
3 20 ss 0-2 14 fy) 1 5 
4 20 a 0-2 9 5 1 5 
5 20 ms 0-2 10 0 5 5 
6 20 ie 0-2 5 5 5 5 
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The sodium arsenate and potassium phosphate were added to the mixture 

after it had been incubated for 30 mins. at 25°. The course of the fermentation 
in the different flasks is shown by the curves of Fig. 3. 

A similar experiment was carried out with glucose, a different sample of 
yeast-juice being employed, which was capable of producing fermentation in 

presence of an exceptionally high concentration of phosphate. 
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Experiment 20. Six flasks were made up, each containing 20 cc. yeast- 

juice + 2 g. glucose + 0-2 cc. toluene together with: 

No. Water 1 % acetaldehyde 0:3. MNa,HAsO, 0-6 M K,HPO, 
ce, ce, ce. co, 

7 125 0 0 75 

8 75 5 0 75. 

9 115 0 1 7-5 
10 65 5 1 75 
il 75 0 5 75 
12 25 5 5 75 
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The sodium arsenate and potassium phosphate were added to the mixture 
after it had been incubated for 30 mins. at 25°. 

The course of the fermentation was very similar to that observed in 

experiment 19 with fructose, as is indicated by the following observations: 

Time (min.) re- 
Maximum rate quired to 

No. Arsenate Acetaldehyde cc. per 5 min. attain max. 
ce. ce. 

7 0 18 60 
8 0 5 33-6 10 
9 1 0 16-8 85 

10 1 5 35-9 10 
ll 5 0 (7-1) 90 
12 5 5 22-7 10 

The small increase of rate in 10 as compared with 8 is probably due to 
the fact that in 8 the optimum concentration of phosphate was not present, 

whereas in 10, owing to the action of the arsenate, optimum conditions were 
maintained. 

Two interesting points emerge from these experiments: 

1. In presence of excess of phosphate, arsenate does not remove the 
inhibition, but somewhat increases it (Curves 1, 3, 5, Fig. 3 and experiment 20, 

Nos. 7, 9, 11). 
2. The presence of arsenate does not affect the accelerating action of 

acetaldehyde in presence of phosphate (Curves 3, 4, 5 and 6, Fig. 3 and 
experiment 20, Nos. 8, 10). 

D. Zymin. 

Experiment 21. Twelve flasks were made up each containing 2 g. zymin 
with the following additions; 0-2 ec. of toluene was added in each case: 

Fe Added subsequently 

No. Sugar = Water aati. 0-6 M K,HPO, 0:3 MNa,HAsO, Water 
; cc, cc, cc, cc. cc, 

1 1g. glucose 9-4 0 2 0 1-2 
2 aA 6-4 3 2 0 1-2 

3 Pes 9-4 0 2 0-1 1-1 

+ pe 6-4 3 2 0-1 1-1 

5 Ae 9-4 0 2 0-2 1 

6 ‘a 6-4 3 2 0-2 1 

7 1g. fructose 9-4 0 3 0 0-2 
8 Ss 6-4 3 3 0 0-2 

9 is 94 0 3 0-1 0-1 

10 e 6-4 3 3 0-1 0-1 

ll a 9-4 0 3 0-2 0-2 
12 re 6-4 3 3 0-2 0-2 
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The course of the reaction is indicated by the following observations: 

Time (min.) re- 
Maximum rate quired to 

No. Sugar Arsenate Acetaldehyde cc. per5 min. attain maximum 
ce. ec. 

1 Glucose 0 0 59 40 
2 o 0 3 6-2 10 
3 ee 0-1 0 6-8 (average) 45 

4 “s 0-1 3 bt: Bea 10 
5 a 0-2 0 OD 45 

6 ~ 0-2 3 oe ese 10 
7 Fructose 0 0 9-8 35 
8 i 0 3 12-1 10 
9 Pes fon 0-1 0 10-1 (average) 35 

10 “ 0-1 3 CD gear 10 
11 Pee 0-2 0 OD g 40 

12 is 0-2 3 144 ,, 10 

In its main features the zymin behaves in a similar manner to yeast-juice. 

Owing to the small concentration of arsenate employed, the inhibiting effect 

of the arsenate, which was marked in the case of yeast-juice, is here barely 
perceptible. 

Another point of difference is that the maximum rate, especially with 
glucose, in presence of arsenate is considerably greater than in its absence, 

the two rates in question being 6-2 and 9-9 or a ratio of 1-6, whereas with 

yeast-juice and glucose the ratio is 33-6/35-9 = 1-07. The difference is much 
less with fructose, the corresponding ratios being 1-2 for zymin and 1-0 for 

yeast-juice. In order to ascertain whether a real difference of this kind exists 
between yeast-juice and zymin, experiments were made in which the maximum 
rate in presence of the optimum concentration of phosphate in presence of 

acetaldehyde was determined, and arsenate was then added to the same 
mixture. With glucose this produced, asin the previous experiment, a marked 
rise of rate, whereas with fructose only a small and insignificant rise was 

observed. This shows that the arsenate exerts a definite accelerating effect 

on the fermentation of glucose by zymin apart from its action on the hexose- 
phosphatase. The exact significance of the phenomenon has not yet been 

ascertained. 
Experiment 22. 2 g.zymin + 1 g. of the sugar (glucose or fructose) + 3 ce. 

1 %, acetaldehyde + 6-44 water +- 0-2 cc. toluene were incubated at 25° until 

the rate was constant. Successive small additions of phosphate were made, 

as in experiments 1-8, until the maximum rate obtainable had been observed. 
0-2 ec. of 03 M Na,HAsO, was then added and the average rate attained 

was noted, 
Maximum (co, per 5 min.) 

In absence In presence 
Sugar of arsenate of arsenate 

Glucose 60 85 

Fructose 13-0 13-5 
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IV. Errect oF METHYLENE BLUE. 

It was shown in the previous communication [Harden and Henley, 1920] 

that methylene blue behaved in a similar manner to acetaldehyde with respect 

to the fermentation of glucose by zymin in presence of phosphate. These 
experiments have now been extended to the fermentation of both glucose 

and fructose in the presence of phosphate, with the result that the methylene 

blue has been found to behave in a similar manner in all these cases. 
The experiments were carried out exactly as in the case of acetaldehyde, 

but the methylene blue was added in the solid form. No attempt was made 
to ascertain the optimum conditions, so that the rates observed are not 

necessarily the maximum obtainable. 
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Fig. 4. 

E. Zymin and glucose and fructose. 

Experiment 23. Four flasks were made up containing each 2 g. zymin + 1 g. 
of sugar + 9-4 cc. water + 0-2 cc. toluene. Nos. 1 and 2 contained glucose, 
Nos. 3 and 4 fructose. 0-1 g. methylene blue was added to Nos. 2and 4. These 
were incubated for 35 mins. at 25° and 2 cc. 0-6 M K,HPO, were then added 

to each. The course of the reaction is seen from the curves (Fig. 4). 
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F. Yeast-juice and glucose and fructose. 

Experiment 24. Four flasks were made up containing 

1. 25 cc. yeast-juice +2 g. glucose +0-2 cc. toluene 

2. 
3. 
4 

” ” + ” + » +0-2 g. methylene blue 
ee os +2 g. fructose + ” 

3? 9 = 2”? + 29 + > ”? 

These were incubated for 15 mins. at 25° and 15 cc. 0-6 M K,HPO, were 
then added. The course of the reaction is shown in the accompanying curves 

(Fig. 
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In every case the addition of the methylene blue caused a marked accelera- 

tion in the rate of attainment of the maximum. The concentration of the 
phosphate was so high as greatly to inhibit the fermentation of the glucose 

in absence of methylene blue (curve 1). 

SUMMARY. 

1. Acetaldehyde diminishes the time required by a mixture of fructose 
and phosphate to attain its maxjmum rate of fermentation in presence of 

yeast-juice or zymin, but does not substantially increase the maximum rate 

obtainable. 
2. In presence of sdulaldeh yan fructose is more rapidly fermented than 

glucose in presence of phosphate both by yeast-juice and zymin. 
3. Acetaldehyde is about 50 times as effective as fructose (when molecular 

quantities are compared) in “inducing” fermentation in a mixture of glucose 

with excess of phosphate. 
4. Arsenate does not affect the accelerating action of acetaldehyde in 

presence of phosphate in the fermentation of glucose and fructose by yeast- 

juice but considerably increases the rate attained with glucose, and to a less 
degree that attained with fructose, when zymin is used. 

5. Methylene blue produces an effect similar to that of acetaldehyde in 

the fermentation of both fructose and glucose by zymin and yeast-juice in 
presence of phosphate. 
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METHOD OF PROTEIN RACEMISATION. 

THE method has its basis in the initial observations of Kossel [1911, 1912, 

1913] and of Dakin [1912] that when solutions of protein in dilute sodium 

hydroxide solution are kept at 37°, they suffer a progressive diminution in 
the value of their optical rotatory power. Dakin [1912] attributed this change 
to a keto-enol tautomerism of the = CH—-CO— groups in the protein complex 

and demonstrated further that the optical characters of the individual amino- 
acids obtained by hydrolysis of a racemised protein afforded some information 
as to their situation within the original protein molecule. 

Dudley and Woodman [1915] were able to detect structural differences 
in the amino-acid make-up of the caseinogens of the cow and the sheep 
by racemising the proteins under comparable conditions, hydrolysing the 
racemised proteins and comparing the optical properties of the corresponding 

amino-acids. They were also able to confirm the identity of the euglobulin 
and pseudoglobulin of cow’s colostrum [1918]. Dakin and Dale [1919] demon- | 
strated in a similar manner the existence of structural differences between the 

albumins of the eggs of the duck and the hen, a roma which was confirmed 

_ by subsequent biological trials. 

A SIMPLIFIED RACEMISATION METHOD. 

The main objections which may be urged against the method of protein 
racemisation referred to above are twofold. 

Firstly, like most other methods in protein research, the method involves 

certain tedious and laborious processes such as hydrolysis and the subsequent 
separation of the amino-acids by the Fischer-Levene esterification process and 

the Kossel-Kutscher method for the diamino-acids. Large amounts of material, 

often only prepared with difficulty, are requisite. 

Bioch, xv 13 
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Secondly, the nature of the processes involved prevents the method from 
being quantitative, and differentiation between proteins is only possible when 
very sharp distinctions in the optical characters of corresponding amino-acids 
occur. In addition to this, certain of the amino-acids like proline may undergo 
partial racemisation during their isolation from the hydrolytic products of 

the racemised protein, and thus the significance of the optical findings in 

such cases may be obscured. 
In the investigation to be described in the present communication, the 

racemisation reaction has been utilised for the same purpose in a much simpler 

manner by following quantitatively, and under perfectly definite conditions, 

the actual course of the racemisation of certain proteins and thus obtaining 
what might be termed their “‘racemisation curves.” Preliminary trials carried 

out by Dudley and Woodman [1918] in their work on the globulins of colostrum 
had given rise to the hope that it might be possible to establish identity or 

non-identity of related proteins by such means. 
If, for example, the fall in rotation of a 2 % solution of globulin in N/2 

soda be followed at 37°, it is found that if the specific rotations be plotted 

against the time in hours during which the reaction has been allowed to 
proceed, then the readings fall on a perfectly smooth curve of the type shown 

in Diagram I. The specific rotation of the solution, which initially is about 
— 80°, sinks very rapidly at first, then more slowly and subsequently after 
about 250 hours attains a practically constant value of about — 22°. If N/4 

alkali be used instead of N/2, the gradient of the curve is less steep. This 
behaviour is connected with the role played by the alkali in the reaction and 

this aspect of the question will be discussed in a further communication dealing 
with the mechanism of the reaction between proteins and dilute alkali at low 

temperatures. At present it need only be pointed out that the actual signi- 
ficance of the reaction does not materially affect the value of the results 
obtained by its use in comparing different proteins, since all the trials are 

carried out under strictly comparable conditions. 
On the assumption that each individual protein will possess its own specific 

set of curves, the racemisation reaction can be made the basis of a method for 

testing identity or non-identity of proteins. If two proteins are to be pro- 
nounced structurally identical, then if racemised under the same conditions, 

their solutions must show the same initial rotation, the same final rotation 
and the same rate of diminution of optical rotation; the last named is probably 

intimately connected with the intramolecular structure of the protein. Not 
only this, the proteins must continue to display identical optical behaviour 
when the concentrations of the alkali and of the protein are varied. Thus the 

test can be made very exhaustive. If the two proteins are not structurally 
identical, this will be revealed by their possessing distinct sets of racemisation 
curves, 

It must be pointed out, however, that the amount of difference between 
the optical values of two proteins in dilute alkali is not an absolute measure 

_—— <o 
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of the amount of structural difference existing between them, since the optical 
rotatory power of a complex substance is by no means a simple additive func- 
tion of the activities of its several constituents. All that the method can claim 
to do is to establish Structural identity or non-identity, and in this respect 

it is perhaps superior to the van Slyke method, since it is manifestly possible 
for two proteins to be quantitatively identical with regard to their amino-acid 
content, and yet be distinct proteins by virtue of differences in the order of 

linkage of the amino-acids. The caseinogens of the cow and the sheep afford 
such an example; these proteins cannot be differentiated by the van Slyke 

method, but were shown to be different stereochemically by the ordinary 
protein racemisation method [Dudley and Woodman, 1915]. The van Slyke 

method and the simplified racemisation method might be most usefully 

employed in conjunction with each other. 
The simplified racemisation method can claim the following advantages, 

that it is relatively simple and rapid and only requires the use of small amounts 
of material. It has been employed with complete success in investigating the 

relationships existing amongst the corresponding proteins of serum, colostrum 
and milk. 

THE CORRESPONDING PROTEINS OF COW AND OX SERUM, COW’S COLOSTRUM 

AND COW’S MILK. 

An examination of the available data regarding the structural relationships 

which exist among these proteins serves to reveal the existence of discord 

between the chemical and biological evidence. The investigation of the structure 
of a protein by chemical means is manifestly a matter of extreme difficulty. 
It is possible to determine quite readily, and with a fair degree of accuracy, 

the amounts of the various amino-acids in any given protein by the van Slyke 
distribution method; but the study of the precise order in which those amino- 

- acids are linked up within the protein molecule presents a baffling problem, 

even in the case of simple peptone derivatives. 
It is scarcely a matter of surprise, then, that in the past, the chemist has 

had to rely largely on the biologist to furnish him with information regarding 
the relationships existing among any given class of proteins. The biologist 

has been able to pursue this line of enquiry with the help of certain well-known 
methods, such as the precipitin and anaphylaxis methods, which have been 
evolved by workers on immunity. 

In this way he has been able to draw the following conclusions. Firstly, 
that the globulin of serum is identical with the globulin ofgplostrum. Secondly, 
that the albumins of serum, milk and colostrum are one and the same protein. 
Hamburger [1901], by the use of the precipitin method, demonstrated the 

existence of a very close relationship between the proteins of blood and milk. 
Further confirmation of this was derived from the work of Schlossmann and 
Moro [1903], who concluded that the albumin of the blood was identical with 
lactalbumin and because of this were inclined to the assumption that the 

‘ 13—2 
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infant, in the early days of its existence, may be able to absorb directly the 
milk albumin. Bauer and Engel [1911], after testing the question by means 

of the method of complement deviation, also came to the conclusion that the 
serum proteins were identical with the corresponding proteins of milk and 
colostrum. 

The identity of the proteins of serum and milk, as established by biological 
methods, has led physiologists to make the following generalisation: That it 
is not necessary to assume a distinct mammary synthesis for the elaboration 
of the albumin and globulin of the mammary secretion, but that these are 

present in the colostrum and milk as a result of a simple and direct transference 
from the blood stream. 

The results of chemical investigation, however, are not wholly in evita 

with the above findings. Several earlier workers, as a result of work based 
on simple chemical analysis and a study of the methods of precipitation, 

drew conclusions in accord with those obtained in the biological investigations. 

Such evidence, however, is of little use in drawing conclusions regarding the 
structure of the protein molecule. 

With regard to the globulins, the chemical work amply confirms the results 
obtained by biologists in demonstrating the identity of lactoglobulin and 

serum globulin. Conclusive evidence was furnished by the work of Hartley 
[1914] on serum globulin and of Crowther and Raistrick [1916] on the globulin 

which can be isolated in large amounts from colostrum and in very small 
amounts from normal milk. These investigators analysed the proteins by means 
of the van Slyke method, and a comparison of their data fails to reveal any 

differences in the quantitative nature of the amino-acid make-up of the various 
globulins. 

In respect of the albumins, however, chemical evidence is sveilable which 
would suggest that lactalbumin and serum albumin, far from being identical, 

are two distinct proteins. As far back as 1885, Sebelien [1885] prepared lact- 
albumin and serum albumin by similar methods and found that whereas 

lactalbumin from milk or colostrum has a specific rotation in water of about 
— 37°, that of serum albumin is about — 63°. Later, Halliburton [1890] 
showed that lactalbumin differed from serum albumin in its behaviour on heat 
coagulation and with regard to its precipitability by neutral salts. Referring 

again to the work of Hartley and of Crowther and Raistrick, a comparison 
of their van Slyke data for the two albumins reveals marked differences in 

respect of their quantitative amino-acid content. Differences occurred in 
every item of the qpalyses, but were especially marked with regard to the 
basic nitrogenous constituents. 

The present work, therefore, was undertaken partly with a view to 
investigating this discrepancy between the biological and chemical findings 
and partly with the object of testing the applicability of the simplified race- 

misation method to problems of this type. 
It will be convenient at this stage to summarise the main results of the 



{ 
i 

PROTEIN RACEMISATION 191 

investigation. Firstly, the euglobulin and pseudoglobulin fractions in both 
serum and colostrum have been shown to be identical proteins. Secondly, 

serum globulin has been found to be identical with colostrum globulin. Thirdly, 
as one would anticipate, no differences were detected between the corresponding 
proteins of cow and ox serum. Fourthly, the albumins of milk and colostrum 
were found to be the same individual protein. Fifthly, lactalbumin and serum 

albumin have been shown to be distinct chemical individuals and it is reason- 
able to speculate whether, by the use of the more modern and refined ana- 
phylactic methods, it would not be possible to obtain evidence in harmony 

with the chemical results as to the non-identity of the two albumins. 
If the chemical results are to be accepted, it must be assumed that a distinct 

mammary synthesis is necessary for lactalbumin as well as for caseinogen; 

and it would appear that the temporary power of the organism of permitting 
relatively large amounts of serum globulin to be transferred from the blood 
stream to the colostral secretion is of the nature of an emergency measure. 
From the results of Crowther and Raistrick [1916] it would further appear 

that even when normal lactation sets in, the serum globulin can leak, as it 
were, in extremely small amounts into the milk secretion. The basal nitro- 

genous constituents of normal milk, namely caseinogen and lactalbumin, are 
elaborated by the mammary gland both in the colostral and the normal lacta- 
tion periods. 

PREPARATION OF THE PROTEINS. 

For the purposes of comparative work, it was essential to prepare the 
proteins from the different sources by the use of the same methods, since it 
was at least possible that the chemical composition of a protein preparation 
might vary within limits, if the method of isolation were varied. Experiments 
will be described later, however, in which it was found impossible to detect, 

by the use of the simplified racemisation method, differences between two 

samples of globulin, which had been prepared by two absolutely different 
methods. 

The total globulin was removed from neutral solution by half-saturation 
with ammonium sulphate; the pseudoglobulin and euglobulin were separated 

_ by dialysis. The albumin was obtained from the filtrate from the total globulin 
by the addition of the requisite volume of N/5 sulphuric acid together with an 
equal volume of saturated ammonium sulphate solution, in order to maintain 
half-saturation. The albumin was freed from ammonium sulphate by dialysis. 

The samples of protein relied on had all been fractionally precipitated 
seven times, and in order to be sure that further precipitation would not affect 
the optical behaviour of the protein in dilute alkali, portions of protein from 

successive fractionations (namely, the sixth and the seventh) were racemised 
separately. In this way, it was possible to obtain a check on the completeness 

of the separation of the albumin from the globulin. 
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Proteins of ox serum. 

Globulin. Fresh ox blood was defibrinated and centrifuged without delay. 
After filtering through cotton wool, the serum was diluted with its own volume 
of water and an equal volume of saturated ammonium sulphate solution was 
added. After standing several hours, the precipitate of globulin was filtered 
off on a large Buchner funnel and the filtrate was used for the isolation of the 
albumin, The crude globulin was redissolved in distilled water and the bulk 
made up to that of the original diluted serum. After filtering the solution, 

an equal volume of saturated ammonium sulphate solution was again added 
and the precipitated globulin was filtered off. The precipitation of the globulin 

was carried out in all seven times; a small portion of the precipitate after the 
sixth fractionation, however, was retained for comparison with the globulin 
obtained at the seventh precipitation. The final solution of globulin was 
filtered and dialysed in large conical shaped parchment dialysers (which had 

previously been immersed in a 5 % solution of gelatin and then submitted to 
the action of formalin vapour). After dialysing for several days in running 
tap water, the process was continued in frequent relays of distilled water, 

until the solution was free from sulphate. In this manner, the globulin was 
separated into pseudoglobulin, which remained in solution, and euglobulin, 

which separated out during dialysis. 
The euglobulin was filtered off from the pseudoglobulin and was dissolved 

in the minimum amount of 0-6 % NaCl solution. After filtering the solution, 

the euglobulin was reprecipitated by the addition of about fifteen times its 
volume of distilled water. The precipitate settled on standing and the bulk of 
the water was decanted off. After filtering on to a Buchner funnel, the 
euglobulin was washed with distilled water and finally dried with alcohol and 

anhydrous ether. 
The filtered pseudoglobulin solution was cooled in ice and the protein 

precipitated by the addition of ice cold alcohol. The precipitate was filtered off 
and dried with alcohol and anhydrous ether. The amount of pseudoglobulin 
obtained in this process was appreciably greater than that of the euglobulin, 

Two per cent. solutions of pseudoglobulin obtained as a result of six and 
seven fractionations respectively were racemised by means of N/4 NaOH. The 
following readings are taken from the series of polarimetric determinations 

made on the solutions from time to time during the course of the racemisation. 

Pseudoglobulin Pseudoglobulin 
after 6 precipitations after 7 precipitations 
2% in N/4 NaOH 2% in N/4 NaOH 

—- spies ‘ 
Time in hours Specific rotation Time in hours Specific rotation 

1} — 755° 1} —76:0° 
26 ~ 545 24 — 55-0 
48 ~ 48-5 53 — 48:0 

96 ~42-0 93 - 42-0 

144 ~ 38-0 140 ~ 38-0 
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Similar agreement was obtained when 2 % solutions of these samples in 

N/2 alkali were racemised and from this it was concluded that after six pre- 
cipitations a definite and individual globulin preparation had been isolated, 
whose composition and properties were unaffected by further fractionation. 

Albumin. To the filtrate from the total globulin was added the requisite 
volume of N/5 sulphuric acid to effect precipitation of the albumin, the neces- 
sary amount for complete precipitation being previously determined on a 

small bulk of solution. After allowing to stand for 24 hours, the albumin was 
filtered on to a large Buchner funnel. It was then redissolved in distilled water 
and made exactly neutral by means of very dilute caustic soda; the solution 

was filtered, made up to the original volume and to it was added an equal 
volume of saturated ammonium sulphate solution. The small amount of 
globulin which separated was filtered off and added to the bulk of crude 

globulin. The albumin was precipitated from the filtrate by once more acidi- 
fying with the requisite amount of N/5 sulphuric acid. This process of fractiona- 
tion was carried out in all seven times. After the fifth fractionation, no globulin 
precipitate was obtained when ammonium sulphate was added to the neutral 
solution. 

The final albumin precipitate was dissolved in water after being well 
washed with saturated ammonium sulphate solution, and the filtered solution 

was submitted to exhaustive dialysis until free from sulphate. The dialysed 
solution was filtered and cooled in ice, and the albumin was precipitated with 
ice cold alcohol. It was subsequently dried by means of alcohol and anhydrous 

ether and was obtained as a white powder, soluble in water. 

It was found, as with the globulin, that samples of albumin from the sixth 
and seventh fractionations displayed identical optical behaviour in N/2 and 
N/4 caustic soda. 

Proteins of cow serum. 

The globulins and albumin were isolated from fresh cow’s blood by exactly 
the same methods used for the preparation of the corresponding proteins from 

ox blood. The preparations were the result of seven fractional precipitations. 
As with ox serum, the amount of pseudoglobulin obtained from the cow serum 
was very much greater than that of euglobulin. 

Proteins of colostrum. 

For the purposes of this investigation, the first drawn milk from two cows 
after parturition was collected and mixed. The colostrum was diluted with 
twice its bulk of distilled water and the caseinogen was precipitated by the 
addition, drop by drop, of 50 % acetic acid until complete precipitation had 
occurred. During the acidification, the bulk of liquid was vigorously stirred 

in a tall glass jar. The caseinogen was allowed to settle and the clear super- 
natant liquid was siphoned off; the residual precipitate of caseinogen was 

filtered off and the filtrate was added to the bulk of the solution of globulin 
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and albumin. The latter was then filtered, made exactly neutral with dilute 
caustic soda and the proteins were isolated by precisely the same methods as 
have been described for the separation of the serum proteins. They were 

obtained as white powders and had all been fractionally precipitated seven 
times. The colostrum pseudoglobulin was found to preponderate considerably 
in amount over the euglobulin. 

The albumin of milk. 

The isolation of globulin from milk was not attempted. Mixed milk from 
several cows was diluted with twice its bulk of distilled water and the 

caseinogen was separated in the manner already described for colostrum. The 

subsequent isolation of the lactalbumin was carried out by the method used 
for the serum and colostrum albumins. It was purified by seven fractionations, 
and after drying with alcohol and anhydrous ether, gave a white voluminous 

powder completely soluble in water. Tests carried out on small portions of 

albumin from the sixth and seventh fractionations showed no difference in 

optical behaviour with either N/2 or N/4 NaOH. | 

DETAILS OF METHOD FOR FOLLOWING COURSE OF RACEMISATION OF PROTEINS 

IN DILUTE ALKALI AT 37°, 

Before investigating the behaviour of the proteins in dilute alkali, the 
samples were finely ground up and then dried in vacuo over calcium chloride 

for several days. The determinations were carried out in the following manner. 
Exactly 1 g. of dried protein was weighed out into a 50 ce. flask containing 

a little distilled water. The flask was then shaken gently to bring the protein 
into solution or suspension. 25 cc. of N NaOH free from carbonate (or N/2 

as the case may be) were then run in from a pipette, and after mixing gently, 
the volume was made up almost to the 50 cc. mark with distilled water. The 

flask was then placed in the incubator at 37° and after the contents had become 

warm, the volume was made up exactly to the 50 cc. mark. After a short time, 
the solution was filtered quickly into a small dry flask, which was then stop- 
pered and kept in the incubator. From time to time, determinations of the 

optical rotation were made in a 1 d. polarimetric tube, using a Schmidt and 

Haensch instrument and sodium light. This procedure was continued for about 
300 hours, when the value had become practically constant. 

Graphs were then constructed showing the progress of racemisation. The 

ordinates represented specific rotation values and the abscissae the number of 
hours during which the reaction had been allowed to proceed. 

It was found inadvisable to attempt to dissolve the proteins directly in 
the dilute alkali, as the substances show a tendency to become coated with 
glutinous material, which retards the dissolving process. The experience of 
this investigation showed that in work of this type it would be more con- 

venient not to precipitate the proteins from solution by means of alcohol, 
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but to deal with solutions of protein which had been concentrated considerably 
in vacuo at low temperature. With preparations of this kind, not the slightest 

difficulty is experienced in readily making up solutions of known concentration 

in alkali. 
Such perfectly clear and only very slightly yellow solutions of protein in 

the dilute alkali (V/2 and N/4 NaOH) have been preserved over periods of 
months without the slightest indications of bacterial decomposition. 

The investigation of each sample of protein was carried out at least in 

duplicate; the duplicate sets of readings showed very satisfactory agreement. 
In most cases, however, three and even four series of optical readings were 

taken in order to determine the positions of the various racemisation curves 

with the fullest possible degree of certainty. The experimental error in reading 
with a Schmidt-Haensch instrument is very small, and with practice the 

reading in a | d. tube could be determined to 0-01°. Thus the specific rotation 
of a 2 % solution of protein could be relied on to 0-5°. 

‘ 

RACEMISATION OF THE GLOBULINS. 

The figures obtained in the racemisation of the various globulins are given 

in Table I and Diagram I. The data in each case represent the progress of the 
racemisation up to about 250 hours, when the value of the specific rotation 

had attained a practically constant value. After this, however, the rotation 
still underwent a very small, but quite definite diminution in value. Dis- 
cussion of this point, however, will be left to a future communication. 

Table I. Figures obtained in the racemisation of the various globulins. (The 
observations for the pseudoglobulins of cow serum and colostrum are given 

m epee I.) 
2 3 4 

Ox serum reeud jepalin. Cow serum e pobube. Ox ee one bulin. Cow Selostram euglobulin. 
2% in N/2 N: 2% in Na 2% in N/2 NaOH 2% in N/2 NaOH 

Time Specific Time Specific Time Specific Time Specific 
' in hours rotation in hours rotation in hours rtation in hours rotation 

1} —74-5° 14 — 740° 2 —72-5° 1 —75-5° 

22 — 48-0 24 —47-5 7 — 62-0 25 — 46-5 
49 — 37-0 49 — 37-0 24 —47-0 48 — 37-0 

674 — 33-0 73 — 32-0 48 — 37-5 74 — 32-0 

1173 — 27-5 102 — 29-0 72 — 32-0 96 — 30-0 

173 — 24-5 126 —27-0 98 — 29-5 125 — 27-0 

242 — 22-0 146 — 25-5 120 — 27-5 147 — 25-5 

198 — 24-0 146 — 25:5 198 — 23-5 

240 — 22-0 175 — 24-5 242 — 22-0 

218 — 23-0 
5 7 8 

Ox serum pseudoglobulin. Cow se! goblin .  Oxserumeuglobulin. Cow colostrum euglobulin. 
2% in N/4 NaOH 2% a in N/A Na aOH concn Svinte NaOH 2% in N/4 NaOH 

1 —'75:5° eo - 7 aos - —16- 0° 2 —74-0° 

24 — 55-0 7 — 66-5 24 — 55-0 6 — 67-0 

48 — 48-5 24 — 54-5 50 -— 48-0 25 —54-0 . 

72 -— 45-0 48 . -—48-0 72 — 45:5 50 -— 48-0 

96 — 43-0 78 — 44-5 96 — 42-0 73 — 45-0 

144 — 38-0 97 — 42-5 144 — 38-0 96 — 42-0 

189 — 35-0 145 — 38-0 197 — 34-5 146 — 38-0 

240 — 33-5 192 — 35-0 240 — 33-5 196 — 35-0 
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Comments on Table I. 

In order to interpret more easily the different racemisation data, it is 

advantageous to represent the course of the racemisations graphically. Only 
one such graphical representation is given here for the pseudoglobulins 

(Diagram I). From a study of it, the following general features may be noted. 
The initial specific rotation of a 2 %% pseudoglobulin solution in alkali is about 

— 80°; this factor diminishes rapidly in the first stages of the racemisation 
and ultimately attains a practically-constant value of about — 22°. The curves 
illustrate clearly the different effects of N/2 and N/4 alkali. Though the strength 
of the alkali does not appear to affect appreciably the initial rotations of the 

solutions, yet the rate of fall of rotation is slower in the weaker alkali. 

1. Comparison of cow and ox serum globulins. 

The figures obtained for the euglobulin and pseudoglobulin of cow and 

ox serum demonstrate the identical optical behaviour displayed by these 
proteins not only in N/2 but also in N/4 NaOH. Such a result is of course in 
keeping with the presumed structural identity of corresponding proteins 

from different members of the same species, irrespective of sex. The deter- 
minations, however, afforded a check not only on the correctness of the method 

of working, but also on the chemical individuality of serum globulin prepared 

from different sources. 

2. Comparison of euglobulin and pseudoglobulin. 

The figures in Table I and Diagram I show that euglobulin and pseudo- 
globulin, whether from serum or from colostrum, display the same optical 

behaviour in N/2 as well as in N/4 alkali. This result, which harmonises with 
the assumption of the structural identity of euglobulin and pseudoglobulin, 

is confirmatory of the work of Miss Chick [1914], Hartley [1914], Crowther and 

Raistrick [1916], Dudley and Woodman [1918]. If, as Miss Chick postulated, 
the euglobulin is associated with traces of a lipoid substance, then the latter 

does not appear to have been present in sufficient amount in the samples 
investigated to affect their specific rotations in alkaline solutions to a measur- 

able degree. 

3. Comparison of globulins of serum and colostrum. — 

That the optical rotatory values of the globulins of serum and of colostrum 

are identical in N/2 and N/4 NaOH is shown by Diagram I, in which the data 
for the pseudoglobulins from the two sources have been plotted. 

It will be seen that under each set of conditions, one curve can be drawn 
to satisfy equally the two sets of readings determined for the colostrum and the 
serum pseudoglobulin. Such slight discrepancies as may exist fall within the 

general error of experiment and this identity of optical behaviour may be taken 
as confirming the structural identity of the globulins of colostrum and of 
serum, a result which is in accord with the earlier chemical and biological 

work. 
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RACEMISATION OF THE ALBUMINS. 

Es The figures obtained in the racemisation of the various albumins are given 

in Table IT and Diagram II. 

Table II. Figures obtained in the racemisation of the various albumins. (The 
observations for the albumins of cow colostrum and ox serum in N/4 NaOH 
are given in Diagram II.) 

1 2 3 
Cow serum albumin Ox serum albumin Cow colostrum albumin 
2% in N/2 NaOH 2% in N/2 NaOH 2% in N/2 NaOH 

fic Time Specific 
ieak notion ‘hens srintion in hours _ rotation 

1 —70-0° 1 — 69-5° 1 — 85-0° 

24 -—47-5 2 — 67-0 2 -—77-5 

44 — 39-5 7 — 59-5 6 — 68-5 

73 — 33-5 244 —47-5 24 — 54-5 
96 — 30:5 49 — 38-5 48} 44-5 

§ 120 —27°5 73 — 34-0 73 — 38-0 

146 — 25-0 98 — 30-5 964 — 34-0 

168 — 22-5 121 — 28-0 1214 — 31-0 

213 -19-5 149 — 24-5 145 — 28-5 

240 —18-0 169 — 23-0 168 — 26-0 

192 —21-0 192 —24-0 
218 —19-0 217 — 23-0 

242 —18-0 240 — 22-0 

Milk albumin Cow serum albumin Milk 7 a 
2% in N/2 NaOH 2 % in N/4 NaOH 2 % in N/4 NaOH 
pe ee ——— tite ee 

a ~— —  — — 
1 — 85-5° 1 —74-0° 1 —89-0° 

4} —~70-5 25 ~ 57-5 6 —~795 
24 — 55-0 43 —53-0 23 — 66-0 
50 — 44-0 67 —47-5 48 — 58-5 

72 — 38-5 91 — 44-5 68 — 54-0 

97 -34:0 . 125 — 39-5 96 — 49-0 

1204 —31-0 144 — 38-0 125 — 45-5 
149 —27-5 191 — 34-0 140 —44-0 

173 — 26-0 261 —31-0 169 —41-5 
193 — 24-0 192 — 38-5 
240 ~21:5 221 — 37-0 

250 — 35-5 

Comments on Table II. 

A comparison of the figures given in Tables I and II and Diagrams I and II 
demonstrates the distinct chemical individuality of the globulin and albumin 
fractions both in serum and in colostrum. 

In carrying out the racemisation trials with the albumin preparations, 
it was noticed that’in every case a small amount of sediment separated out in 

____ the first few hours from the alkaline solutions. This was readily removed by 
_ filtration, a perfectly clear solution remaining. 
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In all cases, the course of racemisation could be represented graphically 
by a perfectly smooth curve of the type already described. As with the glo- 
bulins, the action of N/4 soda occasioned a slower rate of diminution of optical 
rotation than was the case when N/2 alkali was employed. . 
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Diagram I. Showing identical optical behaviour of Cow Colostrum Pseudoglobulin [ x ] 
and Cow Serum Pseudoglobulin [ @] in N/2 and N/4 NaOH. 

Curve A. 2 % solutions of protein in NV/4 NaOH. 

~ Points denoted by x colostrum pseudoglobulin. 

= os ® serum pseudoglobulin. 

Curve B. 2 % solutions of protein in V/2 NaOH. 

Points denoted by x colostrum pseudoglobulin. 
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Diagram II. Showing different optical behaviour of Cow Colostrum Albumin (A) and 
Ox Serum Albumin (B) in N/4 NaOH. 

Curve A. 2% cow colostrum albumin in NV/4 NaOH. 
Curve B. 2 % ox serum albumin in V/4 NaOH. 

1. Comparison of cow and ox serum albumins. 

The results tabulated in Table II (1, 2, 5) and curve B, Diagram II, are 

conclusive as to the structural identity of the albumins of cow and ox serum. 
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2. Comparison of the lactalbumins of colostrum and milk. 

The figures in columns 3, 4, and 6 of Table II and curve A, Diagram II 

show that colostrum and milk albumins display identical optical behaviour 
when incubated under comparable conditions with N/2 and N/4 soda. This is 

indicative of their structural identity and is in agreement with the results of 
biological tests and the work of Crowther and Raistrick [1916] on the van Slyke 

analysis of these proteins. 

3. Comparison of serum albumin and lactalbuinin. 

The readings obtained in the racemisation of inotalbunnain and serum albumin 
reveal marked differences between the optical behaviour of these proteins not 
only in N/2, but also in N/4 alkali. This difference is manifest in the initial 

rotations displayed in alkali, for whereas the specific rotation of serum albu- 
min is initially about — 75°, that of lactalbumin is about — 92° (taken from 
curves). A comparison of these data with the specific rotations for these 

proteins determined by Sebelien [1885] in aqueous solution shows a striking 
difference in the manner in which the nature of the solvent affects the rotation 

of the two proteins. 
Serum albumin Lactalbumin 

[a]p in water ... cae — 63° — 37° 

[a]p in N/4 NaOH ... -15° —92° 

These figures bring out very clearly the existence of structural dissimilarity 

between the two albumins. There can be little doubt that serum albumin and 
lactalbumin are two distinct proteins, though it is difficult to understand why 
the biological tests have failed to reveal this fact. 

A study of Diagram II (which shows graphically the courses of racemisa- 

tion in N/4 NaOH) reveals a remarkable parallelism between the curves of the 
two albumins. 

The same feature is noticed if the curves in N/2 NaOH be drawn and com- 

pared. It may be that the structural differences existing between the two 
-albumins are only of an inconsiderable character and that lactalbumin is 
actually formed from serum albumin as a result of comparatively slight changes 
brought about by the activity of the mammary gland. This speculation is 

suggestive of the possibility of a simple transformation of serum albumin into 
lactalbumin, or vice-versa. 

RACEMISATION DATA OF HEAT-COAGULATED PSEUDOGLOBULIN. 

A sample of colostrum pseudoglobulin was coagulated by raising the tem- 
perature of its solution in water gradually to 90°. The coagulated protein was 
filtered off, washed successively with alcohol and ether and dried in the steam 

oven. 2 % solutions in N/2 and N/4 NaOH gave the following readings on 

_ racemising at 37°. 
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Time in hours Specific rotation 
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In N/2 NaOH ’ In N/4 NaOH 

Time in hours Specific rotation 

1 — 76-0° 2. —75-0° 
4} — 66-0 24 — 55-0 

24 — 47-5 - 48 — 48-5 
48 — 38-0 72 - 45-0 

72 — 32-5 120 — 39-5 

120 — 27-0 165 — 36-0 
169 — 24-5 216 — 34:0 
220 —22-5— 

; 

d 
; 

A comparison of these data with those plotted in Diagram I shows clearly 

that heat coagulation of’the protein had not in any way affected its optical 
rotatory values in alkali. 

RACEMISATION OF SAMPLES OF COLOSTRUM GLOBULIN PREPARED BY 

ABSOLUTELY DIFFERENT METHODS. 

The writer had at his disposal, owing to the kindness of Drs. Crowther and 

Raistrick, a sample of colostrum pseudoglobulin which had been investigated 
by them in their comparative work already referred to. This had been prepared 

from colostrum by removing the caseinogen with saturated potash alum 
solution, and saturating the neutralised filtrate with anhydrous magnesium 

sulphate to obtain the globulin. The crude globulin was then purified by 
repeated salting out from solution with MgSO, and finally dialysed, the pseudo- 

globulin being subsequently thrown out of solution with alcohol. 2 °% solutions 
of this preparation in N/2 and N/4 NaOH were investigated at 37° with the 

following results. 

In N/2 NaOH In N/4 NaOH 

Time in hours Specific rotation Time in hours Specific rotation 

2 ~73-0° 24 —73-0° 
24 ~47°5 24 ~ 55-0 
48 - 37-5 49 ~ 48-0 
74 ~ 31-5 734 — 44:5 
96 — 29:5 97 ~ 41:5 
144 — 26-0 145 ~ 38-0 
196 — 23:5 198 - 35-0 
240 — 22-0 240 - 33:5 

A comparison of these figures with those enumerated in Table I and 
Diagram I shows that the samples of globulin prepared by two different 

methods displayed identical optical behaviour in N/2 and N/4 alkali. This 

result supports the view that globulin is a definite chemical individual, whose 
composition is unaffected by its method of preparation. 
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SuMMARY. 

1. A simple optical method has been described whereby it is possible to 
establish identity or non-identity of related proteins. 

2. Evidence of the identity of euglobulin and pseudoglobulin, whether 
from serum or colostrum, has been brought forward. 

3. The identity of the globulins of cow and ox serum and of colostrum 
has been confirmed. 

4. The albumin of milk has been shown to be identical with the albumin of 
colostrum. 

5. Lactalbumin and serum albumin have been found to be two distinct 
proteins. From this, the conclusion is drawn that a distinct mammary 
synthesis is necessary for lactalbumin as well as for caseinogen. 

6. The optical rotatory properties of pseudoglobulin in alkali have been 
shown to be unaffected by heat coagulation. 

7. The corresponding proteins of cow and ox serum have been compared 
and found identical. 

8. Evidence has been adduced in support of the view that globulin is a 
definite chemical individual, whose composition is unaffected by its mode of 
preparation. 
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Report to the Medical Research Council. 

DurineG the course of a lengthy series of investigations in which the Barcroft — 
differential apparatus has been used for blood-gas measurements a certain 

number of results were encountered which seemed to suggest that the evolu- 

tion of a given volume of gas in one of the bottles of the apparatus might give 
rise to a somewhat smaller difference of level on the clove oil manometer than 
the absorption of an equal volume of the gas from the same bottle under 

similar conditions. In other words, it seemed possible that the value of the 

constant of the apparatus might not be identical for the two cases of evolution 
and absorption of gas. At first sight there seems to be some @ priort reason 

why such a difference should be expected, for in the ordinary method of using 

the apparatus the air in each bottle is always at atmospheric pressure. at the 

beginning of the experiment; if then the apparatus is closed and an evolution 
of gas takes place in one bottle the pressure in each bottle will be increased 

above atmospheric, while in the case where an absorption of gas occurs, the 
pressure in each bottle will sink below atmospheric. These relationships have 

been pointed out by Hill [1915], and more recently by Miinzer and Newmann 
[1917]: we mention them here in order to emphasise the circumstance that 
when an evolution of gas is taking place the conditions in the apparatus are 

somewhat different from those obtaining during gas absorption. As no data 
appear to exist in the literature from which it could be determined whether 
or not this difference of pressure conditions would produce an appreciable 

effect on the results obtained by the apparatus, and in view of the widespread 

use of the apparatus, particularly for the determination of the percentage 
saturation of blood with oxygen by comparing the further amount of oxygen 
the blood sample is capable of absorbing from the air in the apparatus with the 
total amount of oxygen subsequently expelled from the fully saturated blood 

by treatment with potassium ferricyanide, it was decided that the matter was 
of sufficient importance for an experimental investigation. 

While the work was in progress, a paper by Wertheimer [1920] became 
accessible dealing with the question of the extent to which the volume of gas 
evolved in one bottle of the apparatus (deduced from the resulting difference 
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of level on the manometer and the dimensions of the apparatus) should be 
‘corrected for the vapour tension of the water with which the gas is saturated. 
This consideration does not affect the method of treatment here given, as the 
actual volumes of air added or withdrawn have been measured directly, but 

it is necessary to call attention to Wertheimer’s paper in order to complete 

the list of the more recent papers on the differential apparatus. 
The apparatus used for the purpose was of the newest form described by 

Barcroft [1914]. In order to simplify the measurements and also to carry out 
the addition and abstraction of a measured volume of air from the bottle under 
as nearly similar circumstances as possible, the modification of Hoffmann’s 
[1913] method of calibration described by Miinzer and Neumann was chosen in 

preference to a chemical method. Minute details as to apparatus and procedure 

are unnecessary as they are contained in the accounts given by these authors. 
Suffice it to say that in order to imitate the actual conditions under which the» 

differential apparatus is used, 3 cc. of distilled water were placed in each bottle, — 
and the apparatus was hung over the side of a water bath in the usual way. 

By raising or lowering a reservoir we were able to expel into or abstract from 
one of the bottles a known volume (measured at the atmospheric pressure and 

at the temperature of the water bath) of the air collected over water in a 
graduated 1 cc. pipette, and at the same time to notice the difference of level 

produced on the clove oil manometer. In the first experiments which were 
carried out, the measuring pipette was filled completely with air, and by 

pressing successive quantities of this into the blood-gas bottle a series of 
readings was obtained in all of which the pressure in the apparatus was above 
atmospheric. The measuring pipette was then filled with water, and into it 
were drawn successive measured quantities of air from the bottle in order to 
obtain a series of readings in which the pressure was less than atmospheric. 
The results obtained in this way are recorded in Table I, in which a + sign 

indicates that air was forced into the bottle and a — sign that air was with- 
drawn from it. The values of the constant of the apparatus are calculated in 
terms of mm. of gas per mm. difference of level of the manometer. It will be 
seen that the average value of the constant obtained by adding air to the 

apparatus is almost 4 %, higher than the average value obtained in the experi- 
ments in which air was withdrawn. But a closer examination of these figures 

shows that in the experiments carried out at increased pressure a different 
portion of the air-measuring pipette was in use from that into which air was 
drawn in the experiments at diminished pressure. As the pipette used had 

not been specially calibrated it seemed possible that a difference in the ac- 
curacy of these two parts of the scale of graduations might partly account for 
this result. Further, it is evident that the error due to drainage of the water 

from the internal walls of the pipette will affect differently the readings taken 
under the two conditions. In all cases the volume of the water adhering to 
the sides of the pipette will cause an error such that the actual volume of air 

driven into or removed from the apparatus will be less than the apparent 

Bioch. xv 14 



204 T. R. PARSONS 

Table I. Preliminary experiments. Apparatus L. 

Vol. of air added Constant 
or abstracted Difference of (emm. gas 

Initial reading Final reading (room temp. level in clove ea mm. 
of air pipette of air pipette and pressure) oil manometer ifference 

ce. ce, ce. cm. of level) 

-353 +254 +099 3-16 3-13 

*212 +:141 4-51 3:13 

146 +:207 6:59 3-14 

“092 +261 8-31 3-14 

389 -260 +129 4-19 3-08 

-183 +206 6-60 3°12 

-072 +°317 10-04 3-13 

Mean value of constant for addition of gas vs 558 pee 3°12 

044 -086 — -042 1-45 2-90 

121 —-077 2-60 3-00 

+158 --114 3-71 3:07 

-160 —-116 3:86 3-01 

-002 -058 — -056 BST. 3-00 

“093 —-091 3-01 5 3-02 

136 1384 4-33 3:09 

Mean value of constant for abstraction of gas... vee vce) O01 

volume read off from the pipette, so that the values obtained for the con- 
volume of air added or withdrawn ill 

difference of level produced , 

throughout tend to be too large. But in the experiments in which air was 

added to the bottle, the lower part of the pipette was in use, and this would 
tend to contain an extra amount of drainage from the upper parts, so that 
the drainage error would be particularly large in this case. On the other hand, 

while air was being drawn out of the bottle only the upper portion of the pipette 
was in use, so that the drainage error would be less in accordance with the 

diminution in the amount of surface exposed. In view of these considerations, 

in later experiments, the “ positive” and “negative” experiments were carried 
out alternately and in pairs, and the determinations were so arranged that as 

nearly as possible the same particular portion of the pipette was used for (say) 
a “positive” experiment as for the “negative” experiment which immediately 

succeeded it. In this way, although we were no more certain of the absolute 
volume of air measured, we ensured that this volume was measured under the 

same conditions and in the same portion of the pipette in both the “positive” 
and the “negative” experiment of each pair. Typical results obtained in this 

way are recorded in Table II from which it will at once be seen that the value 
of the constant obtained when the apparatus was working at increased pres- 
sure is identical, within the range of our measurements, with that observed 

when the general pressure in the apparatus was diminished. 
In order to confirm the assumption that in these later experiments the 

measurement of the volume of air added to or withdrawn from the apparatus 
was not affected by an error due to the drainage of the confining liquid, a 

further series of observations was also carried out in which the measured 
volume of air was collected over mercury. It was found that the use of mercury 

stant of the apparatus, 7.e. for the ratio 
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Table II. Later experiments. “ Positive” and “negative” determinations 
carried out alternately. Apparatus 3 and 4. 

Vol, of air added Constant 
or abstracted Difference of (cmm. gas 

Initial speting Final reading (room temp. tlevel in clove mm. 
of air hy ipette of air tas aa and pressure oil manometer difference 

ce. cm. of level) 

035 +254 — 219 6-54 3°35 

+253 023 + +230 6-78 3-39 

053 +258 — +205 6-21 3-30 

+257 -057 +-200 6-08 3°29 

+034 +250 — +216 6-57 3°29 

254 036 +°218 6-57 3:32 

047 +240 —-193 5-84 3°31 

234 -047 +:187 5-61 3-33 

+029 +245 — 216 6-34 3-41 

1244 -033 +211 6:37 3:31 

034 +240 -— 206 6-17 3°34 

231 | -040 +191 5-76 3-32 

‘013 +235 — +222 6-61 3°36 

224 016 +208 6:23 3°34 

‘013 , 123 —-110 3:36 3°27 

+124 “014 +110 3°35 3-28 

Mean constant for addition of gas... isi ser er -. 382 

Mean constant for abstraction of gas F mae otk oo. 398 

as a confining fluid made the apparatus very convenient to handle, and that, 
provided due care were taken with the levelling on taking readings of the gas 
volume, the results were no less consistent than when water was used (Table III). 

Table III. Experiments in which mercury was used as confining fluid. 
Apparatus 3 and 4. 

Vol. of air added Constant 
or abstracted Difference of (cmm. gas 

Initial reading Final reading (room temp. level in clove r mm. 
of air Epona: of air pipette and pressure) oil manometer fference 

ce. ce. cm. of level) 

-664 436 +228 6-77 3°37 

446 -667 —:221 6-60 3°35 

+670 +333 +337 10-15 3-32 

: +340 -680 — 340 10-18 3:34 

-682 +206 +°476 14-20 3-35 

211 “686 — — +475 . 14-16 3-35 

Mean constant for addition of gas... se ae .. 3°35 

Mean constant for abstraction of gas aa oxy sae . §=335 

The conclusion from the results of these experiments is that under the 
ordinary conditions of use of the differential apparatus the evolution of a 
given volume of gas in one bottle produces exactly the same change in level 
on the clove oil manometer as occurs in the opposite direction when the same 
volume of gas is absorbed from the same bottle. 

It is of interest to compare this experimental result with that to which the 
mathematical theory of the differential apparatus leads. This was worked out 
originally by Sir Robert Ball [1908]; Hill [1915] calculates the relation between 
the actual reading observed and the difference between the amounts of gas 

14—2 
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absorbed in each bottle, while Miinzer and Neumann [1917] apply a somewhat 
different method of treatment for the case in which evolution of gas takes place 

in one bottle. But the mathematical comparison by similar methods of the 
two separate cases of absorption and evolution of gas seems not to have been 
undertaken. To consider the question, let us assume that we have an apparatus 
which is of the usual form, and in which, for the sake of a general case, the 

volumes of the left and right bottles are slightly unequal, namely LZ and R 

respectively. Each of these volumes includes the volume of the capillary tube 
down to the surface of the clove oil when this is standing level in the mano- 
meter. . 

Let A be the area of cross section of the manometer tube (supposed 

uniform), and P be the atmospheric pressure in mm. of the manometer liquid. 
The temperature at which the experiment is performed is constant throughout. 

In the case of evolution of gas let a volume z of gas (measured at atmo- 

spheric pressure and room temperature) be liberated in the left hand bottle, 
and let the resulting difference of pressure shown by the manometer be 2e mm. 

Then by applying Boyle’s law it is seen that the pressure in the left hand 
bottle 

_ (L+2)P 
xe dal tell 

while that in the right hand bottle 
RP 

ae BAY by 

The difference between these is equal to the difference of level shown by 
the manometer, 

. (L+e)P = RP 
* “Died: ga oe oe Pee eerccccccnceeeeeereccsesens (1). 

On simplification, this expression becomes 

. ie ba (z+ 1) +4 a (3 poet? + Pp — Sp) 

and, on ie aceite by the binomial theorem, neglecting all terms of the 

> 

order oF and + ja» Which are obviously small, 

a= 2e[5 + s(gt1)+$ + B(z +1)] pty (2). 

In the case of absorption of gas let an equal volume « of gas (measured at 
atmospheric pressure and room temperature) be absorbed from the left hand 

bottle, and let the resulting difference of pressure shown by the manometer 
be 2a mm, 

Then by applying Boyle’s law, as before, it is seen that the pressure in the 

left hand bottle 
_ (L- a) P 

L-aA’ 
while that in the right hand bottle 

RP 
~ Read * 
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The difference between these is equal to the difference of level shown by 
the manometer, 

On simplification, this amply yagi 

_ [445 + #+2(3- us i Pe) | 
14% 

and, on een by the binomial theorem, neglecting all terms of the 

which are ag small, 

a= 2a[ 5+ 5 (3+ 1)- 3-3 (3 +1)] pan | At. 

From the equations (2) and (4) it is evident that, for a given value of 2, 

a will be sensibly equal to « provided that the terms 
fed 240 (8 +1)} and {a+ Se (z+ 1) 

are of sufficiently small magnitude to be neglected in comparison with 

$44 (b+) 
That this condition is fulfilled in practice may most readily be seen by taking 
an actual example referring to an apparatus of the usual dimensions. For 
instance, in an extreme case let the volumes of the bottles Z and R be 24 and 

25 ce., 2.e. 24,000 and 25,000 mm. respectively. Let the area of cross section 
of the bore of the manometer tubing be 1 mm.? and the atmospheric pressure 
760 mm. Hg or about 10,000 mm. of the manometer liquid. If so much gas 

has been liberated or absorbed as to produce a difference of level of 100 mm. 
then 

order |) PR and | wae 

$+e (3+ ae 
. 2 while . ean Ca i+ 1) 

= ‘007 (approximately). 

The neglected terms thus contribute a smaller share to the value of the 
constant than can be detected experimentally. The conclusion that under 
practical conditions the constant of the apparatus is the same no matter 
whether absorption or evolution of gas is taking place is thus supported by 

the theoretical as well as by the experimental results. In conclusion it might 
be mentioned that when the small terms in question are omitted from equa- 

| tions (2) and (4) they both reduce to 

a= + aAL (5 +) 

which is seen to be identical with the formula given by Hill [1915], when it,is 
remembered that Hill expressed the volume of gas absorbed in the apparatus 
as a fraction of the volume of the bottle in which the absorption takes place. 
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As mentioned above, Miinzer and Neumann’s method of treatment of the 

problem differs somewhat from the present one inasmuch as these authors 
express their results in a form involving a term p which expresses the amount 
by which the general pressure in the apparatus exceeds the initial atmospheric 
pressure when evolution of gas takes place. The value of p is given by 

while the constant of the differential apparatus deduced in terms of this factor 
for the case of evolution of gas is equal to 

¥ 2 [pt+4 (1 +3)] sisediscaiaes hi eit (6). 

In both these latter equations V is the volume of each of the bottles which 
are assumed to be identical in size. In order to show that this method of 

treatment leads to a formula identical with that given above in equation (2), 

it is necessary to avoid the approximations introduced by Miinzer and. Neumann 
[1917, p. 330]. 

In this way it is found that the exact form of formula (6) is 

Heer teo)} 
BR 

but from (5) 

so that (7) becomes 

[p—-$t+4(1-) (14+ 3)4+4 (1-5) (A) | 
and by substituting the value of p from (5) and neglecting terms of the order 

1 l é 

PV and ye we obtain 

V e , ¢A 

[p+4(1+5+9)] 
which is identical with the value of the constant expressed in equation (2) 

when LZ and R are both made equal to. V. 
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THE digestive enzymes of Lepidoptera and other invertebrates appear to 
warrant a closer study than has as yet been accorded to them, more especially 

on account of the prevailing alkalinity of the secretions. Those of the silkworm 

were investigated by Sawamura [1900-1902], a summary of whose work, 
together with that of earlier investigators, is given below. It seemed of interest 

however to examine some of the actions more fully with the aid of indicators, 
whereby the hydrogen ion concentration could be measured with very approxi- 

mate accuracy according to the method as improved by Clark and Lubs [1917]. 
In this connection the recent publication with coloured plates by Clark [1920] 

proved specially useful. 
At the outset it may be remarked that it seemed advisable to discard such 

terms as stomach, intestine, colon, etc. which have a definite physiological 

connotation and to rely upon purely morphological terms which have no 

misleading association with vertebrate physiology. Behind the mouth there 
is the fore-gut, a thin-walled short tube, with no digestive cells according to 
Sawamura. Then follows the mid-gut with an expanded anterior portion, “the 

stomach,” and a narrower posterior region, “the intestine.” Both these 
regions have cells which secrete digestive enzymes. Behind the mid-gut lies 

the hind-gut, a short tube with no digestive power. The Malpighian tubes enter 
at the junction between the mid-gut and the hind-gut. 

According to Kellner [1887] the silkworm, Bombyx mori, digests albumin, 

fat and carbohydrates except cellulose. Jousset [1874] showed that in Blatta 
orientalis the middle intestine was acid. Krukenberg [1880] concluded that 
trypsin predominates over pepsin in Insecta and other Arthropoda. Bieder- 

mann [1898] demonstrated that in Tenebrio molitor (Coleoptera) the upper 
mid-gut is acid, and the lower alkaline. It digests albumin, fat, disaccharides 

and starch, but not cellulose, the albumin being split up to amino compounds. 
Sawamura found that in alkaline solution, which is the natural reaction, 

the enzymes of the silkworm digest starch rapidly, also but more slowly fat, 
with liberation of free acid. Fibrin is slowly acted on and gives the biuret 

reaction after two days at 36°. Gelatin is liquefied and freshly precipitated 
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caseinogen is dissolved. He concludes that tryptic, lipatic and diastatic enzymes 
are present, but that neither pepsin nor pepsinogen exists in the cells. The 
“intestine,” namely the rear portion of the mid-gut, has a tryptic enzyme, but 

the others are absent. He further examined Caligula japonica Moor (Lepido- 
ptera) and found that it contained a tryptic enzyme which gave peptones 
like pepsin, but in an alkaline solution. It differs from trypsin however in 
giving no amino-acids or tryptophan, the action stopping with the production 
of peptones. Starch was digested more slowly than by the silkworm as after 

six days at 36° the reaction-mixture still contained erythrodextrin, though 
maltose was also present as shown by the osazone, The existence of a feebly 
acting maltase was demonstrated by the fact that fermentation of the products 

of digestion by means of Saccharomyces apiculatus Reess, gave a little carbon 
dioxide after a few days. Since this yeast is free from maltase it is obvious 

that the glucose must have been produced by the digestive juices of the silk- 

worm. 
The interest in these results lies in the fact that the medium is alkaline. 

Now though the amylase of the human mouth, ptyalin, acts in an almost 

neutral solution, yet the diastase of the stomach, of plants and of taka- 
diastase preparation all act in acid solutions. Maltase moreover also acts in 
a neutral or faintly acid medium and is rendered inactive by a trace of alkali 

‘[Davis, 1916]. Yet in the insects mentioned these reactions are all in progress 

in an alkaline medium and cease when the reaction is made acid as Sawamura 

has shown. 
It appeared of interest therefore to test for some of these enzymes taking 

into account the precise reaction of the medium. 

Hydrogen ion concentration of Bombyx mori. 

Secretion or tissue Py Notes 

Blood of worm No. 1 ... ... 68 Almostcolourless liquid from haemocoel. Indicator, 
bromo-thymol blue 

Reservoir of silk duct ... ... 6-6-6-4 The tissue was yellowish, so 6:8 may be a more cor- 
rect value 

Food and gastric juice, fore part 9-0 Fedonmulberryleaves5,.30—9a.m. Tested 10.15a.m,. 
of mid-gut ° oe . Indicator, thymol blue 

Ditto from hinder part of mid- 
Sab: gn , 92 Ditto 

Hind-gut faeces s¢0 .. 84 Indicator, cresol red 
Mulberry leaf... ee . 50 Darker old leaf, Indicator, methyl red 

5-0-5-2 Light green younger leaf 
Blood of worm No, 2 ... .. 66 Indicators bromo-thymol blue and bromo- 

cresol purple 
Silk duct sve eee oe 66-64 _- 

Fore part of mid-gut, contents 94 No food given since 9a.m. Killed 2 p.m. 
Fore part of mid-gut, contents 94 From worm No. 3, badly diseased with 

pebrine, fed as the healthy worm No, 2 
Worm No, 4, healthy ... « 86 Whole worm mashed up, Indicator, cresol red 

Worm No. 5, highly pebrinised 86 Tint exactly matched that of No. 4 
Moth, hind-gut oe .. 6&2 Full of waste products. Indicator, methyl red 

Moth, fore part mid-gut .. 6&8 Ditto, but indicator bromo-cresol purple 

. 

oe ee Se ee a ee ee ee a 

—p ~~ 

eae Oe ee eee ee ee 
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From the foregoing it may be seen that the blood is almost neutral, having 
only a very faint acidity. The silk duct and its reservoir, which project into 
the haemocoel, have almost the same reaction, the slightly higher acidity 
values recorded being due in part to error introduced by the natural yellow 
of this tissue. It should be remarked that the reactions were judged by mixing 

indicator and tissue or secretion on white porcelain and matching against 
Clark’s coloured plates and drops of standard solutions of known Py value. 
The very definite strong alkalinity of the digestive secretions is clearly shown 

in both the normal and highly diseased worms; no alteration in this reaction 
could be found in the latter. The strong alkalinity decreases somewhat towards 
the posterior end of the alimentary canal. It is noteworthy that after the 
metamorphosis the reaction of the gut has changed from alkaline to a fair 

degree of acidity. This is apparently due to the loading of the gut with waste 

products, for the moth does not feed. 
It was thought possible that the alkalinity of the digestive juice of the 

worm might be due to the slow liberation of ammonia by bacterial action. This 
was disproved however by the fact that in a worm starved for a day and fed 
for twenty minutes before being killed the fore part of the mid-gut was found 

full of liquid with an alkalinity P,, = 9-6—-9-8. The hind part, with but little 
food in it, gave P;, = 9-0. Both portions of the mid-gut gave P, = 9-6-9-8 

in a similar worm killed fasting. 
There is thus no doubt that the acid mulberry leaf is rapidly neutralised 

by a highly alkaline digestive juice and that the breaking down of starch and 
disaccharides must be accomplished in an alkaline medium, though the best 

known amylases are inactive under these conditions. 

Enzymes of the silkworm. 

The rapidity with which the digestive juice acts on a 0-4 % (approx.) 

solution of potato starch was shown by the following: 2 cc. of the starch 

solution diluted to 10 cc. mixed with three drops of the juice at 20°. 
Time in Colour with iodine 
minutes solution Notes 

0 Blue Py=9-6 for the diluted 
2 Blue juice, no change in Pg 
5 Purple effected by dilution 
6 Brownish red 
7 Faint reddish 
9 Faint colour 

10 No colour 

There is thus an active diastase in the secretion. The resulting solution 
reduced Fehling’s solution. 

Sawamura concluded that a feeble maltase was present in the secretion; 
our results are in agreement with this as after three drops of secretion had 
stood with 10 cc. of 0-16 % maltose for 24 hours at about 20° in presence of 

toluene it was found that of the control solution 48-4 cc. were required to 
reduce 10 cc. of Fehling’s solution, whereas the solution with the secretion 
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required only 44-7 cc. A feeble invertase action could be detected in the 

digestive secretion after 20 hours. | 
On testing this secretion with benzidine and with a-naphthol no evidence 

of oxidase action could be found, nor was any shown on the addition of 
hydrogen peroxide, though a feeble catalase action was shown. 

On testing the faintly yellowish liquid of the haemocoel, the “blood,” 
_no digestive action on starch could be observed, but the presence of invertase 
was demonstrated, also of a maltase of much the same degree of feeble activity 

as that shown by the digestive secretion of the mid-gut. No oxidase action 

was observed, even with the addition of hydrogen peroxide, but catalase 
action was found. 

The carbohydrate metabolism of the silkworm appears therefore to begin 
with the digestion of starch and the further splitting up of part of the maltose 
formed in the mid-gut. The remainder of the cane sugar and maltose appears 

to be absorbed by the haemocoelic liquid and to be further broken up by it 
as required for metabolism. The “blood” shows no evidence of having a 
respiratory function as oxidases are absent. Respiration is provided for by 

the numerous tracheae found throughout the body of the worm. 

SUMMARY. 

1. The blood of the silkworm, Bombyx mori, has a hydrogen ion con- 

centration P,, = 6-8 and that of the silk gland is very similar. The digestive 

secretion is strongly alkaline, for this Py = 9-0-9-8. The reaction of the 

hind-gut is less strongly alkaline, P, = 8-4. 

2. The gut of the moth is acid, Py, = 5:2-5:8. 
3. No difference could be detected between the P;, values of the digestive 

secretions of normal and highly pebrinised worms, nor between their general 
body reaction. 

4. A peculiar diastase is present in the digestive juice of the silkworm, 

which is active in strongly alkaline solution. A maltase is also present. 
5. A feeble maltase and a more active invertase are present in the blood 

or haemocoelic fluid. Oxidases are absent from both blood and digestive 

juice, but catalase action is shown by both. 

In conclusion we wish to acknowledge our indebtedness to the Director of 

the Agricultural Research Institute, Pusa, Behar, India, for facilities in carry- 

ing out this research. 
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Tue work which is outlined below is a continuation of that already described 
[Cornish and Williams, 1917; Venn, 1920}. 

In the first paper a study was made of the colour changes produced by a 

number of strains of two groups of organisms, gram-negative alkaline and 
B. proteus vulgaris, upon caseinogen and upon some of its degradation products. 

In the course of this work it was noticed that the gram-negative alkaline 
organisms produced very marked colours on tyrosine, and only slight colours 
on the other amino-acids used, while the strains of B. proteus vulgaris produced 

definite colours on tryptophan and only slight colours, or none at all, on the 
others. 

_ For these reasons the amino-acid tyrosine and one strain of the group of 
~ pacilli called gram-negative alkaline were chosen for an investigation into 

the influence of the reaction upon the colour production of this group of 
organisms, and the results of these experiments were given in the second paper 
previously mentioned. 

The subject of the present paper is the influence of the reaction upon colour 
production in tryptophan solutions by B. proteus vulgaris. One strain (Cy)2B,) 

of this organism which was used in the original work was chosen, and after 
replating, was tested upon sugars, etc. with results which corresponded with 
those previously described [Cornish and Williams, 1917]. The technique of 
the P,, determinations was similar to that adopted for the tyrosine solutions 
[Venn, 1920]. 

The tryptophan was prepared by Hopkins and Cole’s method and a solu- 
tion of 0-05 % was made and steamed for half an hour on each of three suc- 
cessive days. It was then filled out into Erlenmeyer flasks in quantities of 
90 cc. and caustic soda (concentration before sterilisation 0-004556 g./cc.) was 

added in varying quantities to eleven, and hydrochloric acid (concentration 
before sterilisation 0-02421 g./cc.) to two of the solutions in these flasks. At 

a later date hydrochloric acid of 1/10 of this concentration was added to four 
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others in an endeavour to obtain P,,; values between 8-3 and 2-5 but the table 
shows that this attempt was unsuccessful. After the addition of caustic soda 

or hydrochloric acid the experimental solutions were kept for about two and 

a half months before the inoculations were made. All the work was carried 

out under sterile conditions. 
Before this series of solutions was made preliminary experiments had been 

carried out over a range corresponding approximately to reactions of — 80 

to + 20 Eyre’s standard and colours had been produced from — 30 to + 2. 
The tryptophan itself was found to be approximately + 2-5 (Eyre’s standard). 
The quantities and concentrations of the caustic soda and hydrochloric acid 
used in the later experiments were calculated to give reactions within which 

this colour producing range would be included. 
At the time of the inoculation each solution was tested for sterility and 

no evidence of contamination was ever found. Each solution was then divided 

into three parts; the P,, of one was determined, the second was inoculated with 
B. proteus vulgaris, and the third was kept as a control. The control and the 

inoculated solutions were incubated at 30° for seven days, when they were 
removed from the incubator and kept at laboratory temperature for another 
seven days, at the end of which time the P,, of both portions was determined. 

Tests for growth in the inoculated solutions and for sterility of controls were 

made. Again, no evidence of contamination in the controls was found. 
Frequent examinations for colour production were made by comparison 

with the controls. 
The table shows that the organisms did not grow or produce colour when 

inoculated into tryptophan alone (solution 6), and a similar negative result 
was obtained with acidities varying from Py 1-8 to 2-5 (solutions 1 to 5 to 

which hydrochloric acid had been added). In those solutions to which caustic 

soda had been added, growth was found, accompanied by colour production, 
in solutions nos. 7 to 13 inclusive; growth was demonstrated but no colour was — 

produced in solutions nos. 14, 15 and 16, while solution no. 17 was found to be 
sterile and no colour was produced. This shows that the range of reaction within 

which colour production was found in this series was between P,, 8-9 and Py 

9-4. The colours produced in the different solutions showed a definite sequence 
from deep orange in solution no. 7, passing through orange and deep yellow, 

to a light yellow until it disappeared at no. 14. These results confirmed those 
already obtained in the preliminary series in which colours were found over 

a range of — 30 to + 2 but were entirely absent at — 40 and + 4:5 (Hyre’s 

standard), 
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The table given below is a summary of the results obtained. 

Each ognteing Fn of 05 0°05 st 

ace iss er cl (1 4 = 0 02421 gr.) 
lee. =0 gr.) 

Pyattime Control Inoculated solutions 
No. of of solutions “— 

solution Naoli or or Tic Inoculation Py Growth Colour Py 

1 ce. =0-02421 g. 
HCl 

1 2-05 1-73 1-73 - =. 1-68 

2 1:3 2-12 1-86 - — 1-86 
1 ce, =0-002421 g. 

HCl 

3 10 2-10 2-16 - as 2-18 

4 5 2:32 2-24 - — 2-23 
5 3 2-36 2-53 — -— 2-55 
6 Tryptophan only 8-24 8-12 - — 8-19 

1 cc, =0-004556 g. 
NaOH 

7 0:75 8-95 8-63 + Deep orange 8-95 
8 (125 8-89 9-03 + Deep orange 8-95 

9 2-25 9-19 9-07 + Orange 9-07 
10 3-25 9-27 9-21 + Deep yellow 8-98 

ll 4:25 9-32 9-27 + Greenish yellow 9-35 
12 4:85 9:36 9-37 + Yellow 9-36 
13 5-6 9-44 9-44 + Light yellow 9-41 
14 7-0 9-47 9-51 + _— 9-50 

15 8-0 9-51 9-50 + _ 9-46 
16 9-0 9-47 9-60 + _ 9-62 
17 11-0 9-58 9-57 - — 9-57 
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Part I. 

THE writer has long been of the opinion that, given a suitable and sufficiently 

accurate method of measuring the opacity of a liquid, it would be possible 
not only to study more closely than hitherto the mechanism of serum reactions, 

but also to evolve methods of importance in practical diagnostic and thera- 

peutic pathology. 
As none of the several available methods of measuring turbidity was 

suitable for the investigation proposed, it was necessary to devise one. In 
the first form of apparatus, which was worked out in 1918, it was decided to 
use the loop commonly employed in bacteriological routine for making sub- 

cultures. The loop itself was bent at the end of the wire at a right angle and 

the shaft was fixed to a sliding micrometer provided with a scale and vernier. 
In this way the depth of the loop below the surface of the emulsion at which 
it just disappeared from sight could readily be determined. This method was, 

however, discarded as not being sufficiently accurate. Recently Gates [1920] 
has published exactly the same principle for standardising vaccines.. Priority 

for this particular method must, however, be given to Don and Chisholm [1911] 

who used it in connection with water analysis. 
In the second form of apparatus which is entirely new in principle and 

which is the one described at length in this article, the wire was fixed in a 

constant position, whilst the depth of the liquid under examination was made 
to vary. This opacimeter (see Fig. 1) consisted of a tube of resistance glass 

rather more than 250 mm. long and 20 mm, wide, along the side of which 
was etched a millimetre scale. The bottom of the tube was blown flat; at the 

side, about 20 mm. from the bottom, was a narrow tube provided with 
a small tap, so that liquid could be run off to any depth. Running across the 
flat bottom of the tube on the outside from left to right was a piece of wire of 
known diameter, determined by means of a screw micrometer, and supported 

by two small blobs of plasticine about 1-5 mm, in diameter. The wire used 
was one of the fine copper shreds which can be obtained from the flexible 

material used in connecting up a wall plug with a portable electric lamp. It 
was blackened by carefully passing it through the Bunsen flame. The opaci- 
meter was supported by a simple metal stand round the bottom of the tube, 
care being taken that, when the apparatus was standing upright, the wire and 
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the plasticine were clear of the bench. When a sufficiently turbid liquid was 
placed in the tube, the wire could not be seen. But on turning the tap the 

liquid could be run off until the wire just appeared. The reading was facilitated 
by the presence of the blob of plasticine at each end of the wire. These blobs 

being relatively much larger than the wire became visible first, and therefore 
acted as signals for a careful approach to the end-point. The end-point having 

been determined, the depth of the liquid was read off on the millimetre scale 

etched on the outside of the tube, the bottom of the rather flat meniscus being 

(2 
4 
—e 

Fig. 1. 

taken as the correct level. The reciprocal of this reading was taken as a measure 
of the opacity of the liquid. As the reading of the scale of the opacimeter 
varied from 20 to 250, the turbidity varied from 1/20 to 1/250, «.e. from 

500x 10-4 to 40x 10-*. In writing up results the factor 10~* was always 
understood. 

To provide for a suitable source of light, a sheet iron box was made 5 inches 
high, 5 inches from left to right and 6 inches from front to back. In the lower 

part of the back of the box was a hole to support an electric bulb. Ata distance 
of 3 inches from the bottom of the box and just above the upper level of the 
bulb were two shelves, one on each side, to support a sheet of opalescent glass 
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2 mm. thick, which served to diffuse the light from the incandescent filaments 
of the lamp. In this way a beautiful light was obtained of slightly yellowish 
hue. The roof of the box was formed by a loose plate containing a hole seme- 

what wider than the opacimeter tube and directly over the brightest part of 
the opalescent screen. Over the hole the opacimeter was made to stand, so 

that the wire and plasticine blobs appeared very clear and black against the 
contrasting background. The front of the box was provided with a sliding door. 
In order to cut off all light other than that coming from the opalescent screen, 
a sheet-iron tube 35 mm. wide and painted with lamp-black was dropped over 

the opacimeter during the time a reading was made. Between the lamp and 
the wall-plug were placed an accurate ammeter and a resistance, so that the 
current could be readily regulated to within 0-02 amp. 

The principle of the method depends primarily on the fact that, under the 
conditions of the apparatus, only particles above a certain size scatter the 

light. Ions or molecules in solution are so small compared to the average 
wave length of the light used that their scattering power may be regarded as 
nil. Particles of the size of amicrons probably scatter the light to a very slight 

extent, submicrons more markedly and microns powerfully. Large parse 
cast a shadow. 

The light entering through the sid of the tube me a shadow above 
the wire, so that it is convenient to speak of a “shadow” space and a “ bright” 

space. In the bright space the intensity of the light diminishes with increasing 
depth probably by the logarithmic law y = ke~**, where y is the intensity of 

the light at the depth x of the suspension, / is a constant which measures the 
intensity of the incident light, a is a constant which depends on the number, 

size and shape of the particles scattering light, and e is the base of the natural 
logarithms. On the other hand, owing to the scattering of light from the 

bright into the shadow space, the intensity of light in the latter increases 
probably logarithmically with the depth up to a certain level. But any light 
thus transferred to the shadow space is subject to the same law as that in 

the bright space, so that there must come a level higher up at which the 
intensity of light in the shadow space approaches zero again. In other words 

the intensity of light in the shadow space passes through a maximum, and 
beyond the maximum it approximates more and more to the intensity in the 
bright space, On this hypothesis the curves representing gr intensity of 
light at different depths are depicted in Fig. 2. 

Since the determination of the end-point or depth of pre equality 

involves a discrimination between two intensities of light, Weber’s law applies, 
and there will be a minimum proportional difference of intensity below which 

it is impossible for the eye to distinguish the difference in the two spaces. 
Therefore if, at the end-point, a is the intensity of light in the bright space, 
and 6 is that in the shadow space, then a/b may be equal to, but cannot be less 

than, the minimal proportional difference of intensity. 
When the intensity of the source of light is increased, other conditions 
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remaining constant, the intensity in both the light and shadow space at the 

original depth of supposed equality, will be increased in the same proportion. 

For example, if the incident light is doubled the ratio will be : = , so that 

the end-point remains the same for variations in the intensity of the incident 

light. That wide variations in the candle power of the electric lamp have no 
effect on the readings is shown by the following experiments. A suspension 
was taken of liquid paraffin in water. The strength of the suspension was 

Bright space 

Intensity of light> 

. Depth 

Fig. 2. Diagrammatic representation of the theory that, at the depth of supposed 
equality of light in the Aig and light spaces, there is a minimum proportional 
difference in the intensity of the light in the two spaces, that is, the ratio a/b is a 
minimum. When tbe incident light is increased, the light in both spaces is increased 
in the same proportion, so that the ratio remains the same. 

adjusted so that the readings were of a convenient height. The first reading 
was made with a 16 c.p. lamp as the source of light, and the resistance was 

regulated so that the light was a bright one. Under these conditions the 

reading was 126-2. Keeping to the same conditions but now using a 32 c.p. 
lamp, the reading was 125-7. Again using a suspension of washed red corpuscles 

in physiologically normal saline with a 16 c¢.p. lamp and a bright light the 
‘reading was 187-7, with a 32c.p. lamp and a bright light the reading was 

187-8. The very slight differences observed between the readings were well 
within the experimental error. The detailed results of the experiment are 

collected together in Table I. 

Table I. Showing that wide variations in the candle power of the electric lamp 
used as the source of light, produce only negligible changes in the readings 
of the opacimeter. The dull light was produced by currents of 0-26 and 
0-42 amp. for the 16 and 32 c¢.p. lamps respectively. The bright light was 
produced by 0:30 and 0-59 amp. respectively. 

De of si nsion at end-point pth uspensit po’ 

Liquid paraffin suspension Red corpuscle suspension 
— +» _——. EE 

Luminosity of A B 
lamp as regu- pee Se ————— ——— Fae, 

lated by resist- l6cp. 32ap. ep. 32cp. I6ep. 32ep. Weep. 32ep. 
ance coil lamp lamp lamp lamp lamp lamp lamp lamp 

Dull aes 119-7 120-7 210-7 212-0 101-7 102-2 176-8 177-2 

Bright oan 126-2 125-7 222-7 222-2 106-7 105-7 187-7 187-8 

Bioch. xv 15 
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The figures in Table I show however that it is advisable to keep to one 
lamp and to regulate it by means of the resistance so that the amperage is 
constant, because the colour, and therefore the luminosity of the lamp, varies 
with the heat of the filaments. Thus with a 16c¢.p. lamp, which with an 
amperage of 0-26 gave a dull slightly reddish light, the reading of a suspension 

of red corpuscles was 101-7; with an amperage of 0-28 giving a moderately 
bright yellowish light, the reading was 105-2, with an amperage of 0-30 giving 
a very bright slightly yellowish light, the reading was 106-7. Similar results 

were obtained with a suspension of liquid paraffin. 

Occasionally it was necessary to use different opacimeters during one and 
the same experiment. A preliminary test was therefore made to determine 
how far the readings varied with different opacimeters, the same suspension 

being used in each case. With six opacimeters made according to the 
pattern described, the readings of a sample of milk diluted one thousand times 
with distilled water were as follows: 127-0, 126-3, 126-4, 127-0, 126-2, 126-6. 

The mean of these was 126-6. The respective differences from the mean were 

+ 0-4, — 0:3, — 0-2, + 0-4, — 0:4, 0-0, and the mean difference from the mean 

was 0-3 or a percentage of 0-2. Hence it was permissible to use any opacimeter 

made according to standard. 
Again, it was necessary from time to time for more than one observer to 

take readings during an experiment. Of the following observers A had good 
visual acuity, B moderately good, and C poor, though corrected to some extent 

by glasses. Using the same opacimeter the following results were obtained: 

Percentage difference from the mean 
Mean of all of each observer’s readings 
observers’ — 1 ~ 

Suspension readings %'\A %B YC 

No. 1 52-7 +0°6 +04 —0:8 
2 109-9 +0°6 +071 -—0°6 
3 185-8 +01 +0°6 —0-7 

Average percentage 
difference from the mean +04 +0°4 ~0-7 

It is to be pointed out that the observer C had not only weak eyesight 

but was unfamiliar with the apparatus at the time the above readings were 
made, : 

If two or more observers frequently work together a factor for correction 
of their readings is easily calculated. Suppose the average percentage differ- 

ences from the mean are + x, — y, + 2 respectively 

Corrected reading — —:100 
A’s observed reading 100 + 

Corrected reading 100 ? 
B’s observed reading 100 —y 

and soon, Therefore the respective factors for correction are 

100 100 — 100 

100+2" 100—y"’ 100+2° 

ee A a a 

ee a | 

a 

te 

SS eee 

ee 

a 



OPACITY OF LIQUIDS 221 

For example the correction factors for Preston (very good eyesight) and 
Ponting (good eyesight) who frequently worked together were 0-994 and 1-006 

respectively. 
That one observer could reproduce readings for the same suspensions with 

a high degree of accuracy was repeatedly observed. For example observer A 

obtained the following consecutive readings with a suspension of B. coli in 
normal saline: 105-0, 104-8, 105-0, 104-5, 104-5, 104-3, 104-2, 104-0, 104-0, 
104-0. The mean of these readings was 104-4, and the highest, lowest and mean 

differences from the mean were 0-6, 0-1, 0-3 respectively. The measure of the 

accuracy was therefore 0-29 %. 
For accurate work it is preferable to work with suspensions having a reading 

of not much less than 100, because at or above this level a difference of, say, 

one millimetre in consecutive readings produces only a slight degree of error. 
Usually the average of three readings was taken, but for very accurate work 
more readings were taken. The highest degree of accuracy is obtained by 

working in a dark room, but for practical work this was not found necessary. 
It has been found that beginners tend to run off too much and obtain too low 
a reading. To avoid this it is advisable to make a preliminary observation by 
running off quickly until the plasticine blobs appear, and then running off 
more slowly until the wire just appears. After refilling the apparatus, the 

height of the liquid should be adjusted at about 10 to 15 mm. above the pre- 
liminary reading, and the tap then very carefully turned on so that the delivery 

is in slow drops. One drop a second was satisfactory, and at this speed three 
_ drops corresponded closely to a fall of 1 mm. This method of making a deter- 

mination of the end-point also avoided eye fatigue, as the average duration 
of a reading was only about 25 seconds. The end-point having been deter- 
mined, the reciprocal was found either by the use of a slide rule or more con- 

veniently from a table of reciprocals such as is found in Castle’s tables [1917]. 

Occasionally the opacity of a liquid was so slight that the reading was 
greater than 250 mm. (the height of the tube). When this was the case the 
method described below was used. The stands of two opacimeters were cut 
so that the tubes could lie close together. The circular cover was replaced by 
a rectangular one passing over both tubes but having a partition down the 
middle to provide a separate compartment for each. The loose roof of the box 
with a circular hole was also replaced by one having a rectangular hole about 
the dimension of the bases of the two tubes. Into one tube was placed the 

liquid of unknown opacity, the tube being nearly full. Into the other tube 
was placed an emulsion of similar colouring to the unknown and having 
a reading somewhat less than 250mm. As a general standard, a stable sus- 
pension was obtained by diluting a few drops of Angier’s emulsion of paraffin 

with distilled water. Such a suspension with a reading of 200 had repeatedly 
been found unchanged at the end of the day. The two tubes having been 
filled with the respective liquids, the emulsion of known opacity was then 
run off until its opacity matched that of the unknown. 

15—2 



222 J. HOLKER 

Then if z = required reading of unknown emulsion, 

p = depth of unknown emulsion actually present in tube, 

qg = reading of known emulsion, the reciprocal of which is the 
measure of its opacity, 

r = reading of known emulsion which matches the opacity of the 
unknown, 

ne RE ee ah 3 

The reciprocal of x then gave the opacity of the unknown. This formula was 
tested by preparing known dilutions of emulsions whose readings came below 

250 in the original. By this means a turbidity as low as 8-7 has been measured. 
As in experimental work it was often a question of measuring the 

number of particles in a suspension, it became a matter of importance to test 

whether the ratio between the opacity and the concentration was constant, 
that is if T/C = k. As the scattering power of the suspension depends on the 

number, size and shape of the particles, one would expect that, provided the 

size and shape remained constant, the turbidity would vary directly as the 
number of particles, This was found to be the case. For example, a suspension 
of gonococci in physiologically normal saline gave the following results, 100 

being taken as the concentration of the strongest suspension. 

Concentration Opacity T/C 

C 7 

100 102-0 1-020 
66-6 67-6 1-015 
50-0 51-0 1020 

33-3 33-8 1-015 

Similarly pure cultures of Staphylococcus aureus, B. coli and suspensions 

of washed red corpuscles obeyed the same law, so that once the concentration 

and opacity had been correlated, it was sufficient afterwards to measure the 
opacity in order to determine the concentration. 

Part IT. 

The apparatus described in Part I of this paper proved very useful in 

measuring the opacity of suspensions of which the amount was not very limited, 
In serum reactions however the amount of material is usually strictly limited 

and as the author was anxious to study these reactions he was obliged to 
modify the apparatus, 

In the new form the lighting arrangement is similar to that used in the 
first method, but the liquid whose opacity is to be determined is placed in 
a narrow tube 50 mm, long, and holding about 1} cc. As will be seen from 
Fig. 3 this micro-opacimeter is placed between the source of light and a 
macro-opacimeter containing a standard suspension. Before measuring the 

unknown suspension the reading of the standard is taken with the micro-tube 

containing distilled water only. Then a micro-opacimeter containing the 
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unknown suspension is substituted for the one containing the distilled water 
_ and the reading of the standard again taken. The second reading is lower than 

the first, and the lowering is in proportion to the turbidity of the unknown. 
Let S = reading of standard when distilled water is interposed, 

M = difference of readings of standard when distilled water and un- 
; known respectively are interposed, 

X = required reading of unknown. 

Fig. 3. 

a Then X/50 == S/M, A= 50S/M; 

: .-. turbidity = + = M/508. 

_ In practice the standard was always adjusted at the beginning of the day to 

4 a reading of 200, so that the turbidity formula became — = Mx 10-+. As 

_ the factor 10~* is always understood in turbidity determinations, the factor 
__ M, which represents the difference between 200 and the reading of the standard 
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with the unknown interposed, gives us at once without any calculation the 
opacity of the unknown. 

The standard used was a stable one made by diluting a small drop of Angier’s 
emulsion of liquid paraffin with distilled water. Such a suspension keeps 
constant throughout the day, and is found to have changed only cai: even 
on the following day. It was prepared fresh each morning. 

The micro-opacimeter tube is made of Jena glass about 5-5 mm. wide. 
Pressed firmly against the ground edge of the bottom of the tube is a plate 
of optically clear glass. In this way any possible error from the use of a 

cement joint is avoided. The joint was found to be completely water-tight. 

Around the lower part of the tube is cemented a brass collar provided with 
a thread. Screwed firmly on to the collar is a brass cap which is pierced by 
a hole of definite diameter so as to allow a definite amount of light to pass up 
the tube. Inside the cap is a rubber ring between which and the tube lies the 

plate of glass mentioned. The upper edge of the tube is ground flat, and when 
the opacimeter has been slightly overfilled so as to produce a convex meniscus 
a loose optically clear glass disc is dropped on to the top of the tube. In this 

way the upper surface of the liquid in the tube is rendered quite flat. With the 
narrow tubes used it was found that the sharply curved meniscus, which is 

formed at the upper surface of the liquid, acted as a powerful lens, and con- 
siderably altered the apparent diameter of the shadow. Though the length of 

the micro-tubes was adjusted by grinding to as near 50 mm. as possible, it 
was finally determined with accuracy by means of a travelling microscope, 

and a factor for correction calculated for each tube. 

The macro-opacimeter is also provided with a metal collar and cap holding 
a glass disc against the bottom of the tube. The macro-tube is rather longer 

than 250 mm. and 38 mm. wide. It was found advantageous to increase the 
width cf the tube beyond that used in the first form of apparatus, as by so 
doing the meniscus becomes sufficiently flat to be negligible in its action as a lens 

in altering the diameter of the shadow. During a reading a blackened metal 
tube was dropped over the large tube in order to cut off side light. Similarly to 

cut off top light the metal tube was provided with a metal cap containing in 
the middle a short tube 45 mm. long, against the aperture of which the eye 

could be placed. During the reading the front of the lamp box was closed by 
means of a sliding door. 

A further improvement on the method described in Part I was that instead 
of a separate wire being placed at the bottom of each tube, only one wire was 
used, This was placed between two optically clear discs of glass which were 
pressed together by two brass rims having apertures 10 mm, wide. In order 

that the wire might be steady and retain its position between the glass plates, 
two small blobs of plasticine were also pressed flat near the ends. These blobs 
of plasticine also acted as signals for the approach of the end-point. The metal 

cell containing the wire was supported in a shelf in a position just above the 
highest part of the opalescent screen and directly in line with the light passing 
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up the two tubes. A better method of producing the shadow would be to 
replace the wire by a “ graticule”’ or black line of known diameter etched by 

a photographic process on to the glass disc. 

Part III. 

The apparatus described in Part II has proved exceedingly useful for 

studying the interaction of electrolytes, suspensoids and emulsoids, and 

especially for covering a wide ground with only a limited supply of material. 
q _ It was felt however that a more perfect apparatus would be one in which 

the reading could easily be taken from either direction, that is, not only when 

_the shadow just appeared as in methods I and II, but also when the shadow 
just disappears. Preliminary efforts were made with the apparatus described 
in Part II by connecting a gas analysis funnel by means of rubber tubing to 
the side tube of the macro-opacimeter. By raising or lowering the funnel the 
level of the standard could be moved in either direction at will. However, it 

was thought that a better method would be to use a plunger which could readily 
be moved up and down with a rack and pinion. The plunger consists of a 

hollow tube of brass on the bottom of which is pressed an optically clear plate 
of glass in the manner described in Part II. The height of the under surface 
of this disc from the bottom of the macro-opacimeter is registered in a milli- 

metre scale on the side of the plunger. As a further refinement a fine adjust- 

ment has been provided so that the depth of the plunger can be determined 
with an accuracy of one tenth of a millimetre. The initial readings are first 
made by means of the coarse adjustment, so as to get a fairly accurate idea 
of the position of the end-point. The final readings can then be made with the 
fine adjustment. The fine adjustment is intended primarily for taking the 
readings of almost transparent liquids, and is especially useful therefore when 
the readings are from 0 to 20. 

Still further refinements which the author hopes to try are the reduction 
of the width of the shadow and the use of a telemicroscope in the hollow plunger. 

The apparatus described in Part II proved exceedingly sensitive, but the 
refinements now suggested should render it still more so. 
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In a recent investigation on the standardisation of vaccines [1921], the author 

was led to observe that a constant could be obtained for each kind of organism, 
which was not only useful in determining the number of bacteria per cubic 
centimetre of a suspension, but whose reciprocal was also a measure of the 
average size of the organism. It seemed advisable therefore to study more 
fully the influence of number and size of particles on the opacity of their 

suspension. Bacteria however did not lend themselves to exact methods owing 

to their small and varying size and shape. Mammalian red corpuscles, on the 

other hand, being much larger and of much more constant shape lent them- 
selves very well to the proposed work, especially as reliable data had already 

been published as to their size and shape. For the purpose of this paper then, 

the red corpuscles of the animals quoted below were used. 

Animal Diameter of red corpuscles Authority 

Sheep ive 5-Ou Vierordt [1888] 
Rabbit ee 6-9u Vierordt [1888] 

Guinea-pig ... 7:2u Gulliver [1875] 

Man ... ae 7-5 _ 

As the medium in which the corpuscles were suspended was a solution of 
sodium chloride, it was first sought to determine the effect of varying con- 

centration of saline on the opacity of a suspension of red corpuscles of constant 
concentration. The red corpuscles used were those of the sheep and were 

“washed” by the method commonly adopted in preparing them for the 
Wassermann reaction. This was as follows. Freshly collected sheep’s blood 

having been defibrinated by shaking with glass beads, the red corpuscles were 
then powerfully centrifuged for 10 minutes. The supernatant defibrinated 

plasma was then decanted, replaced by 0-85 % sodium chloride, and the 

resulting suspension again centrifuged for 10 minutes, Decantation and renewal 
of saline, followed by a third centrifuging lasting half an hour, completed the 

process. When a suspension of corpuscles was required for experimental 
purposes the supernatant saline was decanted from the centrifuge tube and 

replaced by physiologically normal saline, 
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A suspension of washed sheep’s corpuscles having been prepared and 

diluted with normal saline until the opacimeter reading was a fairly low one 
of about 50, the correct reading of this was then accurately determined by 

means of the apparatus recently described by the author [1921, Part I]. With 
this stock suspension the effect of endosmosis and exosmosis was measured. For 
testing the effect of endosmosis the stock suspension was diluted in a volu- 
metric flask with varying amounts of hypotonic saline, and the opacity of 

each dilution determined and expressed as a percentage of the opacity of the 
stock suspension. | | 

The results are collected together in Table I. 

Table I. Effect of endosmosis on the opacity of a suspension of red corpuscles. 

Opacity of suspension expressed 
Concentration of NaCl _as a percentage of the stock 

Re suspension 

0-85 100 
0-799 89-3 
0-765 81-6 

0-731 64-1 

The effect of exosmosis was determined by adding varying amounts of 

hypertonic saline to the stock suspension, a volumetric flask being used as 
before. The opacities of the suspensions having been determined, the results 
were again expressed as a percentage of the opacity of the stock solution. The 
results are shown in Table II and the curve is shown in Fig. 1. 

Table II. Effect of exosmosis on the opacity of a suspension of red corpuscles. 

Opacity of suspension expressed 
Concentration of NaCl as a percentage of the stock 

% suspension 

0-85 100 
0-956 99-4 
1-488 95-5 

2-550 87-2 
3-613 79-3 
4-675 . 71-2 

On plotting the opacity of the suspension against the concentration of 
sodium chloride, the curves are seen to be straight lines but sloping in opposite 

directions and at different angles from a point which represents the isotonic 
strength of sodium chloride. The two lines represent separate and distinct 

processes, which may be explained as follows. As a result of endosmosis, 
some of the red corpuscles are broken up, with a corresponding reduction in 
opacity. The reduction in opacity is proportional to the reduction in strength 
of the sodium chloride. In the case of exosmosis the corpuscles shrink, and 

the shrinkage is proportional to the excess of sodium chloride used. This 
steady diminution in size of the red corpuscles with increasing strength of the 
saline above the isotonic point produces a corresponding diminution of the 



228 J. HOLKER 

opacity. The curve representing the action of varying concentration of sodium 
chloride on the opacity of a given suspension of red corpuscles consists then 
of two parts, one limb showing the change in opacity due to the change in the 
number of corpuscles, the other limb showing the change in opacity due to 

change in size of the corpuscles, and the junction of the two lines represents 
very sharply the point at which there is no change either in the number or 

size of the corpuscles, 7.e. the isotonic point. The effect of endosmosis is much 
more marked than that of exosmosis. 

100 T ait T T 

90+ xe 

Pb 
Sa 
i) 

Se 80-- = 
oO 

70+ ZI 

p l | | | l 
62 1 2 3 4 5 é 

Concentration of saline 

Fig. 1. 

In the second series of experiments the concentration of the saline was 
maintained constant at 0-85 %, while the size of the corpuscle was made to 
vary by using the blood of the animals quoted above, “washed” corpuscles 
being used in each case. It was found that for each type of red cell the curve 
obtained on plotting the concentration of the red cells against the opacity of 
their suspension was a straight line, and the equation was of the simple 

order 7’ = kC, where 7 = opacity of the suspension, C = number of red cells 
per cubic millimetre as determined by the haemocytometer, and k = constant 
which represents the theoretical opacity produced by one red cell per cubic 
millimetre. To obtain as accurate a value of & as possible, a suspension of red. 

; 

oe 
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cells was diluted a known number of times so as to produce a field in the 

haemocytometer showing about five or six corpuscles per square, and the 
whole field of four hundred squares then counted. At the same time the 
original suspension was diluted a known number of times so as to produce 
a convenient reading of about one hundred in the opacimeter, and the opacity 
accurately determined. The opacity and the cell count of the original suspen- 
sion were then calculated and the ratio determined. In this way the following 

constants were obtained. 
Animal - Constant k 

Sheep ose 4-29 x 10-* 
Rabbit rae 8-21 x 10-6 

Guinea-pig... 8-86 x 10-* 
Man ... ea 9-50 x 10-* 

Once the constant k has been determined for each animal, the number of 

red cells per cubic millimetre is readily and accurately determined from the 

opacity by the equation C = r Evidently the constant & is related to the 

size of the red corpuscles. So far as could be ascertained by watching with 
the microscope when the corpuscles fall under gravity in a specially made 
capillary tube whose walls were flat, the path taken was in general not vertical 

but sloping away from the vertical. The amount of light scattered by each 
corpuscle therefore may be taken as proportional to the incident light coming 

through the horizontal plane of projection of the area of an inclined circle 
whose diameter is equal to that of the cell, and therefore proportional to the 

area of the circle itself. The areas corresponding to the corpuscles examined 
were as follows: 

Proportional area of 
Animal red corpuscles 

Sheep ie 19-64y2 

Rabbit a 37-39u" 
Guinea-pig... 40-72y? 

Man ... ase 44-172 

Bearing in mind that the constant k represents the turbidity produced by 
one corpuscle per cubic millimetre, it was decided to determine the turbidity 
proportional to 1? (one millionth of a square millimetre), i.e. the following 

fraction was evaluated eS , where r = radius of red corpuscles. The results 

were as follows: 
* Opacity proportional to lu? 

of ace of red corpuscle 
per cm. of suspension 

Animal =k/proportional area 

Sheep ... Bas 0-218 x 10-* 
Rabbit Pe 0-220 x 10-* 
Guinea-pig... 0-218 + 10-* 
Mah: 5 eek 0-215 x 10-* 

Average ... 0-218 x 10-*=a 

Obviously then the opacity produced by one millionth of a square millimetre 
of the surface of a red corpuscle per cubic millimetre of suspension was the 
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same for all the types of cell examined. This constant a appears to be a charac- 

teristic of the mammalian red corpuscle in general. 
k 
mr Since = dt, 

k 
r= — 

Ta 

ike of i 

* af 0) 

on ts I 
ai ra0D ‘ 

where D = opacimeter reading. 

.. Diameter =2 ne —Tp’ 

; T Evaluating 2/1 = 2-402 x 10%, 

.. Diameter Ls 2-402 X10" 
JCD 

To obtain the average diameter of a mammalian red corpuscle in suspension 

in physiologically normal saline it is sufficient to make a cell count and to 

determine the opacimeter reading of the suspension at the end-point. 
k 

Again, since = a, 

k = 7ar* 

= nad’, 

where d = diameter of corpuscle in p. 

Evaluating 47a = 0-171 x 10-6, 

. k = 0-171d? x 10-*. . | 

Therefore the constant for other mammalian red corpuscles may readily be 
calculated from the published data for their diameters. Since the opacity 

produced by one millionth of a square millimetre (1,.?) of the surface of a red 
corpuscle per cubic millimetre of suspension is constant for the mammalian 

cell, it follows that the opacity of a suspension of red corpuscles is a measure 
of the total surface of such cells and, by inference, that opacity in general 

of a liquid is a measure of the total surface of the particles therein scattering 

light. Opacity does not measure the total surface of all matter present, 
because ions and molecules which are very small relatjve to the wave length 
of light, do not scatter light. Hence this peculiar property of opacity measure- 
ments should be useful in studying the course of reactions in which solute 
becomes amicrons, amicrons become submicrons, and submicrons become 

microns, or vice versa. Hence also in those reactions in physiology and patho- 
logy in which surface phenomena play a leading part, such as enzyme reactions 

and the Wassermann reaction, measurements of opacity should be of more 

value in elucidating the underlying phenomena than measurements of the 

quantity of material. 
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SuMMARY. 

1. Endosmosis and exosmosis may be measured by means of the opaci- 
meter. | 

2. By plotting the results of endosmosis and exosmosis the isotonic point 
may be accurately determined. 

8. The opacity-concentration curve of a suspension of red corpuscles is a 

straight line with the equation 7’ = kC, where T = opacity, C = concentration 
of corpuscles per cmm., and k = constant, which varies with the animal, and 

is a measure of the size of the red corpuscles. 
4. The number of red corpuscles in a suspension can be readily and 

accurately determined from the opacity. 
5. The average size of mammalian red corpuscles can be determined from 

the equation, diameter = a , Where C = number of cells per cmm. and 

D = opacimeter reading. The diameter of the corpuscle is inversely propor- 
tional to the square root of the product of the cell count and opacimeter 

reading. 
6. The opacity constant k for any given mammalian red corpuscle, that 

is, the theoretical turbidity produced by one such corpuscle per cubic milli- 

metre of suspension, can be determined from the equation k = 0-171d? x 10-*, 
where d is the diameter of the corpuscle. 

7. The opacity of a suspension of red corpuscles is a measure of the total 

surface of the suspended particles. 
8. In those physiological and pathological reactions where surface action 

plays a predominating part, opacity determinations offer a more strict measure 

of the changes taking place than number of particles. 
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SCOPIC APPEARANCE OF PRECIPITATED 

CALCIUM OXALATE AND THE OPACITY OF 

ITS SUSPENSIONS. 

By J. HOLKER. 

From the Department of Pathology, The University, Manchester. 

(Received February 18th, 1921.) 

In the course of an investigation of the opacity of suspensions resulting from 

the complex interactions of electrolytes, suspensoids and emulsoids, it became 

advisable to study the factors governing the opacity of suspensions of relatively 
simple substances. It was decided therefore to begin with a crystalline organic 

substance, and for this purpose calcium oxalate seemed to be a suitable 
substance since by reason of its high degree of insolubility it offered a con- 

siderable range in the concentration of its suspensions. Moreover since the 

main research was concerned with organic substances capable of yielding 
insoluble products of hydrolysis, it was advisable to choose for the present 
investigation an organic acid of known chemical composition and crystalline 
appearance. It was thought that by comparing the microscopic appear- 

ance of the precipitate with the curve obtained by plotting the opacity 

of the suspension against the concentration, information would be gained 
which might be of use in studying the factors involved in producing the opacity 
of more complex suspensions. Such complex suspensions are the rule in sero- 
logical investigations, and it seems to me that the problems of immunology 

will only be solved by approaching the subject from the physico-chemical 
standpoint. Then after analysing the simpler phenomena it should be possible 
to build up a framework on which to mould the more complex reactions. 

The apparatus used for measuring opacity was that recently described by 
the author [1921,1]. The method of preparing the suspensions of precipitate was 
as follows. Into each of two dry test-tubes of resistance glass of about 80 cc. 

capacity were pipetted 25 cc. of known strengths of calcium chloride and 
potassium oxalate respectively. The two reagents were then thoroughly mixed 

by pouring a definite number of times from one tube into the other. The tube 
containing the 50 cc. of mixed reagent was then allowed to stand a predeter- 
mined time at room temperature so as to allow the turbidity to become 
constant, 

The time necessary for attaining equilibrium was determined by plotting 
the opacity against the time. By this means it was found that in no case did 
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it take longer than half-an-hour for the opacity to become constant. With 
very dilute solutions however there was a lag before the precipitate appeared, 
and the more dilute the reagents, the longer the lag. This lag was no doubt 
due to the fact that in very dilute solutions the crystals are very small in 
size and very few in number. As is well known small particles of a precipitate 

dissolve more readily than large ones. For example, Hulett [1901] found that 
particles of calcium sulphate 0-0003 cm. in diameter had a solubility of 18-2 
millimoles per litre, while with particles 0-002 cm. in diameter the solubility 
was 15-33 millimoles per litre. With more concentrated reagents the velocity 
of growth of the crystals became more and more rapid, and moreover there 
developed between the initial steep slope and the final level line of equilibrium 
a series of oscillations. The more concentrated were the reagents, the more 

pronounced became the oscillations. 
In the next series of experiments 25 cc. each of equimolecular solutions 

of calcium chloride and potassium oxalate were mixed together in the manner 
described above, and, after allowing the mixture to stand at room temperature 
for half-an-hour until equilibrium was attained, the opacity was measured 
and plotted against the net concentration of the reagents. For instance, equal 

volumes of N/200 reagents produced a turbidity of 88; the latter figure was 
therefore plotted against a net concentration of N/400. Six or more experi- 

ments were made for each concentration of the reagents and the mean of them 

taken. At the same time the appearance of the precipitate under the high 
power with the microscope was examined, and the crystals drawn as nearly 
as possible to scale. The opacities of the equimolecular mixtures are plotted 
in Fig. 1, curve A. A summary of the drawings corresponding to these 

experiments is shown in Fig. 2. 
According to the well-known law for the solubility product of a saturated 

solution of a difficultly soluble substance, excess of either of the ions of calcium 

oxalate will diminish the solubility of the calcium oxalate and so correspond- 
ingly increase the amount of the precipitate. It was decided first to test the 

effect of excess of potassium oxalate on the form of the curve. 
For this purpose 25 cc. of N/10 potassium oxalate were mixed with 25 cc. 

of varying concentrations of calcium chloride from N/10 downwards. The 
results are plotted in Fig. 1, curve B. The microscopical results were similar 

in general character to those shown in Fig. 2, but differed in points of detail. 

In the next series it was decided to test the effect of excess of calcium ions. 
For this purpose therefore 25 cc. of N/10 calcium chloride were mixed with 
25 ec. of varying concentrations of potassium oxalate from decinormal down- 
wards, the results being plotted in Fig. 1, curve C. The microscopical appear- 

ances were similar to those shown in Fig. 2. 
It will be seen from Fig. 1 that the opacity concentration curves for the 

precipitation of calcium oxalate may be divided into three parts, viz. a short 
initial lag, a longer intermediate zone which increases ¢n steepness to a maxi- 
mum, and a very long final zone which decreases in steepness until the line 
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becomes nearly straight. As I have recently shown [1921, 2] that the opacimeter 
used measures the total surface of the particles scattering light, and that the 
opacity concentration curve is a straight line, in those cases where the particles 

remain all of the same size and shape in all concentrations, some explanation 
was required for the type of curve obtained with calcium oxalate. On studying 
the microscopic appearances of the precipitates corresponding to the zones 
in the curves, it was found that in the initial lag the crystals were very few 
in number and very small in size, and that they tended to be spherical in 

shape. The small number and size of the particles therefore accounted for the 
low turbidity in this zone. The ultimate cause of the low turbidity was no 

doubt the fact that small particles, having a relatively large surface, tend 
to redissolve in order to diminish the surface energy to a minimum. At 
a certain critical point in the curve represented by the beginning of the inter- 

mediate zone, the crystals begin to increase in size and number with increasing 
concentration of reagents. In this zone then the growth is mainly by surface 

condensation with the production of crystals of more or less typical structure. 
The growth in size goes on until the crystals have attained maximum size; 
this point being represented in the curve by a second critical point which 
marks the end of the intermediate zone and is accurately defined as the point 

of change in direction of the tangent to the curve. Immediately beyond the 
second critical point the crystals tend to be formed of spherical aggregates. 

With still higher concentrations of reagents the spherical aggregation becomes 
less pronounced and is finally replaced by a non-geometrical polar aggregation 
which becomes more and more pronounced. It is this increasing aggregation 

beyond the second critical point which is responsible for the continually de- 

creasing steepness of the curve in the final zone. 
The effect of excess of oxalate or calcium ions is well shown both in the 

curves and in the appearance of the precipitates. The curves bear out the 
solubility law in that excess of either oxalate or calcium ions leads to an in- 
crease in turbidity of the suspension. In the initial zone the lag with excess of 
oxalate ions is very short, while that with excess of calcium is intermediate 

in length. In the intermediate zone, the steepness with excess of calcium 
is very marked while that with oxalate is intermediate in degree. The maximum 
steepness or rate of increase of turbidity with respect to the concentration of 
the reagent is strikingly shown by the values for the tangents to the curves 

at the second critical points, 
Maximum steepness of 

the curves 

1, Equimolecular solution ... 1-32 
2. Excess of oxalate ions. ... 1-70 

3. Excess of calcium ions ... 5:26 

It would appear that excess of calcium ions is more favourable for the 

production of typical crystals of éalcium oxalate, but even in this case there 
is a gradual transition in the type of crystal from the beginning to the end of 

the intermediate zone. 

= =. ee 
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SUMMARY. 

1. The turbidity of a suspension of calcium oxalate produced by the 
interaction of calcium chloride and potassium oxalate takes a certain time for 

the development of equilibrium. 
2. With dilute solutions there is a lag before any turbidity appears. 
3. With concentrated solutions there is a period of oscillations of the 

turbidity before equilibrium is established. 
4. The turbidity concentration curve for equilibrium turbidities is not 

a straight line, but shows a short initial flat lag, a longer intermediate zone 

of increasing steepness, and a long final zone of diminishing steepness. 
5. Two critical points in each of the curves represent the beginning and 

end of the intermediate zone. The first critical point represents the point at 
which the crystals have attained a size at which they do not tend to redissolve. 

Italso represents the point of first appearance of the typical “envelope” crystal. 
The second critical point represents the point at which the typical crystals 

reach their maximum size. Beyond that point the crystals diminish in size 

but still increase in number. The second critical point also indicates the onset 
of aggregation of crystals, with consequent diminution in the rate of increase 
of turbidity. — 

6. Excess of either oxalate or calcium ions increases the opacity. 
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XXIX. THE OPACITY OF SERUM DILUTED 

WITH DISTILLED WATER, PHYSIOLOGIC- 

ALLY NORMAL SALINE, AND RINGER’S 

SOLUTION. 

By J. HOLKER. 

From the Department of Pathology, University, Manchester. 

(Received February 18th, 1921.) 

As the author had recently been investigating the turbidity concentration 

relations of suspensions of the crystalline substance, calcium oxalate [1921, 3], 

and of suspensions of red corpuscles [1921, 2], he deemed it advisable to extend 
the work to the study of the emulsoid colloid, serum. In the routine of a patho- 
logical laboratory serum occupies an important position, forming, as it does, the 

basis of immunity reactions. For example, the Widal test for agglutinations 
by typhoid serum, and the Wassermann test for syphilitic serum, are reactions 

which arg very frequently employed. Moreover it is customary to dilute the 
patient’s serum with physiologically normal saline (0-85 % NaCl) with the 
object of keeping the osmotic pressure constant. In this way an impression 

has been created that, by keeping the osmotic pressure of serum constant, no 
other changes occur on dilution. The author has long doubted the correctness 

of this impression, and as a sensitive apparatus for measuring the opacity of 
liquids had been devised [1921, 1], it was decided to make use of this charac- 

teristic of colloids in the present investigation. 

The general method employed was as follows. Serum was used which had 
been “inactivated” by heating at 56° for 20 minutes. From the inactivated 
serum was prepared a series of dilutions in Jena glass test-tubes, which were 

then allowed to stand for four hours at 40°, but were shaken every hour. It was 
found by preliminary experiments that four hours were sufficient for the 
opacity to become constant. In order to differentiate between normal and 
pathological conditions, sera were taken which were negative or positive to 

the Wassermann reaction. 
In the first series of experiments, negative serum was diluted with distilled 

water, physiologically normal saline, normal saline plus calcium chloride, and 
Ringer's solution. Most of the results are plotted in Fig. 1, and the remainder, 
for dilutions less than 1/7-5, are given in Table I. 

- ae 
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Table I. 
a; me ci — of negative serum diluted with: 

water, 
( piysilogiealy normal saline, 
(3) physio: logically normal saline plus 0-022 % calcium chloride, 
(4) Ringer’s solution (NaCl 0-85 &,, CaCl, 0-022 %, KCl 0-056 %). 

Opacity of dilutions of serum 

am NaCl 0:85 % 
Dilution Concentration Distilled NaCl 0:85 % CaCl, 0-022 
of serum of serum water NaCl 0-85 % CaCl, 0-022 KCl 0-056 

Undiluted 100 % 42 42 42 42 
1/15 66-6 40 Be. 50 53 
1/2 50-0 37 28 46 50 
1/3 33-3 35 27 43 47 
1/4 25-0 33 26 39 44 
1/5 20-0 32 25 37 42 

40 T T Pit rr T T T T T T T T 

35F (4) J 

1 ne (3) ; 
Turbidity 

25 (1) 4 

20- s 
(2) 

15 4 

10- " 

5 2 

Concentration of Serum 
1 1 l j 24 1 I 1 i l 1 L 1 

(SESS SR Ql Re a Se ame aT ee TURE y BE Ta TY 
Fig. 1. 

In the second series of experiments a pathological serum was taken which 
gave a positive reaction to the Wassermann test of + 1/10 but delayed lysis 
when diluted 1/20. The results are given partly in Table II, and partly in 
Fig. 2. 

Table IT. 
in opac Pietilied oa of — serum (+1/10, delayed lysis 1/20) diluted with: 

pafeiolagioally normal saline, 
(3) physiologically normal saline plus 0-022 me calcium chloride, 
(4) s solution (NaCl 0-85 %, CaCt, 0- 2%, KCl 0-056 %). 

Opacity of dilutions of serum 

: NaCl 0-85 % 
Dilution Concentration Distilled NaCl 0-85 % CaCl, 0-022 
of serum of serum water NaCl 0-85% CaCl, 0-022 KCl 0-056 
Undiluted 100 % 50 50 50 50 

1/1-5 66-6 eae ate oe a 
1/2 50-0 ee 37 
1/3 33-3 ods 35 
1/4 25-0 asi 35 
1/5 20:0 38 34 42 47 
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Fig. 2. 

In the third series of experiments a pathological serum was taken which 
gave a strongly positive reaction to the Wassermann test of + 1/40. The results 

are collected tegether in Table III. 

Table ITT. 

The opacity of a strongly positive serum ( + 1/40) diluted with: 

(1) distilled water, 

(2) physiologically normal saline, 
(3) physiologically normal saline plus 0-022 % calcium chloride, 
(4) Ringer’s solution (NaCl 0-85 %, CaCl, 0-022 %, KCl 0-056 %). 

Opacity of dilutions of serum 

: NaCl 0-85 %, 
Dilution Concentration Distilled NaCl 085% CaCl, 0-022 
of serum of serum water NaCl 0:85 % CaCl, 0-022 KCl 0-056 

1/15 6-6 %, 40 33 48 53 
1/20 5-0 36 29 44 48 
1/25 4-0 35 28 43 47 

It will be seen that whether the serum is normal or pathological, or 
whether it is diluted with distilled water or with salt solution, the turbidity 

concentration curve is not a straight line such as is produced in diluting a sus- 
pension of red corpuscles, but that for all dilutions the turbidity is greater than 
that which would be produced if the protein particles scattering the light had 
remained the same in size and had merely been proportionally reduced in 
number. For example, if the turbidity of the negative serum had varied directly 
with the concentration, then a dilution of ten times would have given an 
opacity of 42/10 = 4-2. But with distilled water the opacity was 26, with 
“normal” saline it was 19, with normal saline plus calcium chloride 30, and 
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with Ringer’s solution, 36. Hence dilution of serum leads to an increase of 
the surface of particles scattering light, due probably to an increase both in 
the size and number of the particles. To account for the relative increase in 
surface of the protein particles of serum on dilution, it would be better first 

to endeavour to form some idea of the physico-chemical condition of the 
protein. Proteins are for the most part amino-derivatives of fatty acids. 
Hence their salts may be considered as amino-derivatives of soaps. Hence 
also their salts will exhibit the phenomenon of hydrolysis. At all dilutions 

of serum therefore there will be an equilibrium between the hydrolysed and the 
non-hydrolysed portions of the salts and the degree of hydrolysis will increase 
with dilution and with temperature. Moreover as serum is slightly alkaline 

in reaction, only minute traces of free acid can exist as such in the products of 
hydrolysis, and the insoluble portion of the protein must therefore be of the 

nature of an acid soap. The proteins of diluted serum therefore exist probably 
in the following forms: (1) non-hydrolysed protein salts, of which those with 
sodium are soluble, while those containing calcium are soluble, if the acid 
is derived from a lower fatty acid such as propionic acid, but insoluble if the 

acid comes from the higher group; (2) hydrolysis products which are acid in 
character, though combined with a certain amount of sodium for the most part, 

and with calcium to a slight extent, in both cases the higher products being 
insoluble and tending to form aggregates; and (3) a minute quantity of free 

amino-acid which will ionise with the production of (4) a very minute quantity 
of amino-acid anions. It seems therefore that when serum is diluted, hydro- 

lysis of the protein salts occurs with the consequent relative increase in the 
particles scattering light. It will be seen in referring to Table I and Fig. 1, 
that the turbidity of small dilutions of serum is even greater than that of 
the undiluted serum. Such a phenomenon also occurs in the hydrolysis of 

sodium palmitate, in which the hydrolysis alkalinity first rises to a maximum 
and then falls away on further dilution. On referring to the curves it will be 

seen that at a dilution of 1/20 (5 % concentration) there is a definite discon- 
tinuity in all the curves, which is most marked with distilled water, and least 

marked with Ringer’s solution. The significance of this discontinuity seems 
to be that in serum there are two distinct types of protein, one of which only 

begins to produce insoluble particles at dilutions below 1/20. Possibly these 
two types are represented by globulin and albumin. 

The action of the ions of sodium, calcium and potassium is well shown in 
the curves. With 0-85 % sodium chloride not only is hydrolysis thrown back, 
but the non-hydrolysed portion of the salts is soluble. With “normal” saline 
plus 0-022 % calcium chloride, the insoluble products are increased because 
the calcium salts are insoluble. With Ringer’s solution the products are still 
further increased. These antagonistic actions of sodium and calcium are 

comparable to the results obtained by Ringer on perfusing the excised heart. 
With “normal” saline the heart continued to beat feebly for some time, and 

then stopped in a condition of relaxation. On adding a trace of calcium chloride 
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the heart commenced to beat again, but more strongly, then stopped in a 
condition of tonic contraction. On further adding a trace of potassium chloride 
the heart beat much more strongly for many hours. In view of the above 
results with serum, it would appear that when the heart stopped under per- 

fusion with saline the colloids of the cardiac muscle fibres contained relatively 
few insoluble particles. On the other hand when the calcium chloride was 
added the number of insoluble particles was increased, and finally, when the 
potassium chloride was added the number of insoluble particles was increased 
still further to a point corresponding to the condition found in the cardiac 
muscle of the living animal. 

With regard to the pathological side of the investigation, it will be seen 

that syphilitic serum contains more insoluble matter than normal serum, and 
that the stronger the Wassermann reaction the greater is the quantity of 
insoluble matter. Correspondingly, of course, there will also be an increase 

in the “soluble” portion of the protein in syphilitic sera. It may be pointed 
out here that the strength of the Wassermann reaction is measured in practice 

by the greatest dilution to which the serum can be carried and still prevent 
the specific haemolysis of red corpuscles. For example the + 1/40 serum used 
in the present investigation ceased to prevent complete haemolysis after 

a dilution of 1/40, while the + 1/10 serum failed to prevent complete haemolysis 

beyond a dilution of 1/10. At a dilution of 1/40 (2-5 %) in “normal” saline, 
the strongly positive serum had a turbidity of 27. Ata dilution of 1/10 (10 %) 
in normal saline the weaker positive serum had a turbidity of 28. But it was 

shown [1921, 2] that turbidity is a measure of the surface of the particles 

scattering light. Therefore the available adsorptive surfaces of the sera at 
their respective greatest dilutions were the same. This result therefore provides 
evidence for the theory that the Wassermann reaction depends on surface action, 

In serological investigations the serum, after dilution and mixing with 

the antigen, is allowed to stand for some time at a definite temperature. It 
was advisable therefore to test the effect of change of temperature on the 
opacity. For this purpose negative serum was diluted five times with distilled 

water, with physiologically normal saline, and with Ringer’s solution, and 
then allowed to stand in an incubator at different temperatures for four hours, 

The following were the results. 

Table IV. 
The effect of temperature on the opacity of negative serum diluted five times with: 

(1) distilled water, 
(2) physiologically normal saline (0-85 % NaCl), and 
(3) Ringer's solution (NaCl 0-85 %, CaCl, 0-022 %, KCl 0-056 %). 

Opacity of diluted serum 
e 

Temperature Distilled water NaCl 0-85 % Ringer's solution 
6° C. 22 22 22 
15 24 23 25 
24 28 24 30 
30 30 24 31 
40 32 255 33 
57 32 27 35 



OPACITY OF DILUTED SERUM 243 

The results if plotted show that the temperature curve for the limits. 
5° to 57° is a straight line in the case of physiologically normal saline and that 
the total effect is slight, increasing only from 22 at 5° to 27 at 57°. The slow 

increase in turbidity of diluted serum with increase of temperature is probably 
due to the increased solubility of the hydrolysis products at higher tem- 
peratures. On the other hand with both distilled water and Ringer’s solution, 

the curve shows an initial lag up to 10° and then rises somewhat sharply up 
to 30°. Beyond 30° the curves are nearly flat. In the case of dilutions with 
distilled water, there is a progressive diminution in the quantity of salts 
present, with a consequent increase in the quantity of acid hydrolysis products, 

which are only slightly more soluble at higher temperatures. In the case of 
dilutions with Ringer’s solution, the small quantity of calcium present (0-022%) 
is more than sufficient to counterbalance the effect of the sodium. The action 

of calcium in this case can scarcely be accounted for by its bivalency. It 

seems more probable that it is rather a question of decreased solubility of 
the calcium salts. Such a phenomenon is also observed with caseinogen salts, 

the sodium salts being soluble and the calcium salts relatively insoluble. 
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In a series of papers [1907-1912] on the origin and destiny of cholesterol in 
the animal organism, it was shown that cholesterol is never excreted as such, 

or in any recognisable reduced form, in the normal faeces of herbivorous 

animals, such as horses, cattle, sheep and rabbits. Evidence was also brought 
forward which lent support to the view that in herbivora cholesterol is a 
substance which is strictly conserved in the animal economy, that when the 

destruction of the red blood corpuscles, and possibly other cells, takes place 
in the liver, their cholesterol] is excreted in the bile and that the cholesterol 

of the bile is re-absorbed in the intestine along with the bile salts, finding its 
way into the blood stream to be used again in cell anabolism; and, further, 

that any waste of cholesterol might be made up from that taken in with the 
food [Dorée and Gardner, 1909]. This latter process would be limited in 

herbivorous animals by the fact that their normal food does not contain 
cholesterol, but isomeric substances, such as phytosterols, which presumably 

would have to be converted into cholesterol before utilisation [Fraser and 

Gardner, 1910). The faeces of herbivora, however, contain a considerable 
amount of non-crystalline unsaponifiable matter, consisting mainly of a red- 
dish oil. The dry faeces of cows gave, after separating any crystalline matter, 

0-39 % and of sheep 0-4 % of a red oil. 3 kilos. of dry summer faeces of wild 
rabbits yielded 0-21 °% of so-called hippocoprosterol and 0-77 % of oil [Dorée 
and Gardner, 1908, 1]. 

It was found that this oil (from rabbits) was very stable and could be 
fractionally distilled at a pressure of under 1 mm. without any decomposition, 
though the process was tedious and difficult. Four main fractions were obtained 
at the following temperatures: (1) 98°, (2) 164—168°, (3) 215-220°, (4) 260-265°. 
In the flask there remained a transparent brittle resinous substance, which 
was still distilling without a trace of decomposition at the softening point of 

glass. 

Sg ee | a nn ne 
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Fraction (1) was a pale yellow fairly mobile oil, with a smell recalling that 
of pine oil, which contained 82-13 % C and 11-96 % H. On treating a small 
quantity in chloroform solution with excess of acetic anhydride and a few 
drops of strong sulphuric acid, it gave a deep reddish brown colour, which 

gradually changed to a dirty brownish green. Fraction (2) had a faint pine 
odour and gave a similar reaction. Fraction (3) was a thick oil which gave the 
cholesterol colour reactions with the above reagents in a modified manner. 
Fraction (4)—the largest fraction—was at ordinary temperatures a clear 
yellow glass, which remained perfectly transparent after standing for ten years. 

It gave the sterol colour reactions with acetic anhydride and sulphuric acid 
in a well-marked though modified manner. Combustion showed that it had 

nearly the same composition as cholesterol. 

% C % 
84-21 11-56 

84-05 11-99 

Calculated for C,,H,,O ... 83-94 11-92 

All attempts to prepare a crystalline acetate or benzoate failed. 
The faeces of rabbits fed on ether-extracted grass also contained similar 

oils, but quantitative experiments to show whether in less quantity were not 

made. 
Oils which gave a dirty brown or brownish green colour with acetic 

anhydride and sulphuric acid were also found in the unsaponifiable matter 
of the ether extracts of grass and other plants. 

In carnivora, such as dog [Dorée and Gardner, 1908, 2] and cat | Ellis and 
Gardner, 1909], provided the body weight remains constant, the cholesterol 

excreted in the faeces can be all, or nearly all, accounted for by that naturally 

ingested with the food. Klein [1910], in his experiments, also arrived at a 
similar conclusion. In adult man, under normal conditions, cholesterol is 

not excreted as such in the faeces, but always in the form of one of the bi- 

hydrocholesterols. The main substance is coprosterol, but a certain amount 

of the isomeric f-cholesterol is also present. 
Ellis and Gardner [1912] showed that the quantity of coprosterol found 

in the faeces of man can be largely accounted for by the cholesterol taken 

in with the food, provided the body weight remains constant. If, however, 
a rapid loss of weight takes place, as in illness, the output of cholesterol may 
largely exceed the intake. More recent experiments carried out by more 
accurate methods than were previously available, the results of which will 

form the subject of another paper, have shown that there is normally a regular 
though very small excretion of coprosterol in excess of the cholesterol taken 
in with the food. This would suggest that some organ of the body is capable 
of synthesising cholesterol to make up the waste. The unsaponifiable matter 

of human faeces contains in addition to crystalline sterols a considerable 

amount of non-crystallisable oils. These oils are somewhat variable in quantity, 
and often considerably exceed the amount of crystalline matter. After separa- 
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tion of coprosterol, etc. by means of digitonin they usually give the Burchardt- 
Liebermann reaction, though the colours are often partially masked by the 
dirty colour of the material. This colour reaction does not necessarily indicate 

that the oily matter contains derivatives of the sterol group, as the reaction 
is given by a variety of other substances. 

It seemed, however, important to submit the unsaponifiable matter of 

faeces to a more detailed chemical examination. 
For this purpose a large quantity—over 1 cwt.—of mixed human faeces 

from a Yorkshire village was collected and dried partly by heat and partly 
by means of plaster of Paris. The dry material was ground up and extracted 
with ether in large metal extractors, arranged on the principle of the ordinary 

small Soxhlet’s apparatus. The ethereal solution of the extract was saponified 
in the usual manner in the cold with a large excess of an alcoholic solution 

of sodium ethoxide. The precipitated soaps were filtered off and re-extracted 
with ether. The ethereal filtrates were then washed free from traces of soap 
and alcohol by repeatedly shaking with water. The ether was then distilled off 
and the oily unsaponifiable matter taken up in acetone. The acetone solution 

was allowed to crystallise fractionally and the process repeated several times 

in order to effect as complete a separation of crystalline matter from it as 
possible. 

In view of the results mentioned above it seemed possible that both the 
crystalline and oily matter might be conveniently purified by distillation in 

superheated steam, or by distillation in a high vacuum, or a combination of 
both processes. 

In order to test the validity of this method as far as possible, and to 
ascertain whether any intra-molecular change took place in the case of the 
crystalline sterols, the behaviour of the following substances was examined: 

cholesterol, coprosterol and y-coprosterol. 

Distillation of cholesterol. 

As it is well known that cholesterol can be distilled in vacuo unchanged, 

it was therefore only submitted to distillation in superheated steam. 
Steam from a boiler was passed through a small spiral superheater and 

carried by a metal tube to the bottom of an ordinary distillation flask con- 
taining the cholesterol. This flask was well lagged and its delivery tube passed 

to the centre of a second distillation flask, which was connected with a long 

Liebig’s condenser. 
The cholesterol melted and then distilled over in the steam fairly rapidly. 

The greater portion condensed in the trap flask, where it remained in the 
molten condition, and the rest condensed in the condenser in the form of a 

solid white jelly-like emulsion. This solid emulsion never blocked the con- 
denser, but from time to time partly under the influence of the pressure of the 
steam and partly of the running condensed water was forced from the con- 

denser into the receiver in the form of candles. The emulsion could be readily 
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filtered and a good deal of the water separated by gentle pressure. The various 
distillates were recrystallised from alcohol. The small quantity of cholesterol 
remaining in the distillation flask was only slightly discoloured, and on 

recrystallisation from alcohol melted at 146-147°. 
The cholesterol used melted at 147-148°, and had a specific rotary power 

[a], = — 36:39°. 
The fractions from the trap flask and the receiver after recrystallisation 

from alcohol both melted at 147-148°. They showed however a slight increase 
in rotation. The values determined were: 

Undistilled cholesterol... ake «oe —36°39° 
_ Cholesterol from solid emulsion ... «. —37°81° 
Cholesterol from trap flask Cas ... —89-50°; another determination —39-46° 
Cholesterol from residue in distilling flask —35-59°. 

The cholesterol from the trap flask was again recrystallised from 80 °% alcohol 
and gave a value — 41-4°. 

The meaning of these variations has not been ascertained. 

Distillation of coprosterol. 

10 g. of fairly pure coprosterol were distilled at a pressure of about 1 mm. 
from a small retort heated by a metal bath. The material distilled over readily 

at 220-225°. The apparent temperature of distillation, however, appeared to 
depend to some extent on the temperature of the bath and the process was 
more of the nature of an evaporation than a true distillation. The distillate 
was very pale yellow in colour and solidified to a white mass. Only a faint 

trace of tarry matter remained in the retort. The distillate was crystallised 
from acetone. The main fraction on heating began to shrink together at 102° 
and ran in the tube at 107°. Another small crop was obtained on evaporating 
the mother liquors, which melted at 101—-102°. The distilled coprosterol had 
a normal rotation and the acetate and benzoate normal properties. The fol- 

lowing esters were also prepared and may be briefly described: 
Chloroacetate. 5g. coprosterol were dissolved in 10 cc. chloroform and 

warmed under a reflux with a slight excess of chloroacetyl chloride. The 
residue obtained on evaporating the solvent crystallised from ethyl acetate 
in needle-shaped crystals. On heating they began to soften at 143° and melted 

at 145-146°. The substance was only difficultly soluble in hot methyl and ethyl 
alcohols. It contained 7-93 % chlorine—theory 7-63, and its specific rotary 
power in chloroform was [@]'* = + 20-6°. 

Bromoisovalerate. This was prepared in a similar manner from bromozso- 
valeryl bromide. It crystallised readily from a mixture of ethyl acetate and 
alcohol, or from a mixture of chloroform and alcohol. It melted at 103—104° 

and had [a]}* = + 18-47°. It contained 14-67 % bromine—theory 14-52. 

Stearate. This was prepared by boiling coprosterol in chloroform solution 
with a slight excess of stearyl chloride. It was almost insoluble in hot alcohol, 
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but crystallised readily from ethyl acetate or acetone. It melted at 69-70°, 
and on cooling showed a faint yellowish green play of colours at the solidifying 

point. [a]* = + 14-02° (in chloroform). 

Analysis: 82:21 % C, 12-46% H; calculated for C,;H,.0, 82:82 % C, 

12-27 % H. 
Palmitate. This was prepared in a similar manner from palmityl chloride. 

It was only very slightly soluble in methyl alcohol, but could be readily 

crystallised from ethyl acetate or from acetone in glistening hexagonal plates. 
It melted at 65° and showed at its solidifying point a faint colour display— 
greenish blue, green and yellow. 

Laurate. This was prepared from lauryl chloride in a similar manner. It 
was more soluble in alcohol than the homologous esters, and crystallised 

readily from ethyl acetate in glistening leaflets, which under the microscope 
appeared as flat hexagonal plates, rather like phytosterol in appearance. It 

softened at 58° and melted at 61-62°. 
Analysis : 82:43 % C, 12-34 % H; calculated 82-11 % C, 12-28 % H. 
On oxidation the distilled coprosterol gave the ketone coprostanone de- 

scribed by Dorée and Gardner [1908, 3] in normal manner. 
The distillation of the coprosterol had evidently produced no change. - 

Distillation of xb-coprosterol. 

The %-coprosterol was prepared in the usual manner by boiling coprosterol 
in amyl alcohol solution with sodium amylate, and subsequent elimination of 

unchanged coprosterol and f-cholestanol by digitonin. The y-coprosterol left 

in the filtrate from the insoluble digitonide was then purified by recrystallisa- 
tion. In the mother liquors, after separating crystalline matter as completely 
as possible, there remained a small quantity of a stiff oil. This oil distilled in 

a vacuum of 1 mm. at about 210-220° without any decomposition. The dis- 

tillate had a pale yellow colour and solidified to an amorphous glass, which 
remained perfectly transparent for several years. It gave the sterol colour 
reaction in chloroform solution with acetic anhydride and sulphuric acid in 

a well-marked manner. 

Analysis: 83-97% C, 11-65% H; calculated for CHO 83-94 % C, 
11-92 % H. 

It had therefore much the same composition as cholesterol or coprosterol. 
The -coprosterol was then distilled in superheated steam when it passed 

over in @ similar manner to the isomer. After crystallisation it was dried 
and submitted to distillation in a vacuum of 1 mm. pressure, It evaporated 
over between 214—222° according to the temperature of the metal bath, leaving 

no residue. It solidified in the receiver almost at once. The solid was recrystal- 
lised from alcohol, acetone, light petroleum and finally from alcohol and ethyl 
acetate. On heating it began to shrink together at 120° and ran in the tube at 

123° to a turbid liquid which cleared at 125°, On cooling it became cloudy 
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again and was quite solid at 120°. On remelting it behaved as before. This 
melting point is rather higher than that given by Dorée and Gardner [1908, 3] 
119° and by Windaus [1916] 116-118°. It is difficult to say whether the dis- 

tillation had resulted in higher purification, or some slight change had taken 
place. The rotary power was found to be [a]* = +. 28-84°. 

The constants hitherto recorded are: Dorée and Gardner + 31-55°, and 

Windaus + 31-62°. The esters did not crystallise so readily as those of copro- 
sterol; a number were prepared, which had normal properties. The following, 
which we believe are new, are worth a brief description: 

s-Coprosterol chloroacetate. This was prepared in a similar manner to the 
coprosterol chloroacetate. It crystallised in glistening plates or flat needles. 

M.P. 68-5-69°. On analysis it gave Cl 7-82 %; calculated 7-91 %. 
y-Coprosterol stearate was prepared by heating one part s-coprosterol with 

0-8 part stearyl chloride in chloroform solution. It was crystallised from a 

mixture of chloroform and alcohol, and also from ethyl acetate. m.p. 62-63°. 
[a]* = + 28-89° (in chloroform). 

Analysis: 82:83 % C, 12-73 % H; calculated 82:57 % C, 12-53 % H. 

y-Coprosterol laurate was made in a similar manner from lauryl! chloride. 
It was purified by crystallisation from a mixture of benzene and alcohol, 
melted at 38-39°, and had [a]'* = + 28-43°. 

Analysis: 82:43 °% C, 12-23 % H; calculated 82-11 % C, 12-28 % H. 
As distillation did not seem to have produced any material alteration in 

cholesterol and coprosterol, the crude crystalline matter was purified by 
distillation in superheated steam and subsequent distillation in a vacuum of 
1 mm. or under. The white solid matter thus obtained was then subjected to 

an elaborate fractional crystallisation from acetone and from 80 % alcohol. 
The bulk proved to be pure coprosterol, various fractions melting between 
100 and 108°., Smaller fractions were, however, obtained which melted at 

111-112° and’ 112-113°. On repeatedly recrystallising these, a fraction was 

isolated which began to shrink together at 113° and melted at 115-116°. 

Hans Fischer stated that the melting point of coprosterol could be raised 
to 112-115° by repeated crystallisation. 

In order to find whether this was pure coprosterol or contained some 
isomer, it was heated in amyl alcohol solution with sodium amylate in the 
usual manner to convert coprosterol into %-coprosterol. The product was 
dissolved in alcohol, and an alcoholic solution of digitonin added, when a 

small quantity of an insoluble digitonide was precipitated. The bulk of the 
product remained in solution and yielded pure %-coprosterol. The insoluble 
digitonide was dissociated by heating in the vapour of boiling xylene, and 
after driving off the xylene in steam, a small quantity of crystalline sterol was 
obtained. This gave no colour reaction with acetic anhydride and sulphuric 
acid, and from the appearance of the crystals under the microscope appeared 

to be B-cholestanol. The quantity was too small, however, for satisfactory 
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identification. It was, however, probably f-cholestanol, as the substance was 
found in considerable quantity in the oily residue left after the crystallisation - 
of the crude coprosterol. Since this work was commenced Windaus and 
Uibrig [1915] have obtained from crude coprosterol by repeated crystallisation 
from light petroleum a small amount of a more difficultly soluble substance 
of higher melting point than coprosterol. The melting point was, however, 

not sharp. This substance was found to be impure f-cholestanol, which they 
succeeded in separating from coprosterol by the digitonin method and charac- 

terising by means of its esters. . 

Examination of the dark oil left after separating the bulk of the 
erystalline sterols. 

This oil, in suitable quantities, was distilled in superheated steam in the 7 
apparatus described above, except that in this case the trap flask was kept in 
a brine bath at a temperature a few degrees above 100°. The whole distilled 

over leaving only a slight carbonaceous residue. A portion condensed in the 
brine flask as a stiff oil, but the bulk passed over into the condenser where it 
formed a solid emulsion, which was forced out of the condenser by the com- 

bined action of the condensed water and the pressure of the steam in solid 
white candles. This solid emulsion persisted for a long time, but after some 

days generally separated into oil and water. This was more readily effected 

by means of ether. ; 
The property this oil possesses of forming these stable solid emulsions 

suggests that the “sterol” portion of the “unsaponifiable matter” may play 

an important part in the formation of faeces. . 
The thick viscid oils which collected in the brine flask were crystallised 

from acetone. These crystalline fractions—A—are described later. The oils 

from the mother liquors were again distilled in superheated steam. The solid 

emulsions which collected in the receiver were taken up in ether; the ethereal 
solutions were then dried and the ether distilled off. The oil left was then 

distilled in a vacuum of about 1 mm. and roughly separated into two fractions, 
The lower boiling fraction came over on the paraffin bath up to about 

160-170°—B. 

The higher fraction came over on the metal bath, mainly between 200 and 
260°, and constituted much the greater portion of the material. It was very 
difficult to distil, as it was very viscid and if slightly overheated had a tendency 
to bump and froth over. An ordinary distillation flask proved quite unsuitable, 
but after trying various forms of apparatus a retort-shaped vessel was found 

to be efficient, and bumping was prevented by having a spiral platinum wire 
at the bottom. The retort was immersed in a metal bath, the portion outside 
the metal being well lagged. In later experiments it was found better to heat 
the retort in a Lothar Meyer air bath instead of a metal bath. The bath was 

kept a few degrees above the boiling point of the fluid. The distillation was 
done very slowly to prevent bubbling over, and was really more of an evapora- 
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tion than a true distillation. This high boiling distillate—C—set on cooling 
' to a clear pale yellow glass with a slight greenish fluorescence. It recalled in 

appearance some of the high boiling distillates of petroleum. 

. On long standing it began to crystallise, bacteria-like crystals gradually 
spreading through the entire mass, which became opaque. 

Peihinciion of fraction A. 

The solid matter from acetone crystallised in matted needles, M.p. 92—95°, 
and was rather like impure coprosterol. On recrystallisation from absolute 
alcohol, however, glistening plates—rather like cholesterol—separated. The 

melting point, after recrystallising several times, was raised to 136-137°, but 
was not sharp and the substance began to soften at a lower temperature. 

These crystals contained 5-35 % of moisture; calculated for C,,H,,0+H,0, 
4-45 %. 

Analysis of dried material; 83-807 % C, 12-034 % H; calculated for 

C.,H40, 83-94 % C, 11-92 % H; for C.,H,,0, 83-505 % C, 12-370 % H 
100 g. of 96 % alcohol dissolved at 21° 0-844 g. of the crystals. The solu- 

bility was therefore less than that of cholesterol. The substance was practically 
inactive to polarised light. On treatment in ethereal solution with a solution 
of bromine in glacial acetic acid a crystalline precipitate was formed. This 

was filtered and washed first with strong acetic acid and finally with water. 

After drying in vacuo it melted at 115-116°, and contained 29 % of bromine 
(calculated for cholesterol dibromide, 29-3 %). The yield was however less 
than half the theoretical. ; 

The acetate was prepared in the usual manner. It crystallised from 
alcohol in glistening thin plates or flat needles. It was only slightly soluble 
‘in cold but readily in hot alcohol. It melted with previous softening at 105- 
106°, but on cooling did not solidify again until 80°. The benzoate was made 
by the pyridine method. After crystallisation from alcohol it began to shrink 
together on heating at 107° and ran in the tube at 120° to a clear liquid. 
During the heating it showed a colour display intermediate between those of 
cholesterol benzoate and f-cholestanol benzoate. After repeated recrystallisa- 

tion from alcohol the product became more like f-cholestanol benzoate, and 
on heating coagulated at about 130° with a bright colour display, emerald 
green, blue and red according to the point of view. The colours vanished 

sharply at 157°, a clear colourless liquid remaining in the tube. On cooling 
the colour display appeared again at 157° and continued after the point of 
solidification. On mixing with some f-cholestanol benzoate the phenomena 

_ were unchanged. From these properties the inactive crystals appeared to be 
a mixture of approximately equal parts of cholesterol and f-cholestanol. In 
order to prove this the remaining substance was precipitated in ethereal 

solution with half the theoretical quantity of a solution of bromine in glacial 
acetic acid that would have been required had the substance consisted only 

Bioch. xv 17 
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of cholesterol. After standing in an ice bath the crystals were filtered on the 

pump. The ethereal filtrate was poured into water and the solid recrystallised 
twice from alcohol. It was identified as B-cholestanol by mixed melting and 

the properties of its acetate and benzoate. 
The dibromide was reduced by zine dust and glacial acetic acid, and the 

product after hydrolysis with alcoholic potash was recrystallised from alcohol. 

It consisted of pure cholesterol. 
This conclusion was also confirmed by the Liebermann reaction. {-Chole- 

stanol does not give any colour reaction with acetic anhydride and a drop of 
sulphuric acid, or at any rate reacts only slowly and very slightly under the 
conditions in which cholesterol gives its typical reaction. The cholesterol was 

therefore estimated in the crystals by the method of Grigaut [1913] and they 

were found to contain 63-01 %. | 

Examination of fraction B. 

This fraction consisted of a yellowish waxy solid, which separated from 
acetone as a white wax smelling of new mown hay. It was very volatile in 
superheated steam and readily distilled in vacuo. The material was submitted 

to an elaborate fractionation in a high vacuum. This proved rather difficult 
as it was not easy to keep the pressure quite constant. Ultimately the following 
fractions were obtained at about 1 mm.: (1) 112-118° (4 cc.); (2) 120-140° 

(3-75 ec.) ; (3) 140-150° (about 5-5 ce. mostly round 145°); (4) 155-165° (3 ee.); 

and about 6 cc. of oil above 200°, which was added to the main fraction C. 
The first fraction was a white wax which, on treatment in chloroform 

solution with acetic anhydride and a drop or two of sulphuric acid, gave a 

reddish brown solution. The colour deepened on standing, and was very similar 
to the colour obtained with ferric chloride and an acetate. No change in 
colour took place on standing. The fraction 140-150° behaved similarly, but 

the higher fractions gave the sterol colour changes, 7.e. the reddish brown 

gradually changed to green. ‘ 
As it did not prove possible by distillation, at any rate with the quantities 

of material available, to isolate any pure products, the low boiling fractions 

which came over at 100-140° according to the pressure were dissolved together 
in a few cc. of alcohol, and the strong solution cooled in a good freezing mixture. 
With a suitable amount of alcohol the solution set to a sloppy crystalline mass. 
If it set too solid more alcohol was added. The crystals were then filtered by 
means of the pump through a well cooled filter. The crystalline matter on the 
filter was then recrystallised from acetone in which it was rather less soluble 
than in alcohol. It crystallised in leaf-like crystals which melted at 49-50°. 
The mother liquors on standing in vacuo set to a crystalline mass mixed with 
oil. This was freed from oil by spreading on porous tile, and on recrystallisa- 
tion from alcohol a further crop of the above substance was obtained. In this 
manner several grams of crystals, M.p, 49-50°, were isolated. They proved 

en ee a i i ll ak lil 
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to be cetyl alcohol, and on mixing with a pure specimen of this substance 
showed no reduction in melting point. 

_ Analysis: 79-31% C, 14-05% H; calculated for C,,H,0, 79°34 % C, 
14-05 % H 

On oxidation in glacial acetic solution by means of chromic acid, and also 

by heating to 250° with potash lime, it yielded palmitic acid, M.p. 62-63°. 
0-1849 g. required for neutralisation 7-03 cc. N/10 soda; calculated for 

- palmitic acid, 7-23. 
The silver salt contained 29-15 % re calculated for C,,H,,0.Ag, 29°71 %. 
A small amount of crystalline matter, m.p. 55-56°, was also isolated, but 

in too small quantity for purification. It was evidently a mixture of cetyl 

alcohol with some higher alcohol, and on oxidation yielded a mixture ot acids. 

Examination of fraction C. 

_ This was separated into a number of fractions by distillation under a 

pressure of about 1 mm., but several on standing became opaque through 
formation of crystals, and evidently contained some. coprosterol or other 
bihydrocholesterol. The various fractions were therefore dissolved in alcohol 

and separately precipitated by an excess of an alcoholic solution of digitonin, 
After standing the alcohol was evaporated at a low temperature and the oil 
‘separated from the insoluble digitonides and excess of digitonin by means of 
ether, After distilling off the ether the oils were again submitted to an elaborate 
process of fractionation in a vacuum of about 1 mm. This operation, parti- 
cularly in the case of the higher boiling portions, was difficult and tedious. The 
difficulty in getting apparatus made during the years 1915-1919 rendered 
it necessary to work on a small scale, and to work up the material in com- 

paratively small portions. The oils were also very viscous and showed a 
marked tendency to froth over, so that it was necessary to carry out the 
distillation very slowly and keep the temperature of the metal or air bath 
only a few degrees above the temperature of the distilling fluid. It was also 

found desirable to have the retort completely immersed in the bath. The 
process was therefore more of the nature of an evaporation than an ordinary 
distillation. It was also found difficult to keep the pressure constant within 
a millimetre or two with the pump available. Small variations at these low 
pressures have an appreciable effect on the boiling point. The apparent tem- 

peratures of distillation seemed also to ~ affected by the temperature of the 

bath. 
Eventually the following fractions were obtained: 
(1) 134-140°. This was a waxy material which was found to be similar 

to the cetyl wax described under B. 
(2) Small intermediate fractions—155-165°, 165-175° and 175-200°. 
(3) The main bulk distilled between 198-210°. It was obtained in various 

3 experiments in a series of fractions—198—200°, 202-204°, 199-202°, 202-210°, 

17-2 
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200-205°. These were evidently the same substance, the differences in tem- 
perature range being probably due to slight unavoidable differences in con- 

ditions during the different distillations. 
(4) A higher fraction, smaller in quantity —215-225°. 
The fractions (3) and (4) all came over as pale yellow clear oils, having a 

faint greenish fluorescence. 
They set on cooling to a clear glass, melting at 16-18°, and gave the sterol 

colour reactions with acetic anhydride and a little sulphuric acid in a well- 

marked though modified manner. 
On analysis the various fractions gave the following results: 

% © % H 
No. 2. 155-165°. Thick oil... 82-13 12-83 

165-175° ... as ite 83-03 12-17 
No. 3. 198-210°... ces sas 84-81 12-19 

200-206° ... SF AS 85-48 12-40 
199-202° ... sia Pry" 84-49 12-40 
202-210° ... < ro8 83-70 12-36 

No. 4. 215-225° ... eee aaa 82-97 12-15 

Determinations of molecular weight by depression of the freezing point 
of benzene, in the case of a fraction 200-206°, gave values of 355 and 395; 

calculated for C,,H,,0, 388. 
In the case of substances of such high molecular weight and high carbon 

content, it is difficult to select a formula from the results of combustion. The 

figures for the fraction 202-210°, however, agree closely with those for 
cholesterol and bihydrocholesterol. 

% © % H 
Calculated for C,,HyO ... 83-94 11-92 

‘s C,H,0 ... 83-51 12-37 

This particular fraction remained as a transparent glass for several years. 

The other glassy fractions, however, on standing for some months gradually 
became more or less opaque owing to gradual separation of crystalline matter, 

and were very similar in appearance to bacterial growths in gelatin. 
From these results it seemed probable that the fractions above 200° con- 

sisted of an amorphous substance of the sterol group mixed with more or less 
of some hydrocarbon or wax of very high molecular weight. 

Attempts to separate crystalline matter by crystallisation from solvents 

in the ordinary manner were unsuccessful, but it was found possible to separate 
small quantities of crystalline matter by cooling strong solutions in acetone 
in a freezing mixture. All the fractions were therefore repeatedly treated in 
this manner. The waxy solids were too small in quantity for further treatment 
or identification, but the oils left after evaporating the acetone remained 
clear on long standing. They were redistilled in a vacuum of about 1 mm., and 

came over between 200-230° according to the pressure. They were all colourless 
pale yellow oils which set to glass on cooling. This glass melted about 16-17° 
to a very viscid oil. 
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On analysis the following results were obtained: 

%C % 
(1) 212-230° (1 mm.) ... 83-12 12-56 
(2) 214-218° ,... 83-11 12-19 
(3) 202-216° ,, —.... 84-04 12-18 
(4) 204-220° ,, 83-45 12-09 
(5) 214-295° ,, .., 84:16 12-21 
(6) 230-240° (2 mm.) ... 83°75 12-01 
(7) 215-224° (1 mm.) ... 84-04 12-23 

From the variations in boiling point and in the figures by combustion it 

is evident that this oil is not a pure substance. It is impossible to deduce 
a formula from the. figures. They might indicate anything from C,,H,.0, 

which requires 83-24 % C, 12-14 % H, to Cj,H;,0, 83-84 % C, 12-66 % H, 
or, if the substance is unsaturated, from C,H 0, 83-72 % C, 11-63% H to 

CapH 60, 84:21 % C, 12-28 % H. 
From the boiling point, the colour reactions and great stability, it would 

seem probable that it may be a sterol of formula C,,H,,0 or C,,H4,0, or a 
mixture of a saturated and an unsaturated sterol. 

_ Further details of the properties of this amorphous substance are given 

later on in this paper. 
' The digitonin precipitates, obtained from various portions of fraction C, 

were dissociated in vapour of boiling xylene, and the solid matter from the 
xylene was fractionally crystallised from acetone. 

In this way, two fractions, one of indeterminate crystalline matter and 
the other in form of flat needles or spangles, were obtained. 

The indeterminate crystals under the microscope appeared to consist of 
plates similar to crystals of B-cholestanol. 

On heating in a capillary tube they began to soften at 122° and melted at 
130-131°. The acetate of this substance was prepared in the usual way and 
crystallised from alcohol in shining leaflets, which on heating in a capillary 

tube began to soften at 120° and melted at about 124°, but the melting point 
_ was not sharp. 

The benzoate was made by the pyridine method and after several recrystal- 
lisations from alcohol, in which it was difficultly soluble, showed the melting 
point and characteristic colour display of B-cholestanol benzoate. A mixed 
melting with B-cholestanol benzoate showed no depression of melting point, 
but rather more brilliant colours. Evidently the indeterminate crystals were 
mainly f-cholestanol. The needle-shaped crystals under the lens were very like 

phytosterol. They began to soften at 132° and melted at 136-137°. The acetate 
crystallised from alcohol in thin glistening leaflets, which on heating began 
to soften at 135° and melted sharply at 138-139°. The melted mass on cooling 
slowly crystallised in needle form. The substance did not form a benzoate by 
the pyridine method. The quantity was too small for further characterisation, 

but it was probably a phytosterol derived from vegetable food. 
The results detailed above were obtained with mixed faeces—adults and 

children. 
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In the examination of the metabolism of a patient, suffering from anorexia 
nervosa, who was supposed to be on a specified diet, an extraordinarily large 

quantity of unsaponifiable matter was found in the faeces—40-50 g. in a week. 
This was distilled in a vacuum of 1 mm., and divided into a series of fractions 

ranging from 100-210°. These proved to be mainly paraffin hydrocarbons, 
and subsequent inquiry revealed the fact that owing to a misunderstanding 

the patient had been dosed with liquid paraffin up to the day on which the 
dietetic experiment commenced. 

This result suggested that possibly the mixed faeces examined might have 

contained a certain amount of this material, which would contaminate the 

intermediate and higher fractions, and might account in the latter for the 
higher carbon and hydrogen content than that required for a true sterol. 

It was therefore thought desirable to examine faeces from adults on rigid 

diet, and also from infants. 

Experiments with adults on known diet. 

For this purpose use was made of material accumulated in a series of 
experiments, on the digestibility of breads made from different kinds of flour, 

for a Report by the Food (War) Committee of the Royal Society [1918]. The 
subjects experimented on were for the most part laboratory attendants and 
assistants. The pre-arranged daily diet consisted of 800-1000 g. bread, 50 g. 

butter, 50 g. cheese, 50g. minced meat, 100 g. of fruit jelly, 600 cc. milk, 
30 g. sugar and tea or coffee ad lib., though some individual minor variations 
were allowed. The subjects were fed for periods of ten or eleven days and the 

faeces of the last six used. The dried faeces, finely powdered, were extracted 

with ether, and the extract saponified in the manner already described. 
The unsaponifiable matter was then crystallised from acetone as before 

to separate oil and crystalline matter as far as possible. In this case, however, 

the remaining oil was treated in alcohol solution with excess of digitonin to 

get rid of the remaining precipitable sterols before distillation. 
The oil was then distilled in superheated steam, and the distillate fraction- 

ated in a high vacuum. 
The oil was somewhat greater in quantity than the crystalline sterols, 

About 9 g. on distillation in superheated steam only left in the distilling flask 

0-14 g. of carbonaceous matter. 
The distillate proved rather difficult to fractionate in a high vacuum as 

traces of some decomposable matter were present and rendered it difficult to 
keep the pressure at 1 mm. In the initial distillation the following fractions 

were obtained: 
(1) UP. to 167° at 2-3 mm., but mostly round 127°. Wt. 0:49 g. 

This was liquid and on standing deposited crystals. 
(2) 177~187° at 2-3 mm. This was solid wax. Wt. 0°87 g. 

(3) 187-197° at 6mm. We. 0°68 g. 
(4) To 225° at 5-6 mm. Wt. 0-83 g. 
(5) 227-287° at 2-3 mm. Wt. 5°69 g. 

This was a yellowish oil with a greenish fluorescence, which 
solidified to glass on cooling. 

Residue left in flask, 0-38 g. 

ee Re J = 
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These fractions, beginning with No. 2, were now refractionated, and no 

difficulty was found in keeping the pressure at 1 mm. The following fractions 

were obtained: 

(a) Up to 137° at 1 mm. _ This solidified in the receiver as a white crystalline wax. 
(b) 130-147° f — This was solid, and did not give any colour with acetic 

anhydride and sulphuric acid. 
(c) 149-180° oy — _ A viscid oil. 
(d) 187-211° » Wt. 1-79 g. This solidified to a transparent glass, which changed 

to a viscid pale yellow liquid at 20—22°. 
(e) 211-221° » Wt. 2-58 g. This was a pale yellow oil with a greenish fluorescence, 

which set to a glass on cooling. 
(f) 227-257° » Wt. 0-72 g. Aclear oil with a greenish fluorescence, especially 

marked in chloroform solution. 

Fractions (a), (6) and (c) were dissolved in a little acetone and frozen. The 
solution set solid, but on filtering on the pump only a small amount remained 
unmelted. This was recrystallised from alcohol and identified as cetyl alcohol. 
From the acetone mother liquors a portion of a liquid nature was obtained. 
On heating this with potash lime hydrogen was evolved; 0-8 g. mixed with 
four times its weight of potash lime and heated at 230-250° gave 75cc. of 
hydrogen at 25° and 760 mm. The residue was dissolved in hydrochloric acid 
and the fatty acids extracted with ether. The ethereal solution was extracted 
with aqueous potash, and the alkali solution again acidified and extracted 
with ether. On evaporating the ether a brown greasy acid was obtained. This 
was purified by distillation in vacuo, and proved to be a mixture of crystalline 

and oily acids, but too small in quantity for further separation. Evidently, 
however, the fractions (a), (b) and (c) contained cetyl and other alcohols of 

the paraffin series. The fractions (d), (e) and (f) all gave the Burchardt-Lieber- 
mann reaction in a modified though well-marked manner, and were quite 

similar to the corresponding fractions from the mixed faeces. 

Analysis: %C % H 

(d) 84-61 11-93 ; 
(e) 83-48 11-95 
(f) 83-61 11-64 

The crystalline sterols proved to be mainly coprosterol with a small 

amount of £-cholestanol. 
The results of this investigation were therefore very similar to those 

obtained using mixed faeces. In 27 diet periods, during which four different 
kinds of bread were used, the rest of the diet being much the same, the ratio 

of the average amount of sterols precipitable by digitonin to unsaponifiable 
matter not so precipitated was 1 : 0-734. The ratios in individual cases were 
variable, ranging from 1 : 0-25 to 1 : 1-18, but in the majority of cases the 

individual ratios were not far from the mean value. 
The ratio of the lower boiling portion, which did not give the Burchardt- 

Liebermann reaction, to the high boiling “sterol” portion which did, was 
about 1 : 4. 
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Examination of infants’ faeces. 

The faeces of healthy infants were examined in a similar manner. 
In the case of breast fed healthy infants in the early weeks of life the 

crystalline sterol matter was found to consist entirely of cholesterol. The 
portion of the unsaponifiable matter not precipitated by digitonin was very 
variable in quantity in different individuals, and was usually considerably in 
excess of the cholesterol. This non-cholesterol matter has not yet been 
thoroughly examined, owing to the difficulty in obtaining a sufficient supply 

of digitonin, but it was found that in nearly all cases, after completely separating 
cholesterol by means of digitonin, the oil washed away from the insoluble 
digitonide by means of ether or light petroleum no longer gave either the 
normal or modified reaction with acetic anhydride and sulphuric acid. On 

treatment in chloroform solution with excess of acetic anhydride and a few 
drops of sulphuric acid a reddish brown colour developed but this did not 
change, and even on long standing no trace of green colour was noticed. 

On allowing to stand until the chloroform had evaporated spontaneously 
crystalline matter separated which could be isolated after dilution with water. 
Possibly this may afford a convenient method of purifying and identifying 

some of the constituents. A considerable amount of material from infants of 
various ages is being accumulated, and we hope to deal with this in another ~ 

vommunication. 

On the other hand, in pathological cases the amount of cholesterol is often 
less and the accompanying oils much greater in quantity than normal, and 
the latter show the acetic anhydride sulphuric colour reaction in the modified 

manner observed in the case of adult faeces. As an example we may quote 
the case of a prematurely born child (7 months), the fat metabolism of which 
was examined in some detail. It was brought into the hospital in the summer 
of 1915, when a few weeks old, suffering from bilateral conjunctivitis, and 
remained several months. Very little history of the case is available, but it 

was stated that its weight at birth was 34 Ibs., and during its stay in hospital 

the stools according to the reports were apparently normal. After leaving 
the hospital the case was lost sight of, but subsequent inquiry elicited the 
information that “nothing of interest” developed and the infant gradually 
wasted away and died at the beginning of 1916, but no post mortem was made. 

During its stay in hospital a feeding experiment was done for seven days. It was 
fed on Allen and Hanbury’s Infant Food No. 1, and weighed during the period 
5-5 to 5-75 lbs. During the seven days it consumed 627 g. of the dry food, and 
excreted far more fat, measured as ether extract, than it ingested. The intake 

of unsaponifiable matter was 1-68 g. containing 0-36 g. of cholesterol, and 
the output in the faeces 25-5 g. of unsaponifiable matter containing 3-65 g. 

of cholesterol. The excess of output over intake was thus 23-8 g. of unsaponifi- 
able matter and 3-29 g. of cholesterol, 7.e. 3-4 g. and 0-47 g. respectively per 
day. The oil left after separation of the cholesterol digitonide gave the acetic 
anhydride sulphuric reaction in a well-marked manner, 
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The main bulk of the unsaponifiable matter was extracted first with 
acetone and then with alcohol, and the solutions allowed to deposit as much 
crystalline matter as possible. A small portion was insoluble or difficultly 
soluble in alcohol. This was dissolved in benzene and the solution diluted with 

ethyl acetate and left to crystallise. The mother liquors after separating as 
much crystalline matter as possible were evaporated and distilled in super- 
heated steam. The great bulk distilled over as a solid emulsion, in the manner 
already described, leaving only a very small amount of carbonaceous residue. 

The distillate after separation from water was taken up in acetone and the 
solvent allowed to evaporate spontaneously, when the material gradually 

separated in oily form. It was collected in this manner in four fractions. Each 
fraction was then dissolved in acetone to a fairly concentrated solution and 
cooled in a good freezing mixture. In each case a small amount of wax solid 
at ordinary temperatures, a portion solid in the cold but fluid at laboratory 

temperature and an oil were obtained. These portions were then separately sub- 
mitted to fractional distillation at a pressure of 1 mm. The fractions of similar 

range from different specimens were mixed and refractionated. In many cases 
the fractions were further purified by again freezing from acetone. In this 
manner the material was separated into (a) crystalline waxy solids, (0) a series 

of fractions which gave no colour with acetic anhydride and sulphuric acid, 
and (ce) a series which gave with this reagent a reddish brown colour which 

more or less rapidly changed to bright green. 
Crystalline fractions (a). From this crystalline matter about 1g. of a 

substance insoluble in cold alcohol but soluble in hot was isolated. It separated 
from hot alcohol in gelatinous form. It was difficultly soluble in acetone but 
readily in benzene and in chloroform. It was readily crystallisable from ben- 

zene solution on addition of acetone. It melted sharply at 68-69°, and on 
cooling resolidified again at 67°, and remelted again at 68-69°. It was quite 
stable at 200° and could be distilled. It gave no trace of colour with acetic 
anhydride and a drop of sulphuric acid. 

Analysis: %C % 

82-52 13-90 
82-79 13-73 

CypHgoO requires 82-57 13-76 
C,,H,O 82-66 13-78 
C,H.O is 82-76 13-79 

Cholesterol was also isolated and identified by its crystalline form, melting 
point, dibromide and characteristic benzoate. 

The white waxy materials, isolated from the fractions (6) by freezing from 
acetone, after recrystallisation from alcohol melted at various temperatures 

between 50 and 70°, but were too small in quantity for further separation and 
identification. One fraction, however, which melted at 49-50° was recognised 
as cetyl alcohol. 

Fractions of group (b) whek did not give the sterol colour reaction. These 

were (1) 190-198° at 1 mm., weight 0-37 g., (2) 198-204° at 1 mm. wt. 0-32 g., 



260 J. A. GARDNER 

(3) 182-190° at 1 mm. wt. 0-52 g., (4) 190-212° at 1 mm. wt. 0:54 g., (5) 212- 
234° at 1mm. wt. 0-33 g., (6) 208-230° at 1 mm. wt. 0-32 g. 

These were all low melting white waxes, soluble in acetone, from which 
they separated in solid form on freezing. 

No. (3) gave on analysis 85-62 % C, 13-54 % H. 

This analysis, which adds up to 99-2, suggests a mixture of hydrocarbon 
and alcohol. Possibly the infant might have been dosed with liquid paraffin, 
but there was no mention of this in the records of the case. 

A portion of these waxes was dissolved in glacial acetic acid and oxidised 
on the water bath with the requisite amount of chromic acid for one hour. 

The product was poured into water, the precipitate taken up in ether and the 
acids formed isolated in the usual manner. The product appeared to be a 

mixture of acids, but was too small in quantity for any attempt to separate 
and identify them. Titration in alcoholic solution gave an average molecular 
weight of 290. 

Group (ce), which gave the “sterol” colour reaction, contained the following 

fractions: (7) 167—169° at 1 mm. wt. 0-85 g., (8) 185-195° at 1 mm. wt. 1 g., 
(9) 192-208° at 1 mm. wt. 0-08 g.,(10) 209-220° at 1 mm. wt. 0-5 g., (11) 207-210° 
at 1mm. wt. 0-16 g., (12) 218-220° at 1 mm. wt. 0-43 g., (13) 212-230° at 
1 mm. wt. 0-97 g., (14) 205-213° at 1 mm. wt. 0-4 g. 

These all remained quite transparent on standing many months. Some 
other intermediate fractions however deposited crystals on standing, and these 
were separated and identified as cholesterol. 

Fractions (7) and (8) differed from the rest in being at ordinary tempera- 
tures quite mobile yellow oils. 

Fractions (7) and (8) were analysed: 

% C % H 

(7) 88-16 12:36 
(8) 84-89 12-60 

Both appeared to be unsaturated. No. (7) had an iodine value 49-0 (Wijs). 
Both gave on treatment in chloroform solution with acetic anhydride 

and a drop or two of sulphuric acid a reddish brown colour, which in two or 
three minutes turned a dusky sage green and then bright green. This faded on 
standing over night to a brown. 

As there might have been esters that had escaped hydrolysis in the original 
saponification, they were heated for some hours in sealed tubes with alcoholic 
potash at 110-120°. On cooling the material was recovered quantitatively 
and apparently unchanged. No acid was found on examining the alkaline 

mother liquors, On treating the recovered oil with digitonin no trace of 
precipitate was obtained. 

The other fractions were at ordinary temperatures transparent pale yellow 
glasses, or else very viscous oils which would scarcely flow. They gave the 

sterol colour reaction in the modified way described above in a well-marked 
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manner, and appeared to be similar to the amorphous glassy substances 

obtained from the faeces of adults. 
On combustion, fraction (13) gave 84-12 % C, 12-40% H. Fraction (12) 

had an iodine value 73 (Wijs), fraction (10) 55-1 and another, 180-190°, 36-6. 

Examination of the faeces of soldiers in training. 

In order to ascertain whether cholesterol as stich is excreted by the normal 
adult along with coprosterol and f-cholestanol, it was necessary to examine 

a large quantity of the excreta of adults on a more or less known diet. 
Through the kindness of the D.D.M.S. of the Eastern Command and 

particularly of Lt.-Col. Jacomb Hood, I was able to obtain 51 stools of soldiers 
in training. They had the ordinary military ration of 1915, and were actively 
engaged in military duties. 

This material yielded, on extraction in the usual manner, 110 g. of ether 

extract. This contained a considerable amount of free acid and required for 
neutralisation 7-23 g. of caustic soda, equivalent to about 51 g. of stearic acid. 
After saponification in the manner already described it yielded 26-93 g. of 
unsaponifiable matter as a dark brown oil. 0-6733 g. of this oil on pre- 

cipitation with digitonin in alcoholic solution gave 1-1452 of compound 
equivalent to 0-2783 g. of sterol reckoned as coprosterol. The ratio of sterol 
precipitable by digitonin to the rest of the unsaponifiable matter was 

therefore 1 : 1-42, and the total unsaponifiable matter contained 11-13 g. 
of crystalline sterols—mainly coprosterol. The rest of the unsaponifiable 
matter was then treated with hot acetone, when it readily dissolved with the 

exception of a small amount of an insoluble crystalline substance. This weighed 

0-6735 g. It was difficultly soluble in hot acetone, but soluble in boiling alcohol, 
from which it separated on cooling in a gelatinous form. It was readily soluble 
in benzene and chloroform, and could be crystallised from a mixture of benzene 

and ethyl acetate. It melted at 80-81°, and gave no colour with acetic anhy- 
dride and sulphuric acid. It was very similar to the substance isolated from 
the early born infant described above, but had a much higher melting point. 

Analysis: %C % H 

82-53 14-68 
82-12 14-16 

Calculated for Cy9H,.0 82-19 14:15 

It seemed similar to the descriptions of myricyl alcohol. The acetone solu- 

tion of the oil on standing deposited a rich crop of crystals of coprosterol, 
from which 9-1 g. of pure substance were obtained. The mother liquors by the 
digitonin method gave about 5 g. of insoluble compound which yielded about 

1 g. of crystalline sterol. On fractionation from alcohol, 0-5 g. was obtained 
in the form of glistening leaflets and the rest in nodules of needles, mainly copro- 

sterol. The leaflets were optically inactive, melted with previous softening at 

about 133° and were very like the similar material obtained from the Yorkshire 
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faeces. They were found by similar methods to consist of approximately 
equal parts of cholesterol and -cholestanol. 

Finally an artificial mixture of cholesterol and f-cholestanol in equal 
proportions was crystallised from alcohol and found to have properties closely 
resembling these crystals. 

After separating the sterol-digitonide, 14 g. of brown oil partially dry was 
left. This was distilled in superheated steam, when it came over in the usual 

manner. 4-8 g. were carried over into the receiver in the form of a solid emul- 
sion, 7-07 g. were caught in the trap flask, and only 0-2 g. of tarry residue 
remained in the distilling flask. 

The oil from the emulsion was then distilled at about 1 mm. pressure, 
and the part distilling below 120° was dissolved in a little alcohol and cooled 
in a freezing mixture. In this way a small quantity of crystalline matter was 
obtained, which after purification melted at 49-50° and was identified as 

cetyl alcohol. The rest separated from acetone on freezing in solid form, but 
was difficult to filter. It was therefore added to the rest of the oil, which was 

then fractionated at a pressure of about 1 mm. first from a paraffin bath and 
then from a metal bath. 0-8 g. passed over below 150°, mostly round 120°; 

1-48 g. above 150° on paraffin bath, and 7-5 g. above 200° on metal bath. The 
residue weighed 0-68 g. It was impossible to keep the pressure constant during 
this preliminary distillation owing to some slight amount of decomposable 
matter. On refractionation this difficulty was not encountered. Ultimately 

the following fractions were obtained at a pressure of about 1 mm.: 

(1) 100-109° Wt0-2 g. Liquid which solidified to wax on cooling. 
(2) 127-130° ,, 03 ,, Waxy solid. - 

(3) .130-134°  ,, 03 ,, po 
(4) 136-140° ,, O-ll,, 
(5) 140-164° ,, 0-66,, Viscid oil, which partly crystallised on standing. 
(6) 164-190° ,, 0-45,, Clear liquid, solidifying to glass on cooling. 
(7) 190-202°__,, lost 
(8) 202-209° ,, 14 ,, Pale amber coloured clear glass. 

(9) 209-230° ,, about4g. This was distilled very slowly, and the temperature recorded 
by the thermometer seemed to vary with the temperature 
of the bath. It was an amber coloured glass at ordinary 
temperature. 

A small amber coloured residue was left in the flask. 

The fractions (1) to (5) all gave in chloroform solution with acetic anhy- 
dride and a drop or two of sulphuric acid a reddish brown colour, which did 
not change on standing. The fractions (7) to (9) and also the residue on similar 
treatment gave a reddish brown colour which changed in a minute or two to 
a dusky green, and finally to a bright green. On standing over night this 
green gradually faded and became brown. Thus approximately about one 

fifth of the oil volatile in superheated steam consisted of alcohols which did 
not give sterol colours with acetic anhydride, 7.e. about 8-9 °%, of the original 
unsaponifiable matter. Adding also the cetyl alcohol, this non-sterol portion 
would amount to about 11-12 %, of the total unsaponifiable matter. 
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Fractions (8) and (9) were analysed and found to contain: 

% © % H 
(8) 84:29 12-10 
(9) 84-73 11-95 

Properties of the amorphous glass distilling at 200-230°. 

The various fractions distilling at this range consisted of pale yellow or 
amber coloured amorphous glassy solids, melting at 16-18° to thick viscid 
liquids usually showing in bulk a slight greenish fluorescence. 

The different distillates were not pure substances as is evident from the 
combustions. They appear to contain oxygen in a not very reactive form, and 

are marked by considerable stability. They give the sterol colour reactions in a 
modified way. When cholesterol in chloroform solution is treated with excess 
of acetic anhydride and a few drops of sulphuric acid, in general a pink colour 
first appears which rapidly changes to mauve, then violet, blue, blue green and 

finally green. The green stage is persistent for a long time, but gradually 
fades and after some hours a brown solution is left. With less quantities of 
sulphuric acid the initial pink and mauve stages often do not appear. Copro- 
sterol under similar treatment gives a slate blue which deepens to blue and 
then passes through blue-green to a green similar to that of cholesterol. This 

slowly fades in a similar manner. -Coprosterol gives much less marked 
colours and they take longer to appear. Generally a slate tint first appears 

and this changes to green, but the green is of a yellower type than that of 

cholesterol. $-Cholestanol when pure does not seem to give any colour 
reaction. 

The amorphous bodies behave somewhat differently; on adding the sul- 
phuric acid a deep reddish brown colour first appears, very similar to the 
colour of ferric acetate. In a few minutes this becomes a dusky sage green, 

which finally changes to a bright green. This stage persists for a long time. 
On standing some hours the green gradually fades and gives place to a brown. 
This green colour, and also that of y-coprosterol, is of a somewhat different 

quality to that given by cholesterol. The latter is a bluish type of green, the 
former a yellower type. This renders it rather difficult to compare the depth 
of colour of the one green with the other in a colorimeter. 

The substance appeared to be a mixture of saturated and unsaturated 
sterols. Determinations were made of the iodine values of various samples 
by Wijs’s method, but the results were very variable. : 

Fractions (d), (e) and (f) (p. 257) of the subjects fed on the bread diets were 
found to have values 62-5, 67-4 and 86-2 respectively. The theoretical value 
for cholesterol is 65-8. In case of specimens from the Yorkshire faeces (p. 255) 
lower values were obtained—No. 2, 31-1; No. 6, 29-7; No. 7, 43-1. 

Other fractions gave 30-8, 30-8, 44-2, 31-1, 37-7, 57, 29-7 and 87-6. 

Two specimens from infants’ faeces gave 36-5 and 33-3. The substance 
obtained in the preparation of y-coprosterol (p. 248) had a value 37-5. 
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Much reliance cannot, however, be placed on these values since it has been 
shown by Smedley MacLean and Thomas [1920] that, for reasons not yet 
elucidated, Wijs’s method gives abnormally high and variable values for 
cholesterol. This observation we can fully confirm. 

Attempts to prepare crystalline or solid bromine addition products 
yielded negative results. 

Attempts to determine the function of the oxygen in the substance also 

yielded inconclusive results. It had no reaction with hydroxylamine and 
other ketone reagents. 

All attempts to prepare crystalline esters failed, though some indications 

that the substance was of an alcoholic nature—possibly tertiary—were 
obtained. we 

A specimen, B.P. 202-206°, was acetylated by means of acetic anhydride 
and sodium acetate and yielded a clear viscid oil. This could not be crystallised, 

but distilled in a high vacuum between 230-240° without apparent decom- 
position. With the Burchardt-Liebermann reagent it gave a reddish brown 

colour, which rapidly turned dusky green. On hydrolysis it yielded 7-46 % 
acetic acid; calculated for cholesteryl acetate 14-02 %. The unsaponifiable 

matter in the above experiment was recovered and again acetylated by 
prolonged boiling with acetic anhydride and sodium acetate. The product was 
not distilled, but freed from excess of acid by shaking the ethereal solution 

with alkali. On hydrolysis it now yielded 14-45 % acetic acid. Apparently 
therefore the substance had been acetylated. 

On boiling with chloroacetyl chloride, hydrogen chloride was evolved, but 
the product was non-crystalline, and attempts to prepare a solid body by 

replacing the chlorine by a piperidyl residue failed. An amorphous product 
obtained by benzoylating a specimen with benzoyl chloride in pyridine solution 
at the boiling point, after being thoroughly freed from any free benzoic acid, 
was distilled in a high vacuum. It decomposed giving benzoic acid and an oil, 

the main portion of which distilled at 200-220° at 1 mm. This was a viscid 
amber oil at summer temperature which set to a glass on cooling, and gave the 

sterol colour reaction markedly in the modified manner. It contained 86-04 % C 
and 11-53% H. Attempts to isolate a crystalline hydrocarbon from this, 
however, failed. 

Other specimens gave analogous results, and probably the material con- 
sisted of an alcohol or mixture of saturated and unsaturated alcohols which 
was partially benzoylated under the conditions of experiment, and on dis- 

tillation the benzoate decomposed into benzoic acid and a hydrocarbon, which 
was obtained in the higher fraction of the distillate along with original un- 
changed material. 

In order to ascertain whether it would be possible to isomerise the material 
in a manner similar to the change of coprosterol to ys-coprosterol and vice versa, 
and so possibly obtain a crystalline substance, 2g. of a specimen, which 
distilled at about 200° and was a clear glass melting at 16-18°, were boiled with 
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20 cc. of amyl alcohol and 1 g. of sodium for seven hours. The amylic solution, 
after cooling, was washed first with water and then with acid. The amyl 

alcohol was then driven off in steam and the residue taken up in ether. 
Attempts to crystallise the substance from various solvents failed. The solutions 

on spontaneous evaporation all left a clear glass. It was therefore distilled 
at a pressure of 1 mm. with the bath only a little higher than the apparent 
temperature of distillation.- It began to distil at 200°, passed over at much 

the same range as the original, and solidified in the receiver as a pale yellowish 
glass. It differed from the original in giving the sterol colour reactions in 

a typical well-marked manner—crimson, violet, blue and finally bright green. 
Analysis: 84-42 % C, 12:26 % H. 
The iodine value (Wijs) was found to be 30-5. Calculated for a compound 

of the carbon content found and one double link = 55-5 %. 
On treatment with phosphorus pentachloride the oxygen was replaced by 

chlorine with evolution of some hydrogen chloride. 

In one experiment 0-5 g. of the last fraction of the soldiers’ material was 

dissolved in light petroleum and treated with phosphorus pentachloride in 
slight excess. The mixture was boiled under a reflux until everything went 
into solution and evolution of hydrogen chloride ceased. The light petroleum 

solution was then poured on to a large bulk of water and allowed to stand until 
the petroleum had all spontaneously evaporated. The water was poured off 
from the oil, which was again taken up in light petroleum, and the solution 

well washed with water, dried and evaporated at the ordinary temperature. 
In this way a thick oil was obtained with a chlorinaceous smell. As it seemed 
to darken when placed in the water oven it was dried in vacuo over sulphuric 
acid for several days and obtained as a pale yellowish brown oil. 

Analysis: 11-41 % Cl. 

A compound of the formula C,,H,,Cl would require 8-76 °%; C,H, Cl, 
9°74 %; CopHagCl,, 16-6 %. 

This oil on heating at 110° in an air bath gave off a pungent acid substance, 

probably hydrochloric acid. It was heated until it ceased to smell, taken up 
in light petroleum, filtered from a slight brown residue and the petroleum 

evaporated. The brown oil so obtained contained 6-05 % Cl. Another specimen 
treated in the same manner gave exactly the same result. 

A specimen, B.P. 205-215°, which had been made from oil not absolutely 
freed from coprosterol by digitonin was treated in a similar manner. The 
product was reduced by sodium and alcohol in the hope of obtaining a hydro- 

carbon. For this purpose the product from 0-8 g. of material was dissolved in 
boiling alcohol in a flask under a reflux and 5 g. of sodium gradually added. 
After all the metal had dissolved, water was added. An oil separated but no 
trace of crystalline matter. This was taken up in ether and the solution 
thoroughly washed with water and dried. After evaporating the ether an oil 
was obtained of pretty much the same weight as the original material. It was 

difficultly soluble in hot alcohol, but readily in acetone, ether and chloroform. 
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Attempts to crystallise it were unsuccessful and it was therefore distilled at 
a pressure of about 1 mm. It came over on a metal bath heated to 225-240°, 
and was obtained as a yellow oil which set on cooling to a transparent glass. - 

No residue remained in the flask. 
On analysis it was found to contain 85:42 % CO, 11:57 9% H. The material, 

however, still contained traces of chlorine. The experiment was therefore 
repeated using 2-2 g. of a specimen from the bread subjects, B.p. 220-230°. 
The chloro-derivative was reduced with 14 g. of sodium. The product isolated 

still contained traces of chlorine. It was therefore dissolved in 100 cc. of 
amyl alcohol and again reduced with sodium at the boiling point. Water was 

then added and after standing over night the amyl alcohol was distilled off 
in steam. The residual oil was taken up in ether and benzene. It could not 

be got to crystallise and was therefore distilled in a vacuum of 2mm. or 
thereabouts. It slowly evaporated over leaving no residue, the ss 
indicated by the thermometer in the vapour being 200-214°. 

At the laboratory temperature (16°) the distillate was a clear yellow very 

viscid oil which could just flow. It was free from chlorine and contained 
83-74 % C, 11-89 % H, figures which are much the same as those required for 

cholesterol. Evidently a hydrocarbon had not been obtained. Possibly the 
chlorine might have been replaced by an ethoxy-group. A substance of the 

formula C,,H,,0.C,H, would contain 84-06 % C, 12:12 % H 
On dissolving in chloroform and adding excess of acetic anhydride and 

a few drops of sulphuric acid a deep reddish brown colour was produced, which 

rapidly changed to sage green and finally bright green. 
Some of the fractions on combustion showed a rather high carbon content, 

suggesting possibly the presence of a small amount of some hydrocarbon. 
Fraction (9) from the soldiers’ faeces (p. 263) is a case in point. Attempts, 
however, to isolate any such substance in a crystalline form failed. 

0-8 g. of this particular fraction was dissolved in ether and 5 cc. acetic 
anhydride and a few drops of sulphuric acid added. The usual green colour 
developed, which slowly faded to brown. After standing several days nothing 
of g solid nature separated. The whole was again dissolved in ether, 1 cc. of 
sulphuric acid added, and the solution left to stand for the ether to evaporate 

spontaneously. After standing many days no solid deposit separated and 
a thin black fluid remained. On dilution largely with water it gave a homo- 
geneous solution. On addition of alkali, however, a sticky substance separated 

in flocks. This was filtered off, but on washing with water appeared to dissolve 
again to a colloidal solution. On again adding alkali the flocculent precipitate 
reappeared, This was taken up in ether, dried and on again evaporating 

the ether a stiff oil was obtained very similar in appearance to the original 
material, 

Wacker [1912] stated that the portion of unsaponifiable matter of the 
fat of tissues not precipitated by digitonin was unstable to alkali, and when 
boiled with alcoholic potash gave a “resin” and a “fatty acid.” 

a ei Ge Por a, 



UNSAPONIFIABLE MATTER OF FAECES 267 

From the mode of preparation and treatment of these amorphous sub- 
stances of the faeces it seemed unlikely that they would be affected by alcoholic 
potash, but it was possible that they might contain traces of stable esters 
that had perhaps escaped hydrolysis in the ethoxide saponification and 

subsequent treatment. 
A number of the fractions were therefore separately heated in sealed tubes 

with excess of strong alcoholic soda for several hours at 110°. After cooling 

the contents of the tubes were diluted with water and extracted with ether. 
The oils were in every case recovered quantitatively, and, judging by 

boiling point, general properties and combustion, apparently unchanged. On 
treatment with digitonin no weighable quantity of insoluble digitonide was 
obtained. Evidently therefore these clear transparent fractions were stable 
to alkalis, and contained no esters, though they may have contained minute 
traces of cholesterol or coprosterol. . 

Origin of these amorphous substances. 

Two sources suggest themselves, (1) the substances which accompany 

cholesterol in the unsaponifiable matter of tissue fat, (2) the bile acids or 

their derivatives. 
(1) The sterols precipitable by digitonin constitute only. a portion of the 

unsaponifiable matter of the fat of tissues and organs. Wacker [1912] 
describes what he called “Begleitsubstanzen des Cholesterins” in human 
depot fat. He found that on an average the underskin fat contained 65-8 and 

the mesenterial fat 61-3 % of this substance. 
He describes it as a wax-like body melting at 25-32°, which possesses 

properties analogous to those of cholesterol. It easily emulsifies with water. 

It is easily extracted from these emulsions by means of ether, otherwise the 
emulsions persist for a long time. It is soluble in most organic solvents— 
alcohol, ether, light petroleum, glacial acetic acid—but cannot be made to 

crystallise. He also states that this “Begleitsubstanz” gives in chloroform 
solution with acetic anhydride and sulphuric acid a brownish red coloration, 

but does not mention any further changes in colour. 
It was unchanged by acetic anhydride and not precipitated by digitonin, 
As mentioned above he states that this wax was unstable to alkalis, and 

if boiled with sodium ethoxide or alcoholic potash on the water bath there 
separated after dilution with water a brown resin. The alkaline filtrate on 

acidification gave “apparently a fatty acid.’ He does not give any indication 
of the quantity or nature of this acid. 

This description we are able to confirm. A considerable quantity of human 
omental fat was hydrolysed and the unsaponifiable matter precipitated by 
digitonin. The oil separated by means of ether from the digitonin precipitate 
was in the cold of a waxy nature, and when treated in chloroform solution 
with acetic’ anhydride and sulphuric acid gave a brownish red colour, which 
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after a few minutes developed a greenish fluorescence. This became more 

marked on standing, but on long standing faded to brown. 
On distillation in superheated steam it volatilised readily, condensing in 

the condenser in the white candles of solid emulsion described in the case 
of the faecal oils. Practically no residue remained either in the trap or in the 

distilling flasks. 
Human muscle was also extracted and treated in a similar manner. The 

oil distilled in superheated steam in the same characteristic fashion. 
Both the above distillates were taken up in ether, and the solutions dried 

and evaporated. In both cases the oil passed over in a high vacuum at 185-200° 

leaving only a trace of tarry matter. 
A considerable amount of material has been accumulated from various 

sources, and we hoped to be able to purify this and compare it with the faecal 

wax. We have, however, been as yet unable to complete this work owing to 
difficulty in obtaining digitonin in sufficient quantity since the war. We hope, 

however, to investigate the material more fully later on. 
In a series of papers published during the past ten years, J. Lipschiitz 

[1908-1914] has put forward the view that in the general cholesterol meta- 
bolism the first oxidative attack on cholesterol takes place in the blood stream 

with the formation of an oxycholesterol. This substance he has also found in 
the unsaponifiable matter of the fat of other tissues. The oxycholesterol he 

estimates [1913, 1 and 2] by means of a colour reaction, with glacial acetic 
acid and sulphuric acid, not given by cholesterol itself. As in the case of the 
Burchardt-Liebermann reaction for cholesterol, this colour change is a pro- 

gressive reaction, and the last stage is used. This usually takes some time to 
attain, but can be hastened by the addition of a little 5 % solution of iron 

chloride in glacial acetic acid [1908, 1, 2 and 3]. He does not compare the 

colours in an ordinary colorimeter, but uses a comparative spectroscope and 
compares the spectral intensities of the absorption bands of the chloroform 

solution of the substance under examination with those of a standard solution 
of “pure” oxycholesterol, the stronger solution being diluted until equality 
of absorption is attained. The oxycholesterol for his test solutions he makes 

by the action of benzoyl superoxide on cholesterol. It is a resinous substance, 
showing no tendency to crystallise. It dissolves in all media except water, 

but particularly easily in benzene and methyl alcohol. It has no sharp 
melting point and has no ordinary property which can serve as a criterion of 

purity. Lipschiitz uses the spectral intensity of the bands in the above- 

mentioned colour reaction for this purpose. 
In order to compare this substance with the faecal distillates it was pre- 

pared following exactly Lipschiitz’s instructions [1914]. The various pheno- 
mena noticed and the final product agreed exactly with the descriptions given 
in his paper. He states that oxycholesterol, free from cholesterol, is precipitated 
from its solutions by digitonin, similarly to cholesterol, in small white silvery 
crystals melting with decomposition at 218°. The weight obtained corre- 
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sponded to 50-53 % of the oxycholesterol used. Most people would, we think, 
have interpreted this result as indicating that the oxycholesterol used was 
not a pure substance, but contained 50% of some sterol precipitable by 
digitonin. Lipschiitz, apparently on account of the spectral properties, does 
not draw this conclusion, but regards his substance as being only partially 
precipitable. In these experiments he followed the procedure described by 
Windaus [1910] for the estimation of cholesterol. His conclusion would only 

be understandable if the reaction were a reversible one, or if the oxycholesterol- 
digitonide were to some extent soluble in alcohol. In either case we should 
expect the percentage of substance precipitated to vary with the conditions 

of reaction. 
In order to test this point the precipitable “oxycholesterol” was estimated 

by the modified procedure described by Fraser and Gardner [1910] in which 
the whole of the alcoholic solvent is evaporated before washing away oil and 

excess of digitonin. In this way it was found that 49-4 % of the material was 
precipitated, a result practically the same as that given by Lipschiitz. The 
portion not precipitated was washed away from the compound and excess 

of digitonin by means of ether. In chloroform solution this gave with acetic 
anhydride and sulphuric acid a reddish brown colour, which did not however 

change to green. 
To compare the oxycholesterol with the faecal waxes it was distilled in 

superheated steam. A small portion passed over in the form of a white solid 
emulsion very similar in appearance to that obtained with other sterols, 

followed by a viscid yellow oil in somewhat larger quantity. Some decomposi- 
tion appeared to have taken place, as a considerable amount of a non-volatile 

brown residue remained in the distillation flask. 
The emulsion and the oil were separately taken up in ether and the solu- 

tions were dried and evaporated. The oil from the emulsion was found to 
contain 18-5 % of substance precipitable by digitonin, reckoning it as cho- 

lesterol. The part which was not precipitated was dissolved out by ether, and 
in chloroform solution gave with acetic anhydride and sulphuric acid a brownish 
red colour which in a few minutes changed to a dusky green. It gave no colour 

when glacial acetic acid was substituted for acetic anhydride, even on long 

standing. 
' The second portion of the distillate, which dried to a sticky mass, was found 

to contain 25-36% of a sterol precipitable by digitonin. In chloroform 
solution it gave with acetic anhydride and sulphuric acid a pinkish brown 
colour which rapidly changed through deep blue to green, a series of changes 
much more like those given by cholesterol and coprosterol. The oil washed 
away from the digitonide gave a reddish brown colour which rapidly turned 
green, but without any trace of a blue stage. On standing the green gradually 

faded and left a dirty brown fluid. With glacial acetic acid instead of anhydride 

it gave a reddish colour, which did not change. 
Lipschiitz’s product, whether a single substance or not, was quite different 

from the amorphous substance from faeces. 

18—2 
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(2) Another source that suggests itself for the sterol waxes of the faeces 
is the bile acids. 

It has long been suspected that cholic acid, the most specific bile acid, and 
the sterols are members of a hydroaromatic class of polycyclic type, and 
probably possess a close chemical and genetic relation to one another. It is 
well known that cholesterol is normally eliminated by the liver, and in 1913 

Grigaut stated as his own personal opinion that only a small part of the 

cholesterol of the cells dealt with by the liver is excreted as cholesterol, the 

major portion appearing in the bile in the form of a product of transformation 
—cholice acid, so that according to him cholesterol plays an important part 
in the formation of bile salts and cholic acid represents in the bile the principal 

product in the elimination of the cholesterol of the organism. It must be 
admitted however that he produces little convincing evidence for this view. 

Cholic acid and its derivatives, however, give rise to colour reactions quite 

similar to those of cholesterol. Thus Wieland and Weil [1912] found that 
cholatrienic acid prepared from cholic acid gave the Burchardt-Liebermann 

test, and Lipschiitz a little later pointed out that cholesterol and cholic acid, 
when boiled with glacial acetic acid, benzoyl superoxide and concentrated 

sulphuric acid, gave similar highly characteristic colour reactions. 
Clear proof of the connection, however, follows from the recent work of 

Wieland and his co-workers on bile acids and of Windaus and his co-workers 
on cholesterol. 

In 1912 Wieland and Weil obtained, by the distillation of cholic acid in 
vacuo, an unsaturated acid, cholatriencarboxylic acid, C,,H,,0,. This gave 

on catalytic reduction by hydrogen in presence of palladium a less unsaturated 

acid, C,,H,,0,, and finally a saturated monobasic acid—cholanic acid, 
CogH yo. 

In 1919 this same cholanic acid, C,,H4)O., was prepared by Windaus and 

Neukirschen [1920] by oxidation in glacial acetic acid by chromic acid of 
~-cholestan, so that cholic acid and y-cholestan, a derivative of coprosterol, 

must have the same carbon skeleton. 
In order to obtain, if possible, some indication as to whether the oils of 

faeces, boiling above 200°, belonged to the sterol group with 27 carbon atoms, 
or to the bile acid group with 24, they were submitted to drastic oxidation, 
and we may briefly mention the preliminary results, 

2-5 g. of a fraction 200-211° were dissolved in glacial acetic acid on the 
water bath and 10g. of chromic acid gradually added. After heating for 
several hours the mass was slowly distilled. The distillate was made alkaline 
and again distilled. This distillate contained some acetone which was recog- 
nised by the iodiform test and Marsh’s test. The residue in the flask after 
dilution was extracted with ether, and the neutral and acid products separated 
in the usual way. The acid was a stiff oil which would not crystallise, but on 
titration was found to have an average molecular weight of 384. The neutral 
product weighed 1-5 g. and appeared to be unchanged material. 

In another experiment 1-4 g. similarly treated gave 0-019 g. of acetone, 
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estimated by Scott-Wilson’s method [1911]. On evaporating the neutral ether 

solution the fragrant smell often given in sterol oxidations was noticed. The 
quantity was much too small for any attempt at identification, but it was pro- 
bably due to the methylisohexyl ketone isolated by Windaus and Resau [1913]. 
In another experiment the oil was submitted to drastic oxidation by means of 

fuming nitric acid. It was hoped that the results might give some indication 
as to whether the wax originated from a sterol of the cholesterol group or from 
bile derivatives. It has been shown by Bredt that dinitroisopropane is usually 
formed by the oxidation of substances containing an isopropyl grouping with 

nitric acid. Windaus [1918] isolated this substance by the energetic oxidation 

of cholesterol with strong nitric acid. It is not, however, formed when the 
C,, acid—cholic acid—is oxidised in a similar manner, as this does not possess 
an isopropyl-group. The three carbon atoms constituting the difference be- 
tween the carbon skeletons of cholesterol and cholic acid are apparently in 

the form of such a grouping. 
12 g. of wax, 200-202°, were oxidised with 300 cc. of fuming nitric acid 

in a very long necked flask. The reaction was very vigorous at first and started 

at the ordinary temperature, quantities of nitrous fumes being evolved. 

As soon as the action slackened, the flask was put on the water bath. 

Finally the liquid was boiled over a gauze for several hours until the evolution 
of fumes had nearly ceased. The product was then dealt with in the manner 

described by Windaus [1918]. In order to isolate the volatile products half 

the solution was distilled off. The distillate was neutralised with caustic soda 
and again submitted to distillation. In the distillate very small quantities 
of oily drops were noted, apparently insoluble in water. They appeared to 

solidify on cooling and had a characteristic smell, but the quantity was much 
too small for any attempt at identification. The smell was quite consistent 
with this being dinitrovsopropane, but it could not be further identified. In 

any case the quantity was very minute. The neutral fluid in the distilling 

flask was then acidified with sulphuric acid until distinctly acid to tropaeolin 
paper, and again distilled. The strongly acid distillate was boiled with silver 

carbonate, when a considerable amount of silver separated. This was filtered 
off and the filtrate evaporated in vacuo over sulphuric acid. A considerable 

quantity, over 1 g., of silver acetate was obtained in needle shaped crystals. 
On analysis this gave (1) 63-9 % Ag; (2) 62-44 % Ag; (3) 63-76 % Ag; 

calculated for silver acetate, 64-65 % Ag. 
The main quantity of volatile acid was evidently acetic acid. 
The nitric acid liquor, left after separating the volatile acids, was evaporated 

in a platinum dish with frequent addition of water to get rid of nitric acid. 
The residue was a brown syrup which showed no sign of crystallising on 
standing. This was dissolved in water and neutralised with milk of lime, 

when a white precipitate containing a good deal of calcium oxalate was formed. 
This was filtered and the filtrate precipitated with lead acetate. The bulky, 

heavy precipitate formed was filtered off. The acid obtained from this salt was 
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amorphous. It gave a soluble barium salt containing 39-2 % of barium. It 
was not further examined, but was perhaps similar to the amorphous acid 
obtained by Mauthner and Suida [1903] by oxidising cholesterol with nitric acid. 

After separating the excess of lead from the filtrate from the lead salt by 
means of sulphuric acid, the liquid was evaporated to small bulk and extracted 
thoroughly with ether. After evaporating the ether the extract was placed in 

a small retort and heated in an air bath to 220°. It was then cooled and slowly 

distilled in vacuo. At first an aqueous distillate was obtained and at a higher 
temperature an oil passed over which solidified in the receiver. The distillate 
was dissolved in hot water and treated with baryta in slight excess and boiled. 

There separated a small quantity of a difficultly soluble barium salt. This was 

quantitatively decomposed by dilute sulphuric acid, and after filtering off the 
barium sulphate the filtrate was evaporated to dryness and boiled out with 

benzene. The insoluble acid was then recrystallised from water. It melted at 
185° and was identified as succinic acid. There was not, however, sufficient 

for a combustion. The filtrate from the barium succinate was acidified with 
hydrochloric acid and extracted with ether. After evaporating the ether the 

residue was completely soluble in benzene, and evidently contained no more 

succinic acid, 

The benzene solution was mixed with light petroleum and on standing 

crystals were deposited. These were recrystallised from these solvents several 

times and finally from water. The melting point was now constant—149-150°. 

The equivalent weight (by titration) was 71-3. 
Analysis: 47-42% C, 757% H; calculated for CgH,0,, 49:31 % C, 

6-85 % H. The acid was probably adipic acid. 

A very small quantity of another acid was obtained from the benzene 
mother liquors, melting at 118°. On repeated recrystallisation from water 

the melting point was raised to 127-128°. Titration indicated an equivalent 
of 80, or if dibasic, a molecular weight of 160. This would fit an acid of the 
formula C,H,,0,. 

The mother liquors on evaporation gave an oil which on standing solidified 
to a wax. Titration gave an equivalent of 83-4. After recrystallisation from 
water it shrank together at 94° and melted at 101-102°. It was not further 
examined, 

These preliminary experiments were inconclusive as far as the settlement 
of the alternative origin suggested is concerned, 

The oxidation of this substance is, however, being studied in greater detail, 

and feeding experiments are in progress which it is hoped will throw light both 
on the constitution and origin. 

The writer feels some diffidence in bringing forward so long an account of 
a substance, obviously not pure, and perhaps a mixture, but his justification 
for doing so is that whatever its exact nature it undoubtedly belongs to the 
sterol or polyterpene group, and in any metabolic experiments dealing with 
the intake and output of sterols must be taken into account, 
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In conclusion the writer wishes to express his thanks to Mr F. W. Fox for 

his help in most of the analytical work in this investigation, and to the 
Government Grant Committee of the Royal Society for help in carrying out 

this work. 
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THE present investigation is a continuation of work undertaken at the request 
of Sir Leonard Rogers to determine the antiscorbutic and antiberi-beri 
properties of certain sun-dried vegetables prepared at the Government Fruit 

Experiment Station, Quetta [Shorten and Ray, 1919]. This paper dealt with 
four varieties of vegetables, viz. carrots, spinach, onions, and cabbage. The 

period of experimental feeding—42 days—was afterwards considered too 

short. There were also certain accidental irregularities in the feeding which 
made it desirable to repeat the experiments. 

As stated in our original paper [1919], the specimens of vegetables experi- 
mented with were prepared under the direction of Mrs G. L. C. Howard, 

Second Imperial Economic Botanist to the Government of India. A full 

description of the methods employed is to be found in Bulletin No. 8 of the 
Fruit Experiment Station, Quetta, dated March 1918. A short description 

of the procedure adopted may here be quoted from our original paper. 

“The vegetables having been cleaned and prepared are placed in fresh 
water, or in certain cases in a steeping solution. The prepared material is then 
transferred to a wire basket and either scalded or steamed for a few minutes. 
The contents of the wire basket are now emptied on to the drying trays and 
dried in the sun. The dried product is collected in sacks or open boxes in which 
it is allowed to remain for about a week, during which time it is examined at 
intervals for signs of dampness. After about a week the dried product is ready 
to be compressed into bricks and packed in airtight tins.” 

The present investigation comprises experiments with nine varieties of 
vegetable, viz. carrots, brinjal, spinach, cabbage, tomatoes, potatoes, turnips, 

turnip-tops and mixed factory-dried vegetables prepared by Messrs Swallow 

and Ariel, Port Melbourne, Australia. | 
In the case of the sun-dried vegetables the samples were from three to six 

months old. The age of the mixed factory-dried product could not be ascer- 
tained. All the samples were in good condition when opened, On opening the 
tins they were made up in 5g. packets and stored at room temperature over 

sulphuric acid, beneath glass bell-jars. This precaution was necessary to prevent 
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deterioration in the damp climate of Calcutta. The daily temperature varied 
between 80° and 90° Fahrenheit. The time during which the vegetables were 
thus stored before consumption did not exceed two weeks in most cases. 

Preliminary experiments showed that guinea-pigs readily consumed, and 
throve on, 50 g. of fresh vegetable daily. Holst and Frélich [1912], and later 

Delf [1918], had previously shown that guinea-pigs remain scurvy free and 

put on weight on 30 g. of fresh cabbage daily in addition to a scurvy producing 

basal diet. In our experiments we thought it advisable to use a larger daily 
ration to allow for the less nourishing properties of vegetables grown in India, 
and for possible variations in the vitamin content of different varieties of 

fresh vegetable. 

In the case of sun-dried vegetables it was found that 1 g. dried vegetable 
corresponds roughly to 10g. fresh vegetable. The ration of dried vegetable 

chosen was therefore 5g. and it was found that this amount was readily 
consumed in most instances. 

Six guinea-pigs were used for each experiment, all the animals were placed 
on a basal diet consisting of crushed oats, bran, hay and water ad libitum, 
to which was added daily 30 cc. of whole milk autoclaved at 120°C. for 
one hour. Two animals were given 50g. fresh vegetable daily; two 5g. of 

the sun-dried product soaked in cold water; and two 5 g. of sun-dried product 
cooked for about 30 mins., according to the directions given by the producers 

(boiled in water and the liquor strained off). The animals were kept in open 
cages and were allowed to run about for a short time daily. They were weighed 
every fourth day under the supervision of one of us, and carefully inspected 
for clinical signs of scurvy, when the onset of the symptoms was expected. 
Post mortem examinations were carried out on all animals that died and 

histological examinations of the rib-junctions and other parts when necessary. 
To determine the antineuritic properties, common fowls, weighing between 

1200 and 2000 g., were used. These birds were given a basal diet of Rangoon 
polished rice with water ad libitum, to which was added 10 g. of the sun-dried 
product under investigation. Regular weighings and inspections were carried 

out as in the case of the guinea-pigs. 

Sun-dried carrots (Exp. 1, Fig. 1). 

. A. Control; guinea-pigs Nos. 1 and 2—hbasal diet with 50 g. fresh carrots 
daily. 

Remarks: Both animals remained healthy for 91 days. No. 1 gained 75 g. 
in weight, and No. 2 10g. 

B. Guinea-pigs Nos. 13 and 14—hbasal diet with 5 g. sun-dried carrots 
soaked in water, but not cooked. 

Post mortem report: Both animals showed typical signs of securvy—enlarge- 
ment of the costo-chondral junctions with haemorrhages, destruction of the 
cartilage columns at the junctions, and haemorrhages into various joints. 
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In No. 1 there was a subserous haemorrhage in the bladder. No. 2 had 
haemorrhages in the kidneys. All other organs were healthy. 

Remarks: No. 1 lived 36 days and No. 2, 30 days, indicating a slight degree 
of protection as compared with animals on the basal diet only. Both animals 

developed diarrhoea a few days before death, which probably hastened the 
fatal issue. 

C. Guinea-pigs Nos. 25 and 26—basal diet with 5g. sun-dried carrots 

cooked as directed. 
Post mortem report: No. 25 showed typical signs of scurvy, enlargement of 

the costo-chondral junctions with haemorrhages, subserous haemorrhages in 

the bladder. Subcutaneous and deep haemorrhages in the knee-joints. Other 
organs healthy. 
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Fig. 1. Experiment No.1. Sun-dried carrots. 

No. 26 had a haemorrhage in the broad ligament but no other signs of 
scurvy. 

Remarks: No. 25 lived 32 days showing no protection as compared with 
controls on the basal diet. 

The death of No, 26 was probably hastened by the fact that it aborted on 
the 21st day, giving birth to two dead foetuses. It died on the 27th day before 
the symptoms of scurvy were fully developed. 

Sun-dried brinjal (Exp. 2, Fig. 2). 

A. Control, Guinea-pigs Nos, 3 and 4—basal diet with 50 g. fresh brinjal 
daily. 

Remarks: Healthy for 91 days. No, 3 gained 50 g., and No. 4 130 g. 
B. Guinea-pigs Nos. 15 and 16—basal diet with 5 g. sun-dried brinjal 

soaked in water, but not cooked, 
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Post mortem report: Both animals showed typical signs of scurvy. In the 

case of No. 15 all the costo-chondral junctions were enlarged and haemorrhagic. 

There were haemorrhages into and around the knee-joints. No. 16 showed 

enlargement of and haemorrhage into the costo-chondral junctions. Micro- 

scopical examination of sections showed destruction of the cartilage columns, 

and haemorrhages at the costo-chondral junctions. 
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Fig. 2. Experiment No. 2. Sun-dried brinjal, 
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Fig. 3. Experiment No. 3. Sun-dried spinach. 

Remarks: No. 15 lived 32 days and No. 16, 31 days, thus showing no pro- 

tection as compared with the control animals. 
C. Guinea-pigs Nos. 27 and 28—basal diet with 5 g. cooked sun-dried 

brinjal. 
Post mortem report: Both animals exhibited typical signs of scurvy. 

No. 27 had haemorrhages in the bladder and broad ligament. 
Remarks: No. 27 lived only 27 days; No. 28, 29 days, thus showing no 

evidence of protection. 
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Sun-dried spinach (Exp. 3, Fig. 3). 

A. Control. Guinea-pigs Nos. 5 and 6—basal diet with 50 g. fresh spinach 

daily. 
Remarks: Healthy throughout, but the gain in weight was not as marked 

as in some of the other groups. 
B. Guinea-pigs Nos. 17 and 18—basal diet with 5 g. of soaked sun-dried 

spinach daily. 
Post mortem report: Both animals showed marked signs of securvy—enlarged 

and haemorrhagic costo-chondral junctions; haemorrhages into joints and 

various organs, subcutaneous and intra-muscular haemorrhages. 
Remarks : No. 17 lived 32 days, and No. 18, 28 days. Both animals developed 

diarrhoea as a terminal symptom. 
C. Guinea-pigs Nos. 29 and 30—basal diet with 5g. cooked sun-dried 

spinach. 
Post mortem report: Both animals had typical scorbutic lesions in the costo- 

chondral junctions. No. 30 had a haemorrhage into the broad ligament. There 

were scybalae in the large intestine. 
Remarks: It is remarkable that both animals lived a shorter time than the 

controls on basal diet only. No. 29 died on the 28th day, and No. 30 on the 29th 
day. This may have been due to the fact that both animals were pregnant. 

No. 29 aborted on the 18th day, and No. 30 was delivered of a dead foetus on 
the 26th day. 

Sun-dried cabbage (Exp. 4, Fig. 4). 

A. Guinea-pigs Nos. 7 and 8—basal diet with 50 g. of fresh cabbage daily. 
. Remarks: Healthy throughout. 

B. Guinea-pigs Nos. 19 and 20—basal diet with 5 g. of uncooked sun-dried 
cabbage. 

Post mortem report: No. 19 (killed with chloroform), no evidence of scurvy. 
No. 20. There was some slight enlargement of the costo-chondral junctions, 

but no haemorrhages were found. 

Remarks: No, 19 lived 91 days without any signs, clinical or post mortem, 
of scurvy. 
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Fig. 4. Experiment No. 4, Sun-dried cabbage. 
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No. 20 maintained its weight for 48 days and then entered on a rapid 
decline dying on the 57th day. This animal also suffered from diarrhoea. The 
cause of death is unknown, careful macroscopic and microscopic examination 

revealed no definite signs of scurvy. 
C. Guinea-pigs Nos. 31 and 32—basal diet with 5 g. sun-dried cabbage 

cooked as directed. 
Post mortem report: No. 31, slight enlargement of the costo-chondral 

junctions—no haemorrhages. 
No. 32, typical signs of scurvy in the costo-chondral junctions. Hae- 

morrhages over the scapula. Organs healthy. 
Remarks: The degree of protection shown here is less than in the case with 

cabbage fed after simple soaking in water. Animal No. 31 was apparently 
healthy till the 36th day, when it developed diarrhoea. It showed practically 
no signs of scurvy after death on the 44th day. 

No. 32 aborted on the 23rd day and from that date declined rapidly, dying 

on the 40th day. 
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Fig. 5. Experiment No. 5. Sun-dried tomatoes. 

Sun-dried tomatoes (Exp. 5, Fig. 5). . 

A. Guinea-pigs Nos. 9 and 10—basal diet with 50 g. fresh tomatoes daily. 

Remarks: Healthy throughout. No. 9 gained in weight 105 g.; No. 10, 
110 g. 

B. Guinea-pigs Nos. 21 and 22—basal diet with 5 g. of soaked sun-dried 
tomatoes daily. 

Post mortem report (on No. 21 killed with chloroform). No signs of scurvy. 

Remarks: Both guinea-pigs appeared to be perfectly healthy when the 
experimental feeding was discontinued. No. 21 gained 65g. and No. 22 
60 g. in weight. Protection against scurvy would appear to be complete. 

C. Guinea-pigs Nos. 33 and 34—basal diet with 5 g. sun-dried tomatoes 
cooked as directed. 

Post mortem report (on No. 33 killed with chloroform). No evidence of 
scurvy. 
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Remarks: Both animals were healthy when the experiment was stopped. 
No. 33 suffered from diarrhoea from the 52nd to the 55th day, but recovered 

without special treatment. This fact may explain its loss in weight—50 g. 
No, 34 gained 50 g. in weight. 

Sun-dried potatoes (Exp. 6, Fig. 6). 

A. Guinea-pigs Nos. 11 and 12—basal diet with 50 g. fresh potatoes daily. 
Remarks: This vegetable was not relished to the same extent as the pre- 

ceding kinds. The average quantity consumed by both animals was about 

20 g. daily. Both were healthy at the conclusion of the experimental period. 

No. 11 gained 35 g. in weight; and No. 12, 65 g. 
B. Guinea-pigs Nos. 23 and 24—basal diet with 5 g. of soaked sun-dried 

potatoes daily. 
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Fig. 6. Experiment No. 6. Sun-dried potatoes. 

Post mortem report: On No. 23. No evidence of scurvy, costo-chondral 

junctions normal. No haemorrhages. Organs all appear healthy. Cause of 
death unknown. 

Remarks: No, 23 appeared to be perfectly well till about the 20th day, 
when it began to lose weight. There was no diarrhoea, The animal refused to 

take food and died on the 28th day. There were no clinical manifestations of 
scurvy at any time. No, 24 continued to do well and had gained 155 g. in 
weight at the conclusion of the experiment. 

©. Guinea-pigs Nos, 35 and 36—basal diet with 5 g. sun-dried potatoes 

cooked as directed. 
Post mortem report: No, 35, no signs of scurvy, cause of death unknown, 
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No. 36. Enlargement of costo-chondral junctions with haemorrhages. 
Haemorrhage into bladder, subcutaneous and intra-muscular haemorrhages 
around the knee-joints. 

Remarks: The soaked product would appear to afford almost complete 
protection against scurvy, the boiled product only a moderate degree. 

Mized factory-dried vegetables (Exp. 7). 

A. Guinea-pigs Nos. 41 and 42—hbasal diet with 5 g. daily of mixed factory- 

dried vegetables soaked in water. 
Initial weights: No. 41, 460 g.; No. 42, 415 g. Final weights: No. 41, 270 g.; 

No. 42, 320 g. 
Post mortem report: Both animals showed the usual typical signs of scurvy 

—enlarged and haemorrhagic costo-chondral junctions, haemorrhages into 

joints and various organs. 
Remarks: No. 41 lived 29 days; No. 42, 37 days. Both showed marked 

symptoms of scurvy before death. 
B. Guinea-pigs Nos. 43 and 44—hbasal diet with 5 g. daily of mixed factory- 

dried vegetables cooked as usual. 
Initial weights: No. 43, 580 g.; No. 44,570 g. Final weights: No. 43, 350 g.; 

No. 44, 250 g. . 
Post mortem report: Both animals, more particularly No. 43, had enlarged 

and haemorrhagic costo-chondral junctions, subcutaneous and joint hae- 
morrhages. 

Remarks: No. 43 lived 26 days; No. 44, 23 days. Both had marked clinical 

signs of scurvy before death. 

Sun-dried turnip-tops (Exp. 8). 

A. Guinea-pigs Nos. 45 and 46—basal diet with 5g. soaked sun-dried 

turnip-tops daily. 
Initial weights: No, 45, 350 g.; No. 46, 370 g. Final weights: No. 45, 305 g.; 

No. 46, 290 g. 
Post mortem report: Both animals had typical signs of scurvy—enlarged 

and haemorrhagic costo-chondral junctions, haemorrhages into joints and 
other parts. 

Remarks: Both animals lived 47 days and exhibited well-marked clinical 
signs of scurvy before death. No. 45 developed diarrhoea on the 38th day. 

B. Guinea-pigs Nos. 47 and 48—basal diet with 5 g. of boiled sun-dried 
turnip-tops daily. 

Initial weights: No. 47, 520 g.; No. 48, 480g. Final weights: No. 47, 
310 g.; No. 48, 310 g. 

Post mortem report: No. 47 had enlargement of the costo-chondral junctions 

with extensive haemorrhages into knee-joints, muscles, etc. No. 48 had 
enlargement of the costo-chondral junctions, but no haemorrhages. 
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Remarks: No. 47 lived 44 days and showed well-marked clinical symptoms 
of scurvy before death. No. 48 did not have any definite symptoms of scurvy, 

when it died on the 47th day. 

Sun-dried turnips (Exp. 9). 

A. Guinea-pigs Nos. 49 and 50—basal diet with 5 g. uncooked sun-dried 
turnips daily. 

Initial weights: No. 49, 570 g.; No. 50, 520 g. Final weights: No. 49, 355 g.; 

No. 50, 400 g. . 
Post mortem report: There was some enlargement of the costo-chondral 

junctions in both cases. Haemorrhages were not marked. 

Remarks: No. 49 lived 32 days and No. 50, 37 days; neither showed very 
marked clinical or other evidence of scurvy. 

B. Guinea-pigs Nos. 51 and 52—basal diet with 5 g. of boiled sun-dried 
turnips daily. 

Initial weights: No. 51, 400 g.; No. 52, 450 g. Final weights: No. 51, 225 g.; 

No. 52, 250 g. 
Post mortem report: Both animals, especially No. 51, showed typical signs 

of scurvy. 
Remarks: Practically no protection. 

Control ; basal diet only (Exp. 10). 

Guinea-pigs Nos. 37 and 38. 

Initial weights: No. 37, 530 g.; No. 38, 520 g. Final weights: No. 37, 350 g.; 

No. 38, 390 g. 
Post mortem report: Both animals exhibited the typical post mortem signs 

of scurvy. The costo-chondral junctions were enlarged and haemorrhagic, and 
under the microscope showed destruction of the cartilage columns. There were 
extensive subcutaneous haemorrhages in both legs, haemorrhages into and 

around the knee-joints. No. 38 had submucous haemorrhages in the bladder. 
The teeth were loose and the gums congested. The jaw bone was brittle and 
broke easily. No. 37 had no marked changes in the teeth and gums. 

Remarks: Before death both animals exhibited the typical symptoms of 
scurvy—lameness, face ache position, etc. Signs of scurvy first appeared 
about the 25th day and both animals died on the 32nd day. : 

Antineuritic properties (Exp. 11, Fig. 7). 

Fowl No. 1. Basal diet—Rangoon rice with 10 g. boiled sun-dried carrots 

daily (see Fig. 7). 
Remarks: At the conclusion of the experiment the bird was quite healthy 

and had gained 180 g. in weight. 
Fow] No. 2. Basal diet with 10 g. boiled sun-dried brinjal daily (see Fig. 7). 
Remarks: The bird, though it had lost 290 g. in weight, was apparently 

healthy and showed no signs of neuritis. 
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Fowl No. 3. Basal diet with 10 g. of boiled sun-dried spinach daily (see 
Fig. 7). 

Remarks: This bird remained healthy and gained 120 g. in weight. 

Fowl No. 4. Basal diet with 10 g. of boiled sun-dried cabbage daily (see 
Fig. 7). 

Remarks: This bird gained 430 g. in weight and was healthy and vigorous 
at the end. 

Fowl No. 5. Basal diet with 10 g. of boiled sun-dried tomatoes daily (see 

Fig. 7). 
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Fig. 7. Antineuritic properties. 

Post mortem report : Organs healthy, cause of death could not be ascertained. 
On histological examination the sciatic nerves were found to be normal and 

there was no sign of any degeneration. 
Remarks: The bird was quite healthy until it suddenly died on the 79th 

day, having gained 70 g. in weight. There were no clinical signs of neuritis. 

Fowl No. 6. Basal diet with 10 g. of boiled sun-dried potatoes daily (see 

Fig. 7). 
Post mortem report: Organs healthy. On histological examination no signs 

of nerve degeneration could be found. 
Remarks: This bird lost 70 g. in weight, otherwise it was quite healthy 

until the 68th day when it suddenly died—clinically there was no sign of 

neuritis. 

Bioch. xv 19 
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Fowl No. 7. Control—basal diet only (see Fig. 7). 
Post mortem report: Much emaciated. The skin of the legs was dry and 

scaly. No appreciable swelling was noticed. Macroscopically the organs were 

normal. On histological examination the sciatic nerves showed extensive 
degeneration—the axis cylinders of practically all the nerves had broken up, 

and the medullary sheath was converted into myelin droplets. 
Remarks: On the 16th day the bird began to look unhealthy and gradually 

developed neuritis with its clinical symptoms. On the 33rd day he could 
scarcely stand, and moved with high stepping gait. He lost 500 g. in weight 

and died on the 40th day. 

Discussion. 

From the short description of the process by which sun-dried products 

are prepared, quoted from our original paper, it will be noted that the drying 
process is carried out at the ordinary atmospheric temperature at Quetta, 

which varies between 75° and 100° F. during the drying season. They would 
therefore correspond in the main to the low-dried products of Givens and 

Cohen [1918] and Givens and McClugage [1919]. To what extent the pre- 
liminary scalding or steaming affects the process can only be determined by 

further experiments which we propose to carry out shortly. It is probable 
however that, in the case of thick slices, only the superficial cells are raised to 
a high temperature, and the central cells may to some extent escape the effect. 
The structure of the vegetable cells themselves may also have an influence, 

the coarser thick-walled types being more resistant. 
From Table I we see that sun-dried tomatoes afford complete protection 

when fed both uncooked and cooked. Cabbage and potatoes afford partial 
protection, the degree of protection being more marked with the uncooked 

material. Tomatoes and potatoes are cut in comparatively thick slices and 

cabbage has a somewhat coarse leaf. The texture of brinjal and spinach, two 
varieties which show absolutely no antiscorbutic properties, is comparatively 

delicate. 

A point which appears to emerge from Table I is the influence of cooking. 
Animals on the uncooked product lived longer in almost every instance than 

those on a similar ration fed in the cooked state. 

Table I. Antiscorbutic properties. 

No. of days guinea-pigs lived 
on 5 g. daily in addition to 

basal diet 
ea eR 

Vegetable Uncooked Cooked 
Sun-dried carrots jay 36, 30 32, 24 

pe brinjal ne 33, 31 27, 29 
Bs spinach 533 32, 28 26, 27 
e cabbage -) 91, 57 40, 44 
a tomatoes... 91, 91 91, 91 
” potatoes... 26, 91 37, 47 
” turnips #0 37, 32 39, 35 

turnip-tops ... 50, 50 46, 43 
Mixed factory-dried ... 32, 23 — 
Control ... pat ie 32, 32 o-- 
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Table II. Antineuritic properties. 

No. of days fowls lived on 
10 g. daily in addition 

Vegetable to basal diet Remarks 

Sun-dried carrots A 91 No evidence of neuritis 
9 brinjal eee 91 ” ” 

99 spinach eee 91 ” ” 

a cabbage aaa 91 os % 
A tomatoes... 79 No evidence of neuritis. 

Cause of death unknown 
“ potatoes Ba 68 ve 49 

SUMMARY. 

1. Nine varieties of Quetta sun-dried vegetables have been investigated 

as regards their antineuritic and antiscorbutic properties. 
2. Sun-dried tomatoes, potatoes and cabbage retain to a considerable 

extent the antiscorbutic properties of the fresh vegetable, when fed as a daily 

ration of 5 g. dried product to guinea-pigs weighing on an average 500 g. 
3. Sun-dried carrots, brinjal, spinach, turnips and turnip-tops have little 

or no antiscorbutic properties. 
4. Mixed factory-dried vegetables are entirely devoid of antiscorbutic 

properties. 
5. Cooking before consumption diminishes any antiscorbutic vitamin 

which may be present. These products should therefore be given in the form 

of salads when possible. 

6. Six varieties of Quetta sun-dried vegetables, viz. carrots, brinjal, 

spinach, cabbage, tomatoes and potatoes, were investigated as regards their 

antineuritic properties. In no instance was there any evidence of neuritis 

in common fowls weighing on the average 1600 g. on a daily ration of 10 g. 
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Section [. InrRopucToRY. 

THE research described in this paper, though its actual point of departure had 
an intention quite different', ultimately resolved itself into an endeavour to 

throw light upon the chemical nature and physiological significance of a 
constituent of living tissues, which, though hitherto of unknown nature, has 

long carried a name. There can scarcely be a doubt that the substance to be © - 

described is the “Philothion” of de Rey-Pailhade. . 
In 1888 this author showed that yeast cells and aqueous extracts of yeast 

have the property of reducing sulphur to hydrogen sulphide [de Rey-Pailhade, 
1888]. Later he showed that many animal tissues possess the same property. 
Throughout a long series of communications upon the subject he has courage- 

ously maintained the view that the labile hydrogen thus shown to exist in 
living cells has important respiratory functions. His views as.to the probable 
nature of the hypothetical substance (named as above) which he supposed to 

carry this labile hydrogen, have been modified from time to time. In his latest 
writings he speaks of it as the hydride of a protein (““hydrure d’albumine”). 

After the publication of Heffter, to which reference will immediately be made, 

he accepted the view that the labile hydrogen exists in sulphydryl groups, HS—. 
In 1901 Mérner employed the delicate nitroprusside reaction for the 

identification of cystein, and a little later Gola found by its use that a sub- 
stance, which pi@esumably contains the HS— group, is characteristically present 

' My attention was directed to the subject in two separate ways Some years ago I was 
endeavouring to discover if vitamins were to be found among sulphur-containing compounds, 
and was led part of the way towards the separation of the substance now described, A little later, 
acting on the suggestion that acid formation in muscle is a necessary factor in contraction I wished 

to discover if by chance in the absence of carbohydrate aceto-acetic acid from fat might function 
instead of lactic acid. This led me to apply the nitroprusside test to tissues. At this time Arnold’s 

papers had not yet appeared and I was ignorant of Heffter’s publication. The above mentioned 

enquiries were nugatory but they led to the present one. 
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in proliferating plant tissues. Buffa then showed that the same colour reaction 

is given by certain animal tissues. 
In 1908 Heffter [1908] applied the nitroprusside test to a great number of 

tissues and tissue extracts and obtained positive results in many cases. Later, 
it would seem independently, V. Arnold [1911] showed that the reaction under 
proper conditions is displayed by practically all organised animal tissues. He 
at first described it as a protein reaction, though recognising that the plasma 

proteins gave a negative result. 
A little later Arnold found that a strong nitroprusside reaction may be 

given by protein-free extracts of tissues, and came to the conclusion that 
free cystein was the responsible substance. Although he did not isolate eystein 

he considered that the evidence proved it to be a primary cell constituent in 
=“ ossel’s sense. 

Hefiter, however, first gave definite form to the view that the presence of 
the HS— group, whatever its associations, may, owing to its labile hydrogen, 
be, in part at least, responsible for the reducing properties of protoplasm, and 
also, perhaps, indirectly for oxidations in the cell. Basing it upon known 

analogies he made the suggestion that during the autoxidation of the sulphy- 
dryl group peroxide of hydrogen may be formed and the peroxide oxygen then 
transferred, with or without the influence of a peroxidase, to other substances 
in the cell. If, further, HS— groups can be supposed to act continuously as 

promoters of cell oxidations, their own spontaneous oxidation to —S—S— 
groups must be reversible. In this connexion Heffter called attention to the 

fact that cystine can be reduced to cystein by sodium sulphite, and suggested 
that in the cell some substance might, like the sulphite, act as an “acceptor” 

for the oxygen of the water molecule, leaving the hydrogen of this to reduce 
the disulphide group once more to sulphydryl groups. Heffter’s views have 
become generally familiar owing to the publication of an admirable discussion 
of the possibilities which underlie them by Thunberg in 1911. 

Though very suggestive, these views have remained wholly theoretical. 
No experimental proof has been given of the existence of free cystein in the 
cell in the sense pictured by Arnold, nor has an HS— group been located in 

any other substance. Not without an isolation of the cell constituent actually 
responsible for the nitroprusside reaction, and a study of its properties, could 
Heffter’s theoretical views receive experimental support. 

Such an isolation is now to be described, together with a preliminary study 
of the substance from the standpoint of its possible functions in the reductions 
and oxidations of tissues. It proves to be a dipeptide, containing glutamic acid 

and cystein. It possesses properties which suggest that it may well play an 
important part in chemical events within the living cell. The methods of 

extraction have been such that there could be no possibility whatever of 
splitting off the dipeptide from other polypeptide material by hydrolysis. 

o 
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Section II. Tue NrrroprusstpE REACTION. , L Sls at Se 
° Bhe. nitroprusside tegtqas applied by Heffter and Arnold consists in adding 

to tissue ext}ets, or to the fluid in which a piece of tissue is suspended, first 
a few drops of a moderately strong (5 %) solution of potassium nitroprusside 
and then excess of ammonium hydroxide. There can be no doubt that the 
use of ammonia is preferable to that of caustic alkali. But I have found that 

the colour reaction, as given by the tissue constituent to be described, is very 
greatly intensified when developed in the presence of a high concentration of 
certain ammonium salts, just as Rothera found to be the case when acetone 
or aceto-acetic acid is concerned. Doubtless the mechanism of the reaction’ 

is closely the same in each case, involving a reduction of the nitroprusside 

molecule. The colour produced resembles that of permanganate, and is less 

purple than when, under similar circumstances, ordinary sulphides act upon 

nitroprusside. Ifa small piece of fresh tissue, such as liver or kidney, be placed 
in, say, 5 cc. of a saturated solution of ammonium sulphate, two or three drops 
of a 5 % solution of sodium nitroprusside being then added, and finally excess 

of ammonium hydroxide, the tissue takes on a deep magenta colour. The 
reagents do not easily penetrate intact muscle fibres which should be dis- 
integrated before applying the test. If the tissue be first heated with a little 

very dilute acid, acetic or other, the solution cooled, saturated with ammonium 

sulphate, and the test then applied, the colour will be found intensified. If 
the organ be ground up with sand it becomes maximal. From practically all 

the tissues examined the substance responsible for the colour reaction can be 

extracted by hot water and from such extracts it has been isolated. 

Section III. Isouation or A DIPEPTIDE. 

Yeast has been chiefly used as a source of the substance to be described, 

but the same product has been obtained from mammalian muscle, and mam- 
malian liver. 

There was every reason in advance to expect that it would be found to have 
a very low concentration in the tissues. As already stated, the nitroprusside 
reaction is extremely delicate, and tissue extracts when completely freed from 
proteins contain only very small amounts of organic sulphur, The actual yield 

of H,S when yeast cells or animal tissues are treated with sulphur (supposing 
this to measure sulphydryl groups with any accuracy) is minute. 

The discovery of a method of isolation cost much labour; but could the 
nature and properties of the substance have been known in advance, greater 
difficulties might well have been expected, 

Unfortunately the methods available for the separation of most types of 
native cell constituents are very limited. Fractional precipitation by salts 
of the heavy metals is at best clumsy, and as such precipitations are usually 

only in a very limited sense selective, it is difficult to make this method 
quantitative, Nevertheless after many efforts to reject it in favour of others, 
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it was finally adopted in the present endeavour. Needless to say, the basis of 
procedure was throughout largely empirical. The substance had, so to speak, 
to be teased out from its complex associations in the tissue. Fortunately the 
procedure, though tedious to describe and occupying much time in practice, 
is easy to repeat, and, given attention to details, invariably successful even 

in little practised hands. . 

Method of separation. 

The separation from ‘yeast may be first described. Minor modifications 

were made in the case of animal tissues which will be mentioned later. 
Moist baker’s yeast (45 kilos.) is boiled up with three successive quantities 

of tap water, large enamelled iron basins serving well for the purpose. For 
the above mentioned quantity of yeast about 10 litres of water may be used 

for each extraction. The extracts are filtered hot through Buchner funnels and 
the residue of the yeast well washed with hot water. The combined clear 
extracts are partially neutralised with dilute sodium hydroxide but left 

definitely acid to litmus. Neutral acetate of lead is then added until it ceases 
to precipitate. The precipitate is allowed to settle, the supernatant fluid 
syphoned off, and the precipitate then filtered off by use of several large 

Buchner funnels. It is very thoroughly washed with cold water. 

The lead precipitate is next ground up in mortars and extracted with cold 
half-normal sulphuric acid until fresh extracts cease to give the nitroprusside 

reaction. With care this operation can be so conducted as to leave the lead 
sulphate free from the reacting substance, while the extracts contain relatively 
little free sulphuric acid. To the sulphuric acid extract, amounting usually 

to about 12 litres, uranium acetate is added until a little of the filtered fluid 
gives a strong brown colour with potassium ferrocyanide. Hot saturated 
barium hydroxide solution is next added to alkalinity and then in further 

excess until it ceases to produce a precipitate. The heavy precipitate is then 
filtered off at the pump and washed with cold water. At this stage a large 
proportion of certain polypeptide material originally precipitated by the lead, 
and all the phosphoric acid in the yeast extracts, are removed. 

From the filtrate, which will measure perhaps 20 litres, barium is removed 
as sulphate, a small excess of sulphuric acid being left in the solution. The 
filtrate from the barium sulphate is now. precipitated with acid mercuric 
sulphate solution!, any large excess being avoided. The bulky mercury pre- 
cipitate is well washed, suspended in water, and decomposed with H,S. The 
filtrate and washings from the mercuric sulphide, freed from H,S by a current 

of air, are measured (1000-1500 cc.) and enough sulphuric acid added to make 
the mixture roughly half-normal in acidity. Phosphotungstie acid dissolved 
in half-normal sulphuric acid is then added in rather greater excess than is 
necessary to produce the maximum precipitation. At this stage there is 

greater danger than at any other of removing part of the product sought. In 

- } Prepared as originally used by Hopkins and Cole [1901] for the isolation of tryptophan. 
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higher concentrations it is precipitated by phosphotungstic acid, but at the 
dilution indicated the loss is small. Its phosphotungstic compound is more 
soluble in excess of the reagent than those of the substances from which it 
has to be freed: If a little of the solution is tested by boiling with lead acetate 

and sodium hydroxide before and after the precipitation with phosphotungstic 
acid the reduction in the blackening given by the loosely combined sulphur 
should be slight. I have so far found it impossible to dispense with the use 

of phosphotungstic acid at this stage. The precipitate is filtered off, phos- 
photungstic acid removed from the filtrate by means of barium hydroxide, 
and the latter afterwards removed as sulphate. At this stage the solution, 
which need not measure more than about 4 litres, is again precipitated with 

the mercuric sulphate reagent, a perfectly white precipitate being obtained. 
This should be decomposed, and the mercury sulphide washed at the pump, 

with the use of as little water as safety allows, in order to keep the concentra- 

tion of the product as high as possible. If a little of the solution be thoroughly 
boiled to remove all traces of H,S it will be found to give an intense nitro- 
prusside reaction, and a rich yield of sulphide when boiled with lead acetate 

and caustic alkali. The final treatment may be varied. 
(a) In one method the copper compound may be used. The, reduced di- 

peptide gives, like free cystein, a highly characteristic blue-grey precipitate 
with copper sulphate; but a more convenient method of separating it as a 
copper compound is to add to the solution from the above described second 

mercury separation, which contains a little free sulphuric acid, moist, freshly 
precipitated, copper hydroxide. When the vessel containing the solution is 

shaken the change from the appearance of the hydroxide added to that of 

the copper compound of the dipeptide is exceedingly characteristic. After 
the hydroxide has been added in excess, complete precipitation is secured by 
adding sodium hydroxide to the supernatant blue liquid until it is nearly 

but not quite neutral to litmus. The copper compound is decomposed with 

H,S. The filtrate from the sulphide after removal of H,S is made just alkaline 
with baryta and a stream of air is passed through it until complete oxidation — 
of the dipeptide has occurred as shown by the disappearance of the nitro- 
prusside colour reaction. The solution is then carefully adjusted so as to be 

entirely free from both barium and sulphuric acid, concentrated under reduced 

pressure to a bulk of about 10 ce. and then poured into 100 ce. of absolute 

alcohol. It should stand under the aleohol until it becomes wholly anhydrous 

and friable, and is then filtered off at the pump. . 
(b) Otherwise the dipeptide may be separated at the final stage asthe 

lead compound. Neutral lead acetate precipitates the substance from neutral 

solution only when the latter is in the reduced form, and then, in the case of 
the pure substance, not completely. If, however, lead acetate be added to the 

solution obtained on decomposing the above described second mercury pre- 

cipitate, the greater part of the product is thrown out. The lead salt is 
decomposed with H,8 and the solution treated exactly in the manner described 
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in the case of the copper compound. I have more than once thrown out in 
this way a first fraction with lead, and after removing lead from the filtrate 

have precipitated the remainder with copper. In such cases analyses of the 

_ two final products have closely agreed. 

Nhe 

The substance is freely precipitated by silver salts, and completely by 
means of silver sulphate and baryta. I have not, however, found precipitation 
by silver of any advantage in purification. On a small scale one can dissolve 
the silver compound in hot water from which it separates on cooling. This 
seemed a characteristic property of which advantage might be taken; but on 

the large scale it is difficult to make use of it without danger of decomposition. 
In making a preparation from animal organs the finely minced tissue 

should be allowed to extract for two or three hours with its own weight of 
water at 40°. The first extract is squeezed out through linen and the residue 
re-extracted. The extracts are finally mixed, filtered at the pump, the filtrates 
precipitated with neutral lead acetate and the procedure followed as with 

yeast. An alternative is to allow the tissue to stand with N/10 sulphuric 
acid (1 litre per kilo.) over night. The acid is nearly neutralised by the addition 
of 20 % caustic soda solution in small quantities at a time. The mixture is 
then heated and carefully neutralised as it reaches the boiling point. It is 

filtered at the pump and the residue extracted twice again by boiling with 
water. This latter method has generally been used for muscle. When it is 
employed it is, for some reason, advantageous to precipitate with uranium 

acetate at the first stage of treatment, instead of later. The reagent is added 

in saturated solution to the mixed extracts until it just ceases to produce 
a precipitate. The precipitate is filtered off and lead acetate applied to the 
filtrate. The sulphuric acid extract from the lead precipitate is subsequently 

_ precipitated with barium hydroxide alone. 
The yield of the product from yeast has varied from 0-1 to 0-15 gram per 

kilo. From muscle it was about the same. The liver is, I think, undoubtedly 

richer in the substance, but in the one preparation made from it the weight 
of material taken was not recorded. Although the method of sepération 

described is of course not quantitative, the figures given certainly represent 

the order of the amount actually present. 

Section [V. PROPERTIES OF THE SUBSTANCE. 

Evidence is given in later sections to show that the substance is present 
in the tissues in its reduced form, that is, as a dipeptide containing glutamic 
acid and cystein. When dissolved in this reduced form it is readily oxidised 
by atmospheric oxygen; most readily, as in the case of free cystein [Matthews 
and Walker, 1909], when its solutions are neutral or faintly alkaline. In the 

acid condition the HS— group of its cystein moiety is much more stable 
toward molecular oxygen. When in the oxidised form its solution can be 
easily reduced by zine and sulphuric acid or by sodium sulphide. It will be 

+ ¢ 
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shown later that it is specifically reduced by tissue agencies. Needless to say 
the processes of reduction and oxidation can be easily followed by the use of 

the nitroprusside reaction, of which the oxidised form gives no trace. 
As each molecule of the dipeptide contains only one HS— group oxidation, 

in producing the disulphide (—~S—S—) grouping, must involve a linkage of 

two molecules. Preliminary molecular weight determinations have borne out 

this assumption. 
Nearly all the final preparations of the substance have been made as 

described in the last section in the oxidised form, and this because in the final 

manipulation it is difficult to avoid partial oxidation of the reduced substance. 
It has proved impossible in the case of the oxidised dipeptide, which is a 

substance of high molecular weight (498), to obtain it crystalline, or to prepare 

a convenient crystalline derivative. I have recently found however that if all 
precautions are taken to avoid oxidation and the substance is separated while 

reduced, a crystalline preparation can be obtained. The dipeptide in this form 
is somewhat freely soluble in alcohol so that a mixture of alcohol and ether 

was used for its final precipitation (cf. last section). ,After it had stood under 

the mixture for three days its solubility in water was considerably reduced. 
When dissolved in hot water it separated on cooling as thorn-apple crystals 

which upon recrystallisation were replaced by acicular aggregates. The facts 
suggest that the dipeptide while standing under alcohol-ether is probably 

converted into the diketopiperazine anhydride. Advantage will be taken of 

this observation in future work. 
The oxidised substance as employed for the analyses given in the next 

section is a snow-white non-hygroscopic powder. If heated quickly it softens 

at 165°-167°. At 182°-185° it melts with evolution of CO, and the melt runs 

up the tube. All its preparations have behaved in the same way either when 

separate or mixed. 

It is exceedingly soluble in water, but apparently in no organic solvent: 
Its behaviour towards precipitants will have been sufficiently indicated in the 

previous section. 
It is easily hydrolysed by mineral acids yielding glutamic acid and cystein, 

but it appears to be wholly resistant to the proteolytic ferments of the tissues. 
The effect of trypsin has not been studied. 

Solutions of the reduced dipeptide when shaken with sulphur give off HS. 
im 

Seotion V. EvipeNncr or CONSTITUTION. 

Before it was actually obtained in substance, I was led to expect that the 
compound to be isolated might have the constitution of a dipeptide. By the 

use of nitrogen determinations made in solutions obtained at various stages ° 
of fractionation it was observed that constancy was arrived at when the amino- 

nitrogen estimated by van Slyke’s method was about half the total nitrogen, 

and when the former was doubled after boiling the solution with mineral acids, 
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At such a stage the ratio of sulphur to nitrogen also proved constant. It should 
be noted that for a reason already mentioned most of the analytical studies 
have been made upon the oxidised product. As was pointed out in the last 
section, oxidation (as in a current of air) should involve the production of 
a disulphide grouping which must link two dipeptide molecules together and 
so nearly double the molecular weight of the product. This, of course, will not 
affect the results of hydrolysis, except that cystine should be obtained instead 

of cystein. 

Hydrolysis. 

> (a) Separation of glutamic acid. Two grams of the oxidised product from 

yeast were boiled for 8 hours with 100 ec. of 25 % aqueous hydrochloric acid. 
The solution when concentrated under reduced pressure to about 10 cc. and 
cooled, deposited crystals which resembled those of the hydrochloride of 
glutamic acid. They were filtered off through a small linen filter, and washed 
at the pump with strong HCl. The filtrate was saturated ice-cold with HCl gas, 

and stood in ice over night. Another crop of crystals was filtered off, and the 
filtrate again concentrated and again saturated with HCl. A third crop was 

similarly obtained, all three crops being then united, dissolved in a minimal 

quantity of water, and again saturated with HCl at 0°. The crystals were 
again filtered off and the filtrate mixed with the original filtrates. The mixed 
filtrates on standing for a week deposited a further fraction of a hydrochloride. 
By careful treatment a final combined product was obtained which had all 

the characters of pure glutamic acid hydrochloride. It weighed 1-06 g. or 
53 % of the product hydrolysed. A dipeptide of cystein and glutamic acid 
would have a molecular weight of 250, and the corresponding disulphide 
compound one of 498. The latter would yield 59-03 % of glutamic hydro- 

chloride. The above yield from 2 g. of product is therefore equal to 90 % of 

theory. 
. The melting point of glutamic hydrochloridé is often given as 198°. 

I have on previous occasions found it to be higher than this. A very pure 
carefully analysed product made from wheat proteins by Dr H. Raistrick 

showed softening at 200° and melted at 206° (uncorr.) with decomposition. 
Heated side by side with this, the product prepared as above behaved in an 
identical manner, and a  eggha of the two gave precisely the same melting 
point. , 

Two other preparations, from different supplies of yeast, similarly treated, 
have given similar results. I have found that glutamic hydrochloride, being 
so highly dissociated in aqueous solution, will, when dissolved in a minimum 
of water and its solution mixed with six to eight times its bulk of alcohol, 
‘slowly yield crystals of free glutamic acid. This is a convenient method of 
preparation when one is working on a small scale. Small quantities of the 
hydrochloride prepared from the hydrolysis of yeast products were treated 

in this way side by side with a pure preparation from wheat gliadin. The crystals 
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in each case were identical, having the characteristic rhombic octahedral form. 
When filtered off, washed and dried, they melted in every case at 192° (uncorr.). 

The nitrogen of two preparations of the hydrochlorides was determined 

by Kjeldahl. 
Found (a) 9:47 %, (6) 9:48 %. Calculated 9-52 %. ' 

(b) Separation of cystine. Filtrates from the glutamic acid preparations 
after evaporation on the water bath to remove HCl (the residues being subse- 
quently dissolved in dilute sulphuric acid and precipitated with mercuric 
sulphate) have in all cases yielded cystine. For quantitative work, ‘however, 

the original products were hydrolysed with sulphuric instead of hydrochloric 

acid. 
Two grams of a yeast product were boiled for eight hours with 25 % 

sulphuric acid. The solution was then diluted with four times its volume of 
distilled water and precipitated with the same mercuric sulphate solution as 

that employed for the separation of the original product. A heavy white 
precipitate was produced which was filtered off and washed at the pump. The 

filtrate gave no sulphide when boiled with lead acetate and caustic soda. The 
precipitate was decomposed with H,§, the filtrate from the mercury sulphide 

was freed from H,S and sulphuric acid then removed by a slight excess of 
barium hydroxide. While still just alkaline it was aerated for some hours until 

the nitroprusside reaction had disappeared. Excess of baryta was then exactly 
removed. On standing without evaporation the solution (circa 250 cc.) de- 
posited a small amount of cystine in typical hexagonal plates. On concentration 

to small bulk a white product separated which under the microscope appeared 
to consist of acicular aggregates. From the mother liquors of this fraction 

a second yield of colourless product was obtained on further evaporation. The 
two together weighed 0-59 g. ur 60 % of theory. Although mercuric sulphate 

precipitates cystine from acid solutions with great completeness, it is, for 
some reason, difficult to recover the product quantitatively. My colleague 

Dr T. 8. Hele, who, some years ago, studied the methods for separating this 
amino-acid very carefully, tells me that when he precipitated pure cystine 
solutions by mercuric sulphate and the cystein which resulted on decomposing 

the precipitate with HS was allowed to oxidise in the air, the amount of cystine 
recovered by him was of the order of 60 % only. As all who have experience 

of the matter are aware, the quantitative separation of cystine from other 

amino-bodies is always difficult? 
Cystine was obtained in a similar manner after hydrolysing other pre- 

parations from yeast. Three such products were combined, dissolved in hydro- 
chlorie acid, and the perfectly clear solution neutralised with ammonia, The 

cystine separated in uniform typical hexagons. 
03596 g. was dissolved in 25 ce. of 10% HCl. 

! For an experience with regard to the destruction of cystine during acid hydrolysis see van 

Slyke [1911]. 
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In an 18-9 cm. tube it gave with the sodium flame a laevo-rotation of 5-45°. 

[a], = — 200°. 

The specific rotation of /-cystine from proteins and keratin is usually 
given as — 205°. The high rotation distinguishes cystine from other amino- 
acids, and the above figure indicates that the substance dealt with is normal 
l-cystine. oe 

The nitrogen was determined by a micro-Kjeldahl method, the apparatus 

and reagents being controlled by blanks and by estimations made upon a 

specimen of pure cystine from hair. 
(a) 11-39 %, (b) 11:56 %. Calculated 11-66 %. 
Sulphur was estimated by means of a micro-Carius method which had pre- 

viously given good results with similar quantities of pure cystine from hair. 
0-067 g. gave 0-1169 g. BaSO, = 26-45 % 8 (calculated 26-45 %). 
After the separation of cystine from the products of hydrolysis and removal 

of the sulphuric acid the glutamic acid was either separated as the hydro- 
chloride or precipitated by mercuric acetate and sodium carbonate and then 
liberated as the free acid. In all cases the properties of the product were those 
of normal d-glutamic acid. The final residues from several preparations of 

hydrolysed material (the glutamic acid and cystine having been in each case 
removed on the lines described) were combined, after removal of HCl when 

necessary. No trace of any other amino-acid could be obtained from these 
residues by crystallisation or otherwise. A minute crystalline fraction proved 
to be glutamic acid, and the mother liquor from this gave no more than a very 

small gummy residue with a slight mercaptan-like odour. 
ra 

Distribution of nitrogen. 

In the case of a compound suspected of being a simple peptide good evidence 

of constitution should be obtained by comparing with the total nitrogen the 
amino-N before and after hydrolysis. When, however, a substance contains 

cystine it must be remembered that this amino-acid gives abnormally high 
values in determination by van Slyke’s method. Allowing for this fact the 
substance under description in this paper gives on these lines satisfactory 
evidence of being a dipeptide. 

In the case of cystine van Slyke obtained the values 12-52 and 12-68 for 

the percentage of amino-nitrogen; theory requiring 11-67. With the reagents 
employed in my laboratory, however, which gave normal values for other 
amino-acids, considerably higher values than these were got for pure cystine 
and also for cystein. In a consistent series of determinations the value 14-5 
was obtained for both substances. As the precise reason for the abnormal 

behaviour of these thio-acids in van Slyke’s process is unknown it is not quite 
clear how a simple peptide containing one of them would behave, and a cor- 

rection based on the above values would not necessarily be satisfactory. 
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Somewhat high values for the amino-N should at any rate be expected. A 
product from yeast gave the following figures: 

Total N 11-9 %; amino-N 6-8 %; amino-N after hydrolysis 13-3 %. 
If a calculated addition to the theoretical figures can be based on the data 

just given for cystine, and if it be applied to the cystine half of the molecule 
only, the amino-N for the oxidised product would, on the assumption that it 

is derived from a dipeptide, be 6-3 %, and, after hydrolysis, 12-6 %. 
It is unfortunate that the properties of cystine intrude in the estimations, 

but in the case of a substance which on hydrolysis yields two amino-acids, 
and two only, and yields an amount of amino-nitrogen agreeing so closely with 
what special considerations would lead one to expect—this amino-nitrogen 
being doubled on hydrolysis—there can be no doubt that a dipeptide is in 

question. In the case of even a tripeptide, if it contain only monamino-acids, 

the amino-nitrogen must be trebled after hydrolysis and the increase grows, 
of course, proportionally greater with increase in the number of constituent 

amino-acids. Other products from yeast besides the above have given quite 

similar figures for amino-nitrogen and the doubling on hydrolysis has proved 
to be a constant happening. | 

Elementary analyses. 

The analyses have, for a reason already discussed, been made nearly always 

on the oxidised product, but except in the case of hydrogen, the effect of the 
oxidation upon percentage composition is of course extremely small. The 
dipeptide C,H,,0;N.8 with a molecular weight of 250 would yield with loss 

of two H atoms a disulphide derivative of molecular weight 498. In the case 
of such a substance the evidence for constitution to be got from elementary 

analyses is of less importance than that based upon facts such as have been 
already discussed. 

As therefore the material costs so much labour to prepare there was a 
temptation to make the analyses on quantities as small as possible, though the 

presence of sulphur and the consequent necessity of using lead chromate made 
it undesirable to rely upon micro-combustions. 

The results agree satisfactorily with the composition of a dipeptide having 
the constitution suggested by the other evidence. The nitrogen figures have, 

it is true, been persistently somewhat high. This is probably due, in part at 
least, to the presence of small amounts of ammonia in the final product. It 
will be remembered from the description of the preparations that immediately 
before evaporating the final solutions they were oxidised by aeration while’ 
only barely alkaline from barium hydrate, The process involves the passage 
of many litres of laboratory air, and from lack of realisation of the danger no 

attempt was at first made to trap off ammonia. Once the slight excess of 
baryta had been removed the acid nature of the free substance would have 
prevented removal of ammonia during evaporation. On an occasion when the 

above process was omitted and the product prepared for analysis in a reduced 
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form the theoretical figure was obtained (11-25 %) for nitrogen. The following 
complete analysis was made with the use of normal quantities of material. To 

other preparations micro-methods have been applied. 
~  Thesulphur was estimated by fusion with sodium peroxide and the nitrogen 

by Kjeldahl. 
Product from yeast finally purified through the lead compound: 

Found C, 38:21; H, 5-12; S, 12°31; N, 11-70. 
Calculated C, 38-55; H, 5-22; 8, 12-85; N, 11-24. 
Five other determinations of nitrogen were made upon different products, 

all by a micro-Kjeldahl method. Of these the first two high results were 

obtained early in P a research; the others after more experience had been 

gained. 
Nitrogen °%, (12-37, 12-10); 11-68, 11-55, 11-37 (calculated 11-24). 
The following results for sulphur were obtained from diverse products. 

All determinations had to be made upon small quantities of material—from 

0-060 g. to 0-100 g. 
S = 12-30, 13-22, 11-68, 12-70 %. 

Mean = 12-40 %; calculated 12:80 %.. 

All the data so far given apply to eddie from yeast. A preparation from 
ox-muscle had exactly similar properties and gave 11-75 % N by Kjeldahl. 
After hydrolysis the glutamic acid, as obtained pure, amounted to 88 % of 

the theoretical yield. Cystine was identified but not estimated. A small 
preparation from liver (0-4 g.) had again identical properties. When it was 

mixed with a preparation from yeast the behaviour on heating was unaffected. 
Glutamic acid and cystine were fully identified in the products of hydrolysis 
but they could not be estimated. 

There can be no doubt from the evidence that the compound isolated is, 
in its reduced form, a dipeptide of which the constituents are glutamic acid 
and cystein. I have not yet determined the relation of one amino-acid to the 

other. An endeavour to do this is now in progress. 
Until the constitution is finally established it may be premature to suggest 

a name for the substance. But, provisionally, for easy reference, the name 
Glutathione will perhaps be admissible. It leaves a link with the historic 
Philothion, has the same termination as Peptone, which has long served as 

a name for the simpler peptides, and is a sufficient reminder that the dipeptide 
contains glutamic acid linked to a sulphur compound. 

SECTION VL DISTRIBUTION. 

t The statement of Gola that the nitroprusside reaction is given by pro- 
liferating plant tissues I have confirmed in many instances, but its intensity 
is usually far less than in animal tissues. The few species of bacteria examined 

have all displayed it. In the animal it is given by all the tissues tested except 
in the case of connective tissues. Blood plasma and serum give, as Arnold 
found, no trace of the reaction. It is characteristic indeed of cellular tissues 
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with active metabolism. The constituents of the fowl’s egg in native condition 
give no trace, but a thirty hours’ embryo if observed under a dissecting micro- 
scope will, especially if first flooded with a little weak acetic acid, be seen to 

give a vivid reaction throughout its mass. 

I cannot pretend to have explored the zoological field at all thoroughly 
but have obtained the reaction from tissues and tissue extracts of the following 

as types: muscle and other tissues of the earthworm; adductor muscle of the 
oyster (in most tissues of this mollusc the reaction is very slight); muscles of 
the blow-fly; muscles and other organs of the lobster; muscles of the skate 

and of the cod; other organs of fish not examined; all organs of the frog; all 

organs of every mammal examined. Except in the case of the muscles the 
reaction is much less intense in cold blooded animals than in warm. It is 

always possible, however, that this is a matter of tissue equilibrium; more of 

the substance may be in the oxidised form. 

It would of course be going much too far at present to claim that the 
display of the nitroprusside reaction proves the presence in all these localities 
of the substance described in this paper. It may in different groups of animals 

be represented by different if analogous substances; but it is noteworthy that 

the cause of the reaction is the same in structures so diverse as the yeast cell 
and mammalian organs such as muscle and liver. 

With regard to pathological relations it may be stated that actively growing 

cancer cells seem to show a nitroprusside reaction of surprisingly low intensity; 

but I have seldom had the opportunity of examining growths soon after their 
removal from the body. 

Section VII. PuystotocicaL RELATIONS. 

Observations will now be briefly described which seem to show that the 

dipeptide exercises real functions in the chemical dynamics of the cell. An 
attempt to relate its properties more completely with other known facts and 
to current theories concerning tissue respiration will be made in a later com- 

munication. 

As already stated the dipeptide, when in neutral or slightly alkeline solu- 
tion, spontaneously oxidises in air at ordinary temperatures though more 

slowly than does pure cystein. As Bach [1912] has pointed out the uptake of 
molecular oxygen by a substance undergoing autoxidation must by Ostwald’s 

law of successive reactions necessarily involve preliminary peroxide formation. 
O 

The less stable state, say RC -+- R, however brief its duration, must precede 

the more stable state R : O 4+ R: O. It is therefore not without significance 
in any case to know that a definite cell constituent can be isolated which 
belongs to the class of autoxidisable substances. The existence of such, in 

some form or other, is assumed in accepted theories concerning oxidase systems, 

But such oxidase systems, able to induce limited oxidations in constituents 
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which do not themselves react with molecular oxygen, are not the only type 

of oxidative mechanisms represented in the cell. Indirect oxidations induced 
by the action of catalysts in the presence of suitable hydrogen acceptors have 
recently received much attention, and would seem to play a very real part 
in biological phenomena. Bach has very fully studied what he calls “hydro- 

lytic oxidation-reduction” reactions in which, under the influence of such 
catalysts as metals of the platinum group, the reduction of one substance by 
the hydrogen ion of water is associated with the simultaneous oxidation of 

another substance by the hydroxyl ion. Such a case, with an organic catalyst 
taking the place of the metal, is the well-known Schardinger reaction of fresh” 
milk. Milk neither reduces methylene blue nor oxidises an aldehyde, but if 
both are present the former substance acts as a hydrogen acceptor and the 
latter as an oxygen acceptor and simultaneous reduction and oxidation are 
the result. Bach has shown that the same or a similar catalyst is present in 

the tissues. 
A catalytic mechanism different from, though closely related to that just 

mentioned, may also exist in the cell, unless indeed as in the view of Wieland 
[1914] it is a more general mechanism covering the supposed activities of 

those already mentioned. R 
Wieland sees the essential cause of certain typical biological oxidations 

not in the activation of oxygen but in the activation of hydrogen. The proof 

that this activation occurs renders unnecessary he thinks any attempt to 
give a general application to the Engler-Bach peroxide theory. On the other 

hand Wieland’s contention somewhat modifies Bach’s conception of hydro- 

lytic oxidation-reduction. 
Starting with the conception of a catalyst, which acts as a “dehydrase” 

and confers lability upon hydrogen atoms, the assumption that oxydases, 

reductases, and “mutases” separately exist becomes from Wieland’s stand- 
point superfluous. 

His conc zptions are mainly supported by a careful quantitative study of 
the action of Schardinger’s ferment on salicylaldehyde. The aldehyde is 
assumed to act in the form of its hydrate (an assumption which would seem 
after all to negative any wide divergence between the views of Wieland and 
Bach). The enzyme activates two of the hydrogen atoms which are then made 
available for an acceptor. This acceptor may be (1) molecular oxygen, (2) such 
reducible substances as are represented by methylene blue, or (3) ina particular 

case the acceptor may be a molecule of the aldehyde itself in the unhydrated 
form. As an end result we have, in case (1) a frank oxidation of the aldehyde; 
in case (2) an observed reduction associated however with indirect oxidation 

of the aldehyde; in case (3) on the other hand the Cannizzaro reaction—the 

so-called “mutase” effect : 

R.CH(OH), + R.CHO = R.CO,H + R.CH,OH. 
Whether any one of these end results is attained, or a mixture of all three, 

depends (as Wieland’s quantitative results seem to show) upon the concentra- 

Bioch. xv 20 
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tion and speed of reaction of the various acceptors. The most important 
hydrogen acceptor for energy production in the cell is clearly oxygen, but the 

reduction of other acceptors may be equally important for other aspects of 
cell activity. 

Thunberg [1920] has accepted Wieland’s conception of the events and in 
a remarkable paper recently published he has used the methylene blue tech- 
nique to supply evidence as to the probable nature of intermediary metabolites. 
Tissue (muscle) deprived of its power of reducing methylene blue by thorough 

washing with water but still containing the catalyst is suspended in a weak 
solution of the pigment. Small quantities of the substances under investigation 

are then added. The methylene blue acts as hydrogen acceptor. If the second 
substance can act as a hydrogen “donator” then the dye is reduced. The 

ferment acts as a hydrogen “transportase.”’ Only a limited selection out of 
a large number of substances tried could induce by their presence the reduction 

in question, and that they should do so is taken by Thunberg for presumptive 

evidence that they are—or are closely related to—products which appear in 
normal intermediary metabolism. 

I have said this much to indicate the importance which is now attached to 
the presence of acceptors, and especially of hydrogen acceptors, co-existing 
with substances to be oxidised. The same importance is attached to hydrogen 
acceptors in fermentations. 

The dipeptide when in the disulphide (oxidised) form can act of course 
under conditions as a hydrogen acceptor, and the labile hydrogen of the 

resulting sulphydryl group, under other conditions, as an oxygen acceptor. 
As already remarked, however, dynamic functions in the cell cannot be 

claimed for the substance unless it can be shown that its oxidation and re- 

duction are brought about in a reversible manner by factors present in the 
cell itself. 

That fresh tissues possess a reduction potential such as to induce rapid 
reduction of the substance can be at once shown by the simplest technique. 

In one test tube are placed a few cc. of distilled water and in another an equal 
amount of a weak solution of the dipeptide in its oxidised form which gives 
of course no nitroprusside reaction. A small weighed piece of fresh tissue 
(liver, kidney, muscle, etc.) is then dropped into each, If the tubes be then 

placed in a bath at 35° it will be found that the fluid of that containing the 
added dipeptide will, after an hour or two, give the nitroprusside reaction with 
an intensity out of all proportion to the fluid of the control tube. The latter may 

g ve a slight reaction due to diffusion from the tissue of preformed reduced 
dipeptide. Under anaerobic conditions the change goes faster, Antiseptics 
may be used, The reduction may be followed in its stages by placing crystals 
of ammonium sulphate mixed with nitroprusside on a tile. A couple of drops 

of the fluid followed by one of ammonia will show the increasing intensity of 

the colour reaction, It is difficult to obtain the reducing system in solution; 
but the dry powder obtained by grinding a tissue with sand under alcohol, 
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washing the residue with fresh alcohol on a filter, and allowing it to dry in 
the air, reduces efficiently. Such a powdered preparation from liver, deprived 
so far as possible of connective tissue, has served well for quantitative 

observations. ‘ 
It is next easy to show that conditions exist on the other hand in which 

factors present in tissues can promote oxidation of the reduced dipeptide. 
It is a circumstance familiar to all who have studied the reducing power of 
excised tissues, by the use for instance of methylene blue as an indicator, 

that the reduction potential rapidly falls off as survival processes progress. 
It must of course be remembered that conditions for reduction and oxidation 
vary with the substance concerned. In the case of the dipeptide survival 

changes involve a complete reversal of the existing relations. A tissue which 
has stood under aseptic conditions for a sufficient time fails to exhibit the 
nitroprusside reaction and it can be shown without difficulty that conditions 

then develop under which the reduced dipeptide is oxidised. As this oxidation 
goes on anaerobically, some other substance must now act as a hydrogen 
acceptor. Especially upon actual autolysis does this change in the equilibrium 
of reducing and oxidising agencies occur. If disintegrated tissues be suspended 

in four to five times their weight of chloroform water and allowed to autolyse 
in corked flasks at 37° the fluid during the first few hours will show a strong 
nitroprusside reaction. This gradually fails in the fluid, and, ultimately, after 
a period varying with the particular tissue, also in the incompletely autolysed 

tissue fragments. The end-point occurs soonest with the kidney; more slowly 
with liver, because of its original high content of the reduced dipeptide; and 
still more slowly in the case of muscle. If, when the colour reaction has ceased, 

a further quantity of reduced dipeptide be introduced so as to restore a strong 
reaction to the fluid, this will be found also to disappear on standing. The 
process goes on with undiminished velocity, and indeed seemingly faster, 
under anaerobic conditions. That oxidation has occurred is shown by the 

fact that the process is easily reversible by reduction. If some of the fluid which 
has ceased to give the colour reaction, and especially if its content of dipeptide 
had been increased on the lines mentioned, be boiled, filtered, and placed when 

cool over a piece of perfectly fresh tissue an intense nitroprusside reaction 
once more develops. 

The significance of this change of oxidation potential during survival ‘iat 
post-mortem changes need not be here discussed. For the moment I am con- 
cerned only to show that there exist in tissues mechanisms for both reduction 
and oxidation of the dipeptide. If in vitro the one mechanism has to disappear 

before the other can be displayed, it is yet perfectly probable that in the 

organisation of the cell both mechanisms are employed. 
Considerations may now be put forward which indicate that the dipeptide 

does as a matter of fact play a real part in cell dynamics. 
Fresh tissues of course reduce methylene blue, and so, when itself in the 

reduced condition, does the dipeptide. But as has just been shown the former 

20—2 
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also reduce the latter. It would seem then that a mechanism in the tissues 
has a greater reduction (or lower oxidation) potential than the HS— group 
of the dipeptide. As a matter of fact, however, the exact relations depend a 
upon the hydrogen ion concentration of the medium. It should be remarked _ 
that the reduced form of the dipeptide is more stable on the acid side of 

neutrality. The following facts are of interest. 
If the substance in the oxidised (disulphide) form be added to a solution 

of methylene blue in contact with fresh tissue, then, if the reaction of the 

system is even slightly on the acid side of neutrality, say at P,, = 6-8, the 
reduction of the dye is greatly slowed, as comparison with a control preparation. 

will at once show. The dipeptide acts here simply as a hydrogen acceptor and 
competes with the methylene blue in this respect, delaying or (according to 
its concentration) even preventing the reduction of the latter. If, however, 

the reaction of the medium be adjusted to P,, = 7-4, or made very slightly more 

alkaline than this, the relations change. The normal rate of reduction of 
methylene blue by the tissue used is then markedly accelerated by the addition 
of the oxidised dipeptide. The phenomena are best observed under anaerobic 

conditions and the observations should be made in test tubes which can be 
evacuated, or which are corked and so fitted with glass tubing that the air 
can be replaced by pure nitrogen. As the tissues contain their own supply 

of the substance the contrast between the behaviour of a preparation to which 
dipeptide has been added and a control preparation is. greater if the tissue 
used is first washed several times with sterilised distilled water. This removes 

a considerable part of the pre-existing dipeptide especially from the surface 

of the tissue. The tissue powder frcm alcohol, as described above, acts well 
and may also be washed before use!. Although I think the fact is not com- 
mented upon by authors who have used washed tissues in connexion with 
methylene blue reductions the concentration of the enzyme is reduced by 

extraction with water. In the experiments under discussion washing increases 
the contrast, but may increase the actual time required for reduction. The 
following data will illustrate what has been said. In the experiments given 
the tissue preparation was in each case the liver of the rat, ground under 

alcohol, air dried, and afterwards washed with distilled water. Similar results 

have been obtained, however, with other tissues, washed and unwashed. The 

first comparison shows the reversal in the effect of added dipeptide when the 

reaction of the system changes, The tubes were filled with nitrogen. 

Oxidised Methylene 
Tissue dipeptide blue Py at Reduction 

preparation added 1:5000 Water beginning time 

OS g. 0 0-5 ce. 5 ce. 75 3 hrs. 35 mins. 

” 4 mg. a - 7 1 hr. 30 mins. 

” 4, » » 62 5 hrs, 20 mins. 
” 8 ” os a 15 hrs, + 

' It is noteworthy that the tissues of small animals such as the rat show under all circumstances 

a greater reducing power than those of larger animals, 
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The following shows the acceleration of reduction due to the addition of 

oxidised dipeptide to the system in neutral or slightly alkaline conditions. 
The solution in each case was a phosphate buffer solution, the P,, being ad- 
justed after the addition of the dipeptide. Chloroform was added to all the 
tubes and there was a layer of toluene on the surface. The tubes were filled 

with nitrogen. 
Oxidised 

Tissue Buffer Methylene dipeptide Reduction 
preparation solution blue added Py time 

0-2 g. 5 ee, 0-5 ce. 0 mg 7-4 Shrs. 45 mins. 
rv S e 4 AO SY |: Vegapers 

wee 9» i 0 TO) SOB ey 
oe Bs ‘ 4 picoed hes 400: <5, 

0-5 e os 0 » . Shr. 90. 3 
” Pa % 4 je ORE DBS 6, 

The conditions can be adjusted to give more rapid reduction and sharper 
contrasts than the above. 

Buffer Methylene Oxidised Reduction 
Tissue solution blue dipeptide Py time 

Liver -15 g. 5 ce. 0-3 cc. 4 mg. 74 Ohr. 25 mins. 
Fed im m 0 » 6hrs.+ 

Muscle (washed) 0-2 g. * e 8 ». Ohrnld ,, 

” ” ” ” 0 2: 3 hrs. + 

It seems clear that in the reactions described the —S—S— group of the 

oxidised dipeptide acts first as a hydrogen acceptor and under conditions of even 
slight acidity the resulting HS— groups are too stable to transfer the hydrogen 
to another acceptor. In neutral or slightly alkaline solution on the other 
hand the hydrogen is transferred to the methylene blue. If this view be the 
right one we have to recognise the important fact that the two reactions 
involved in the transference of hydrogen to the disulphide group under the 

influence of a tissue enzyme, and its subsequent transference from sulphydry] 
groups to the methylene blue acceptor, together run faster than the single 
reaction in which the dye is directly reduced by the tissue enzyme. The di- 

peptide then possesses what are essentially catalytic properties and would 
be fairly spoken of as a co-enzyme. Indeed, if tissues are very thoroughly 
washed, as in the observations of Thunberg referred to earlier, so that their 

power to reduce methylene blue is practically removed, the restoration of this 
power when the oxidised dipeptide is added at once gives the impression that 

it has the function of a co-ferment exerted on the lines suggested. 
Thunberg’s work, however, suggests of course another possibility. He 

found as already stated that a number of substances such as succinic acid, 
malic acid, and the like, including, as is noteworthy, glutamic acid, can, 

under defined conditions, restore reducing power to tissues deprived of it by 
washing. It is possible therefore that the dipeptide in the experiments just 
described was when in neutral or alkaline solution merely acting as a sub- 

stance of this class. I am convinced however that this is not the case. The 
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compounds which act as hydrogen “donators” in Thunberg’s experiments 

undergo an irreversible oxidation due to the removal of hydrogen atoms 
attached to carbon. I have evidence to show that this does not occur in the 
case of the dipeptide. Oxidation and reduction of this substance by tissue 

systems involve the thio-group alone and the strictly reversible change 

—SH HS— ~*~ —S—S— + H,. 

It is for this reason that the substance may be justifiably supposed to have 

definite and permanent functions in the cell. 
The question arises whether the dipeptide has relations with the respiratory 

substance of Meyerhof [1918]. Preliminary observations have shown that it 
definitely increases the uptake of oxygen by washed yeast and washed muscle, 

but quantitatively the effect is small compared with the results described 
by Meyerhof himself. I have not yet tested its effect upon the reducing 
power of washed yeast on the lines of Harden and Norris’s [1914] ex- 

periments. 
A more complete study of its behaviour in such connexions is in 

progress. 
There can be little doubt that the chief significance of the occurrence of 

cystein in the dipeptide, rather than free, lies in the fact that it is thereby 
protected from metabolic breakdown. Why, since both the glutamic acid and: 

the cystein contained in it are the physiological forms of these amino-acids, 
the dipeptide should be resistant is not fully clear; but there is no doubt of 

the fact. 

SUMMARY. 

A substance responsible for the nitroprusside reaction which is given by 
nearly all animal tissues, and was applied by Heffter and by Arnold in proof 
of the presence of sulphydryl groups in the cell, has been isolated from yeast, 

from muscle, and from mammalian liver. It has the properties of the philothion 
of de Rey Pailhade. 

Evidence is given to show that the substance is a dipeptide containing 

glutamic acid and cystein. The relation of the two amino-acids in the molecule 
has not yet been determined. Though present in low concentration (0-01 to 
0-02 °%, of the fresh tissue) the dipeptide contains practically the whole of the 

non-protein organically bound sulphur of the cell. 
The substance is autoxidisable, and, owing to the changes in the sulphur 

group of its cystein moiety from the sulphydryl to the disulphide condition 
and vice versa, it acts readily under varying conditions either as a hydrogen 
acceptor or an oxygen acceptor (hydrogen “donator”). It can be both reduced 

and oxidised under the influence of factors shown to be present in the tissues 
themselves. 

Evidence is discussed which suggests that the substance has actual functions 
in the chemical dynamics of the cell. 
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The work described was begun with the assistance of Mrs E. C. Bulley. 
Later I had help from Miss Dorothy Foster and more recently from Mr H. F. 
Holden. I am indebted to my assistant, E. J. Morgan, for laborious manipula- 
tions carefully carried out. 
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SrvceE Folin’s[1904, 1] method for estimating creatinine in urine became known 
numerous experiments have been conducted to determine the factors, which 
influence the excretion of this substance. Folin [1905, 1906] found that its 

amount in the urine stands in relation to the body-weight, and in such a 

manner that fat persons excrete a little less than others per kilogram of body- 

weight; he also found that creatinine is a product of endogenous metabolism. 
These results were verified by Van Hoogenhuyze and Verploegh [1905, 1908]; 
later Shaffer [1907, 1909] expressed the view that the degree of muscular 
development and more particularly muscular tonus has a bearing on the 

urinary creatinine. He found, however, that rapid muscular movements and 

fatigue have no influence on the excretion, and this has been confirmed by 
many observers. By a series of very interesting experiments Pekelharing 

and his colleagues [1910, 1911, 1913, 1916] observed an increased production 
of creatinine with increased muscular tonus and a decreased production with 

decreased tonus, and also a corresponding greater or smaller excretion of 
creatinine in the urine. Their view, namely, that muscular tonus is the most 

important factor in the excretion of creatinine, is shared by far the greatest 

number of observers. 
The original object of my research was to determine the amount of creatinine 

in the urine of nervous patients. In connexion with this generally accepted 
tonus theory, it appeared to me to be of importance to make a systematic 
inquiry into the question, whether there is a smaller excretion of creatinine 

per kilo. of body-weight in the case of diseases with hypotonic muscles, than 
there is when the diseases are accompanied by an increased tonus of the 
muscles, 

Earlier researches on the excretion of creatine and creatinine in nervous 

diseases have been performed by Spriggs [1908], Levene and Kristeller [1909], 
Skutetzky [1911] and others. These observers concluded that the excretion of 
creatinine in tabes dorsalis, spastic paralysis and paralysis agitans is more or 

less normal, whilst there is a decrease in the urinary creatinine in diseases 
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where much of the muscular tissue is destroyed, as for instance in the case of 
progressive muscular atrophy. Folin [1903, 1904, 2], Benedict and Myers [1907] 

and to a less degree Van Hoogenhuyze and Verploegh are responsible for a 
large number of experiments on psychical patients. 

The first observers found normal or lowered values for the amount of 
excreted creatinine, but Van Hoogenhuyze and Verploegh found variations in 
this amount. They could not, however, say whether these variations went 

parallel with the frame of mind or not; but in general there was an increased 
excretion of creatinine with abnormal cheerfulness. 

Experimental Method. 

The patients were put on a creatine- and creatinine-free diet and this was 
continued for six days, In the cases where the patients were not necessarily 

confined to bed they were carefully guarded from tiring themselves. The 
amounts of urine of the last three days of the experiment were used to determine 
the average excretion of creatinine. The nurses took care that no urine was 

lost, and in all cases where the loss of urine was considered to be of such a 
nature as would influence the results, the experiment was looked upon as a 
failure. The amount of creatinine was usually ascertained as soon as possible; 

but when this could not be done, as happened on some days, small quantities 
of the experimental urine were preserved in the ice-chest until the next day. 

The creatinine was determined according to Folin’s method as applied 

by Autenrieth and Miiller [1911] with the colorimeter of Autenrieth and 

Kénigsberger. 
Observations. 

As it would take me too long, I do not propose to give a detailed account of 
the 73 patients, who were employed in the experiments. I wish, however, to 
state that the cases, of which I do not treat, produced nothing that is contrary 

to the issues cited. 
Values with normal persons. 

‘It appeared to me to be undesirable to compare the values obtained with 

those that have up to now been considered normal. 
Except in a few cases, the excretion of creatinine in pathological conditions 

has, so far, not been compared with that of normal persons under circumstances 

exactly similar to those of the patients experimented on. I have therefore to 
get a measure of comparison examined the urine of seven persons, who were 
in the university hospital at Groningen. The other patients were also in this 
hospital. The doctor in charge and myself carefully selected these people, 
and only those were taken, who had no nervous or mental disorder. In addi- 
tion to this they were free from fever and the choice was limited to patients 
whose diseases were considered to be of no influence on the metabolism; 

and further to patients who willingly and without aversion took the creatine- 
and creatinine-free diets. This last point holds good for all the patients 
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examined. Of the seven, who were chosen, four were women and three men. 

The diagnoses were as follows: 

A person cured from amentia (acute hallucinary perplexity). 
Four persons with ulcus ventriculi. 
A person almost cured from tuberculous peritonitis. 

A person with a fractura colli femoris subcapitalis. 

The daily quantity of excreted creatinine per kilo. of body-weight was 
respectively: 5-5, 5-8, 5-9, 6-2, 6:4, 6-6, 7-9 milligrams, and this gives a daily © 

average of 6-3 mg. per kilo. of body-weight. These values are extremely low 

for normal persons. 

Shaffer observed, as early as 1907, that there usually was a very small 

excretion of creatinine present in the urine of patients who were in bed, 
irrespective of the cause of their disease. According to Shaffer this small 

excretion is found with a considerable number of pathological persons under 
very varying circumstances. Further it was found that abnormally small 

excretion of creatinine is not at all specific for any disease whatever. 
Shaffer fails to explain this phenomenon, because absence of muscular 

work cannot be of influence; and besides this the only other possible causes, 
that can be of any importance, are intoxication and a change of tonus in 

consequence of the disease. 
There are objections, however, also against the two last mentioned factors, 

because it can hardly be possible that the persons, whose excretion of creatinine 

I have given, were so enormously intoxicated as to excrete only + 6-5 mg. 
of creatinine instead of the usual + 20 mg., whilst they showed no other 

obvious symptoms of intoxication. The muscular tonus of these patients was 

normal so that this factor could not be of much weight. 
Spastic cases. Eight patients with increased muscular tonus were examined, 

and these had the following varying diseases: post-apoplectic paralysis, tuber- 
culous spondylitis, operated benign tumor myeli, cerebro-spinal syphilis, 

trauma of the spinal column, spastic spinal paralysis and multiple sclerosis. 

In all the cases mentioned an increased amount of creatinine was found in 
comparison with the normal values given above. The figures obtained varied 
between 8-8 and 13-2 mg. per diem per kilo. of body-weight, and this gives 

an average of 11-5 mg. per kilo. 

Hypotonic cases. On the strength of the tonus theory a lowering of the 
creatinine value could be expected; but on the contrary it was found that 

two patients with tabes dorsalis, one with multiple sclerosis, and one with 
hereditary ataxia (Friedreich) with hypotonic muscles, showed distinctly in- 

creased excretions, namely 9-7-14 mg. per kilo, of body-weight with a mean 

value of 11-4 mg. 
How can all this be interpreted? It is plain that muscular tonus cannot 

be the only factor that is bearing on the excretion of creatinine, because not 
only do we find an increased excretion of creatinine with increased tonus, but 

also with decreased tonus. 
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It is possible that some other additional factor is involved. When the 
cases examined are mutually compared, it is striking to find that they all 
show one common feature, and that is that the conduction of impulses from 

the cerebrum to the muscles or vice versa is interrupted or in any case badly 
hampered through an injury to one or more of the long tracts. 

An increased excretion of creatinine is therefore also to be expected in 
those nervous disorders in which the connexions between brain and muscles are 
damaged without appreciable changes in the tonus. I have, in fact, found 

in two cases of multiple sclerosis with increased reflexes, Babinski’s reflex and 

ataxis, but without changes in the tonus, the values 10 and 15-4. 
It appeared to me to be interesting to investigate whether a functional 

interruption of the tracts between the motor and sensory areas of the cortex 
and the muscles would influence the creatinine metabolism. 

For this purpose the following two series of patients were examined: 
(1) Patients with preoccupied consciousness. 

(2) Patients with diffused consciousness. 

Both in cases of intense preoccupation and diffused consciousness the 
normal peripheral innervation is inhibited. In illustration of this last point 
I wish to mention: obstipation with melancholia; catalepsy in cases of dementia 

praecox; disappearance of the arrhythmia in the pulse with preoccupation and 
an increase of these differences with patients of diffused consciousness, according 
to Wiersma [1913]. 

Preoccupied consciousness. The urine of seven cases of hysteria, of one 
patient with traumatic neurosis, and of five cases of melancholia, was examined, 

and the average excretions were 11-8, 15-6 and 12-1 respectively. 

One case of psychasthenia gave an average of at least 15. Two cases of 
mania gave averages of 12-3 and 14:3 respectively. None of these patients 

showed any signs of increased muscular tonus. As a matter of fact in some of 
the cases of melancholia a lowered tonus was present and moreover this did 
not influence the excretion of creatinine. 

Diffused consciousness. With two patients with cerebral tumours, who were 
dull and had hemipareses, the excretions of creatinine were 11-6 and 15-2; 

in two cases of dementia epileptica, 13-2 and 18-5; in two cases of dementia 
praecox, 15-7 and 16-9; in two cases of dementia paralytica, 18-2 and 14-5; 
in one case of dementia senilis, 12-7. 

CONCLUSIONS. 

In comparison with normal persons, who were under external circum- 
stances similar to those of the patients experimented on, an increased excretion 

_ of creatinine was found with patients suffering from nervous disorders. The 
disorders were of such a nature that the normal connexions between muscles 

and brain were damaged and further that the patients were preoccupied and 
diffusely conscious. 
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In contradistinction to Pekelharing and Van Hoogenhuyze an increased 
creatinine excretion was found also with lowered muscular tonus. The question 
now arises how this high excretion, that is generally accepted as the normal 
value, is to be explained? By far the greatest number of persons examined 

in the past were physiologists and students. These people naturally lived 
under very different psychical circumstances from those of the patients with 
whom they were compared. It is questionable whether, in the light of the 
above experiments, the higher values obtained with the students are not to be 
accounted for by the fact that these people are continuously preoccupied; 

whilst the patients in a hospital have a calm and regular life and do no or 
very little mental work. 

To answer this question, I have, after the completion of the foregoing 

experiments, examined the urine of some other patients in the local hospital. 
The investigations included: a soldier with practically cured otitis media; 
a case of ischias; one of compensated mitral insufficiency; one of ulcus ven- 

triculi; one of almost cured pleuritis tuberculosa and one of chronic bronchitis. 
All these cases can be considered more or less normal as far as their metabolism 

is concerned, 
To my great astonishment they all gave high excretions, which correspond 

to the normal values given by former investigators. Unluckily I cannot as 

yet explain this phenomenon. It is however of importance, in connexion with 
the foregoing, to state that some of these last patients gave a distinctly high 
excretion of creatinine on a certain day, when they were in an emotional state 

of mind. This also points to the fact that the mind is of influence on the exere- 
tion of creatinine. I hope to investigate more closely the different nervous and 

psychical factors, that bear on the formation and excretion of creatine and 

creatinine, at an early date. 
In any case we can accept, and this is in keeping also with what other 

observers found in cases of nervous disorders, that the muscular tonus is not 

the most important factor in the excretion of creatinine. 
When the generally accepted normal values are used as standards of com- 

parison, it is seen that there is, in cases of nervous diseases with both increased 
and lowered tonus, an equal or slightly less quantity of urinary creatinine. 
If we are justified, however, in taking as normal the values that I have found 

for normal persons in the first experiments, then it is clear that both increased 
and decreased tonus is accompanied by increased excretion. In this case it 
can also be stated that the functional interruption of the nervous connexions 
between cerebral cortex and muscles, in preoccupied and diffused conscious- 

ness, Causes an increased excretion. 
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SUMMARY. 

In summing up the above mentioned observations, the following con- 

clusions are legitimate: 
(1) The muscular tonus cannot be the preponderating factor in the 

excretion of creatinine. _ 

(2) It is probable that the condition of the tracts between the cerebrum 

and the muscles influences the excretion of creatinine in the urine. 
(3) An important influence on the excretion of creatinine in the urine 

should be assigned to the mind. 
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WuEN the necessary hydrogen acceptor (in the form of acetaldehyde) is 
supplied to a mixture of yeast juice and sugar containing the appropriate 

concentration of phosphate, the maximum rate of fermentation is attained 
with practically no delay [Harden and Henley, 1920]. If, however, the 

acetaldehyde be omitted, the other conditions remaining unchanged, there 
will be a considerable delay in attaining the maximum rate of fermentation. 
With increasing concentration of phosphate, the period of delay is lengthened, 

as the maximum rate of fermentation is in general not attained until the 
concentration of phosphate has been reduced approximately to the optimum 
by the formation of hexosephosphate (see Figs. 1 and 2). If the concentration” 

of phosphate be raised still more a point is reached at which the rate of 

fermentation never reaches the maximum. In presence of added acceptor 
(acetaldehyde) the maximum rate of fermentation attainable and optimum 

concentration of phosphate are higher than in its absence [ Harden and Henley, 

1920]. 
It appears therefore that the enzymes concerned are extremely sensitive 

to even a slightly excessive concentration of phosphate. 
Meyerhof [1918] has shown that NaCl and other salts exercise a similar 

depressing effect both on the rate of attainment of the maximum and on the 
maximum rate attained and he therefore considers that phosphate, in addition 
to its specific function, exerts a general effect on the process which is shared 

by other salts. The following experiments were undertaken with the object of 
comparing the relative effects of different salts and of ascertaining whether 

the effect is a general one or is specific to any particular stage of the fermenta- 

tion process, 
It was found in the first place, in full confirmation of Meyerhof’s results, 

that the effect of other salts is in general similar to that of excess of phosphate. 
Using equimolecular solutions the chlorides of Na and K have about the same 

effect, which is, however, less than that of the corresponding sulphates. 
As regards the effect in different stages of the process, direct experiment 

showed that chlorides and sulphates, in the concentrations employed in these 
experiments, had no depressing effect on the rate of decomposition of pyruvic 
acid, whilst phosphates had a slightly stimulating effect, probably due to the 
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diminution of [H'] in their presence. It was next established that the charac- 
teristic salt effect was not removed or greatly modified by the addition of 
acetaldehyde. Finally it was found that the rate of action of the hexose- 
phosphatase was diminished by the salts employed. 

As regards the effect of excess of phosphate it was found that this differs 
from that of sulphates and chlorides by being relatively greater in the absence 

of acetaldehyde and less in its presence. 

Experimental. 

I, Errect or NaCl, Na,SO,, KCl anp K,SO, oN THE FERMENTATION 
OF FRUCTOSE AND GLUCOSE BY ZYMIN. 

Expt. 1. The fermenting mixtures had a concentration 0-1 M of K,HPO, 
and 0-25 M of the experimental salt. The maxima attained and the times 
required for their attainment were as follows: 

Maximum rate Time 
ce. per 5 mins. mins. 

Control 7-7 35 

NaCl 5:2 48 

Na,SO, 4:3 57 

KCl 5-2 45 

K,S0, 4-4 52 

The results with glucose and fructose were similar. Meyerhof’s observations 

are thus confirmed and it is further to be noticed that the chlorides of Na and K 
have about the same effect, which is less than that produced by the corre- 
sponding sulphates. The greater effect of these latter salts indicates that it is 
probably the anion of the salt which is efficacious. 

II. EFFrect OF SALTS ON PARTICULAR STAGES OF THE FERMENTATION PROCESS. 

A. Effect of K,HPO,, KCl and K,SO, on the action of carboxylase. 

In order to obviate the difficulties introduced by autofermentation, washed 

zymin was used in presence of a pyruvate and boric acid |see Harden, 1913]. 
The pyruvate solution was made by neutralising 2-42 g. of pyruvic acid with 
KHO and making to 25 ce. 

Expt. 2. Five flasks were made up each containing 10 cc. of washed zymin 

suspension (2 g. zymin), and 0-2 cc. toluene with the following additions, the 
total volume being 15 ce. 

No. Glucose Pyruvate Boric acid 1-2 MK,HPO, 1-2 M KCl Water 

1 05g. 0 ce. O g. 0-75 ce. O5ce. 13-5 ce. 

mit Ne 6 1-2 0 0 9 
e -@ 6 1-2 9 0 0 
4 0 6 1-2 0 4 5 
5 60 6 1-2 0 9 0 

After incubation for 10 minutes at 25°, readings of the gas evolution were 
taken at frequent intervals, with the following results. The absence of fer- 

mentation in No. 1 shows that the washing had been efficacious. 
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Total gas evolved 

No. 1 hour 2 hours 4 hours 

1 0-1 ce. 0-1 ce. 0-1 ec. 

2 15:3 18-9 25-6 

3 -- 19:0 26-8 33°7 

4 13-4 18-6 23-0. 

5 13-7 19-0 23-2 

By comparing the results of Nos. 2, 4 and 5, it is seen that the KCl has 

had practically no effect, though presenf in higher concentration than in the 
experiment previously described (Expt. 1). A similar result was obtained on 

another occasion with K,SQ,. 
The K,HPO, has had a slight beneficial effect as the total gas produced 

in No. 3 is greater than that in No. 2. This effect may perhaps be due to a 
lowering of the [H'] by the K,HPQ,. . 

B. Effect of K,SO, and of acetaldehyde on the rate of hydrolysis of hexose- 
phosphate by hexosephosphatase. 

In presence of excess of sugar the rate of fermentation produced by 

either yeast juice or zymin is conditioned by the concentration of free phos- 
phate. As soon as any free phosphate present in the juice has been converted 

into hexosephosphate the rate of renewal of the supply depends mainly on 
the rate of action of the hexosephosphatase present. In these circumstances 
the rate of fermentation is a measure of the rate of action of the hexosephos- 

phatase [see Harden, 1914, p. 119]. By adding a salt solution to a fermenting 

mixture in which these conditions have been attained, it is possible to deter- 
mine whether the added salt has any effect on the hexosephosphatase rate. 

A study of the effect of phosphate on the rate of action of hexosephosphatase 

cannot be made in this way because it enters into the reaction and the active 
masses of the reacting substances are thereby changed. 

The effect of K,SO, was tried both in the absence and presence of acetalde- 
hyde for the sake of comparison with later experiments. 

Expt. 3. Four flasks were made up each containing 2 g. zymin + 2 g. glucose 
+ 0-2 ce. toluene and the following additions were made: 

No. 1% acetaldehyde Water 0-4 M K,SO, 

1 0 ce. 20:9 ce. 0 ° co, 

2 3 17-9 0 

3 0 13-4 75 Added after the steady 
4 3 10-4 75 rate had been attained. 

After a steady rate had been attained, readings were made every 5 minutes, 
with the following results: 

No. 1 Average rate over 125 minutes 0-71 cc, CO, per 5 mins. 

2 ” ’ ” ” 0-71 ” 

3 ” ” 80 ” 0-45 ” 

4 ” ” ” ” 0-59 ” 

The added K,SO, has caused a marked reduction in the rate but this is 
not so great in the presence of acetaldehyde, 
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- ©. Salt effect in presence and absence of added acceptor (acetaldehyde). 

Comparison of effects produced by K,SO, and K,HPO,. 

Expt. 4. Six flasks were made up each containing 20 ce. of yeast-juice 

+ 2g. fructose + 0-2 cc. toluene, and the following additions were made: 
No. 1% acetaldehyde Water 0-4 M K,SO, 0-6 MK,HPO, Water 
te 0 cc. 5 ce. 0 ce. 10 ce. 7:5 ce. 

2 5 0 And after 0 10 7-5 

3 0'* 5 incubation 75 10 0 

4 5 0 at 25° for \75 10 0 
5 0 5 25 mins. | 0 15 2-5 

6 5 0 0 15 2-5 

Readings of the gas evolution were taken at intervals of 5 minutes. 
As the concentration of phosphate in the fermenting liquid is progressively 

changing, whereas the concentration of K,SO, presumably remains unchanged, 
it is useless to make a direct comparison of the rates of fermentation observed 
in the several experiments at equal intervals of time measured from the 
moment at which the various additions were made. Since a simple relation 
exists between the K,HPO,. added and the CO, evclved in excess of that 
which would have been produced had no K,HPO, been added, it is possible 
to calculate from the total gas evolution, measured from the time at which 
additions were made, the amount of free phosphate remaining at any moment 
during the course of the experiment. When this calculation has been made . 
at a series of intervals during each experiment, comparison of the various 
experiments can be made at equal concentrations of free phosphate. In 

making the calculations it is assumed that 1 cc. of 0-6 M K,HPO, is equivalent 
to 14-8 cc. of CO, under the conditions of the experiment, and that 0-9 cc. CO, 

must be allowed as the normal rate of fermentation in absence of added 
phosphate. The latter assumption is not strictly accurate for all the experi- 
ments, since the normal rate of fermentation, 7.e. the hexosephosphatase rate, 
is affected by the addition of phosphate or sulphate as shcwn in section B 
above. The errors introduced from this cause are probably not large, and are 

to some extent unavoidable, as it is very difficult to estimate the hexose- 
phosphatase rate exactly after the addition of large amounts of phosphate. 

The curves shown in Figs. 1 and 2 have been prepared in this way by calcula- 
tion from the observed gas evolution in experiment 4 (Nos. 1-6). In the cases 
(Nos. 5 and 6) in which the effect of 5 cc. of extra phosphate is to be deter- 
mined, it is necessary to assume the available free phosphate as equivalent to 
only 10 ce. of the total of 15 cc. which are actually present, and only to utilise 

the observations made while the extra 5 cc. of phosphate remained intact. 
Hence the comparison can only be carried as far as the point at which the 

concentration of phosphate in the experiments with 10 cc. of phosphate alone, 
or in presence of K,SO, (Nos. 1, 2, 3, 4) is such as to produce the maximum 
rate. After this point the rate in these experiments falls off for lack of phos- 

phate, whereas in the experiments with the extra 5 cc. of phosphate (Nos. 5 
and 6) this does not occur so soon, and the rate maintains a higher level at 

the expense of some of the extra phosphate. 

Bioch. xv 21 
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In order to compare the depressing effects of the added salts the ratio of 
the rates of fermentation, at points on the curves where the available phosphate 
concentration is equal, are employed. These ratios may legitimately be 
calculated at any points of equal phosphate concentration. But it should be 

noted that the results at the beginning and end of the experiments are not 
so trustworthy as the others. In the former case, because the rates are changing 
rapidly, in the latter because with diminishing phosphate and_ rate of fer- 

mentation the relative errors of calculation are greatly increased. 
The results of the observations in absence of added acetaldehyde are shown 

in Fig. 1, and in presence of acetaldehyde in Fig. 2. 
When the curves 1 and 3 (K,SO, in absence of acetaldehyde) and 2 and 4 

(K,SO, in presence of acetaldehyde) are compared it is found that the ratios 
are fairly constant over a considerable range of free phosphate concentration, 

the values being given in the following table. Beas 

Depressing effect of K,8O,. 
Without acetaldehyde With acetaldehyde 

Available phosphate . Rate from 3 . Rate from 4 
in ce. of CO, ene Rate from 1 eae Rate from 2 

135 0-78 0:77 
130 0-78 0-78 
120 0-77 0-77 
110 0-76 OTT... 
100 0-74. 0-76 . 
90 0-71 0-75 

Average... bas 0-76 0-77 
°% Depression nee 24 23 

Hence the depressing effect of K,SO, is the same in presence or absence 

of acetaldehyde. 
When, however, the ratios are calculated Mei 1 and 5 (extra phosphate 

in absence of acetaldehyde) and from 2 and 6 (extra phosphate in presence of 

acetaldehyde) it is found that they are very different in the two cases, 

Depressing effect of phosphate. 
Without acetaldehyde With acetaldehyde 

Available phos hate . Rate from 5 Rate from 6 

in cc, of CO, Retloptetomi "Rate trom 3 
130 0-58 0°85 
120 0-60 0-88 
110 0-61 0-89 
100 0-60 0-89 
90 0-58 — 

Average... ove 0-59 0-88 
% Depression ost 41 12 

It is seen from these figures that the depression produced by extra phos- 
phate is greatly diminished by the presence of acetaldehyde and it would 
hence appear that a large part of the depressing effect of phosphate is exercised 
on the production (or possibly the reduction) of the acceptor which is necessary 

for the attainmentof a high phosphate rate [see Harden and Henley, 1920, 1921]. 
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The sulphate on the other hand does not appear to have this specific action, 

since the effect is not altered by the addition of acceptor. The effect which 
it does exercise, and which may be regarded as the general salt effect of 
Meyerhof, appears to be a depression of the rate of one or more of the reactions 
in an early stage of the fermentation process, since, as we have seen, this salt is 
without any marked action on the decomposition of pyruvic acid hy carboxy- 

lase. Whether the residual effect of phosphate, which is exercised in presence 
of acetaldehyde, is of the same nature or not cannot at present be stated [see 

Harden, 1914, p. 72]. It is interesting to note that whilst the total effect of 
phosphate in absence of acetaldehyde is much greater than that of sulphate, 
the residual effect in presence of acetaldehyde is much less. It is also worthy 
of note in this connexion that the normal function of phosphate is probably 

connected with one of these early stages. 

Parallel experiments with glucose and yeast juice in which the concentra- 
tions of phosphate and sulphate were only half as great as in the experiments 

with fructose gave results in good agreement with those described above. 

The percentage depressions produced by K,SO, were: in presence of acet- 
aldehyde, 23 °%,; in absence of acetaldehyde, 26 %. The percentage depressions 
produced by K,HPO, were: in presence of acetaldehyde, 17 %; in absence of 

ty) : - concentration of K,HPO, - . 
acetaldehyde, 41%. Since the ratio concentration of R80, 1 the same in 

both series of experiments and since the percentage depressions are approxi- 

mately equal, it appears to follow that these salts affect the fermentation of 

glucose by yeast juice in a similar manner to that of fructose. 
The salt effect seems to be correlated with the phosphate rate; and just 

as the maximum phosphate rate and tolerance of phosphate are greater with 
fructose than with glucose the tolerance of salt is also greater in the case of 
fructose. 

SUMMARY. 

1. As stated by Meyerhof, the chlorides and sulphates of sodium and 

potassium exert a depressing effect on the maximum rate obtainable and the 
rate of attainment of this maximum in the fermentation of glucose and fructose 

by yeast juice or zymin in the presence of phosphate. The effect of the sulphates 
is greater than that of the chlorides, 

2. Salts diminish the rate of action of hexosephosphatase, but are without 
effect on that of carboxylase. 

3. The depressing effects produced by potassium sulphate and by excess 

of phosphate differ in character, the latter being greatly diminished by addition 

of acetaldehyde, whereas the former is practically unaffected. 
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WHILE investigating the nature of yeast fat [Smedley MacLean and Thomas, 
1920] we noticed that the sterol of yeast fat exhibits a marked difference in 

its iodine value when this is determined respectively by the Wijs and Hiibl 
methods. This abnormal behaviour was described by Werner [1911] for 

cholesterol and sitosterol and is referred to in the text-book of Lewkowitsch 
[1913]. It seemed to us desirable to try and ascertain how far this property 
was peculiar to the sterols and whether it could be shown to be due to any 

definite grouping of atoms. 
The iodine value of cholesterol was first determined by Lewkowitsch [1892] 

by Hiibl’s method; he obtained the number 65-8, agreeing approximately with 
that required by the presence of one double bond (C,,H4,0 . H,O requires 62-8), 
Using the same method, Werner found for sitosterol values ranging from 41 

to 76 but after only half an hour’s contact with the Wijs solution the iodine 
number had reached 135. . 

The sterols examined in the present investigation were cholesterol, brassi- 
casterol, yeast sterol (ergosterol), dihydrocholesterol and coprosterol; of these 
the last two alone show only slight absorption of iodine with either the Wijs 
or Hiibl solution. 

Resins also show great variations in iodine values according to the con- 

ditions of the determination, the Wijs values reaching higher figures than the 
Hiibl ones. MeclIlhiney [1894, 1902] showed that the Hiibl iodine number of 

the resins was considerably affected by the time of absorption and by the 
excess of halogen used. Smetham and Dodd [1900] found that the Wijs numbers 

were similarly influenced. American colophony and the abietic acid obtained 
from it also give abnormally high Wijs values and will be discussed later. 

The naphthemc acids constitute another class of substances which are 
described as showing differences in the iodine values determined respectively 
by the Hiibl and Wijs methods; the iodine values are, however, low. The 

material used consisted of residues from natural petroleum and there is 
insufficient evidence as to the nature of the individual substances contained 
in them. Marcussohn [1905, 1907] and others have used the similar behaviour 
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of the naphthenic acids and cholesterol when treated with iodine reagents as 
an argument for the animal origin of petroleum, these acids being regarded 

as derived from cholesterol. 
Wijs’ reagent consists essentially of a solution of iodine monochloride in 

glacial acetic acid; Hiibl’s reagent is made by mixing solutions of mercuric 
chloride and iodine, each in 95 % spirit, and in this iodine monochloride is 

considered to be the active substance. We have, therefore, a solution in the 

one case of iodine monochloride in alcohol and in the other, of the same com- 

pound in acetic acid; with those unsaturated compounds, in which addition of 
halogen is the only reaction, both appear to act similarly as iodinating 

agents. , 

A survey of the literature shows that the monochloride of iodine has been 

used before as an iodinating agent. Michael and Norton [1878] used this for 

the preparation of mono-, di- and tri-derivatives of phenol, aniline, and para- 

acetanilide, and Willgerodt [1901] for the iodination of the nitranilines, the 
degree of the iodination increasing with the relative amount of iodine chloride 
used. Sernow [1903] has also used this reagent for the iodination of acid 

chlorides. 
Iodine monochloride, therefore, especially in acetic acid solution produces 

substitution in certain aromatic compounds and one product of this reaction 
is an iodo-derivative, whilst hydrochloric acid must also be formed. The 

presence of the acetic acid in the Wijs solution favours substitution. It is 

possible that the mercuric salt in the Hiibl reagent may have a special in- 
fluence in diminishing substitution. . 

The sterols and resin acids show in a well-marked degree the property of 
discriminating between the action of these two iodine reagents; we also ex- 

amined a considerable number of substances of known structure in order to 
determine whether any special atomic groupings could be connected with this 

property. The iodine values determined by the Hiibl and the Wijs methods 
respectively are shown in the accompanying table and the results are dis- 

cussed below. Where substitution occurs, the iodine numbers vary within 
wide limits, depending-on the time of contact and the proportions of the 

reacting substances, so that for such substances, there is no-one definite iodine 

value. ' 

A survey of the figures on pp. 321, 322 shows that the Hiibl values are 
markedly greater than those obtained by the Wijs method in the case of phenol 

and to a much less extent in the case of naphthol and the cinnamy] series, 

alcohol, aldehyde and acid, The iodine values of the phenols were investigated 
first by Fahrion [1901]. The Hiibl value is much higher than that determined 
by the Wijs reagent; the number of halogen atoms absorbed in the two cases 
being respectively 3-2 and 2-0, Wake and Ingle [1908] suggest that phenol 
reacts as a cyclic ketone CH.CH, 

co = G0 
\ 4 
CH=CH 
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are Formula 
HyDROCARBONS: 

Benzene ... aa soe OgH, 
Naphthalene vi Ogle 

Fluorene « CH 

Anthracene Je Coghlan 

Phenanthrene es Cnaios 

Retene__.... Oe wie CygHias 
(1-methyl-7-isopropylphenanthrene) 

ALCOHOLS: 
Normal primary alcohols 
(ethyl to oetyl) i 

Allyl alcohol jus .. Cs5H,O 
CH, : CH.CH,OH 
Cinnamy] alcohol «- O,H,,0 
C,H,.CH : CH.CH,OH 

Terpene alcohols we» CygH,,0 
Geraniol 
(B.P. 125-8°, 20 mm.) 
(CH,).C : CH.CH,.CH, . C(CH,) : CH.CH,OH 

Linalool 
(B.P. 124°, 60 mm.) 

(CH,),.C: CH.CH,.CH,.C.(CH,)(OH).CH: CH, 
Terpineol ... —... 

 CH—CH, 

CH,. € OH. COH(CH,), 

oH, OH, 

om C 
5 
CH, . CH, oH, 

Menthol rer 

_ CH,—CHOH 

vig os 
CH,CH _ CH . CH (CH;,), 

HGH, 

PHENOLS: : 

Phenol «.. C,H,OH 

-a-Naphthol ase +» CyH,OH 

8-Naphthol --. C,9H,OH 

\ | 

321 

No. I atoms 
added by 1 mol. 

Hiibl Wijs substance 
iodine value iodine value 

Hiibl Wijs 

0 Se Aa 0 

0 : eae 0 0 

5-7 18-2 0-1 0-2 

Pe 20-5 

171 to 237 §=149 to 256 to35 to3-8 

(10-8 From ~ 20-0! 0-1 0-2 
Ibs to 100-9 to 1-3 
! 13-4 116-1 0-2 2-1 

(14-4 115-0 - ay 

0 oo | ee 0 0 

414-3 435-0 1-95 2-03 

pa 444-1 
Hes 7-6 0-2 0-1 

18-0 9-2 

263-6 244-3? — 3-0 

264-0 277-48 3-2 3:4 

367°8 217-6 4:5 2-6 

374-0 216-0 

182-3 182-7 2-2 2-2 

{ 174-6 182-3 2-2 2-2 

180-8 184-3 

0 0 0 0 

473-3 274:8 

tise 274-6 3-5 2-0 

277-9 ‘ 274-6 3-2 3-1 

f 177-9 174:3 

| 184-0 183-1 2-1 2-1 

* The values obtained varied from 26 to 101, the number increasing especially with the 
proportion and concentration of the iodine solution and with the temperature. 

® With 15 ce. Wijs solution. 3 With 30 cc. Wijs solution. 
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No. I atoms 
added by 1 mol. 

Hiibl Wijs substance 
Formula iodine value _ iodine value —_—_— 

ALDEHYDES: Hibl Wijs 

Butyraldehyde_... «. C,H,O 0 up to 339 — («0 2-0 
26-56 263-9 - 0-2 18 

Isovaleraldehyde ... -.. C,H,,O 99-19 263+1 

22-1 198-5 3 
Oenanthol in «. O,H,,0 94+] 198-9 0-2 18 

Benzaldehyde ..... ... C,H,O 13 1-4 0 0 
Crotonaldehyde .. ... C,H,O pon 173-6 

CH,.CH: CH. CHO 334-2 1718 | 1-9 10 
Citral ane - Cy Hy.9 268-1 268-4 
CH,. a CH.CH,. ‘CH,. C= CH.CHO 281-0 287-8 3-4 3-4 

cu, Cc 3 a - Pa 

Cinnamaldehyde ... .-- C,H,O 143-3 eA REG 1-5 0-9 
C,H,CH :CH.CHO . 156-7 81 

KETONES: 
Acetone... one? '* ene (gO CHE, ee 164-6 

24-1 165-0 0-1 0-8 

Acetophenone... .. O,H,.CO.CH, 0 204-21 0 1-9 

QUINONES: : 

Anthraquinone ... bes 0 0 0 0 
Phenanthraquinone 0 0 0 0 

ere 72:8 us Y ig 2:3 5-0 
Cholesterol vee os» CyHyO.H,O 72-1 164-3 

Dihydrocholesterol — ... C,,H,,0.H,O 2-6 Rs. pe . 0-1 0-1 

23-89 3328 07 1.0 
Coprosterol sii -. OHO 9-34 18-24 03 0-55 

Brassicasterol ... — «.. CygHyO.H,O 118-6 282-2 3-9 9-2 
207-2 339-5 BS —_ 

Yeast sterol (ergosterol) ... C,,H,,O.H,O een 337-8 56 10-7 

Acips: 

Crotonic «..0. ws) su OHH: 0H COOH a4 - + / 

Cinnamic ... ae» CyHCH:CH.coon {177 vig ae 
: 156-6 239-4 - 

Abietic ... ae soe Oyo Hyg, 1621 249-5 38 7 

Dihydroabietic ... see CypHygO, 751 237-4 
231-8 18 56 

1 See p. 323. 
* Values vary with iodine concentration and temperature, see p. 326. 
*® Left for 24 hours at laboratory temperature in summer. ‘ In winter, 
® Lewkowitech [1913]. 

It will be shown later that the Wijs reagent favours the change from the 
ketonic to the enolic form and it is noteworthy that where the reverse change 
may be involved Hiibl’s solution gives the larger numbers, 

The naphthols show little difference between the actions of the two iodine 
reagents, but the number of halogen atoms absorbed is greater with a-naphthol 
than with the B-compound, If the halogen absorption is conditioned by a 
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preliminary change from the enolic to the ketonic form, it would follow that 
(1) the Wijs reagent has a more potent influence in maintaining the enolic form 
of phenol than that of the naphthols and (2) that e-naphthol reacts more 

readily as a cyclic ketone than does the B-compound. 
The abnormalities shown by the terpene alcohols may be explained if 

two facts are taken into account: (1) the nature of the groups attached to the 
double bonds and (2) the action of the acetic acid in the Wijs solution. In 
geraniol the double bond is in the a, B-position to the primary alcohol group, 

and the effect of the two alkyl groups attached to the 8 carbon and of the 
CH,OH group attached to the « carbon atom is to diminish the iodine absorp- 
tion, just as in cinnamy] alcohol the position of the phenyl and CH,OH groups 
prevents the iodine absorption (cp. p. 324). In geraniol, therefore, both Hiibl 
and Wijs values are low and, as might be expected, they are considerably 
influenced by the concentration of iodine. With linalool the Hiibl value is 

‘slightly greater than normal, the Wijs value low. Zeitschel [1906] showed, 
however, that the effect of glacial acetic acid on linalool in the presence of 
certain chlorides was to convert linalool into a mixture of geraniol and nerol. 

The conditions to produce isomerisation of th. linalool are present in the 

Wijs solution and may account for the low Wijs values obtained. 
In certain cases, the Wijs values are somewhat higher than those obtained 

with the Hiibl reagent, as for instance in the condensed ring hydrocarbons, 
naphthalene, fluorene and anthracene, but here the differences are small, 

corresponding to the absorption of from 0-1 tc 0-2 of an iodine atom. It is 
possible also that some of these slight differences may be due to the presence 

of small amounts of impurities in the substances examined. 
Four groups of substances however discriminate sharply between these 

two reagents giving much higher Wijs values. 
(1) Carbonyl compounds (fatty aldehydes and ketones). 

(2) Hydrocarbons containing the phenanthrene nucleus. 
(3) The sterols with the exception of the reduced sterols, coprosterol and 

dihydrocholesterol. 
(4) The resinic acids, abietic acid and to a greater extent its reduced 

derivative, dihydroabietic acid. 

(1) Carbonyl compounds. 

With a considerable excess of Wijs reagent, the lower fatty aldehydes give 
iodine numbers corresponding approximately to the absorption of two iodine 
atoms by one molecule of the substance, the Hiibl values being much lower. 
The proportion of iodine absorbed from Wijs solution appears to be greatly 
affected by the relative concentration of aldehyde and iodine: the blue starch 
iodine colour returns very rapidly after the end-point is reached. Acetone 
and acetophenone also discriminate between the two reagents. 

The Hiibl value of acetophenone was found to be nil—the Wijs value 
anything from 10 to 202, the latter number corresponding to the absorption 
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of two halogen atoms. The great variation in the Wijs values obtained was 
due to differences in the laboratory temperature. 

Thus at — 10° the iodine value was 11-1; at 13° 151:9; at 26° 204-2; and 
at 36° 199-4. In an experiment leftfor the same time over night in the laboratory 
a value of only 34-2 was found. The night temperature was probably lower 
than 13° though the day temperature was 20°. Probably a temperature of 
over 20° is necessary to ensure that complete enolisation is produced by the 
Wijs solution. 

Lapworth [1904] in his work on the halogenation of the ketones, showed 

that the addition of halogen to the carbonyl group is influenced by the presence 
of acids; their effect is to catalyse the change from the ketonic to the enolic 

form which was shown by Lapworth to precede addition. It appeared possible 

therefore that the glacial acetic acid used as the solvent for the iodine mono- 
chloride in the Wijs solution might help the enolisation of the ketone or 
aldehyde and so determine the absorption of iodine. We tried to test. this 

by adding an equal volume of glacial acetic acid to the Hiibl reagent, but 

under these conditions much of the acid is converted to ethyl acetate by the 
alcohol of the Hiibl solution. The addition of an equal volume of concentrated 
hydrochloric acid (sp. gr. 1-16) to the Hiibl reagent produced a great increase 

in the iodine value, but the blue starch-iodine colour returned so rapidly that 
the end-point was not very satisfactory. 

Wijs Hiibl Hiibl and HCl 
Name iodine value iodine value iodine value 

Butyraldehyde ... 339 17-9 192-6 
Oenanthol ide 183-0 40:4 125°7 

The behaviour of benzaldehyde is in accordance with this explanation. 
Here, there is no possibility of enolisation and no iodine is absorbed. It seems 
probable therefore that the Wijs reagent acts by increasing the enolisation of 

the aldehyde or ketone and that the amount of halogenation depends on the 
degree of enolisation. It may well be that the glacial acetic acid used as 
solvent influences the enolisation. 

The a, B-unsaturated aldehydes show an entirely different behaviour. In the 
crotonic and cinnamy] series (alcohol, aldehyde and acid) the Hiibl values 

are considerably greater than those obtained with the Wijs reagent; cinnamyl 
alcohol and cinnamic and crotonic acids give very small values with both 
reagents but the corresponding aldehydes absorb approximately two iodine 

atoms when Hiibl’s reagent is used. In the following table, the figures represent 

the number of iodine atoms absorbed per molecule of substances. 
Substance Hiibl = Wijs Substance Hiibl = Wijs 

Allyl alcohol ooo 19 2-0 Cinnamyl alcohol... O02 O-1 
CH, : CH,CH,OH OgH,CH : CH.CH,OH 

Crotonaldehyde .., 2-0 L-0 Cinnamyl! aldehyde 13 85 
CH,CH: CH,CHO O,H,CH:CH.CHO- 15 ‘88 

Crotonic acid... OL — Cinnamic acid =... OL 05 
CH,CH :CH,COOH O,H,CH : CH.COOH 

If the assumption made in the case of the saturated carbonyl compounds 

Das ica - SS 7 . EO ee en ee oe ee a, a Lee 
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is correct, namely that the enolisation of these compounds is increased by the 

acid of the Wijs solution, we must infer that in the conjugated aldehydes there 
is little tendency to enolisation. The greater protection against halogen addition 
afforded by the alcohol and carboxyl! groups suggests that the aldehyde group 

when conjugated with an ethenoid group is itself concerned in the addition of 

halogen, which probably takes place in the following manner: 

H:0+X,— CH,. CHX.CH:CH. OX — CH,.CHX .CHX .CHO 

The product formed by the action of Hiibl solution on crotonaldehyde is an 

aldehyde; it contains iodine but very little chlorine and attacks the eyes. We 
have not yet succeeded in isolating it in a sufficiently pure condition for analysis. 

The absorption of iodine by the unsaturated aldehydes is a gradual process, 

as will be seen from the following figures: 
Theory for 

one double bond 

Miho | 8: ak BIB. 4 48 168 ~— 
Todine value of ; 

(a) Crotonaldehyde ... 44 66 107 140 172 174 202 : 350 

(b) Cinnamaldehyde... 39 52 64 84 96 117 103 190-5 

(c) Citral RS .. 169 241 257 283 304 374 — 167 

Tn citral, the 5, 6 double bond seems to react normally: the conjugated 
carbony] and 1, 2 ethenoid linkages show a gradual absorption similar to that 

of croton and cinnamic aldehydes. After deducting the value for two iodine 

atoms absorbed by the 5, 6 double bond, 1-4 iodine atoms were absorbed from 
Wijs solution in 24 hours. 
- - The behaviour of cinnamic acid, the Hiibl value of which was determined 

by Lewkowitsch [1913], is in accordance with Bauer’s rule [1904] for the addi- 
tion of bromine to unsaturated substances, 7.e. the capability of the ethylene 

linkage to add on bromine is diminished by the attachment of one of the 
negative groups COOH, COOR, C,H; or Br to both carbon atoms. The C,H; 

and CH,OH groups (cinnamy] alcohol) or the CH, and COOH groups (crotonic 
acid) when attached to the two ethylene carbon atoms appear to be sufficient 

almost entirely to prevent formation of the iodochloride, although they do 

not prevent bromination. , 
The iodine values of the unsaturated ketones were determined by Ingle 

[1904]; his numbers are given below. 
No. I atoms absorbed by 

1 mol. substance 
"Caen pee 

Substance Hiibl Wijs 
Benzylidene-acetone (Ingle) ... ee sah ce 2 -= 
C,H,CH : CH.CO.CH, 

Benzylidene-acetophenone (Ingle)... nie Se 0-9 1-16 
C,H,CH : CH.CO.C,H; 4-2 

Dibenzylidene-acetone (Ingle)... aes ane Ok 2-0 — 
C,H,CH : CH.CO.CH: CH. GH, 
Benzal-cinnamylidene-acetone (Ingle) ‘its woe 4-0 — 
(,H,CH : CH.CH : CH.CO.CH : CH.C,H, 
Dicinnamylidene-acetone (I ngle) Sea Sits a 6-0 — 
C,H,CH :CH.CH:CH.CO.CH: CH.CH: CH.C,H; 
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Just as in the case of the unsaturated conjugated aldehydes, the values 
found are always below those required by the number of double bonds present 
in the molecule. . 

As we had at our disposal specimens of tetraphenylallene, tetraphenyl- 
ethylene and diphenylbutadiene, we thought it would be of some interest to 
examine the effect of the conjugated ethenoid linkages and to compare the 
action of these unsaturated hydrocarbons when treated with Wijs reagent. 

No. I atoms absorbed by 
Substance and formula — 1 mol. substance (Wijs) | Observer 

Styrolene see se cat, ose <o 2 Ingle 
C,H,CH : CH, 

Stilbene eee ne TF a 2 a 
C,H,;. HC: CH. OH; 

Tetraphenylethylene ... ae ape se 0 MacLean and 
(CgH5).C : C(CgHs)o Thomas 

Tetraphenylallene Pa ae es abe 2 ne 

(CgH5)C : C : C(CgHs)» 
Diphenylbutadiene es seh vid 4 = 
C,H,;. CH: CH.CH: CH. C,H; 

Diphenyloctatetrene ... 6 * 
C,H;CH:CH.CH:CH,CH: CH.CH: : CHC,H; 

It is perhaps worthy of note that the allene structure even when each 

allene terminal carbon atom is attached to two phenyl groups adds on two 
halogen atoms. } 

(2) Hydrocarbons containing the phenanthrene nucleus. 

Phenanthrene and its 1-methyl-7-<sopropyl derivative, retene, show a 
marked difference between the action of the two iodine reagents, the Wijs 

values being considerably higher than the Hiibl numbers in both cases. The 
Wijs value was extremely variable, increasing with the excess of iodine used 

and with rise of temperature. Numbers lying between 26 and 101 were 
obtained. Anthracene differs from phenanthrene in that it absorbs halogen 

from both the Hiibl and Wijs solutions to an almost equal extent. The only 
reduced phenanthrene derivatives we had an opportunity of studying were 

abietic and dihydroabietic acids. Although the presence of the carboxyl 
group introduces a new factor, the difference in behaviour of the reduced 

and unreduced acids suggests that the partially reduced phenanthrene nucleus 
exercises an important influence. 

(3) The sterols, 

The Hiibl iodine values of the sterols cholesterol, brassicasterol and ergosterol 

correspond approximately with the absorption required by the presence of 
one, two or three double bonds respectively in their molecules, This is in 

agreement with what is known of the constitution of these substances, The 
Wijs values vary within wide limits but may be from two to three times as 

much as those obtained by Hiibl’s method, 
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Factors influencing the iodine values of the sterols. 

Our experience shows that when the sterols are treated with iodine reagents, 

the iodine value obtained is largely influenced by (i) the time during which 
the sterol is in contact with the iodine solution; (ii) the relative concentration 
of iodine and sterol and (iii) the temperature of the reaction. The Hiibl 

values are much less affected by these conditions than are the Wijs values and 

the former are always considerably lower than the latter. 

(i) Influence of the time of reaction. 

The iodine value determined after leaving 0-1 g. of cholesterol in contact 
with 15 cc. of the reagent for varying periods of time is shown in the following 

table: 
No, of hours Hiibl Wijs 

6 58-65 141-6 

18 70-2 152-7 

24 73-2 153-7 

48 71-8 165-4 

(Theory for one double bond in cholesterol C,,H,,0.H,O requires iodine value 62-8.) 

After 18 hours’ contact, the Hiibl value is practically stationary; the 

Wijs number increases somewhat on further standing. 

(ii) Relative concentration of iodine and sterol. 3 

| Quantities, each of 0-1 g. of cholesterol, were left for 24 hours with 
__- varying amounts of iodine solution; the results were as follows: 

Weight of No. of cc. of Hiibl Wijs 
cholesterol iodine reagent iodine value iodine value 

0-1 g. 10 71-45 103-6 
Thal ae 15 72:8 132-9 

- 20 73-2 164:3 
*» 25 72-1 172-6 
- 30 73°3 180-5 

(Theory for one double bond 62-8.) 

The absorption from Wijs solution is markedly influenced therefore by 

increasing the relative proportion of the reagent; with Hiibl’s solution, on 

the other hand, this factor is almost without effect. 

| (ii) Influence of temperature. 

- When the iodine value of cholesterol was determined by the Wijs method, 
the same proportions of sterol and Wijs solution being left in contact for 
24 hours, there were still wide variations in the values obtained, and we con- 

clude that the day’s temperature must exert a marked influence. The effect 

of increasing the temperature is shown in the following table: 
Hiibl Wijs 

Temperature iodine value iodine value 
(Cold room) és = GR A2¢ 72-8 106-2 
(Antechamber to cold room) 10°-13° 74-7 115 
(Laboratory) kis . Between 15° and 20° 74:6 128 
(Incubator) 26° 76°5 144 
(Hot room) 36° 74:5 174 
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0-1 g. of cholesterol was treated with 15 cc. of the iodine solution for 24 

hours. 

At 36° the Hiibl control showed a fia i diminution, the amount of 

available halogen in it having decreased. The increase with rise of temperature 

is again very much larger in the case of the Wijs than of the Hiibl solution. 
With Hiibl’s solution the values obtained were always slightly greater than 

those required by the presence of one double bond in the molecule. The highest 

value obtained corresponded to the absorption of 14 molecules of halogen. 
As long as the sterol-and iodine solution were left together for 24 hours, the 
result was very little influenced by the relative concentrations of iodine reagent 
and sterol. It was somewhat more influenced by a rise in the ee tem- 
perature. 

With the Wijs reagent on the other hand, the iodine values are markedly 

affected both by an increase in the external temperature and by an increase 
in the relative amount of the Wijs reagent. The Wijs numbers are from two 
to three times as great as the Hiibl values. The numbers obtained in an ordinary 

laboratory determination vary markedly, being affected both by the tem- 

perature of the day and the proportion of sterol to available halogen in the 
Wijs solution. 

A specimen of dihydrocholesterol, originally obtained by Willstatter and 
Mayer [1908] by reducing cholesterol with hydrogen in the presence of plati- 
num black, melted at 139°-140° (uncorrected) and showed a specific rotation 

of + 21°. From neither iodine reagent was an appreciable amount of iodine 

absorbed. A specimen of coprosterol, for which our thanks are due to Mr J. A. 
Gardner, showed a low iodine value of the same order with both reagents. As 

the number obtained corresponded to the absorption of less than one atom of 
iodine, it may have been due to some small amount of impurity in the specimen, 

or it may be conditioned by the substance itself. 

The difference in the behaviour of the two reagents when reacting with 
the unreduced sterols is therefore associated with the presence of the double 

bond in the reduced nucleus. 
It is difficult to explain the very high values obtained with the Wijs solu- 

tion in the cases enumerated otherwise than by assuming that a large amount 
of substitution takes place. The use of iodine monochloride in glacial acetic 

solution as the halogenating agent, and the presence in the structure to be 
attacked of a reduced nucleus of condensed rings in which one double bond 
is present, appear specially favourable conditions. 

(4) The resins—abietic acid. 

Abnormal Wijs iodine values appear to be characteristic of the resin acids. 
The chief constituent of American colophony, known as abietic acid, has a 

much higher iodine value when treated with Wijs’ than with Hiibl’s reagent. 

It is described as crystallising in colourless triangular plates, which are easily 
oxidised by the action of air, much more readily if kept in solution. Since 
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there are scarcely two observers who agree in the values they assign to its 
rotation and melting point, it is believed to be a mixture of two or more 
isomorphous acids. Rotations from + 66° [Henry, 1901] to — 66° [Mach, 
1894] have been assigned to it, whilst the melting points ascribed vary from 
120° [Fliickiger, 1887] to 198° [Klason and Kohler, 1906]. 

Pimaric acid, isolated from French resin (galipot), melting at 211°-212° 

and having a specific rotation of + 75-5°, is considered by Easterfield and 
Bagley [1904] as the next homologue of abietic acid. = 

The resinic acids cannot yet be said to have been satisfactorily separated 

into individual substances of undoubted identity. The difficulty is increased 
since resins of different origins apparently vary in their constituents. Klason 
and Kéhler [1906] succeeded in isolating from certain Scandinavian resins 
two acids, one melting at 168°-173°, [a,] = + 52°, and one melting at 198°, 

[a] = — 60°. These acids closely resemble each other in chemical properties and 

it seems probable that what has been described as abietic acid is a mixture 

of these or of closely related acids. 
We tried various methods described for the preparation of abietic acid 

and found most satisfactory the repeated distillation of the resin at 20 mm. 
pressure, with subsequent recrystallisations from methyl and ethy! alcohols 

[Easterfield and Bagley, 1904; Levy, 1905]. We found that if the recrystallisa- 
tions are carried out at 0°, it is easier to obtain a specimen free from a yellow 
tinge. We did not, however, succeed in raising our melting point to 182° as 
described by Levy. Working in this way with two different specimens of 
resin, both sold to us as American colophony, we obtained from one an acid 
which softened at 155° and melted at 162°, [a] =— 73-5°, and from another 

an acid melting at 166° after softening at 154°, [@,] = + 37°. Onexamination, 

the original resins were found to be respectively laevo- and dextro-rotatory. 

The dextro-acid seemed to show less tendency to become coloured; solutions 
in alcohol, left exposed to the light for six weeks in stoppered bottles, remained 
colourless. 

The laevo-specimen of the acid was reduced with platinum black and 
hydrogen in ether solution and a compound obtained which melted after 
several recrystallisations at 165°-167°, and had [a@,] = — 88-1°. This sub- 

stance is probably similar to that obtained by Johanssohn [1917] by reducing 
under similar conditions a specimen of abietic acid which melted froni 168°- 
173° and had [a] = — 28-6°. His reduced acid softened at 156° and melted 

from 173°-178°, the rotation not being given. In our case the specific rotation 
of the acid was raised by reduction from — 73-5° to — 88°. 

Iodine values. 

_ Fahrion [1901], Vesterberg [1907] and Johanssohn [1917] examined the 
iodine values of these acids using the Hiibl- Waller method. Johanssohn found 
considerable variations according to the concentration and time of contact 
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with the iodine solution but made the curious observation that the iodine 
value of the reduced acid was practically identical with that of the original 

acid and showed this was also true for pimaric and dihydropimaric acid. 
If abietic acid and its dihydro-derivative are examined by the Hiibl and 

Wijs methods almost identical values are obtained with the latter reagent 
but the Hiibl solution differentiates between them, the value for the dihydro- 

acid having been reduced by the amount required by one double bond. 

Hiibl- No. ITatoms Hiibl No. I atoms Wij’s No. I atoms 
Waller added per iodine added per iodine added 
iodine mol. value mol. value mol. 
value substance © substance substance 

Abietic acid ~ ... 173-9 4 162 4 239 6 

1642 

Dihydro-abietic acid 166? 4 75 2 232 6 

Cholesterol ... ee — — 72 2°3 158 5 

1 Fahrion. * Johanssohn. 

If the difference between the Hiibl and Wijs values represents the absorp- 

tion due to substitution, in dihydro-abietic acid twice as much substitution 

takes place as in abietic acid itself. In dihydro-abietic acid as in cholesterol 
the presence of a condensed ring nucleus containing one double bond seems 
to exert a considerable influence. In dihydro-abietic acid the nucleus has 
almost certainly a reduced phenanthrene structure. 

The main points on which a formula for abietic acid |ep. Levy, 1913] may 

be based are: 

(1) Analysis and neutralisation values agree best with the formule 

CopH 90, [ Levy, 1905]. 

(2) The COOH group present is not esterified by the action of alcohol 

and HCl; therefore there are probably two substituents in the ortho-position 
to the carboxyl groups [ Kasterfield and Bagley, 1904]. 

(3) By oxidation with nitric acid, hexahydrophthalic acid has been 

obtained, pointing to the presence of a terminal hexahydrobenzene ring 
without substituents [Levy, 1905}. 

(4) On distilling abietic acid with sulphur, retene (1-methyl-7-isopropyl- 
phenanthrene) is obtained | Vesterberg, 1903], so that a phenanthréne nucleus 
is probably present in abietic acid, or else a group which will readily pass into 
phenanthrene [ Levy, 1913]. 

If a terminal hexahydrobenzene nucleus be seed in the abietic acid 

molecule, the wandering of a methyl group during the distillation must be 

assumed, 

(5) An isopropyl group is present, since isobutyric acid was obtained from 
the products of oxidation with permanganate | Levy, 1906]. 

(6) Four halogen atoms are absorbed from Hiibl’s solution, agreeing 

with presence of two double bonds, neither being in the a, B-position to the 

COOH group. 

eager 
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_ (7) Reduction at ordinary temperature in ethereal solution with hydrogen 
in the presence of platinum black leads to the addition of two hydrogen 

atoms [Johanssohn, 1917]; the dihydro-abietic acid thus formed contains one 
double bond in the molecule, since it still reacts with both iodine solutions. 

Neither the position of the double bonds nor that of the alkyl substituents 
in abietic acid is definitely established, but the above facts are represented by 

some such formula as the following: 

CHOH CH 

Abietic acid Cholesterol 

The most recent formula ascribed by Windaus [1920] to cholesterol is 

added for the purpose of comparison. 

CONCLUSIONS. 

1. When iodine values are determined by both the Wijs and the Hiibl 
methods the Hiibl iodine values obtained are much higher than the Wijs in 
the case of phenol and to a less extent of a-naphthol. Since the Wijs reagent 
acts as an enolising agent, a possible explanation is that a change to keto- 

dihydrobenzene precedes the addition of halogen and that this change is 
retarded by the Wijs reagent [cp. Ingle, 1904]. 

2. The Wijs iodine numbers are much higher than the Hiibl values in the 

case of four sets of compounds amongst those examined: (a) fatty carbonyl 
compounds, (6) the phenanthrene hydrocarbons, (c) sterols and (d) the 

resins. 

3. It is suggested that, in accordance with Lapworth’s work, the carbonyl 

_ compounds are enolised by the acid of the Wijs reagent and that the addition 
of halogen then takes place. This enolising action is brought about only very 
slightly by the neutral Hiibl reagent. 

In carbonyl groups with conjugated ethenoid groups, where enolisation 
does not so readily occur, the Hiibl values are equal to or greater than those 

given by the Wijs reagent. 
4. Anthracene absorbs from 2 to 4 halogen atoms and does not differentiate 

between the Hiibl and Wijs reagents. Phenanthrene absorbs up to 1-31 atoms 

Bioch. xv 22 
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from the Wijs solution but is almost without action on the Hiibl. The 

Wijs value depends largely on temperature and the relative iodine concen- 

tration. 

5. The conversion of anthracene and phenanthrene to the corresponding 

quinones completely prevents halogenation by the iodine reagents. 

6. Abietic acid reacts with Hiibl and Wijs solutions, the iodine values 
obtained corresponding to the absorption of approximately 4 and 6 atoms of 
iodine respectively. The Hiibl value indicates that two double bonds are 

present in the abietic acid molecule, which is in accordance with what we know 

of its constitution. 

7. Addition of two hydrogen atoms to the abietic acid molecule leaves the 
Wijs value unchanged but reduces the Hiibl value to that indicating the 

presence of one double bond in the dihydro-abietic acid formed. 

8. The Hiibl values of the sterols are variable but indicate approximately 
the number of double bonds believed to be present in the molecule. The Wijs 

numbers are very much greater and probably indicate that a considerable 

amount of substitution has taken place. The reduced sterols show small 

iodine values whether examined by the Hiibl or Wijs reagent. 

9. In the sterols and resins the presence of a condensed ring nucleus 
containing one or two double bonds influences the amount of substitution 
produced by the Wijs reagent. The actual number of double bonds present 

is approximately indicated if the iodine value be determined by Hiibl’s 

solution. 

10. In any fat containing appreciable quantities of sterol, the Hiibl 

iodine value more accurately represents the degree of unsaturation of the 
mixture than does the Wijs value. The Wijs values of many fats are ap- 

preciably higher than the Hiibl numbers [Wijs, 1898]. This difference is 

significant and indicates the presence of sterol in the fat. 

This investigation has arisen out of work carried out for the Food Investi- 
gation Board of the Department of Scientific and Industrial Research and 

we gratefully acknowledge the grants provided for this purpose. 
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FATIGUE in muscle is a phenomenon which has excited the interest of observers 

ever since it was discovered that an excised amphibian muscle would respond 

to an electric stimulus by a contraction, but that if the stimuli were continued 
long enough the response grew weaker, and finally ceased, however strong the 
stimulus. The muscle was then obviously in a condition similar to that of 

fatigue in the living animal. The nature of this state of fatigue has been the 

subject of much research, but the work of Fletcher and Hopkins [1907] was 
by far the most important. They showed that fatigue is accompanied by the 

accumulation of lactic acid in the muscle, as is also rigor mortis, however that 

rigor may have been produced. Since loss of irritability is an invariable 

accompaniment of rigor, whether in fatigue or in the more complete and 
irreversible, but similar, state of death, it has been usual to regard this inability 

to respond to stimuli as due to the accumulation of acid. It seems that, 
although the equilibrium between a complicated set of factors necessary for 

irritability is maintained for some time after excision, yet, in the absence of 

the circulation, the accumulation of products of metabolism, notably lactic 
acid, finally upsets it. As is described in the following pages, however, it has 
now been shown that a non-irritable condition can exist without accumulation 
of lactic acid; it is, therefore, necessary to look upon loss of irritability as a 

separate phenomenon from the rigor of fatigue and death. Workers with 
amphibian muscle have occasionally noted that their material was non- 

irritable, but not rigid, although they have not attributed any significance 
to this fact, or made any determinations of the acid content of the muscle. 
Fletcher [1902] showed that muscle kept in oxygen did not become rigid, and 
Fletcher and Hopkins [1907] noted that their muscle was no longer irritable, 
though the condition was not one of fatigue. 

Obviously, in the non-irritable condition described in the present paper, 
there is involved another factor, which, under ordinary circumstances of 

fatigue and death rigor, either does not come into play at all (possibly because 
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time is necessary for its action) or is masked by the more obvious factor of 
lactic acid accumulation. 

Up to the present we have investigated the effect of prolonged exposure 

to 0°C. on the irritability, on the power of lactic acid formation under 

different conditions, and on the osmotic properties of amphibian muscle. 

MeruHops. 

Before adopting a routine method of lactic acid estimation a comparison 
was made between the method of Fletcher and Hopkins [1907] and that more 
recently advocated by Wolf [1914]. It was found that Wolf's method had 

no advantage over the other as regards saving of time, and, in our hands at 
any rate, it did not give the more exact results claimed for it. Moreover, it is 
not applicable in all cases; for example, in the determination of the resting 

minimum, 
Hence it was decided to adopt in all details the familiar method of the 

earlier investigators. At the beginning of this work it was not possible to 

obtain Merck’s charcoal, but it was found that the finest grade of birchwood 
charcoal, when thoroughly washed, could be used instead. Otherwise, we 

followed in all respects the methods of extraction and estimation described 
in the above-mentioned papér, so that further description here is unnecessary. 

One other point may be mentioned in connection wit® methods. Mond- 

schein [1912] states that lactic acid results are usually too low, because a large 
proportion, as much as 33 % of the acid, remains in combination with the 

protein, from which it can only be set free by alkaline hydrolysis. He, however, 

used extraction with boiling water as his first stage, and it was felt that his 
results could not apply to extraction with ice-cold alcohol. In order to test 
this, the residue, after extraction with alcohol in the case of both frog muscle 

and beef, was hydrolysed with strong alkali as described by Mondschein, 
and his procedure followed in detail; but only traces of lactic acid were recovered 

by this means, and in some cases none at all. It was therefore decided that, 

as alcohol was used for all extractions, this further treatment was unnecessary. 
In studying the effect of exposure to continuous low temperatures on the 

lactic acid production, it was decided to work at 0° C. because a temperature 
which is sufficiently low to freeze the muscle fluids will cause rupture of the 
fibres, and this in itself might be expected to be sufficient to lead to a large 

production of lactic acid. The method adopted was the following. 
The frogs were pithed and the hind limbs skinned as carefully as possible, 

and then severed above the girdle. The limb pairs were then arranged on long 

glass slides, about ten or twenty on a slide; each slide fitted into a glass tube 

about 24 feet long, and 24 inches wide. A little Ringer’s solution was run in 
under the slide, and the tube then closed by rubber stoppers, carrying glass 
leading tubes. The end limb pair was used as a test, and not included in the 
subsequent estimations. Thin copper wires were twisted round the legs of 
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this pair, and then passed up one of the leading tubes, to the terminals of 
an induction coil. The primary circuit consisted of an accumulator (1-4 volts) 
and key. When the limbs were exposed to atmospheres of oxygen or nitrogen, 
one stopper had a second leading tube which could be attached, wia the neces- 
sary bubblers, to the cylinder of the gas in question. The tube at the opposite 
end was attached to a bubbler, so that it could be ascertained whether a steady’ 
flow of gas was being maintained. Three or four tubes, according to the number 

of limb pairs required, were tied to a board, which was then placed in a trough 
in a sink, and the whole kept filled with crushed ice as long as the experiment 

lasted. Special arrangements were made to allow for drainage. The whole 
procedure, from the pithing of the first frog to the covering with ice, generally 

took ten minutes. | 

I. THE EFFECT OF EXPOSURE TO 0° C. ON THE IRRITABILITY OF FROG MUSCLE. 

The irritability was tested twice a day by make and break induction 
shocks, the coil being moved out until the maximum distance (minimum shock) 
was found which would produce a response at make and break respectively. 

By plotting time against position of the coil, a curve of declining irritability 
was obtained. Such a record was kept for two experiments, but in all later 

ones, when the approximate time was known, the limbs were left for a week 
before being tested at all. The duration of irritability varied with the time of 

the year and the condition of the frogs, but the minimum period, in air or 
oxygen, was a weék!. An interesting observation, made by other workers, 

was confirmed; namely, that the muscles cease to be irritable in a definite 

order, beginning with those of the thigh, and ending with those of the toes. 

The muscles rendered non-irritable in air or oxygen in this way were quite 
flaccid and clear, showing no trace of the stiffness and opacity familiar in 

muscles which have been kept in air at higher temperatures, dnd which 

appeared at this low temperature in muscles kept in nitrogen. 
The curves obtained for air and oxygen atmospheres were very charac- 

teristic. There is a rapid falling off of irritability, followed by a period of little 

change, and again a rapid fall to non-irritability. The meaning of these stages 
is not yet clear. The curves for nitrogen atmosphere show a rapid fall only. 

The curves for one experiment are appended. 
Fig. 1 shows the curve for winter frogs, which remain irritable longer than 

spring frogs. Note the marked difference in effect between air and nitrogen. 

The lactic acid determinations confirm this in a striking way. 

II. A. Tue errecr or ExPosuRE TO 0° C, ON THE “SURVIVAL” 

PRODUCTION OF LACTIC ACID IN FROGS. 

When it was found that muscles could be rendered non-irritable simply by 
exposing them to a temperature of 0° C., it was decided to investigate the 

survival production of lactic acid under these conditions, in order to see 

’ The limb pair used as test always lost irritability sooner than the others, presumably owing 
to the poisonous action of the copper. 
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whether the physiological change was accompanied by an alteration in the 

chemical properties of the muscle. 
When the resting minimum lactic acid was estimated in the non-irritable 

muscles of Experiment I, it was found to be strictly comparable with that of 
fresh untreated muscle, 7.e. 0:01-0:03 %. This means that there was no 
measurable formation of lactic acid in the muscles kept at 0°, either in oxygen 
orin air. When normal, fresh muscle is maintained in air at room temperature, 
there is a slow steady production of lactic acid, equal increments being formed 
in equal lengths of time, as was shown by Fletcher and Hopkins. As a control 

for Experiment I, ten limb pairs were placed, with all precautions against 

infection, in sterile Petri dishes, and kept at room temperature for 53 hours. 
At the end of that time there was not the slightest trace of a putrefactive 
smell and all limbs were stiff (Expt. VIII). These muscles contained 0-112 % 
lactic acid as compared with the probable 0-02 % of fresh muscle. As is well 

Oxygen 

_-——--—-— Air 

—+—-—-—- Nitrogen 

8 

— oO 

Position of secondary coil in cms. 

3 

Time in days 

Fig. 1. Curve of declining irritability at 0°C. Break shock record. 

known, on the other hand, in an atmosphere of oxygen, there is no measurable 

accumulation of lactic acid upon survival at room temperature [Fletcher and 

Hopkins, 1907]. 
This experiment on non-irritable muscles has been repeated several times, 

and always with the same result, that prolonged exposure to a temperature 

of 0° produces non-irritability without increase of lactic acid content, whether 

the muscle has been exposed to air or pure oxygen. That is to say, at this low 

temperature, the tension of oxygen in air is as effective as that of pure oxygen 

at higher temperatures. The following experiments were made, the details 

being given in the table (p. 341), together with figures quoted from Fletcher 

and Hopkins [1907] for comparison. 
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Experiment I, Muscles kept at 0° till non-irritable. 

(a) In air. Lactic acid, 0-017 %. 
(b) In oxygen. (1) Lactic acid, 0-021 %; (2) lactic acid, 0-023 %. 

Experiment II. The effect of different atmospheres at 0°. Muscles kept 

at 0° till non-irritable. Survival lactic acid. 

(2) Inair. Lactic acid, 0-042 %. (The high result in this case was due 

to experimental error—the final residue not being pure.) 

(b) In oxygen. Lactic acid, 0-017 %. 

At first it was thought that the muscle might be incapable of forming 
lactic acid at this low temperature, but this was shown not to be the case as 

soon as we exposed the muscle to an atmosphere of nitrogen. Then we found 
the survival production of lactic acid, so characteristic of anaerobic conditions 
at normal temperatures. The rate of production is delayed, it is true, but this 

is only to be expected, and the “flattening of the curve” produced by a fall — 

in temperature from 18° to 12° was shown by Fletcher and Hopkins [1907]. 
Hence this non-production of lactic acid on survival at 0° is not due to the 

inability of the muscles to form the acid, but probably due to the slowing 

down at that temperature of the processes which result in the production of 
lactic acid, so that the tension of oxygen in atmospheric air is sufficient to 
remove it as fast as it is formed and the conditions are equivalent to those of 

normal muscle in oxygen at higher temperatures. 
(c) (1) Nine limb pairs kept 48 hours in nitrogen at 0°. Lactic acid, 

0-130 %. 
(2) Ten limb pairs kept six days in nitrogen at 0°. Lactic acid, 0-248 %. 

Il. B. Tur CHEMICAL PROPERTIES OF NON-IRRITABLE MUSCLE. 

In the preceding section it is shown that it is possible to avoid the survival 
production of lactic acid in frog’s muscle by exposure to 0° till irritability is 

lost. It now remained to see if it is possible for lactic acid to be produced under 

any circumstances in the non-irritable muscle. 
We first tried the effect of keeping the muscle at room temperature for 

24 hours, and found only a very trifling increase in lactic acid. Whether more 
would be formed if it were possible to keep the muscle longer at room tem- 
perature is not known, as even at the end of 24 hours putrefaction is just 

beginning. 

ELaperiment I. 

(c) Muscles rendered non-irritable by exposure for 12 days to a temperature 
of 0° in air, and then left overnight at room temperature, Lactic acid, 0-042 %. 

Experiment 111, 

(a) Ten limb pairs rendered non-irritable by keeping at 0° in air for 
eight days. Then left for 24 hours at room temperature. Lactic acid, 0-036 % 
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In one case the muscles were left in ice for four days after all signs of 
irritability had disappeared, and it was found that there was no increase of 

lactic acid. 

Experiment II. 

(d) Muscles kept at 0° in air for four days after loss of irritability, Lactic 

acid, 0-035 %. 

It has been shown above that muscles kept in nitrogen at 0° slowly develop 
lactic acid. It remained now to see whether muscle rendered non-irritable by 

keeping at 0°, would produce lactic acid if kept in nitrogen for a further 
period, at the same temperature. It was found that the non-irritable muscle 
behaved exactly like a fresh untreated muscle, in that, in the absence of 

oxygen, there was a production of lactic acid. A characteristic maximum 
was not reached, but any survival processes which do persist must be very 

considerably slowed at 0°, and hence a maximum was hardly to be expected 

in the time allowed. 

Experiment V. 
Ten limb pairs were rendered non-irritable by exposure, in air, to a tem- 

perature of 0° for seven days. The tube was then cleaned, the limbs replaced, 
and a current of nitrogen passed through the tube continuously for five days. 
At the end of that time the muscles were slightly opaque, but did not show 

much rigidity. Lactic acid, 0-148 %. 

The non-irritable muscle was next subjected to those conditions which, in 
fresh muscle, cause maximum production of lactic acid; namely, heat, mecha- 

nical injury and the action of certain substances, e.g. toluene and chloroform. 

It was found that, in these circumstances, the muscle behaved in no way 

differently from normal fresh muscle, a maximum being produced in each case. 

Experiment II. 

(e) Heat rigor in non-irritable muscle. 
The limbs, after removal from the ice, were spread on the bottom of thine 

walled, covered beakers sunk in a thermostat at 45°, and maintained at this 
temperature for 1} hours. This treatment produced the characteristic con- 
dition of stiffness and opacity associated with heat rigor. Lactic acid, 0-229 %. 
(N.B. These were summer frogs, which would account for the rather low 

maximum.) 

(f) Effect of toluene on non-irritable muscle. 
The tube, after removal from the ice, was placed on the bench at room 

temperature, and the ends plugged with cotton wool, soaked in toluene. 

Lactic acid, 0-261 %. 

Experiment IV. 

(a) Effect of toluene (repeated). 
In this experiment the tube containing the non-irritable limbs was con- 

nected at one end to the pump, and at the other to a flask containing toluene; 
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so that a continuous current of toluene vapour could be drawn through the 

tube for 24 hours. Lactic acid, 0-185 %. 
In this same experiment a series of non-irritable muscles was exposed to 

toluene at 0° with the following result. 
(b) Effect of toluene on non-irritable muscle at 0°. 

Lactic acid, 0-024 %. 

The effect of injury, both at room temperature and at 0°, was next investi- 
gated; in the latter case it was found that the production of the lactic acid 

maximum was delayed. 

Experiment I. 

(d) Effect of injury. . 
The muscle was dissected from the limbs after removal from the ice, put 

through a mincer and finally rubbed to a paste in a mortar. It was then allowed 

to stand at room temperature over night to make sure that sufficient time 
had elapsed for a maximum production of acid [Fletcher, 1911]. Lactic acid, 

0-291 %. : 

Experiment II. 

(g) Effect of injury at 0°. 
The non-irritable muscle was minced at 0°, and left at 0° over night. 

Lactic acid, 0-218 %. 

An interesting confirmation of the effect of injury was obtained by the 

action of extreme cold. The freezing point of amphibian muscle is — 0-47°, 
and at this temperature ice crystals separate. At still lower temperatures 

the whole muscle freezes solid. This means a rupture of the muscle fibres and 
is equivalent to mechanical injury. Fletcher showed that severe freezing and 

subsequent thawing was analogous to mechanical injury, in that it resulted 
in the production of lactic acid [1914]. This was confirmed by us, and further 
it was found that freezing non-irritable muscle to a temperature of — 8° 

resulted in the formation of lactic acid. In the cases of both fresh and non- 
irritable muscle, lactic acid was found to be present, both when the muscle 

was thawed before estimation, and when the temperature during extraction 

was not allowed to rise above 0°. 

Experiment VI, 

(a) Effect of cold storage on non-irritable muscle. 
A series of frog’s limbs were rendered non-irritable by exposure to 0° for 

two weeks, and then placed in cold storage at — 8° for three weeks. Every 

care was taken to prevent rise of temperature until the end of the extraction. 

Lactic acid, 0-163 %. 

(b) Effect of cold storage and subsequent thawing. 
Seven of the frozen limb pairs, obtained as above, were allowed to thaw 

before being extracted. Lactic acid, 0-174 %. 
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Experiment VII. The effect of cold storage on fresh muscle. 

(a) Ten limb pairs were placed in cold store at — 8° for 44 hours. When 

removed they were frozen hard, and the temperature was not allowed to rise 

above 0° during the extraction. Lactic acid, 0-085 %. 
(b) Ten limb pairs were left’in cold store for 65 days, and then octraseae 

with the same precautions as before. Lactic acid, 0-188 %. 

SUMMARY OF Parts I ANp II. 

It is shown that by continuous exposure to a temperature of 0° it is possible 
to produce a condition in frog muscles in which they are non-irritable but 
at the same time non-rigid and to all outward appearance similar te normal 

fresh muscle. 
This loss of irritability is reached without the survival production of 

lactic acid if the muscle has been kept in air or oxygen. In nitrogen, however, 

the loss of irritability is much more rapid and is attended with formation of 

lactic acid. In nitrogen, too, the muscles become rigid and opaque. 
Certain chemical properties of the muscle usually associated with irritability 

and the act of contraction were then investigated to see if the loss of this 
physiological property could be correlated with any chemical manifestation 

in the muscle. No such correlation was found. Apart from the absence of 
“survival” lactic acid the non-irritable muscle formed lactic acid in exactly 

the same circumstances as fresh irritable muscle. The explanation of this 

condition in the muscle was then sought in its physical properties, and 

Part III deals with this side of the investigation. 

Ill. PHYSICAL PROPERTIES OF THE NON-IRRITABLE MUSCLES. 

As has been described in Part I of this report, the non-irritable muscles 
obtained by the prolonged action of a temperature of 0° were found, as regards 

the chemical property usually believed to be most intimately connected with 
changes in irritability, 7.e. lactic acid content, to be practically identical with 

fresh, irritable muscle, It was therefore necessary to look for changes in the 

physical properties of the muscle. For several reasons, possible alterations 
in the permeability of the semi-permeable membranes appeared worthy of 

first attention. 
According to the theory of excitation put forward by Keith Lucas [1910], 

the special condition for excitation is the accumulation of certain ions in the 
neighbourhood of a membrane. This accumulation is caused by the fact that 

the membrane is impermeable to these ions, and it is therefore possible that 
an increase of permeability of the membrane would abolish excitability. 
Again, a possible explanation of the fact that in the non-irritable muscle left 
for 24 hours at room temperature no lactic acid is formed, would be a change 
in the permeability of some membrane preventing the coming together of 

enzyme and substrate. 
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EFFECT OF LOW TEMPERATURES ON MUSCLE 343 

As the conductivity method of measuring permeability was difficult, owing 

to the stimulating action of the electric current on the normal control muscle, 

the osmotic method was used. It should be noted that the results obtained 
by both these methods are capable of two interpretations. For instance, 
diminished conductivity and osmotic pressure may both be caused ezther by 

increased permeability of the membrane, or by decrease in the number of 
conducting and osmotically active particles. This latter factor may play an 

important part. For instance, it was suggested to us by Professor Hopkins 
that, during the long standing of the muscle at 0°, it is likely, from a physico- 
chemical point of view, that the colloids may adsorb dissolved electrolytes, 
thus fixing them and making them incapable of conduction or osmotic activity. 

The presence of these ions on the membrane might cause a change in its 
permeability, and might also result, according to Lucas’ hypothesis, in a loss 

of excitability, owing to the non-mobility of the ions. 
We also thought that it might be instructive to be able to compare the 

osmotic properties of these special non-irritable muscles with the osmotic 
properties found by Fletcher [1903] for muscle which had more or less lost 

excitability (muscle in death rigor, and fatigued muscle). 

Method. 

The non-irritable muscles were obtained in the usual way. 
Nine gastrocnemii were removed as carefully as possible, and placed in 

a covered Petri dish on ice. Loops of cotton were tied to the tendons, and the 
muscles then weighed, in sets of three, in tared, covered watch glasses. Eight 

gastrocnemii from freshly pithed frogs were similarly treated as controls. The 
muscles were then suspended in different solutions by hanging the cotton loops 

on wire hooks, which passed through the corks of the conical flasks containing 

the solutions. 
The following solutions were used: 

Flask 1. 0:2 % NaCl 3 non-irritable muscles. 
2. 0-75 % NaCl - ce 

3. 7-5 % cane sugar a 

4. 02 % NaCl Control. 3 muscles. 
5. 7-5 % cane sugar ee ae 

6. 0:75 % NaCl i y Sere 

Each flask contained 600 ce. of solution. 
The sodium chloride solutions are of the same strengths as those used by 

Fletcher [1903], the 0-2 % being hypotonic for normal muscle, and the 0-75 % 
isotonic at 17°. The 7-5 % cane sugar is, according to Meigs [1919], isotonic. 

The sets of muscles were removed from the solutions about once every 

14 hours and weighed, the time being noted. The cotton loops were thoroughly 
blotted with filter paper, and the muscles dried by drawing across filter paper 

two or three times. This procedure was made as uniform as possible, 
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The weighings were repeated at regular intervals for about 12 hours and 
then a final weighing was obtained at the end of 24 hours. 

This procedure was followed in Experiments X and XI with certain addi- 

tions. The effect of distilled water, as well as that of the isotonic and hypotonic 

solutions already described, was investigated. It should be pointed out that 
the muscles used in Experiments IX and X were from summer frogs and those 
of Experiment XI were from winter frogs. This would account for individual 

variations [see Fletcher, 1903]. } 
The curves from three experiments are appended (Figs. 2, 3 and 4). 
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Fig. 2. Expt. IX. The osmotic properties of normal and non-irritable muscle. 
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Fig. 8, Expt. X. The osmotic properties of normal and non-irritable muscle. 
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Fig. 4. Expt. XI. The osmotic properties of normal and non-irritable muscle. 

RESULTS. 

One property illustrative of the condition of the non-irritable muscle is 

clearly shown in all these curves. The osmotic condition is such that a solution 
which is isotonic to a normal muscle is hypertonic to the non-irritable muscle 

and correspondingly a solution which is hypotonic to a normal muscle is less 
hypotonic to the non-irritable muscle. (N.B. The isotonic cane sugar in 

Experiment X would seem to be an exception, but it is.well known that cane 
sugar has special effects on muscle [see Bayliss, 1918].) 

If these curves are compared with those given by Fletcher [1903] for 

fatigued muscle, it will be seen at once that, though differing from the normal, 
they are in no way representative of those for fatigued muscle. As already 

suggested this osmotic behaviour of the non-irritable muscle can be accounted 
for in two ways: 

(a) The membrane may have become more permeable. 
(b) There may be a diminution in the number of osmotically active 

particles—as for instance by adsorption on to the surface of colloids. 

Further work must attempt to discriminate between these alternatives. 
By the kindness of Dr Adrian we have been able to ascertain that the electrical 
properties show a variation from the normal. It was found that a non-irritable 
sartorius gave no current of action on stimulation, but there was a demarca- 
tion current which was, however, considerably less than the normal. 

Thus we have found well-marked physical, though no chemical, differences 
in the non-irritable amphibian muscle. 

More recently we have found that, by treating the non-irritable muscle 
with various solutions, it is possible to recover a certain degree of irritability. 

_ 
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An amphibian “Ringer” solution, made according to Bayliss’ formula, was 
most efficient but was almost equalled by an isotonic solution of pure sodium 
chloride. The interval before recovery was very short in these solutions but 
was unaffected either by exposure to oxygen or to nitrogen atmospheres. 
This lends support to the view that the loss of irritability is of “ionic” origin. 
Up to the present it has only been possible to get a slight recovery; the twitch 

is small and the stimulus required very large. Work on these lines is still 

proceeding and will form the subject of a future communication. 

We wish to express our great indebtedness to Professor Hopkins who 

proposed this work to us and who has made many valuable suggestions 

throughout. 
This communication formed part of a report to the Food Investigation 

Board of the Department of Scientific and Industrial Research. 
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Wiratn recent years a considerable amount of work has been done on the 
changes in the metabolism of calcium and phosphorus in infants, especially 
in relation to the pathological processes which directly involve the skeletal 
system. Part of this work has been concerned with the study of the effects of 

fat in the diet on the retention of these elements. 

The results of Orgler, Meyer, Steinitz, Rothberg and Freund, quoted by 

Findlay [1918] in his survey of rickets seemed to indicate that there is a close 

relationship between the nature of the fat in the diet and the degree of calcium 
retention. These workers found a much greater retention with cod-liver oil 

and sesame oil than with butter fat. Their results, however, have not received 

full confirmation from later investigations. The work of Holt, Courtney and 
Fales [1920] has also served to direct attention to the relationship between 
calcium absorption and fat digestion. These workers found that in infants 

“the best absorption of calcium was obtained when the calcium intake bore 
a definite relation to the fat intake.’ Bosworth et al. [1918] have concluded 
from their observations that impaired fat digestion in infants, artificially fed, 

is due to the excessive quantity of calcium which cow’s milk contains. These 

workers hold that the calcium soaps formed in the intestine occlude a certain 

quantity of neutral fat and free fatty acids which thus escape absorption. 
The exact nature of the relation between fat digestion and calcium retention 

is, however, still undetermined. 

During the course of a series of observations on rachitic children, some in- 
formation was particularly desired of the influence of the fatty acids set free 
in digestion on the degree of retention and mode of excretion of calcium and 

phosphorus. To obtain this, it was obviously important to compare the excre- 
tion of calcium and phosphorus in normal digestion with their excretion when 
a large excess of free fatty acids persisted unabsorbed in the intestine. 

Tt was shown by Néel Paton and Balfour [1891] in their study of the fat 
absorption in a case of biliary fistula in a woman, that the absence of bile 
from the gut interferes considerably with the absorption of the products of fat 

Bioch, xv 23 
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digestion. Their results agreed with those of Munk and other previous ob- 
servers who worked on dogs with complete biliary fistulae. 

Hutchison and Fleming [1920] in a recent paper have also shown, from 

observations on a case of congenital biliary atresia, that the exclusion of bile 
from the gut is associated with a large and persistent excess of free fatty acids 
in the intestinal contents. 

The mode of excretion of calcium and phosphorus under the conditions in 

which bile was completely or even partially absent from the intestine was 
therefore thought to be worthy of consideration, as some light might be thrown 

upon the relation of fats to calcium under normal and pathological conditions, 

The following are the details of studies made in two cases of congenital 
biliary atresia, with complete exclusion of bile from the gut, and in one of 

jaundice in an infant suffering from syphilitic hepatitis, with partial exclusion 
of bile. The analytical data of these three cases are compared with those ob- 

tained in the examination of a normal infant. 

METHODS. 

The subjects were placed on a “metabolism” ‘bed, devised by Findlay, so 
that the urine and faeces could be collected separately and quantitatively. 
The faeces were dried on a steam-bath till constant in weight, then finely 

ground, or if pasty, thoroughly mixed in a mortar and preserved in air-tight 

bottles. Each daily quantity of urine was measured, acidified with nitric acid, 
and the bulk diluted to one litre. The diet in all cases consisted of fresh cow’s 

milk containing approximately 3 % fat. 
The calcium and phosphorus were determined in the ash of the dried 

faeces by the usual gravimetric methods. The neutral fat and free fatty acids 
were extracted directly from the dried faeces with ether. The combined fatty 

acids were obtained by splitting the soaps in the residue with hydrochloric 
acid and extracting the liberated fatty acids in a separating funnel. 

RESULTS. 

In Table I the daily amounts of urine and dried faeces are recorded, 

together with the quantities of CaO and P,O, which these contained. In 

Table IL, which shows the distribution of the fat in the dried faeces, the values 

given for free fatty acids were obtained by dissolving the ether extract (con- 
taining fat and free fatty acids) in neutral alcohol, titrating the free acids 

with N/10 NaOH, and calculating to oleic acid. The neutral fat was found by 
difference. In Table III the values recorded for CaO existing as soaps in the 
dried faeces were calculated from the weight of combined fatty acids found 
by experiment. An experimental determination of the mean molecular weight 
of the insoluble fatty acids of butter fat combining with calcium was found 

28 
274 

calculating the percentage of CaO existing as soap from the weight of combined 

to give the value 274, and the coefficient or 0-102, was therefore used in 
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fatty acids found. The difference between the total CaO and that existing as 

insoluble soap was taken as the CaO existing as phosphate of calcium. 

Case 1. Normat Sussect. J. H., arr. 4 MONTHS. 

Intake: 720 ce. cow’s milk daily. 

j Table I. 
CaO P.O, 

Day Urine Faeces (dry) Urine _ Faeces Urine Faeces 
ce. g. g. g. g. g. 

1 350 10-8 0-016 1-18 0-44 0-83 

2 440 10-7 0-016 1-07 0-57 0°92 

3 350 10-2 0-016 1-03 0-49 0-78 

4 390 11-7 0-02 0-95 0-57 0°73 

Table II. Distribution of fat in dried faeces (°%). 

Free fatty acids Combined 
Day Neutral fat (as oleic acid) fatty acids Total fat 

1 1-07 11-13 19-15 31-35 

2 1-81 10-99 16-35 29-15 

3 1-62 10-43 17-90 29-95 

4 6-08 12-12 12-20 30-40 

Table III. Distribution of CaO and P.O, in dried faeces (%). 

CaO CaO - CaO P.O, % CaO as soaps 
Day (total) (as soaps) (as phosphate) (total) of total CaO 
l 10-9 1-96 8-94 7-7 17-9 

2 10-0 1-66 8-34 8-6 16-6 

3 10-1 1-82 8-28 77 18-0 

4 8-1 1-24 6-86 6-2 15-3 

Cask 2. CongentTaL Bruiary Atresta. J. 8. (MALE), AET. 3 MONTHS. 

Intake ; 720 ce. cow's milk daily. 

a 

Table I. 

CaO P.O; 

Day Urine Faeces (dry) Urine Faeces Urine Faeces 
ee. g. g. g. g. g. 

1 310 28-0 0-036 1-14 0-91 0-4 

2 430 24-4 0-038 0-936 0-87 0-34 

3 420 23-4 0-046 0-88 0-95 0-28 

4 420 30-5 0-048 0-956 0-99 0-26 

Table Il. Distribution of fat in dried faeces (%). 

Free fatty acids Combined 
Day Neutral fat (as oleic acid) fatty acids Total fat 

1 17-47 33-13 25-75 76-35 

2 14-44 34-26 25-45 74-15 

3 12 63 31-72 30-15 74-53 

4 8-2 40-6 29-35 78-15 

23—2 
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Table III. Distribution of CaO and P,O; in dried faeces (°%). 

CaO CaO CaO P.O; % CaO as soaps 
Day (total) (as soaps) (as phosphate) (total) of total CaO 

1 4:07 2-63 1-44 1-42 64-6 

2 3°83 2-60 1-23 1:35 67-8 

3 3-76 3-08 0-68 L195): 81-9 

+ 3-76 2-99 0:77 0-85 79-5 

Case 3. JaAUNDICE IN Sypattitic Hepatitis. R. W. (MALE), AET. 17 WEEKS. 

Intake: 300-ce. cow’s milk daily. 

Table I. 

CaO P.O; 

Day ~ Urine Faeces Urine Faeces Urine Faeces 
ce. g. g. g. g g. 

1 90 9-0 trace 0-387 0-321 0-231 
2 78 7-6 trace 0-281 0-228 0-174 

Table II. Distribution of fat in dried faeces (°/). 

Free fatty acids Combined 
Day Neutral fat (as oleic acid) fatty acids Total fat 

1 15-6 29-9 25-05 70-55 
2 12-63 29-32 29-75 71:70 

Table III. Distribution of CaO and P.O; in dried faeces (%). 

CaO CaO CaO P.O, % CaO as soaps 
Day (total) (as soaps) (as phosphate) (total) of total‘CaO 

1 4-3 2-56 1-74 2-59 59-5 
2 3-7 3-04 0-66 2:3 82-1 

Discusston. 

The most striking difference between the faeces of the normal subject and 
those in which bile was partly or completely absent from the gut lies in the 

fat content. Hutchison [1920] showed that approximately one-third of the 
dried faeces of a normal child consists of a fat and fatty acids. The results 

recorded in Table IT of the series demonstrate that the normal fat content is 
increased by the absence of bile from the gut. In the case of congenital biliary 

atresia (Case 2), no bile was present in the faeces, but it was not completely 

absent in Case 3. In both, although a considerable amount of fat splitting 
had occurred, the absorption of fat had fallen markedly from the normal, and 

over 70 %, of the dried faeces consisted of fatty derivatives in each case. These 
results confirm the findings of Hutchison and Fleming in their case of con- 
genital biliary atresia. 

The presence of this excess of fat, free fatty acids and insoluble soaps must 
naturally influence the bulk of the faeces excreted per diem, The naked eye 
appearance of these is characteristic. They are pale in colour and of a pasty 
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consistency. During the process of drying on a steam-bath they partly melt. 
Even when water-free they remain quite soft, and in marked contrast to 
dried normal faeces, which can be readily ground to a fine powder. Care has 

to be exercised in mixing such faeces so that uniform samples may be obtained 
for examination. 

The weight of dried faeces daily obtained in the case of congenital biliary 
atresia (Case 2) is seen to be more than double that in the normal child of the 
same age. The amounts of cow’s milk ingested were almost identical in the 
two cases. This increase in weight is evidently due to the presence of the excess 
of fatty derivatives. It will be observed that the weight of dried faeces per 
diem of the infant of 17 days suffering from jaundice does not fall much 
below that of the normal child of three months. Correlated with the presence 
of an excess of fatty derivatives (Cases 2 and 3), there is a diminution in the 
percentage of CaO and P.O; as compared with the normal. This must be due 

largely to “dilution” by the fat, since it was found that there was no increased 
retention of calcium and phosphorus. The significance of the abnormally low 
percentage of phosphoric acid will be discussed later. In a series of analyses of 
the normal stools of infants on a diet of fresh cow’s milk the calcium content 

of the dried faeces was found to vary only between very narrow limits and 

was generally about 10 % CaO. The CaO content of the faeces depends to a 
very large degree on the percentage of calcium in the diet. When the latter is © 

increased there is a corresponding increase of calcium in the faeces. The results 
of Berg [1911], who added quantities of different calcium salts to his own diet 
and found that almost all the added calcium appeared in the faeces, demon- 

strate this clearly. Since the calcium content of cow’s milk is very constant, 
the small percentage of CaO found in the dried faeces in Cases 2 and 3, must 
be due chiefly to the increased excretion of fat and fatty acids. 

The manner in which the normal distribution of calcium in the dried 
faeces is altered by the presence of an excess of free fatty acids in the gut is 

evident from a comparison of the results in Table III of the series. The faeces 
of the normal subject contained less than 20 % CaO as soap, the remainder 
of the CaO existing as phosphate. In Case 2 the urine contained regularly 

more than twice the amount of P 20; present in the faeces. The increased 
elimination of P,O; in the urine is also evident, though to a less degree, in 
the case of jaundice (Case 3). In all three the intakes of calcium and phos- 
phorus were in excess of the amounts found in the excreta, so that there was 
a positive retention of both elements. 

The deviation of the greater part of the phosphoric acid from the normal 

excretory route is probably related to the fixation of calcium as soaps. This 
condition again is evidently dependent on the persistence of an excess of free 
fatty acids in the intestine, the non-absorption of these being due to the 
absence of bile. There has been no marked interference with fat digestion, in 
the two pathological cases. Even in the case of biliary atresia, in which bile 
was completely absent from the intestinal contents, fat splitting has been fairly 



352 8S. V. TELFER 

complete. Also, it is possible as Bosworth et al. [1918] have stated, that the 
presence of some neutral fat in the stools is partly due at least to mechanical 
occlusion of the fat in the mass of insoluble soaps. The increased amount of 

neutral fat in the stools of Cases 1 and 2 may have been dependent on this 
cause. The appearance of neutral fat in comparatively small excess of the 
normal in faeces consisting largely of insoluble soap, need not necessarily 

imply a defect in fat splitting. 
It is of interest to note that Schabad [1910] in a series of observations on 

rachitic children, found a diminished excretion of phosphoric acid by the 

urine during the active stages of the disease, the increased elimination occurring 
by the faeces. 

As the changes found in the mode of excretion of calcium and phosphorus 

appeared to be related to the persistence of an excess of free fatty acids in 
the intestine, the distribution of these elements in the excreta when the amount 

of fat ingested was varied seemed worthy of study. Further observations were 

therefore made on a case of congenital biliary atresia in a female infant (Case 
4) with a view to ascertaining the effects of increasing concentration of fatty 
acids in the gut on the excretion of the two elements. The collection of the 

total urine and faeces quantitatively was found to be impossible in this case. 
The difficulty of obtaining specimens of faeces uncontaminated by urine 

could only be overcome by catheterisation before the bowel was evacuated. 

During an initial period of three days the milk given contained 3 % fat. 

Separated cow’s milk, with the fat content reduced to 0-8 % fat was then 
substituted for ordinary milk over a succeeding period of three days. Finally 

an artificially prepared cream (5-3 % fat) was given during the last period. A 

sample of faeces at the close of each of these intervals was taken for analyses. 
The following results were obtained. 

Case 4. Coneentray Biniary Atrrestia. J. Sy (FEMALE), AET. 34 MONTHS. 

. Intake: 720 cc. cow's milk daily. 

Table I. Distribution of fat in dried faeces (%). 

Period 2. Period 1. Period 3. 
0-8 % fat 30% fat § 5:3 % fat 

Neutral fat... ee o0e 10-68 5-50 15:26 

Free fatty acids (as oleic acid) 25°34 39-29 48-43 

Combined fatty acids AY) 28-44 33°23 17-17 

Pobel: seer eres 64-46 78-02 80-86 

Table IL. Distribution of CaO and P.O, in dried faeces (%). 
Period 2. Period 1. Period 3. 
0-8 % fat 3-0 % fat 53% fat 

CaO (total)... vay na tes 8-8 5:37 2:12 

CaO (as soaps)... ae sap aes 2-9 3°38 1-75 

CaO (as phosphate) ... os coe 59 1-99 O37 

P,O, (total)... aaa 4-89 1-97 0-65 
%, CaO as soaps of total CaO vise 32-9 62-9 82-5 
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The abnormally high excretion of fat is again evident in this case of biliary 

atresia in which bile was totally absent from the gut. With increase in the fat 
content of the ingested milk there is an increase of fatty derivatives (Table I) 
in the faeces and a reduction of the mineral elements. The diminution of the 
phosphorus content is greater, however, than that of the calcium, which indi- 

cates that more phosphoric acid is being removed from combination with 
calcium as the concentration of fatty acids in the intestinal contents increases. 

The increase of calcium soaps and the diminution of phosphoric acid 
(Table IT) in the faeces is evidently correlated with the increased concentration 
of fat in the diet. Since the degree of absorption of the fatty acids in the 

absence of bile from the gut has presumably remained at the same low value 
throughout the three periods, it must be concluded that the changes in the 
mode of excretion of calcium and phosphorus observed are dependent on the 

concentration of free fatty acids in the intestinal contents. 
‘In view of these results an explanation of the changes which the calcium 

and phosphorus of the foodstuff have undergone might be attempted. Cal- 
cium is present in cow’s milk partly in organic combination, partly as soluble 
salts, and partly as phosphate. In the presence of the gastric juice the greater 
part of both the calcium and phosphorus passes into solution. No precipita- 

tion of these elements in insoluble form is possible at this stage owing to the 
presence of free acid. With the passage of the acid gastric contents into the 

duodenum neutralisation will begin as a result of contact with the alkaline 
pancreatic secretion and bile. As the reaction of the intestinal contents pro- 

ceeds towards alkalinity prior to the onset of tryptic digestion the precipitation 
of insoluble phosphate of calcium before the commencement of fat hydrolysis 
will take place. In the normal subject a large proportion of the calcium and 

phosphorus is therefore limited to the gut in insoluble form and as such appears 

in the faeces. The existence of 80-90 % of the total CaO. as phosphate in 

normal dried faeces lends support to the view. The small proportion of calcium 
which appears as soaps in normal faeces may be derived possibly from the 

calcium in combination with casein which undergoes disintegration after the 
onset of tryptic digestion. 

The amount of phosphorus in cow’s milk is in excess of the equivalent 
amount required to combine with all the calcium to form tricalcium phosphate. 

Although normally a considerable proportion of the calcium may be fixed in 
insoluble form as calcium phosphate, it does not necessarily follow that the 
latter will remain unacted upon by the products of digestion. Tri-calcium 
phosphate is soluble in the lower fatty acids and it can be shown by experi- 
ment in vitro that precipitated calcium phosphate is redissolved in an excess 

of the volatile water-soluble fatty acids of butter fat. The latter consist almost 
entirely of butyric and caproic acids. If the free fatty acids of fat hydrolysis 
persisted in excess in the intestine, as in the two pathological cases under 

discussion, the calcium phosphate, if initially precipitated, would tend to pass 
into solution. In the presence of the higher fatty acids and their soluble soaps 
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a secondary reaction may then result in the formation of insoluble calcium 

soaps and the liberation of phosphoric acid. 
The calcium salts of the lower fatty acids are soluble and in this state 

calcium may be absorbed, as suggested by Bosworth ef al. The phosphoric 
acid, which has been liberated from combination with calcium phosphate as a 
result of the precipitation of the calcium as soaps, may then be absorbed as it 

exists in soluble form. The increased elimination of phosphoric acid by the 
urine, as found in the two pathological cases, would naturally follow this 
increased absorption from the intestinal tract. 

SUMMARY. 

1. Biliary atresia and obstructive jaundice afford a means of studying the 

effect of non-absorption of fatty acids on the distribution of calcium and 
phosphorus in the faeces and urine and on the absorption of these elements. 

2. In complete exclusion of bile from the gut over 70 °% of the dried faeces 

may consist of fatty derivatives. 
3. The non-absorption and persistence of an excess of fatty acids in the 

intestine is associated with a modification of the normal excretion of calcium 

and phosphorus. The calcium is found in the faeces as soap in large excess of 

the normal. The phosphorus, which normally is excreted by the bowel as 
tricalcium phosphate, is liberated from combination with calcium and is ab- 

sorbed and eliminated by the urine. 
4. The degree to which the normal excretion of calcium and phosphorus 

can thus be varied is shown to depend on the concentration of the free fatty 
acids in the intestinal contents. 

This work was carried out in connection with the Child Life Investiga- 
tion of the Medical Research Council. I desire to express my indebtedness to 

Prof. D. Néel Paton for much helpful advice and criticism. 

REFERENCES. 

Berg (1911). Biochem. Zeitsch. 30, 139. 
Bosworth, Bowditch and Giblin (1918). Amer. J. Dis. Child. 15, 397. 

Findlay (1918). Med. Res. Comm. Spec. Rep. Series 20, 31 

Holt, Courtney and Fales (1920). Amer. J. Dis. Child. 19, 201. 
Hutchison (1920). Quart. J. Med. April, 18, 277. 

Hutchison and Fleming (1920). Glasgow Med, J. 12, 65. 

Paton and Balfour (1891). Lab. Rep. Roy. Coll. Phys. Rdin. No. 8, 191. 

Schabad (1910). Arch. Kinderh, 54, 85. 

al 

roo 

oS a ee 



XXXVIII. THE EFFECTS OF AN UNBALANCED 

DIET IN THE PRODUCTION OF GUINEA-PIG 

SCURVY. 

By GEORGE MARSHALL FINDLAY. 

From the Royal College of Physicians’ Laboratory, Edinburgh. 

(Received April 13th, 1921.) 

Ir has long been recognised that when pigeons are fed on polished rice the 
addition of an excess of carbohydrates to the diet leads to a more rapid onset 
of the symptoms of beriberi. According to Funk [1914] the addition of an 

excess of any of the basal foodstuffs has some effect in hastening the appear- 
ance of beriberi, the effect being most marked with polysaccharides and di- 
saccharides, least marked with fats, while proteins occupy an intermediate 
position. In the following experiments an attempt has been made to ascertain 

whether the same conditions hold good when guinea-pigs are deprived of 
vitamin ©, 

Twenty-four guinea-pigs were divided into four equal groups, each group 
consisting of three males and three females. Group A received a basal diet of 

oats and bran ad libitum with the addition of 60 cc. of autoclaved milk per 
diem—Table I. Group B received the same diet with the addition of 10 grams 
of caseinogen, the caseinogen before administration being autoclaved at 120° 

for two hours to destroy any trace of the anti-scorbutic factor—Table II. 
Group C received the same basal diet as group A with the addition of 10 grams 

of cane sugar a day—Table I1I—while in group D the cane sugar was replaced 
by a daily ration of 10 ce. of cod-liver oil—Table IV. 

Tn avian beriberi the onset of symptoms is, as a rule, well marked, but in 

guinea-pig scurvy it is much more gradual. By feeding the animals oneself 
and by carefully handling them, it is however quite possible to ascertain with 

considerable accuracy the date at which haemorrhages first occur in the region 
of the joints. The date at which the first symptoms appear is not materially 

affected by an excess of protein, carbohydrate or fat in the diet. The date of 
death is, however, slightly accelerated by an excess of protein and carbo- 
hydrate in the diet, the acceleration being less marked when fats are in excess. 
The most striking feature revealed was the considerable loss of body weight 
in the guinea-pigs fed with excess of carbohydrate, this loss being equivalent 
to a loss of 7-26 grams per day per guinea-pig, whereas animals fed on the 
oats, bran, milk diet only lost 2-64 grams per day. 
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TABLE OF RESULTS. 

I. 

Weight at Weight at Percentage 
beginning of end of loss in Day of first | Day of 

Number experiment experiment weight symptoms death 
eet hee g. 

Guinea-pigs on a basal diet of oats and bran ad libitum and 60 cc. of autoclaved 

milk per diem. 

1 252 218_ 13-5 16 27 

2 374 268 28-3 13 33 
3 468 401 14:3 15 41 

4 250 210 16-0 14 25 
5 440 257 41-5 13 27 
6 282 239 15-2 ee if a8 

Average 3443 265-5 21-5 14:3 29-8 

Il. 

Guinea-pigs on a basal diet of oats and bran ad libitum and 60 ce. of autoclaved milk 

per diem plus 10 g. of caseinogen. 

7 302 255 15-5 13 7 
8 310 262 15-5 12 14 
9 248 205 17:3 15 21 

10 340 275 19-1 - 15 25 
ll 262 196 29-0 14 26 
12 273 224 17-9 13 27 

Average 289-2 236-2 19-5 13-6 23-3 

Itt. 

Guinea-pigs on a basal diet of oats and bran ad libitum and 60 ce. of autoclaved milk 

per diem plus 10 g. of cane sugar. 

13 465 298 35-9 16 29 

14 466 304 34:8 13 ales | 
15 498 320 35-7 12 22 
16 428 318 25-7 15 23 
17 470 295 37°3 14 20 
18 520 284 45:3 13 . 23 

Average 474-5 303-2 35°8 13-8 23-5 

48 

Guinea-pigs on a basal diet of oats and bran ad libitum and 60 cc. of autoclaved milk 

per diem plus 10 cc. of cod-liver oil. 

19 298 250 16-2 l4 21 
20 230 191 11 13 19 
21 263 204 15-0 13 22 
22 228 178 22:1 15 32 
23 319 253 20-8 4 31 
24 350 281 19-6 ig 27 

Average 281-3 229-5 18-5 14-2 25°3 



GUINEA-PIG SCURVY 357 

It is of some interest to note that the histological appearances found in the 

bones and joints of the animals which were given cod-liver oil were identical 
with those met with in other cases of acute guinea-pig scurvy, thus showing 
once again that the lack of vitamin-A is in no way responsible for the lesions 

- that occur in experimental scurvy. 

CONCLUSIONS. 

1. Guinea-pigs fed on a diet lacking in vitamin C do not develop scurvy 
more rapidly when the diet contains an excess of either protein, fat or carbo- 

hydrate. 
2. Death is slightly accelerated in guinea-pigs suffering from scurvy when 

the diet contains an excess of either protein or carbohydrate. 
3. The loss of weight is greatly increased in guinea-pigs suffering from 

scurvy when the diet contains an excess of carbohydrate. 

REFERENCE, 
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XXXIX. NOTE ON THE OXYGEN CONSUMPTION 

OF AMPHIBIAN MUSCLE AND NERVE. 

By NEIL KENSINGTON ADAM}. 

From the Biochemical Laboratory, Cambridge. 

(Received April 14th, 1921.) 

Some observations made in 1919 with the instrument described in a recent 
paper [1920] showed clearly the course of oxygen consumption in excised 
muscle and nerve in an atmosphere of nearly pure (95 94) oxygen, when the 
tissues were at rest, and the different effects of electric stimulation on the two 

tissues. Although these experiments were incomplete, and obviously capable 
of much improvement, yet it seems desirable to record such results as were — 

obtained now, since circumstances have arisen which seem likely to prevent 
my continuing research in this subject. 

The rates of respiration observed in resting tissues were the following. 
Sartorius muscles, 0-10 to 0-135 cc. per g. per hour, reduced to N.T.P.; 
gastrocnemius muscles, 0-05 to 0-12 cc. per g. per hour; sciatic nerves, 0-05 to 

0-08 cc. per g. per hour. The number of experiments done was not enough to 

determine whether any seasonal change occurs in the respiratory activity of 
these tissues. 

In muscles the rate of respiration observed was usually somewhat higher 

than this for the first hour or so after excision, and during this preliminary 

period the rate fell off, reaching finally a steady value. At the end of this 
preliminary period, which was probably due to the recovery of the tissue 

from the stimulatory effects of accidental damage during the dissection, the 
tissue settled down to a constant rate of respiration, which was maintained 

for about twenty-four hours. This appeared to be the normal resting condition, 
Subsequently a rise usually commenced, and the rate of respiration observed 
accelerated continuously till it reached a value many times greater than the 
steady rate. This rise was obviously due to bacterial action. The general course 
of survival oxygen consumption thus follows Fletcher’s curve [1898] for carbon _ 
dioxide output very closely. 

During the period of constant respiration the exactness with which the rate 
was maintained was very remarkable (Fig. 1). Although variations as small as 
1 % could easily have been detected from hour to hour, yet the rate was very 

frequently found constant within the error of reading the scale for many hours 

* This work was carried out during the tenure of the Benn W, Levy studentship. 
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consecutively. It should be mentioned that irregular divergences from the 

steady rate were observed occasionally, but when these were most marked the 
tissue was generally found to have its response to an electric stimulus con- 
siderably impaired. Unfortunately the risk of damage to the tissue in the 
experiments was greater than is necessary, since an attempt was made to tie 
the very short tendons at the upper end of the muscle: it would be preferable 

19lec per gm.per hour 

em. on scale 

Hours 

Fig. 1. The figures in brackets indicate the rate of oxygen consumption 
in ce. per g. per hour. 

to include a small piece of bone in the preparation. These divergences were 
generally large-in comparison with the error of reading, whereas in those 

experiments which show a constant rate, no divergences at all were perceptible. 
It would seem probable that the steady rate of respiration, remaining constant 
within perhaps less than 1 %, is a characteristic of a resting excised muscle, 
just as constant rates of metabolism appear to be characteristic of other un- 
stimulated tissues. 
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Delayed oxygen consumption after stimulation. 

Fig. 1, A, B, C, shows an experiment in which twenty single induction 
shocks were sent into the tissue at B; this was on a sartorius muscle. An 

immediate increase in the respiration occurred, of about 40 %, and the in- 
creased rate was maintained unaltered for about two hours after the stimula- 

tion was over, when a slow decrease commenced. 

Respiration of nerve. 

The experiments were done with a bundle of four or six sciatic nerves dis- 

sected out from knee to spinal cord and tied at the ends to the supporting 
loops of the apparatus. The nerves respired usually at a constant rate, though 
some slight diminution in the rate was noticed after a few hours, or after a 

long period of stimulation. The preliminary period of enhanced oxygen con-~ 
sumption, noticed with muscle, was not found with nerve; as would be ex- 

pected, considering the very small effect of stimulation on the respiration of 

nerve, if the high initial rate is due to recovery from damage or stimulus in- 

flicted during dissection. 
The effect of stimulation was very much less than with muscle. Even 

tetanising currents of one minute’s to half-an-hour’s duration gave a very 

small total effect, if any, and there was practically no “delayed” consumption. 
Certain slight displacements of the curves of oxygen consumption were noted 
after long periods of stimulation, it is true, which rendered decision on the 

question whether the passage of the nervous impulse demands an extra supply 
of oxygen or not, less definite than had been hoped; but the largest displace- 

ment ever observed corresponded to an additional oxygen consumption, in 

excess of that which would have been used by the tissue at rest, of only 0-02 ce. 
per g. of tissue. This figure was obtained after fifteen minutes’ continuous 

stimulation. Usually the effect, if any, was less than this. Whether the dis- 

placements were due to the tissue using more oxygen is very doubtful, how- 
ever, since in a control experiment with moist twine in the chamber, a similar 

effect was actually observed. I think that the heating effect of the prolonged 
current passing in the chamber may be the cause of the slight displacements, 
though it is not easy to see exactly how this could bring about an effective 

increase in the volume of the chamber except by an increase of pressure so 

great as actually to shift the ground joints slightly. 
Although the displacements were probably instrumental in origin, and 

therefore no positive conclusion can be drawn from them, yet the important 

negative conclusion appears that tetanus of fifteen minutes’ duration does not 
cause the nerve to absorb more than 0-02 ce. per g. in excess of the resting 
consumption. The figures given by Tashiro [1913] for the frog’s sciatic, re- 

calculated, are for resting tissue 0-167 ce. per g. per hour, and for “stimulated,” 
0-43 cc. This is an additional consumption of 0-066 ce. per g. in fifteen minutes’ 

stimulation, or three times as large as the maximum effect in my experiments, 

which were conducted at 22°, 

ee sr 
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Supply of energy for cell activity. 

The energy for cell activities appears to be supplied ultimately by the 

oxidations within the cell. If however the oxygen consumption can be taken 
as an index of the progress of oxidation, it is clear from Fig. 1 that the supply 
of energy takes place, under the experimental conditions, long after the 
activity has ceased, an inappreciable fraction of the total energy being supplied 

actually during the period of contraction. That the delayed oxygen consump- 
tion is not a slow restoration of oxygen to some intracellular store (such as 

the “inogen”’) which is ready to supply large quantities of energy suddenly 
by oxidation at the moment of stimulation, follows from the arguments 
brought by Fletcher and Hopkins [1915] against the existence of any such 
store of oxygen within the cell; it is probable then that the oxidation occurs 

simultaneously (or nearly so) with the absorption of oxygen and the CO, 
evolution, and that the enhanced oxygen absorption corresponds in time with 
the actual oxidation or energy supplying reaction. 

At the moment of contraction, the muscle fibre must work by drawing on 
stores of potential energy within the tissue, and it appears that the function 
of the oxidations is to restore the potential energy of the muscle to its normal 

resting level. The muscle fibre is further so constructed that the demand for 
replenishment of these stores of potential energy, available for future activity, 
is automatically supplied: for the activity of the cell leaves behind a condition » 
leading immediately to an accelerated oxidation. 

It does not seem possible to do more than conjecture the function of the 
steady rate of oxygen consumption in the resting tissue, nor to decide whether 

it is connected with the maintenance of the normal level of potential energy 
in the tissue or with some other activity. It may be that the resting respiration 

is an index of an anabolic process, compensating, and proceeding at an equal 
rate with, some such catabolic process as the survival formation of lactic acid, 

observed to occur in resting tissues at a constant rate; but direct evidence 
that these processes are connected appears completely lacking. 

Note on the method of Shiro Tashiro [1913] for the estimation of very small 

amounts of carbon dioxide. 

Miss D. M. Moyle and I, in preliminary studies made with a view to utilising 
the above method for estimation of the CO, output of nerve, met with quite 
unexpected difficulties, which are perhaps worth recording, as they appear 
to make it doubtful whether the drop of baryta solution is quite as reliable 
as has been supposed for quantitative estimations of small amounts of CO, in 
air. 

The quantitative method depends on the alleged fact that a nearly hemi- 
spherical drop of baryta solution, standing at the top of a narrow column of 
the same liquid, in a chamber of about 15 cc. capacity, shows a visible precipi- 
tate of barium carbonate when the total CO, content of the chamber exceeds 
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1 x 10-7 g., but does not do so if the amount of CO, is less than this. The time — 
required for full development of the visible precipitate is stated as ten minutes. 

Analyses are made by determining the volume of gas required to give the 
precipitate. 

The first step we took was to test the accuracy of this figure, as it is funda- 

mental to the analysis that the critical amount of CO, required should be 
accurately known as well as the limits within which it is reproducible in suc- 
cessive experiments; and it was clearly of importance to determine, before 

relying on the method, whether any modification in the design of the instru- 
ment or the conditions of use would affect the critical amount of CO,. All 
measurements and manipulations of the gases were done over mercury; the 

apparatus consisted of (a) a reservoir of CO,-free air, the preparation and 
storage of which according to Tashiro’s instructions presented no difficulty, 

(b) measuring instruments and siphon pipettes, for transferring the gases and 
mixing the standard mixtures required for the calibration, (c) a chamber in | 
which the drop of baryta could be formed and observed, and into which the 

gas mixture could be introduced. 

The calibration was very disappointing. In a series of experiments the 
following results were obtained for (col. 2) an amount which just did give, and 

(col. 3) an amount which just did not give, a visible precipitate, on close 
examination with a good lens. 

Experiment No. Ppt. obtained No. ppt. visible 

j see 1-13 x 10-7 0-91 x 10-7 
2 0-59 ,, 0-55 = ,, 
3 097-2; 0-83 ,, 
4 1:94 ,, 1. ae 
5 0-75 ,,; OF 

6 ty fa 0-76 =, 
7 — ) Ry; ee 
8 1-46 ,, 1-27 

It would appear that the drop of baryta in our hands was not more than 

a delicate qualitative test for CO, and could not be relied on for quantitative 
measurements. 

Several variations of the technique were attempted with no better results, 

and the conclusion was reached not only that the method would prove ex- 
tremely laborious if a long series of analyses had to be undertaken, but that: 
we could not obtain results of even 50 % accuracy from it. 

It appears not improbable that some nuclei analogous to those required 
for the crystallisation of supersaturated solutions may be an important factor 

in determining whether or no a precipitate becomes visible, and if this be the 
case, it is not surprising that somewhat varying amounts of CO, were found 

necessary to give the precipitate. 
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In recent years two methods, quite different in type, have come into common 
- use for the estimation of cholesterol and its esters: a gravimetric method based 

on the formation of a highly insoluble molecular compound of cholesterol 
with digitonin, and a colorimetric method based on the Borchard-Liebermann 

reaction with acetic anhydride and sulphuric acid. 
Both methods give good results when pure cholesterol is in question, but 

difficulties arise when mixtures of different sterols, or mixtures of cholesterol 

and oils, as, for example, the ether extracts of tissues, faeces, etc., have to be 

dealt with. 

Gravimetric method. 

In the year 1901 Ransom [1901] made the important discovery that the 

haemolytic action of saponin on blood corpuscles was prevented by the addition 
of cholesterol, and concluded that a kind of affinity existed, or a solubility 

equilibrium was set up, between the saponin and cholesterol. This discovery 
was of far-reaching interest, and soon led to experiment with other haemolytic 
materials. Thus it was found that cholesterol had an inhibitory effect on 
haemolysis by bee poison, garden-spider poison, snake poison, etc. Further 
investigations by Hausmann [1905] and by Abderhalden and Le Count [1906] 
proved that whereas cholesterol and phytosterol inhibit the action of saponin 
their esters do not. In 1909 Fraser and Gardner [1909] successfully made use 
of these facts to compare the relative cholesterol content of the sera of rabbits 
in dietetic experiments. 

For some time it remained doubtful whether the inhibitory action of 
cholesterol was due to chemical action or to some physical process such as 
adsorption. Arrhenius [1907] regarded it as analogous to the neutralisation of 
toxin by antitoxin. The question was, however, definitely settled in 1909 by 
Windaus [1909], who made use of digitonin in his experiments, because this 

saponin was crystalline, had been proved to be a single substance and its 

Bioch. xv 24 
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empirical formula had been determined. He found that when digitonin dis- 
solved in 95 % alcohol was mixed with an alcoholic solution of cholesterol a 
compound of digitonin with cholesterol, insoluble in alcohol, was formed. This 

had the formula Cg,H, 4909. He also found that similar insoluble compounds 
were formed with sitosterol, B-cholestanol, coprosterol and stigmasterol. 

In 1910 Windaus [1910] proposed a method of estimating cholesterol and 

its esters, based on this observation, which has since come into general use. 

About the same time Fraser and Gardner [1910] published a similar method, 

differing somewhat in detail, for attaining the same end, for which they 
claimed some advantages. In 1914 Thaysen [1914] published a detailed critique 
of the digitonin method and emphasised the necessity of using 14 to 24% 
excess of digitonin in order to obtain accurate results. This conclusion we can 

fully confirm. Thaysen also pointed out the conditions necessary to attain 
complete hydrolysis of cholesterol esters by sodium ethoxide. In general he 

completely confirmed the validity of the digitonin method. 
Alcohols of the sterol group can be divided into two classes according as 

they form insoluble digitonides or not, though as yet reliable data are wanting _ 

to complete the groups. 

Group I. Insoluble digitonides. 
The unsaturated alcohols—cholesterol, sitosterols, and probably other 

phytosterols, stygmasterol. } 
The saturated aleohols—f-cholestanol, coprosterol. 

Group II. No insoluble digitonides. 
The saturated alecohols—s-coprosterol, e-cholestanol [Windaus 1916]. 

The unsaturated alcohol -cholesterin [Windaus and Resau 1915]. a 

Also a-cholestanol, though this has been shown by Windaus and Uibrig — 
[1913] to be an amyl derivative of cholesterol. 

{Gardner 1921] if these really belong to the sterol group. 
The esters of Group I are not precipitated by digitonin. 

Cholesterol digitonide. According to Windaus this substance is easily 

ble in pyridine. He gives the following figures for its solubility in aleolt@l 

100 cc. of methyl alcohol at 18° dissolve 0-47 g. a 
100 ce. of 95 % ethyl alcohol at 18° dissolve 0-014 g. 

100 ec. of 95 % ethyl alcohol at 72° dissolve 0-16 g. 
100 ec. of 50 % ethyl alcohol at boiling point dissolve 0-03 g. 

It is insoluble in cold water, acetone, ether, ethyl acetate, and benzene; 

and gives the Borchard-Liebermann reaction. It dissociates into its constitu- 
ents on heating in the vapour of boiling xylene, and some slight amount of 

dissociation also occurs on prolonged_boiling with methyl alcohol. 
Sitosterol digitonide is quantitatively precipitated in crystalline needles 

and has similar properties. The stigmasterol compound is still more insoluble. 

B-Cholestanol digitonide. B-Cholestanol according to Windausformsa slightly 
more soluble compound, 100 ee. of 95 %, aleohol dissolving 0-21 g. We found, 
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by digesting B-cholestanol digitonide for several days with ethyl alcohol of 
96 % by weight at temperatures ranging from 10—18° with occasional shaking, 
values of 0-034 to 0-067 per 100 g. of solvent. At the boiling point 0-27 g. was 
dissolved. Working in a similar manner the solubility in commercial ether at 
10-17° was found as an average of three estimations to be 0-0084 g., and in 

light petroleum 0-01 g. per 100 g. of solvent. 
Coprosterol digitonide we found to be much more soluble in alcohol than 

the digitonides of other members of the group. Thus 100 g. of 96 % alcohol (by 
weight) dissolved at 10°, 0-143 g.; at 15°, 0-24 g.; and at 78°, 0-83 g. 

In commercial ether at 10-17° the average of three estimations was 
0-0077 g., and in light petroleum 0-0025 g. per 100 g. of solvent. 

In applying Windaus’s procedure for the estimation of any of these sterols 
a correction may be introduced for the solubility in aleohol. This becomes the 
more desirable the smaller the quantity of digitonide to be weighed. It is 
always, however, necessary in the case of coprosterol. In this case also a 
considerable excess of digitonin should be used. In the procedure recom- 

mended by Fraser and Gardner [1910] such a correction is obviated, since the 
alcohol is evaporated off at a low temperature before washing the precipitated 

digitonide. In this case any accompanying oils should be washed away with 
ether or light petroleum, and the excess of digitonin by warm water. The pre- 
cipitate should not be washed with alcohol. 

In both methods a very slight error will be introduced by the ether or 
light petroleum washing, owing to the slight solubility of the compounds in 
these solvents, but in most cases the error is negligible. When these methods 
are used to estimate free sterol in a large excess of fat, or non-sterol unsaponi- 

“ _ fiable matter, it is possible that the solubility of the compounds in ether in 
- the presence of such substances may be increased and a somewhat greater 

; 2 error introduced. A long experience of the digitonin method as applied 

to the analysis of ether extracts of faeces, tissues, milks, ete., has how- 

ever convinced us that such error is not serious, provided the quantities of 
compound to be weighed are not too small. 
_ As the compound weighed is about four times the weight of the sterol, 

accurate results are attainable with very small quantities of sterol. In order 

to illustrate the reliability of the method in the case of the estimation of very 
small quantities of B-cholestanol and coprosterol we give some results in the 
following table. The estimations were made by the procedure of Fraser and 
Gardner, the precipitate being well washed with ether, as would be the case in 
an actual estimation in a fat, and finally with warm water. 

Weight of Weight of Calculated 
sterol used digitonin sterol 

Sterol in g. compound in g. (anhydrous) 

8-Cholestanol crystals 0-0108 0-0459 0-0112 
Py 2 0-0176 0-0705 0-0172 

“es os 0-0177 0-0711 0-0174 

Coprosterol F 0-1022 0-4190 0-1022 

%» tie 0-0109 0-0451 0-0110 

24—2 
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Colorimetric method. 

The colour methods usually employed depend either on the Salkowski 
reaction, as developed by Weston and Kent [1917] and others, or on the 

Liebermann reaction as originally proposed by Grigaut [1910, 1913]. 
In general a solution of cholesterol in acetic anhydride gives on addition 

of a few drops of strong sulphuric acid a succession of colours: red, blue, 
bluish green, and then a beautiful green. The latter gradually fades and in a 
few hours leaves a brownish solution. The spectral characters of the different 
stages of this reaction have been studied by Lifschiitz [1913], who also showed 
that “‘oxycholesterin” presents the same succession of colours with the same 

spectral characters. 

The Liebermann reaction is also given by coprosterol and the various 
phytosterols, and in a modified manner by chortosterol [Dorée and Gardner 

1908], isocholesterol, and some other members of the sterol group. 
This reaction is also given according to Wieland and Weil [1912] by 

cholatrienic acid and other bile derivatives. Many resinous substances give 
with acetic anhydride and sulphuric acid a reddish-brown colour, which 
sometimes develops on standing a green tint, or a green fluorescence. The 

amorphous substances which accompany coprosterol in faeces also give this 
reaction in a modified manner [Gardner 1921]. 

Obviously the presence of these substances would exercise a disturbing 
effect on the estimation of cholesterol by colour reactions, and various observers 
have been at pains to show the absence of such disturbing factors from the un- 

saponifiable matter of tissues. Thus Unna and Goloditz [1909] showed that in 
skin there is no trace of isocholesterol, or other substance capable of inter- 

fering with the reaction. Mauriac and Defaye [1912] showed that the presence 
of oleic acid has no influence on the reaction, but on the other hand Lifschiitz 

[1908] by oxidation of oleic acid with permanganate obtained a substance 
which gave the reaction. Grigaut [1911] also was at some pains to show that 
the cholesterol extracted from serum was sufficiently free from disturbing 

substances by asserting the constancy of melting point and optical properties 
of his cholesterol. 

Grigaut in his monograph [1913] also recognises that the reaction is a pro- 

gressive one and would be affected by the mass of various reagents, and 
mentions the importance of always using in comparative estimations the same 
quantity of sulphuric acid. Autenrieth and Funk [1913] also lay stress on this 

point, as affecting the degree and type of colour produced. None of these 
authors, however, in any way elucidates the effect produced by varying the ~ 
volume of the acid. With regard to the estimation of the other members of 

the sterol family, the only mention, as far as we are aware, is that made by 
Myers and Wardell [1915], who attempted to estimate coprosterol in faeces 
colorimetrically. They said that coprosterol had a value about one-third that of 

cholesterol, 
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The present investigation was, therefore, undertaken with a view to deter- 

mining whether other members of the sterol group gave the colour reactions 
in such a way as to be comparable with cholesterol, and how variations of 

conditions affect the ultimate colour produced. 

EXPERIMENTAL. 

The production of colour in solutions of cholesterol and coprosterol was 
first compared. 

The conditions used were those recommended by Autenrieth and Funk, 
2 

10000 
were treated with 4 cc. of acetic anhydride and 0-2 cc. of conc. sulphuric acid. 

The colour was developed in the light and at room temperature. 
Under these conditions the colour developed slowly in the case of chole- 

sterol, the first trace of colour being green. With coprosterol the development 
of the colour was still slower, and after half an hour the solution was only a 
very pale green. The deepening of the tint during 14 hours was still slight, 
and the colour was never comparable with that of the equivalent cholesterol 
solution, but on the addition of more acid a marked increase in depth of colour 

became apparent. 
A detailed study of the effect of acid was therefore undertaken. The results 

are summarised in the following table: 

i.e. 10 ce. of a chloroform solution of the sterol, of the order of molecular, 

Volumeof 10 ce. chloroform solution of 10 ec. chloroform solution of coprosterol 
sulphuric cholesterol (0-007 g. per 100 ce.) (0-007 g. per 100 cc.) + 4 cc. acetic 

acid +4 ce. acetic anhydride anhydride 
cc, 

0-2 Green colour slowly developed. 
Maximum depth in 15-20 minutes 

0-4 Blue developed first, and in about 
5 minutes the colour was pro- 
nounced blue green. No apparent 
deepening on further Mandine 

0-5 Mauve colour first, changing rapidly 
to blue, then green. Full develop- 
ment of colour in about 5 minutes 

0:6 Ditto 

1-0 Pink + mauve almost at once, then 
violet, blue, blue green and 
green. The whole series of changes 
occupied less than 2 minutes, and 
full depth of colour appeared to 
have been produced 

15 Changes as above 

2-0 Changes instantaneous, but sul- 
phuric separated as an oil from 
solution 

Very faint green colour, gradually developing 
during 2-3 hours 

Colour began to appear in about 8 minutes, 
and developed rather more rapidly than 
above. No further deepening after | hour. 
Final shade not so deep as the cholesterol 

Colour developed more quickly than above. 
Blue tint first seen, slowly changing to 

n. Colour in # hour was identical with 
that of the cholesterol, but the latter had 
by then faded to some extent 

Ditto 
Colour appeared in 4 minute—slate-blue first, 

deepening rapidly, though less quickly than 
cholesterol. In 5 minutes the colour was 
slightly paler than the cholesterol, and 
rather more bluish green in quality 

Pink — mauve colour almost instantly > blue 
— green. Colour deepened rapidly and rate 
and depth were about identical with chole- 
sterol 

As cholesterol 

In these reactions the depth of colour was compared by eye only in Nessler 
glasses, as qualitative results were first required. The reaction was however 
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clearly a time reaction, the rate depending on the amount of acid. Luden © 
[1917] attempted unsuccessfully to show this sequence of colours by using 

smaller quantities of reagents, but reached some sign of them in very con- 

centrated cholesterol solutions, though the colours were apparently less dis- 
tinct than those noted above. 

In order to determine whether the addition of the larger quantities of 

acid has any effect on the final depth of colour, readings were taken in a 
Dubosc colorimeter, using the same standard cholesterol solution—0-0394 in 
250 ec. chloroform—in each case. 

Two difficulties were encountered: firstly, the colours with greater quan- 
tities of sulphuric acid were much more blue-green than the tint with 0-2 ce. 

sulphuric acid, and secondly the colours were less transparent and therefore 
more difficult to compare. Much reliance, therefore, could not be placed on 

the results, but with the standard (containing 0-2 cc. of acid) set at 15 in the 
scale, the mean of a somewhat irregular series of readings for the solution 
containing 1-2 cc. acid was 15-1. It appears probable that the final depths of 
colour in the two cases are not divergent, but the practical difficulties point 

to the necessity of using the same volume of sulphuric acid throughout any 
series of estimations. 

The influence of temperature.was next investigated. The series of reactions 
quoted above were performed at room temperature, 7.e. about 10-10-5°. Con- 
siderable divergence of opinion, however, seems to be prevalent as to what is 
the best temperature for the reaction. Luden [1917] uses room temperature, 

presumably because of the short period of colour induction allowed in her 
experiments before beginning colorimetric estimation. Autenrieth and Funk 

[1913] recommend a temperature of 30-35°, as also does Czonka [1916]. 
Bloor [1916], on the other hand, prefers room temperature. To test the effect 
of varying temperature duplicate experiments at room temperature (10°) and 

at 35° were made. In each case 10 cc. of the above chloroform solution and 
4 cc. of acetic anhydride were treated with the selected quantity of acid, e.g. 
0-2 ec., and allowed to stand 15 minutes. In every case, with the smaller 

amounts of acid, the higher temperature caused the production of a brilliant 
yellow green colour, as compared with an emerald green at the lower tempera- 
ture. This made comparison in the colorimeter harder, but the scale readings 
at the higher temperature were systematically somewhat lower than at room 

temperature, for instance, using 0-2 cc. sulphuric acid with the scale at room 
temperature set at 15, the mean of four readings of that of the higher tempera- 

ture solution was 14, so that a slightly greater depth of colour had evidently 
been produced. With 1-2 cc. of acid at the higher temperature the colour was 
again less transparent, but the shade bluer, which made comparison easier. 

From our results it is evident that in any series of estimations it is 
necessary to use sensibly the same temperature throughout. 

Experiments with varying quantities of acetic anhydride showed that this 
factor was unimportant, provided the substance was present in large excess. 
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It was also found best to use ‘concentrated sulphuric acid, since traces of 
water, as was also observed by Grigaut, retard the action. To test the accuracy 
of the estimations under optimum conditions a large number of experiments 
were made. At first we used a dilution method. The colour was developed in 
the solutions to be compared and the darker was then diluted with a mixture 
of chloroform, acetic anhydride and sulphuric acid of the same composition 
as the fluid to be diluted, until equality of colour with the paler solution was 
attained. Matching was done with the naked eye. The method proved un- 

suitable for the following reasons: 
(1) Matching by eye was not sufficiently delicate. 
(2) On dilution the shade of green often became more yellow in quality. 
(3) The diluted solution on standing was often found to darken appreciably 

in colour, so that the end point was often overshot, i.e. the time factor came in. 
(4) The method was not very sensitive. The addition of 1 cc. or more of 

the solution appeared to make only a very slight variation in the depth of 

colour. 
Accurate results were obtained only when the solutions to be compared 

did not differ very much in strength. With solutions of molecular concentra- 

tion above io000’ Which required considerable dilution, grave errors crept in, 

and the results as a rule were much too high. 
This method was therefore discarded and a colorimeter used. A series of 

known cholesterol solutions were estimated against a standard solution. In 
each case 10 cc. of chloroform solution plus 4 cc. of acetic anhydride were 

treated with 1-2 cc. sulphuric acid—i.e. the maximum quantity that could 
safely be added without risk of separation of the acid, and the temperature 
was 35°. The following figures are typical of the results obtained. 

Cholesterol 
solution taken Strength found 

(g. per cc.) (g. per ce.) 

0-00371 0-00378 

0-00329 0-003 10 

0-00288 0-00280 

Coprosterol. Coprosterol solutions were also investigated quantitatively. 
10 cc. of a standard coprosterol’ solution (0-0658 g. per 100 cc. CHCI,) and 

4 ce. acetic anhydride were used in every case. The following example will 
suffice. To A 0-2 ce. sulphuric acid was added and to B 1-2 cc., both at room 
temperature, and to C 0-2 ce. at 35°. At the end of 15 minutes B was obviously 
darker to the eye than A or C. The solutions were allowed to stand for another 
10 minutes and then compared in the colorimeter. With A set at 15 on the 
scale, the reading of B was 3-3, and of C 8-3. Obviously therefore both volume 

of acid and temperature are of vital importance. 
Kstimations of coprosterol against standard solutions of cholesterol, using 

a Dubose colorimeter, lead to the same conclusion. 
Using a cholesterol solution containing 0-000412 g. per cc. and a copro- 

sterol solution of 0-000658 g. per cc., 0-2 cc. sulphuric acid was added to a 



370 J. A. GARDNER AND M. WILLIAMS 

mixture of 10 cc. of each with 4 cc. acetic anhydride, and they were allowed 

to stand at room temperature for 30 minutes and then compared. 
With the cholesterol scale at 5, the mean reading of the coprosterol solution 

was 10-6, indicating 0-00019 g. per cc. instead of 0-000658. 
On repeating the experiment at 35°, with the cholesterol set at 15, the 

mean coprosterol reading was 13-25, equivalent to 0-000466 g. per cc. instead 

of 0-000658. . 
Using, however, 1-2 cc. of sulphuric acid at room temperature a value of 

0-000636 was obtained, and at 35° 0-00068, The higher temperature had the 
advantage of favouring the production of the same quality of colour in each 

solution. 
The time of colour induction, as already indicated, is much longer in the 

case of coprosterol than in the case of cholesterol. On comparing solutions in 

the above proportions using 0-2 cc. of acid the colours approximate at the 
end of about 2-5 hours, but during this period the colour of the cholesterol 
solution has appreciably faded. We found that in the case of a cholesterol 

solution, using 0-2 ec. of acid, fading began to be appreciable at the end 
of half an hour. Consequently in comparisons of cholesterol with coprosterol 

or mixtures of cholesterol and coprosterol sufficient sulphuric acid should 

be added to get the maximum colour development in each as rapidly as possible, 
certainly within 30 minutes. If these conditions are fulfilled accurate estima- 

tions can be made. 
s-Coprosterol. The behaviour of this substance was investigated in a similar 

manner, and compared with that of coprosterol. With solutions of approxi- 

mately — molecular concentration the colour of the Y-coprosterol solution 

was insufficient to make comparison possible. Solutions of #-coprosterol of 
4 6 : 

cana and ane molecular concentration were therefore used. 

With 0-4 cc. of sulphuric acid (to 10 cc. chloroform sol. +- 4 cc. acetic 

anhydride) no immediate coloration appeared, but after about 25 minutes 
a faint yellow green was seen. With 0-8 cc. acid the colour was obvious in 
5-10 minutes, and was definitely pale green in 25 minutes. Even with 1-2 ce. 
of acid the colour did not appear immediately. No sign of mauve was noted, 

but a dirty grey colour came first. After about 5 minutes the green colour 

developed slowly. Increased temperature was found to speed up the reaction, 
so that with sufficient acid colour appeared almost at once, but the final 
shade was never really comparable in quality with that of cholesterol or copro- 

sterol, and certainly not in depth. 
A series of readings were however taken, as nearly as we could manage, 

using optimum conditions with the following results: 
-coprosterol weighed 0-017 g. found 0-0068 g. 

as 088-5 ee ODER, 
< | 0088 3 eer EL: 

Evidently y-coprosterol cannot be estimated colorimetrically against either 

ge a ee eee ee, 
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cholesterol or coprosterol, and if present in a mixture with either of these 

substances would vitiate any colour estimations of the latter. 

B-Cholestanol. According to Willstatter and Mayer [1908], when a chloro- 

form solution of B-cholestanol was treated with acetic anhydride and two 

drops of sulphuric acid, it remained colourless, but after adding double the 

mass of reagents the solution, without progressive colour changes, became 

pale green and showed fluorescence. 

A specimen of £-cholestanol prepared by Ellis and Gardner [1918] by re- 

ducing until further change in optical rotation no longer took place, gave 

very faint colour changes with plenty of acid—first blue and then green—but 

the depth of colour was so feeble as to lead to the conclusion that probably a 

specimen absolutely free from cholesterol would give no colour. 
Esters. The reactions of cholesteryl acetate, benzoate and stearate were 

examined, and also those of coprostery! chloroacetate. 
The colour reactions in the first three substances were given as easily as 

with cholesterol itself. The colour developed with either 0-2 ce. acid or 1-2 ce., 
both in range and final shade, was identical with the cholesterol standard. 

With coprosteryl chloroacetate, on the other hand, the colour changes were 
very slow. The first shade to appear was yellow, changing slowly to a dirty 
grey-green, and at least 10 minutes elapsed before the normal green shade 
was apparent. The depth of colour never approximated to that given by a 
coprosterol or cholesterol solution of equivalent strength. In the case of the 

cholesteryl esters the quantitative results were invariably rather on the high 
side. For example, cholesteryl benzoate and acetate tested against cholesterol 

gave: 
Weight benzoate taken 0-001417 g. found 0-001483 g. 

» acetate ,» 0001656 ,, ,, 000184 ,, 

In the case of stearate the figures were generally slightly higher than 

truth. 

Amorphous sterols from faeces [Gardner 1921). 

These substances in chloroform solution with acetic anhydride and sul- 
phuric acid give a brown colour, rather like ferric acetate in shade. This gradu- 
ally changes through a dusky green to a brighter green. The rate of change 

depends on the quantity of sulphuric acid used and the temperature. The 
final green colour is however quite different in quality from that of cholesterol 
or coprosterol, being a yellowish green rather than a bluish green. Conse- 
quently it is very difficult to compare the depth of colour in a colorimeter with 
a standard coprosterol colour, and the results are of little value. Nevertheless 
we made comparisons as well as we could against both coprosterol and y-copro- 
sterol, using a maximum quantity of sulphuric acid, and room temperature. 

The time factor was more or less eliminated by taking readings first at the 
end of 30 minutes and again at the end of 60 minutes, but this proved unneces- 

sary as the readings were identical. 
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Assuming for purposes of calculation that the amorphous sterols had the 
formula of coprosterol the following results were obtained, using different 
specimens against a coprosterol standard: 

Composition of sample Amount weighed in g. Calculated amounts 

(1) 83-75C 1201H 0-0156 0-0087 
(2) 84:16,, 122 ,, 0-008 0-004 
(3) 83-45,, 12-09 ,, 0-0075 0-0032 
(4) 83-70,, 12-36,, 0-04 ~ 0-025 
(5) 84-04,,  12-23,, 0-0235 0-012 

It will be seen that the calculated quantities are about half the actual. 
Using a -coprosterol standard the following figures were obtained: 

Amount weighed Calculated 
g. g. 

(1) 0-056 0-132 
(2) 0-0215 0-032 
(3) 0-044 0-071 

From these figures the depth of colour produced under optimum conditions 
by these substances would appear to be about half-way between that of copro- 

sterol and that of #-coprosterol, but more nearly allied to the latter in quality. 
Obviously the presence of such substances in any extract would render the 
accurate colorimetric estimation of cholesterol and coprosterol in such extract 
quite impossible. 

Examination of the ether extract of faeces. 

In the application of these methods to the analysis of the unsaponifiable 
matter of faeces, which contains coprosterol, B-cholestanol, cholesterol, pos- 

sibly phytosterols from vegetable food, amorphous sterols and alcohols, such 
as cetyl alcohol, etc., the digitonin method permits of the quantitative separa- 

tion of the total coprosterol, B-cholestanol, cholesterol and phytosterol from 
the amorphous sterols and non-sterol alcohols. The precipitated sterols may 

be extracted from the digitonides by heating in the vapour of boiling xylene 
as recommended by Windaus. There is no simple method, however, by which 
small quantities of these recovered sterols can be analysed. If sufficient quantity 
of the material were available the cholesterol (and perhaps any phytosterol) 

could be approximately separated from the coprosterol and B-cholestanol by 
precipitating the cholesterol dibromide from an ethereal solution of the sterols 
by means of a suitable solution of bromine in glacial acetic acid at a low 

temperature. The cholesterol may be recovered from the dibromide by redue- 
tion with zine dust and glacial acetic acid. The coprosterol may also be 
separated, after the bulk has been isolated by fractional crystallisation, from 
B-cholestanol by conversion into -coprosterol and precipitation of the 
f-cholestanol by digitonin, according to the plan adopted by Windaus [1916] 

in his work on the separation of the three dihydrocholesterols obtained by the 
reduction of cholesterol by hydrogen in the presence of nickel. A rough 
approximation of the amount of £-cholestanol in the mixture could also be 
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obtained by the colorimetric method, as B-cholestanol either gives no colours 

or very faint ones. 
Colour methods as applied directly to the unsaponifiable matter of faeces 

are quite useless, as it is impossible to make any accurate comparison of the 

colour obtained with the unsaponifiable matter with that of a coprosterol 
standard either by naked eye comparison in reagent glasses or by a colori- 
meter owing to the quite different quality of the green shades obtained. Even 
if this could be got over it would be difficult to assign any meaning to the 
results, since, though cholesterol and coprosterol give comparable colour re- 

actions, B-cholestanol gives only feeble colours, if any, and the amorphous 
sterols give not only a yellower green but a colour of a lower order of intensity. 
This will be readily seen from the following estimations by the two methods 

of the unsaponifiable matter of the faeces of a number of individuals fed on 

practically the same diet. 
Sterols by digitonin, Sterols by colour. 
reckoned as copro- method, reckoned as 

sterol per g. of coprosterol per g. of 
unsaponifiable matter unsaponifiable matter 

(1) 0-511 0-513 

(2) 0-575 0-431 

(3) 0-606 0-382 
(4) 0-632 0-418 
(5) 0-696 0-434 
(6) 0-629 0-446* 
(7) 0-472 0-563 
(8) 0-671 0-709* 
(9) 0-594 0-678* 

(10) 0-517 0-852* 

* These samples were especially difficult to compare owing to the marked yellow shade. 

The ether extracts of tissues, ete. 

With the ether extracts of tissues, animal fluids, such as milk, serum, etc., 

according to our own long experience and that of numerous other workers, 
the digitonin method gives accurate results, and has the important advantage 
that both cholesterol and its esters can be estimated, though where the esters 
are relatively small in quantity experimental errors are correspondingly larger. 
It must not be forgotten however that though the quantity of cholesterol in 
fats may be accurately estimated, the accuracy of the results when expressed 
as a percentage of the original tissue naturally depends on the assumption of 

the efficient extraction of the fatty matter from the tissue, but this is a ques- 
tion outside the present inquiry. 

The colorimetric methods give satisfactory results on the whole with 
serum or blood, but with other tissue extracts the estimations are less trust- 
worthy, owing to greater or less differences in- quality between the shades 
obtained with such tissues and the cholesterol standard used, which render 

the comparison of the colour intensities less precise. When the cholesterol is 
completely precipitated from the unsaponifiable matter of the fat of a tissue, 
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such as muscle or liver, or of milk, by digitonin, the unprecipitated portion of 
the unsaponifiable matter in chloroform solution always gives with acetic 
anhydride and sulphuric acid a marked brownish-red coloration, which often 
changes in a few minutes through a dusky green to a yellowish green, and 
even a bright grass green. Also, when ordinary alcohol is boiled with alkalis, 

diluted and extracted with ether, some substance is extracted by the ether 
which in chloroform solution gives with acetic anhydride and sulphuric acid a 
brown colour, which often becomes more or less green [vide Gardner and Fox, 

1921]. Whether the green colour observed with the cholesterol-free unsaponi- 
fiable matter is due to the inherent properties of this substance, or to traces of 
cholesterol digitonide remaining in solution, or to the outside cause referred 
to has not yet been decided. Nevertheless the production of this green intro- 
duces an error into the colorimetric results, and in any case the brown colour 

always obtained modifies the quality of the shade of colour due to the chole- 
sterol. The digitonin method necessitates the use of a certain minimum quantity 
of material to give an amount of digitonide sufficient for reliable weighing; in 

the case of blood, for instance, this means at least 30 to 50 ce. The colorimetric 

method on the other hand is of the nature of a micromethod, and in the case 

of blood can be carried out on 2 cc. or even less. This, of course, is a very great 

advantage in the study of the living animal and the human subject. Very | 

fair agreement between the digitonin and colour methods has been recorded 
by Klinkert in the case of serum [1912, 1913]. In the case of blood, milk, ete., 

accurate comparative results can, we believe, be obtained in a series of experi- 

ments provided rigidly comparable conditions are adopted. The results should 
also at some stage be checked by the digitonin method. Unless these pre- 

cautions are observed serious errors may arise. 

REFERENCES. 

Abderhalden and Le Count (1906). Zeitsch. exp. Path. u. Ther. 2, 199. 
Arrhenius (1907). Immunochemistry, 8°. New York. 

Autenrieth and Funk (1913). Miinch. med. Woch. 60, 1243. 

Bloor (1916). J. Biol. Chem. 24, 227. 

Czonka (1916). J. Biol. Chem. 24, 431. 
Dorée and Gardner (1908), Proc. Roy. Soc. B, 80, 213. 

Ellis and Gardner (1918). Biochem. J. 12, 72. 

Fraser and Gardner (1909). Proc. Roy. Soc. B, 81, 230. 

———- (1910). Proc, Roy. Soc. B, 82, 559. 

Gardner (1921). Biochem, J. 15, 244. 

Gardner and Fox (1921). Biochem, J. 15, 376. 
Grigaut (1910), Soc, Biol. 791, 827. 
——= (1911), Soc, Biol. Nov. 11, 513. 
~~~ (1913). Le eyele de la cholesterinémie, Steinheil. Paris. 

Hausmann (1905), Beitrdge 6, 567. 

Klinkert (1912), Med. T'ijdech. von Geneesk, Amst, 720. 
——e (1913). Berl. klin. Woch. 1, 820. 

Lifechiitz (1908), Zeitech. physiol. Chem. 56, 441. 
——— (1913), Biochem. Zeitsch, 48, 373; 5 , 212; 62, 219. 

q 
r 

4 § 

q 

‘ 

ieee f. 

payee 



ESTIMATION OF STEROLS 

Luden (1917). J. Biol. Chem, 24, 463. 
Mauriac and Defaye (1912). Soc. Biol. No. 26. 
Myers and Wardell (1915). J. Biol. Chem. 36, 147. 
Ransom (1901). Deut. med. Woch. 27, 194. 

Thaysen (1914). Biochem. Zeitsch. 62, 89. 

Unna and Goloditz (1909). Biochem. Zeitsch. 20, 469. 
Weston and Kent (1917). J. Biol. Chem. 28, 383. 

Wieland and Weil (1912). Zeitsch. physiol. Chem. 80, 287. 
Willstatter and Mayer (1908). Ber. 41, 2199. 
Windaus (1909). Ber. 42, 238. 

- (1910). Zeitsch. physiol. Chem. 65, 110. 
—— (1916). Ber. 49, 1724. 
Windaus and Resau (1915). Ber. 48, 851 
Windus and Uibrig (1913). Ber. 46, 2487. 

375 



XLI. NOTE ON A SOURCE OF ERROR IN THE 

COLORIMETRIC METHODS FOR THE ESTI- 

MATION OF CHOLESTEROL IN TISSUE FATS. 

By JOHN ADDYMAN GARDNER 

AND FRANCIS WILLIAM FOX (Beit Memorial Fellow). 

From the Physiological Laboratory, University of London. 

(Received April 18th, 1921.) 

In the course of an investigation of the effect of heating the amorphous 
sterols of human faeces in sealed tubes with alcoholic potash, it was noticed 
that alcoholic potash which had been heated alone in a blank experiment, 
when diluted with water and extracted with ether, yielded to the ether a 

small quantity of resinous matter, which on treatment in chloroform solution 

with acetic anhydride and a few drops of sulphuric acid gave a marked brown 
colour which on standing developed a yellowish-green tint. A standard 
alcoholic potash solution, that had stood in the laboratory for several years 

and was brown in colour, after extraction and treatment in a similar manner 
gave a brownish-red colour which changed in a few minutes to a marked — 
green. Another solution which was many years old and almost black in colour 

gave a brownish-red colour which on standing developed a slight green tinge. 
The same solution, however, boiled under a reflex for two hours before ex- 

traction, gave a deep brown colour, but no green tint developed. On heating 
5 grams of potash with 25 cc. of methylated spirit in a closed tube at 110° for 

several hours a dark brown solution was obtained. This after dilution and 
extraction with ether yielded a brown resin, which in chloroform solution gave 
with the above reagents a deep reddish-brown colour, and on standing devel- — 

oped a strong green fluorescence. It was red by transmitted light. A specimen 
of aldehyde resin made by the action of aqueous soda on acetaldehyde gave a 

cherry-red colour, but no green. Since in estimations of the sterols of tissues ~ 
by colorimetric methods the fats are hydrolysed by boiling with aleoholie 
potash or soda or sodium ethoxide, and in some methods of extracting fatty 
matter the whole tissue is destroyed by alcoholic soda, it seemed important 
to submit the above observation to further investigation. 

The alcohol used was the duty-free non-methylated alcohol of commerce 
of good quality as usually supplied to laboratories. In one series of experi- 
ments measured volumes of aleohol were heated with weighed quantities of 
powdered caustic soda or potash in sealed tubes at 110° for 2 to 4 hours. In 
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another series the alkali and alcohol were heated for several hours on a water- 

bath in a long-necked matrass, and in a third series weighed quantities of 

sodium were dissolved in measured volumes of alcohol and the solutions 

allowed to stand some time at the laboratory temperature, or in some cases 
were warmed on the water-bath. The experiments were done in glass vessels 
and no corks or other substances which might yield soluble matter to the 
alcohol were used. In most cases very pale yellow solutions were obtained. 
These were diluted with water and extracted with ether. The ethereal solutions 
were then thoroughly washed by shaking with water and the ether evaporated. 
The pale yellow residues, which rarely exceeded a few milligrams per cent. of 
alcohol, were then dissolved in 5 cc. chloroform and treated with 2 cc. of 

acetic anhydride and 6 drops (0-4—0-5 ec.) of sulphuric acid. In every case a 
marked reddish-brown colour was produced, the depth depending on the 
amount of alcohol used. When a less quantity of acetic anhydride was used 
a brown precipitate sometimes separated, this however readily dissolved on 
adding a little more acetic anhydride. The brown solutions on standing some- 

times remained unchanged, but in most cases after a few minutes’ standing 
developed a distinct greenish tinge. In a few cases the brown colour became 
definitely a dull grass green. The green tinge faded on standing overnight, 
but the brown colour was more permanent. The minute residues left on 
evaporating quantities of alcohol of the order of those used in these experi- 

ments gave no appreciable reaction. 
It seemed likely that these effects were due to traces of aldehydes and other 

similar impurities in the alcohol, and in order to ascertain whether these could 
be conveniently got rid of by boiling with alkali, | litre of aleohol was boiled 
in a matrass with 200 grams of caustic soda for 4 hours. The alcohol was then 

distilled off. 
50 cc. of this distillate were heated in a sealed tube with 2 grams of caustic 

soda for 4 hours at 110°. The solution became pale yellow. After extraction 
with ether a trace of residue was obtained. This was dissolved in 5 cc. chloro- 

form and treated with 2 cc. acetic anhydride and 6 drops of sulphuric acid. 
The liquid became pale brown and on standing for a few minutes changed to 
a greenish brown. The colour was quite different from the blue-green colour 

given by cholesterol, but as far as we could judge the body of colour was about 
the same as that given by a standard cholesterol solution containing 0-0009 

* gram sterol. 
In another experiment 50 cc. of the distillate were boiled with 2 grams of 

caustic soda on the water-bath for 4—5 hours. The solution was bright yellow. 

On extraction 1-4 mg. of residue was obtained which was tested as above. 
A dusky brown solution was obtained, but it did not turn green. A specimen 
of aleohol which had been dried by boiling for many hours with a large quan- 
tity of quicklime, and then distilled, but which had stood in the bottle for 
some weeks, was also tested. 50 cc. were heated in a sealed tube with 2 grams 

caustic soda at 110° for 4 hours. A yellowish solution was left. This on 
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extraction yielded a slight residue, which on testing gave a well-marked brown 
colour which gradually changed to a definite dull grass green. On comparing 

as well as we could with a standard cholesterol we concluded that the colour 
was about equivalent to 1-3 mg. of cholesterol. 

A control experiment by evaporating 50. cc. to dryness gave no reaction 
and similarly in the case of the ether used. Whether these colour reactions 
are entirely due to impurities, or whether they are given by chemically pure 
alcohol has not been investigated. 

It is obvious, however, that the production of any green colour due to 
alcohol used even though of a different shade would introduce an error into 
the colorimetric estimation of cholesterol. But even when no green tint is 

produced the brown colour so modifies the quality of the colour due to the 
cholesterol as to make it very difficult to compare with that of the standard 
cholesterol solution with any degree of precision. This effect can be readily 

demonstrated by treating a chloroform solution of pure cholesterol of suitable 
strength with acetic anhydride and sulphuric acid and when the green stage 

has been reached dividing into two equal parts. If one is then diluted with an 
equal volume of one of the above mentioned brown solutions with an approxi- 
mately equivalent body of colour, and the other with a mixture of chloroform 

and acetic anhydride of similar concentration the difference can be readily 
seen. The one is a yellowish or grass green and the other a blue green. 



XLII. THE SPECIFIC ELECTRICAL RESISTANCE 

OF FROG’S MUSCLE. 

By WILLIAM HARTREE! anp ARCHIBALD VIVIAN HILL. 

From the Physiological Laboratories, Cambridge and Manchester. 

(Received April 30th, 1921.) 

In a large number of experiments carried out at various temperatures during 
the past two years we have found incidentally the electrical resistance of a 
frog’s sartorius muscle after death to a single phase alternating current of 

about 90 periods per sec., and of a strength of the order of | milliampere. 
The results are so numerous and, when expressed in terms of the specific 

resistance of muscle, relatively so consistent, that we thought it advisable to 
collect them together and to put them on record. The observations were made 

during the “calibration” of a muscle, killed by chloroform vapour and resting 
in air or oxygen on a thermopile, by the method described in our recent paper 
[1920]. It should be noted that the resistances are to a relatively high current 
and that, in the case of a muscle, Ohm’s law is not exactly obeyed: indeed we 

have found that a 50 °% increase in the current leads to about a 10 °% decrease 
in the resistance: consequently the resistance to a different current will be 

different. The cause of this failure of Ohm’s law is presumably some hindrance 
to free diffusion, either at the electrodes (platinum wires in very good contact 

with the muscle) or more probably at membranes in the muscle substance. | 
The quantity observed was the resistance of a pair of sartorius muscles in 
parallel between two electrodes at distance | (about 24 cm.) apart. It is clear 
that the resistance of a given mass m of a muscle of uniform cross-section A 
is directly proportional to its length / and inversely proportional to A. But 

m = slA where s is the specific gravity of muscle, so that putting A = m/sl 
the resistance is directly proportional to / and also to sl/m, i.e. altogether to 
sl?/m. Thus we may put 

R = ksl?/m 

where k is the specific resistance of muscle. Thus to find k we use the formula 

| k = Rm/sl*. 

The value of s was found directly by weighing a frog’s muscle suspended in 

1 Working on behalf of the Medical Research Council. 

Bioch. xv 25 
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0-7 % NaCl solution, and had the value 1-057, say 1-06, at 10°, and with this 
value of s the value of & is calculated from the results of each experiment for 

the following table. 

Table I. Values of the specific resistance k = Rm/sl?: a is the value of the 
current used, in millianvps.: s is put equal to 1-06. 

0° 5° 10° 15° 20° 
ee ee UA BS ERS Se Yee ee Ae pUSEENAC ES Wy Babe tes ree TS Be eee 

Mth k a Mth k a Mth k a Mth koa Mth k 

May 278 08 May 212 1-1 May 220 1:1 May 168 1-1 May 141 
July 275 1-0 May 242 0-9 July 217 1-2 May 194 1-4 May 138 
Oct. 293 10 May 214 08 July 184 1-1 May 179 1:3 May 164 
Oct. 265 1-2 July 212 1-0 Aug. 217 0-9 June 190 0:8 July 143 
Dec. 307 Ll July 206 0-8 Nov. 192 1-4 July 158 1-4 July 148 

Jan. 261 0-9 Oct. 209 1:1 Nov. 221 1:3 July 163 1-4 
Jan. 299 0-9 Dec. 230 1-1 Nov. 217 1:7 July 166 1-1 Mean 147 

Feb. 320 1-1 Nov. 258 1-2 July 160 1-2 
Feb. 292 1-1 Mean 210 1:25 July 179 #13 
Feb. 300 0-9 Mean 233 1-0 Nov. 183 2-0 
Feb. 317 08 Nov. 189 18 
Feb. 269 1-0 Nov. 162 1:8 

Dec. 179 1:5 
Mean 290 1-0 

Mean 175 1:4 

In the experiments recorded here it happened in general that the currents 
used at the higher temperature were greater than those used at the lower— 

owing to the greater resistance in the latter case. In the neighbourhood of 

1 milliampere a 50 % increase in the current makes about 10 % decrease in 
the resistance, so that it is advisable to apply a small correction to reduce the 
resistances to a uniform basis of 1 milliampere. Corrected in this way the 
mean values given above become: 0°, 290; 5°, 223; 10°, 220; 15°, 189; 20°, 

159. It is usual to employ conductivities, rather than resistances, in dealing 

with solutions, and the corresponding specific conductivities are: 0°, 
344 x 10-5; 5°, 448 x 10-5; 10°, 454 x 10-5; 15°, 529 x 10-5; 20°, 628 x 10-. 
These quantities are plotted as circles in the figure, and the relation between 
conductivity and temperature is given by the solid curve (calculated as 
described below). 

In order to compare the muscle with a solution of NaCl the broken curve 
in the figure is plotted to show the relation between the conductivity (at 18°) 
and the strength of the solution. The data were obtained from Landolt and 

Bérnstein’s tables. At 18° the specific conductivity of the muscle is 580 x 10-5, 
which corresponds to that of a NaCl solution of strength 0-36 %. The muscle 
is in osmotic equilibrium with 0-7 % NaCl, and it is striking that the specific — 
conductivity of the muscle is only half that of the NaCl solution with which 
it is in osmotic equilibrium, This lowering of the conductivity would seem to 
be due to the hindrance afforded to the passage of a current by the membranes 
and surfaces of the tissue, 

The effect of temperature on the conductivity of a muscle is similar to its 
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effect on the conductivity of a NaCl solution. In Landolt and Bérnstein’s 
tables the conductivity of a 0-29 °% NaCl solution is expressed by the formula: 

K, = K,,[1 + c(t — 18) +e’ (¢— 18)?] 

where K; is the specific conductivity at ¢° C., and c and c’ are constants having 
the values, ¢ = 224 x 10-4, c’ = 79 x 10-®; the constants c and c’ change only 

slightly with concentration, so the above formula may be taken as applying 

Specific Conductivity x 1000 

ie re ORK y OTK 
oC 5°C 10°C 15°C 20°C 

Fig. 1. (Solid Curve.) Temperature of Muscle. 
(Broken Curve.) Strength of NaCl solution at 18°C. 

equally to a 0-36 % solution. Putting K,, = 580 x 10-5, the value of K, can 
be calculated from the above formula. In the following table the calculated 
values K of the specific conductivity of 0-36 % NaCl solution are compared 
with the observed values K’ of the conductivity of the frog’s muscle. 

Temperature ° C. 0 5 10 15 20 

K = 10° 360 419 478 542 606 
K’ x 108 344 448 454 529 628 

25—2 
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In the figure the solid curve is drawn from the calculated values K in this 
table. It is seen that the agreement is good, that the effect of temperature is 
the same on the muscle and on the salt solution, and that at all temperatures 

the specific conductivity of the muscle is the same as that of a 0-36 % NaCl 
solution. If the electrical resistance of the muscle were made up of two distinct 
parts, (1) the resistance of a 0-7 % NaCl solution and (2) the separate resistance 
of colloidal structures or membranes, it might be expected that the con- 

ductivity of the muscle would be influenced by temperature in a manner 

different from that of a salt solution. The fact that this is not so suggests that 
the conductivity of a muscle is lower than that of the corresponding salt 

solution simply because the membranes and structures of the muscle hinder 
the diffusion of the ions of NaCl under a potential gradient. 

The experiments described here were made largely at the expense of a 
grant from the Royal Society. 
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XLII. ON THE STABILITY OF TRYPTOPHAN 

IN BARYTA HYDROLYSIS. 

By HERBERT ONSLOW. 
From the Biochemical Laboratory, Cambridge. 

Report to the Medical Research Committee. 

(Received April 22nd, 1921.) 

THE observations detailed in the following papers arose out of an attempt to 

estimate tryptophan, using baryta hydrolysis to set it free from the protein 
molecule. The method had to be abandoned, but certain observations were 

made on the stability of tryptophan, which seem worthy of record. The use 

of baryta hydrolysis for the estimation of tryptophan was first suggested by 
S. W. Cole, and I am greatly indebted to him for much valuable advice and 
assistance throughout the work, and in preparing the manuscripts. 

It is well known that tryptophan is rapidly destroyed during the acid 

hydrolysis of proteins, so that if it is to be estimated in the free state, it must 
be liberated from the protein molecule, either by enzymic digestion or alkaline 
hydrolysis. Although digestion may prove satisfactory in the case of some 

proteins, von Fiirth and Lieben [1920] have abundantly shown how difficult 
it is to set tryptophan completely free, even by prolonged digestion, about 
60 % of it remaining in a peptide form. In any case, insoluble proteins like 
keratin could never be estimated in this way. 

There is not much evidence available as to the stability of tryptophan in 
alkalies. Herzfeld [1913], estimating the indole produced by the action of 
various alkalies on proteins and tryptophan at blood heat, found that all 

alkalies could decompose tryptophan, sodium hydroxide being the most 
effective. Boiling with baryta, however, only produced a trace of indole (less 

than 0-5 mg.) from 1 g. of caseinogen. Miss Homer [1915], in an attempt to 
estimate tryptophan by bromine titration, showed that there is no apparent 
loss of tryptophan when caseinogen is hydrolysed with baryta for 40, 60, 80 ~ 
and 120 hours respectively. Moreover, not more than 5 mg. of indole and no 
indole derivatives were produced during hydrolysis of 50 g. caseinogen. These 
conclusions are criticised by von Fiirth and Lieben [1920], who argue that the 

figures for the tryptophan were so very low that considerable initial loss may 
have taken place. Further, they believe that there is an appreciable loss of 
tryptophan after six hours’ heating with baryta on the water-bath. These 

statements depend on the accuracy of the formaldehyde colour reaction as a 
method of estimating tryptophan in unhydrolysed proteins. It may be men- 
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tioned, however, that the same authors are of the opinion that proteins may 
be heated in 30 % sodium hydroxide for 30 minutes without appreciable loss, 
whereas Herzfeld showed that with 6 % sodium hydroxide, 10 g. caseinogen, 
Witte’s peptone and haemoglobin respectively produced 0-15, 1-2 and 3-8 mg. 
of indole. In spite of the evidence to be adduced in this paper, which serves 
to show that tryptophan is not continuously destroyed during baryta hydro- 

lysis, it is quite possible that at some period there is an appreciable loss, 
as was suggested by von Fiirth. The question must wait final decision until 
some accurate and reliable method has been devised for estimating tryptophan. 

The chief point of interest in the following experiments is the comparative 
stability of tryptophan in baryta, when in the presence of the other products 
of hydrolysis, compared with the ease with which it is decomposed when alone. 

The effect of baryta hydrolysis on the nitrogen content of the mercury precipitate. 

An attempt was first made to detect whether there was any loss of trypto- 

phan during the baryta hydrolysis of a protein, by estimating the nitrogen of 
the mercuric sulphate precipitate. It was thought that, in addition to trypto- 

phan, the mercuric sulphate reagent of Hopkins and Cole [1901] only precipi- 
tated cystine, tyrosine, and histidine. Since cystine is destroyed by alkaline 
hydrolysis, it seemed that, provided tyrosine and histidine were eliminated, 

the nitrogen content of the mercury precipitate would be a measure of the 

tryptophan. In the first place it was found that the.precipitation of tyrosine 
can be almost prevented by raising the concentration of the sulphuric acid to 
7 % by volume, before adding the mercury reagent, the last traces of tyrosine 

being easily washed away with 5-7 % sulphuric acid. No tryptophan appears 

to be removed during this process, especially if the acid for washing contains 
2-3 % mercuric sulphate. Moreover, the increased concentration of the acid 

does not prevent the complete precipitation of tryptophan, even in very dilute 
solutions, provided the precipitate is allowed to stand from 3 to 4 days, as 
may be seen from Table I, in which the tryptophan recovered was calculated 

from the total nitrogen of the mercury precipitate. 

Table I. Influence of the percentage of tryptophan and of HySO, on the 
complete precipitation of the mercuric compound, 

Concentration Weight of Percentage 
Weight of tryptophan of tryptophan Concentration tryptophan of apparent loss 

taken in mg. in mg. % of H,SO,% recovered in mg. or gain in mg. 

40 20 6-0 39-9 — 0-25 
40 20 7-0 39-9 — 0:25 
50 20 70 49-1 - 1:80 
40 ( + histidine HCl 0-064 g.) 20 7-0 37:7 - 575 
40 20 8-0 30-6 ~ 23-50 
0 4 70 50-1 + 025 
0 2 70 45-1 =~ 8:80 
50 ( + amino-acids 2°5 g.) 2 70 50-5 + 1:00 

That the precipitation of tryptophan is facilitated by the presence of other 

amino-acids is seen by the last experiment, in which 2-5 g. of leucine, and 
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glutamic and aspartic acids were added to the tryptophan. When alone in 

7% acid, tryptophan is quantitatively precipitated in a concentration of 

0-004 %. 
Histidine appears to be fairly stable when boiled with baryta, as is shown 

by the following experiment: 

0-5 g. histidine HCl was boiled in_10 % Ba(OH), on a sand-bath for 120 hours. The baryta 
was removed and the solution precipitated with HgCl, and Na,CO,. The total nitrogen of the 
precipitate was equivalent to 0-345 g. histidine HCl, a loss of 31 %. 

Some histidine is precipitated by the mercury reagent, especially in low 
concentrations of sulphuric acid, and in the presence of the other products of 
hydrolysis. Even in 7 % sulphuric acid, under the latter conditions, some 

histidine is precipitated, but this can be avoided by diluting the fluid until it 
contains only 0-02 % of the base (see Table IV). After having precipitated 
twice with these concentrations the final product fails to give a sulphur 

reaction, showing the absence of cystine. 
After hydrolysis and the removal of the baryta! the caseinogen solutions 

were twice precipitated with mercuric sulphate, observing the concentrations 

specified, ¢.e. 7% H,SO, by volume, and a concentration of histidine not 
greater than 0-02 %. The total nitrogen of the mercury precipitate from a 

number of hydrolyses was then estimated, and the results are shown in Table II. 

Table II. Influence of baryta hydrolysis of caseinogen on the nitrogen 

content of the precipitate obtained with HgSO, in 7 % H.SO,. 
Apparent 

No. of Weight of Period of Total nitrogen yield of 
experi- substance hydrolysis of = 9 ppt. i ag 
ment taken in g. in hours in g. 

1 Tryptophan 0:3 60 0- es 0-072 
2 Tryptophan 0-3 120 Traces — 
3 Hammarsten’s casein “ 20-0 40 0-081 0-590 
4 “Pure casein*” 20-0 40 0-089 0-649 
5 “Pure casein” 20-0 70 0-090 0-656 
6 “Pure casein” 20-0 80 0-096 0-700 
7 “Pure casein” 20-0 80 0-104 0-758 

8 “Pure casein” 20-0 100 0-100 0-729 
9 “Laitproto No. 6+” 20-0 40 0-036 0-262 

10 “Laitproto No. 6” 20-0 120 0-041 0-299 
ll “Pure casein” 20-0 60 0-101 0-736 

glucose 0-2 
12 “Pure casein” 20-0 60 0-088 0-641 

glucose 1-0 
13 “Pure casein” 20-0 80 0-051 0-372 

(+N NaOH 13 cc.) 

14 “Pure casein” 20-0 80 0-000 0-000 
(in 10 % NaOH) 

* “100 % pure casein” purchased from Casein Ltd., Culvert Works, Battersea. 
ft Commercial sample of caseinogen obtained from the above firm. 

* A 10% solution of caseinogen was hydrolysed in 10 % baryta, and some difficulty was 
encountered in washing the BaSO, quite free of tryptophan. It was found advantageous to use 
boiling water containing 10 % of alcohol and a little acetic acid for extracting the precipitate. 
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These estimations (Kjeldahl) were made in duplicate, and average figures 
are given throughout. Precautions were taken to add thiosulphate before 
distillation, and incineration, owing to the resistance of the indole ring 

[Dakin and Dudley 1914], was continued for an hour after the fluid was 
quite clear. 

From experiments 1 and 2 in Table II it is clear that pure tryptophan is 
almost completely destroyed when it is boiled in the presence of baryta, the 
solution turning pink and giving a strong smell of indole as well as a positive 

vanillin reaction [Nelson 1916]. From experiments 3 to 8, it appears 
that the nitrogen of the mercuric sulphate precipitate reaches a maximum 
after about 70 hours, and remains constant after 100 hours’ hydrolysis. 
Samples of commercial caseinogen were found to behave in a very different 

manner from the pure product, as is shown by experiments 9 and 10, the 
apparent yield of tryptophan being only 40 % of that of the “pure casein.” 
That this was not due to contamination by traces of lactose is shown by 

experiments 11 and -12, in which a carbohydrate was added to pure caseino- 
gen without there being any obvious change in the apparent yield of trypto- 
phan. The small yield from commercial caseinogen is due to the large amount 

of sodium added to these preparations, as may be clearly seen from experi- 
ments 13 and 14. For when enough soda is added to a solution of 20 g. 

of pure caseinogen to make it neutral to phenolphthalein (13 cc. N NaOH), 
the apparent yield of tryptophan is about the same as from the commercial 
samples. In some preparations, so much alkali is introduced that much of 
the protein is racemised, and will not digest [Dakin and Dudley 1914]. If 

pure caseinogen is hydrolysed with 10° sodium hydroxide, or barium 
hydroxide containing a sodium salt, no trace of mercury precipitate is obtain- 

able and considerable quantities of indole are produced. 
In order to test the effect of baryta hydrolysis on free tryptophan in the 

presence of the other products of hydrolysis, a number of experiments were 

carried out with gelatin (which contains no tryptophan) to which were added 
cystine and histidine to make the total amount of these substances about 
equal to that in caseinogen. The mercuric sulphate precipitate was prepared 

under the conditions described above, and the total nitrogen obtained is 

shown in Table III. 

Experiments | to 4 show that the nitrogen contained by the mercury 
precipitate from gelatin is very low, even in the presence of the additional 

amino-acids, and experiment 5 shows that the same is true of zein. In experi- 
ments 6, 7 and 8, after allowing for the 7 mg. of nitrogen from the gelatin, 

nearly the whole of the tryptophan added is apparently recovered, it being 
assumed that the presence of the tryptophan does not cause the mercury 
reagent to precipitate anything extra from the hydrolysed gelatin. From the 

results recorded in the following communication, however, it is very necessary 

to put this to the test, as it has been found that the mercury precipitate ob- 
tained by the ordinary method for isolating tryptophan contains polypeptides, 
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Table III. The nitrogen content of the mercury compound, obtained under the 

specified conditions, from gelatin and from gelatin + sli ae hydrolysed 

for 80 hours. 

No. of Weight of Period of Nitrogen of Equivalent 
experi- substance hydrolysis §HgSO, ppt. weight of 
ment hydrolysed in g. in hours in g. tryptophan 

1 Gelatin 40-00 80 0-008 — 

2 Gelatin 20-00 80 0-006 — 
Cystine 0-05 

3 Gelatin 20-00 
Cystine 0-20 80 0-008 — 
Histidine 0-50 

4 Gelatin 20-00 80 0-006 — 
Tyrosine 1-00 

5 Zein 15-00 80 0-005 _ 

6 Gelatin 20-00 
Cystine 0-20 80 0-041 0-301 
Histidine 0-50 
Tryptophan 0-30 

7 Gelatin 20-00 
Cystine 0-02 40 0-037 0-271 
Histidine 0-50 
Tryptophan 0-30 

8 Gelatin 20-00 
Cystine 0-02 60 0-044 0-322 
Histidine 0-50 
Tryptophan 0-30 

the presence of which might raise the nitrogen content of the mercury pre- 
cipitate, thus compensating for any tryptophan lost. Even allowing for this, 
it is fair to assume that the presence of other amino-acids in some way protects 

tryptophan from the destructive action of barium hydroxide. The effect of 
crystalline amino-acids on the stability of tryptophan was accordingly ex- 
amined as follows: 

The effect of baryta hydrolysis on pure tryptophan in the presence of 
other free amino-acids. 

Tryptophan, with a mixture of tyrosine, glycine, leucine and aspartic acids, 

was boiled with 10 % baryta for 40 hours, but no smell of indole could be 
detected. Even a comparatively small amount of a single amino-acid exerts 
a considerable protective influence. 

In flask A were placed 5 mg. of tryptophan and some baryta solution. In flask B were placed 
the same amount of tryptophan and 0-125 g. of aspartic acid with the same amount of baryta. 
After 15 minutes’ boiling, neither flask smelt of indole, but after half an hour indole could be 

detected in flask A, and after 45 minutes the contents had turned pink. Flask B was boiled for 
43 hours without the appearance of any indole. 

A further experiment was carried out to test the protective influence of 
the amino-acids more rigorously. It was devised so that any compensation 
for a loss of tryptophan by the precipitation of amino-acids might be detected, 

thereby serving to show the extent to which tryptophan is destroyed in baryta 
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hydrolysis. The monoamino-acids added were chosen so as to avoid those 
which are easily precipitated by mercuric sulphate, and the following were 

taken: 
g. 

Tryptophan (from caseinogen) ... 0-2 
‘Glycine (from gelatin) ... aes 1-5 
Leucine (from caseinogen) sah 1:3 
Alanine (from silk) Bes 4:0 

Aspartic acid (from seperiaine 2-0 
Glutamic acid (from gluten flour) 1-0 

10-0 

This mixture of amino-acids dissolved in 200 cc. of water contained 2 % of 
tryptophan. Half the solution was boiled for 40 hours with the addition of 
5 g. of barium hydroxide. The other half was made up to a volume of 500 ce. 
containing 5 % sulphuric acid, to serve as a control, and precipitated directly 
with 150 ce. of the mercury reagent. Some 30-40 cc. of fluid were distilled 
from the boiled portion, extracted with xylene and tested with vanillin and 

p-dimethylaminobenzaldehyde, both reactions for indole were faint but posi- 

tive. The distillate, however, gave no-precipitate with mercuric sulphate. After 
the removal of the baryta, the total volume was made up to 500 cc. con- 
taining 5 % sulphuric acid, and precipitated with 150 cc, of the mercury 

reagent. The precipitates were now washed, decomposed with hydrogen sul- 
phide, the mercury removed, and the volume concentrated to 200 cc. Estima- 
tions were then made of the total and of the amino-acid nitrogen, which were 

as follows: 

Mixture of amino-acids boiled for 40 hours with 10 % Ba(OH),. 

Nitrogen Equivalent weight of 
in g. tryptophan in g. 

Nitrogen of tryptophan added... 0-0137 0-100 

Total nitrogen... esas 0-0131 0-095 
Amino nitrogen... ove 0-0075 0-110 — 
Non-amino nitrogen (by difference): 0-0056 0-081 

Since in the boiled portion the tryptophan calculated from the amino nitrogen is 

more than the amount taken (0-1 g.),and that calculated from the total nitrogen 
rather less, it is clear that some other amino-acids have been precipitated 
with the tryptophan. The actual amount of tryptophan may be calculated 

from the non-amino nitrogen, since the contaminating amino-acids must be 
monoamino-acids, and amounts to 0-081 g. a loss of 19 mg. of tryptophan, 
which may easily be accounted for by the indole-like substance. The amount 
of monoamino-acids precipitated by the mercury is very small, being equiva- 

lent to not more than 2 mg. of nitrogen. In the control experiment 52-3 % of 

the total nitrogen was found to be amino nitrogen, and in a second control 
experiment carried out later, 50-2 % of the nitrogen was in the amino form, 



STABILITY OF TRYPTOPHAN 389 

showing that very little of the amino-acids was precipitated except trypto- 

phan. 

A somewhat similar experiment, but without a control, was carried out with tryptophan, to 

which were added the products of a 90-hour hydrolysis of gelatin in baryta. The fraction of the 

hydrolysed gelatin precipitated by HgSO, was carefully removed, and in addition the remaining 

histidine was precipitated with HgCl, and Ba(OH),. All the reagents were removed, the fluid 

evaporated to a gum, and 0-2 g. of tryptophan added to 10 g. of these products of hydrolysis. 

The solution was then boiled for 40 hours in 100 ce. of 10% Ba(OH),. The boiled mixture 

was treated exactly as before, except that the tryptophan was precipitated in a litre of 7% 

sulphuric, with 300 cc. of the mercury reagent. The figures obtained for the nitrogen were as 

follows: 
Nitrogen Equivalent weight of 

in g. tryptophan in g. 

Nitrogen of tryptophan added ... 0-027 0-200 

Total nitrogen ay ae oF 0-031 0-227 

Amino nitrogen... 0-014 0-207 

Non-amino nitrogen (by eesien) 0-017 0-245 

In this case the tryptophan calculated from the total nitrogen is rather 

more, and that calculated from the non-amino nitrogen considerably more than 
the amount added (0-20 g.). This is no doubt due to the large amount of 
proline and hydroxyproline present in gelatin (over 24 % [Dakin, 1920)), 
some of which appears in the mercury precipitate, thereby raising the amount 
of non-amino nitrogen, and consequently the apparent amount of tryptophan. 
In this case the amino nitrogen is probably a more accurate measure of the 

tryptophan than the non-amino nitrogen. Boiling produced a small amount of 
a volatile substance which gave the indole reactions and could moreover be 

precipitated by mercuric sulphate. 
It is an interesting fact that this action of the products of protein hydrolysis 

in preventing the destruction of tryptophan by barium hydroxide, is the 
reverse of what is experienced in acid hydrolysis. Miss Homer [1915] found 
that only 50 % of pure tryptophan is destroyed when it is boiled with 25 % 
sulphuric acid for 42 hours, whereas when tryptophan is split from the protein 

molecule, it is destroyed so rapidly that it is only with difficulty that a portion 
can be recovered. 

A 4-5 % solution of caseinogen was hydrolysed with H,SO,. One portion was made to contain 

5 % sulphuric acid, and another 7%. After the addition of HgSO, to both, it was found that 
though a small precipitate giving the glyoxylic reaction was formed in the 5 %, acid, none what- 

ever separated in the 7 % acid, even after standing several days. 

Thus the products of hydrolysis seem to protect tryptophan from the 
action of alkalies, but they assist the destructive action of acids. Further, 
tryptophan is rapidly destroyed by a univalent ion such as Na’, even when 

it is in the presence of the other products of hydrolysis. The fat that the 
bivalent Ba ion does not rapidly destroy tryptophan when in the presence of 
amino-acids, etc., is not easily explained? possibly Ba**can form stable double 
salts with terptophan and some other amino-acid, which are not easily decom- 
posed. 
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The effect on the solubility of amino-acid compounds produced by the 
presence of other amino-acids in solution. 

It has been mentioned that pure histidine monohydrochloride is not easily 

precipitated in acid solution, yet in the presence of the other products of 

hydrolysis it is precipitated with considerable ease. This is more clearly 
demonstrated by Table IV. 

Some gelatin was hydrolysed with baryta. The solution was made 5 % acid with H,SO,, 
HgSO, was added, and the small precipitate filtered off. The excess mercury was removed with 

hydrogen sulphide, the SH, boiled off, and-the H,SO, removed quantitatively with baryta. The 

solution was finally evaporated to dryness, and dissolved in 7 % H,SO, to make a 0-8 % solution, 
to which histidine was added in varying amounts. 

Table IV. Influence of the products of protein hydrolysis on the solubility 

of the histidine mercury compound. 

Percentage of 
Percentage of histidine in 7 % 

histidine in 7% Precipitate H,SO,+0°8 % Precipitate 
H,SO, after 2 days hydrolysed gelatin after 2 days 

0-200 — 0-200 + +. 

0-100 - 0-100 + 
0-050 - 0-050 4 
0-025 ee 0-025 eh 

This experiment forcibly illustrated a point familiar in the chemistry of 

the purines, and repeatedly observed during this work, namely that the 

ordinary laws of aqueous solubility for amino-acids and their salts, do not 
apply to amino-acids in solution with each other. The behaviour of the copper 
salt of tryptophan is a well-known example of this, for though quite insoluble 

in water, it is easily dissolved by even dilute solutions of other amino-acids. 

The failure to observe this fact frequently leads to error. Thus Miss Homer 
[1915] obtained a value for the tryptophan content of caseinogen lower than 
the amount actually crystallised by the discoverers. This was chiefly due to 

the use of phosphotungstic acid to remove polypeptides from the solution of 
tryptophan. Such precipitates always give the glyoxylic reaction. 

Van Slyke [1911] observes that three-fourths of the tryptophan nitrogen 

is precipitated by phosphotungstic acid with the “ base fraction.” As a matter 
of fact pure tryptophan is not as a rule precipitated by most samples of 
phosphotungstic acid, but in the presence of polypeptides, ete., a certain 

amount is precipitated. Von Fiirth and Lieben [1920] claim to separate free 
tryptophan from that bound as peptides with phosphotungstic acid, by 
keeping the concentration of tryptophan low and that of the acid high. No 
proof, however, is given to show that) phosphotungstic acid will differentiate 
between tryptophan and di- or tri-peptides: ‘For instance, the following experi- 
ment was tried in WHICH ONO25 tryptophan and 0-018 g. of freshly dissolved 

alanyl-glycyl-glycine were taken in,26 ce. of 5 °% HCl, but no matter how much 
phosphotungstic acid was added, the solution remained clear indefinitely. 
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CONCLUSIONS. 

1. When caseinogen is hydrolysed in acid solution, tryptophan is rapidly 

destroyed. When pure tryptophan is boiled in acid solution, it is much more 

stable. 
2. Tryptophan when alone is rapidly destroyed by all alkalies, but NaOH 

and Na,CO, are more effective than Ba(OH),. 
3. When caseinogen is hydrolysed by NaOH, tryptophan is rapidly 

destroyed, but when Ba(OH), is used, there is evidence to show that trypto- 

phan is much more stable. 
4. The destruction of tryptophan by the univalent, but not by the 

bivalent ion, seems to depend on the presence of the other products of hydro- 

lysis. The destruction of tryptophan may be largely prevented by the addition 
of crystalline amino-acids. 

5. The precipitation of free tyrosine by the mercury reagent may be pre- 

vented to a very great extent by raising the concentration of the H,SO, from 

5 to 7 % by volume. 
6. Histidine is fairly stable when boiled with baryta. In acid solutions it 

is not easily precipitated by HgSO, except in high concentrations, but in the 
presence of other amino-acids it is precipitated in 7 %% H,SO,, unless its con- 

centration is reduced to 0-02 %. 
7. The total nitrogen of the HgSO, precipitate, obtained under the specified 

conditions from hydrolysed caseinogen, reaches a maximum in 60-70 hours, 

and does not decrease after 100 hours. 
8. Gelatin and zein, after baryta hydrolysis, and the specified treatment, 

yield only traces of nitrogen in the HgSO, precipitate. After the addition of 
pure tryptophan to gelatin the total nitrogen of the HgSO, precipitate appears 

equivalent to the tryptophan added. 

REFERENCES. 

Dakin (1920). J. Biol. Chem. 44, 499. 
Dakin and Dudley (1914). J. Biol. Chem. 17, 275. 
von Fiirth and Lieben (1920). Biochem. Zeitsch. 109, 153. 
Herzfeld (1913). Biochem. Zeitsch. 56, 82. 
Homer (1915). J. Biol. Chem. 22, 369. 

Hopkins and Cole (1901). J. Physiol. 27, 418. 

Nelson (1916). J. Biol. Chem. 24, 528. 
Van Slyke (1911). J. Biol. Chem. 10, 40. 



ws 

XLIV. ON THE NATURE OF THE SUBSTANCES 
PRECIPITATED BY MERCURIC SULPHATE 

FROM HYDROLYSED CASEINOGEN, WITH 

REFERENCE TO THE ESTIMATION AND 

ISOLATION OF TRYPTOPHAN. 

By HERBERT ONSLOW. 

From the Biochemical Laboratory, Cambridge. 

Report to the Medical Research Committee. 

(Received April 22nd, 1921.) 

In the preceding communication [Onslow, 1921]a procedure was described, by 
which the mercuric sulphate precipitate from hydrolysed caseinogen could be 
prepared, containing no free cystine, tyrosine or histidine. It was hoped that 

this precipitate would consist entirely of the tryptophan compound, which 
might be used as the basis of a method for estimating tryptophan. The 

nitrogen content, however (calculated for ash- and water-free caseinogen), 
corresponded to 4 °%, of tryptophan’, which suggested that other amino-acids 

were precipitated, possibly in the form of polypeptides. 

Redigestion of the mercury precipitate owing to the difficulty of effecting 
complete hydrolysis of the peptides. 

To investigate the nature of the precipitate an attempt was first made to use 
Dakin’smethod[1918]forextracting tryptophan with butylalcohol, using casein- 
ogen which had been hydrolysed by baryta as previously described. Although 

Dakin obtained 1-7 ° of tryptophan, very little was found on this occasion. 

It was impossible by extraction to free the fluid from the glyoxylic reaction. 
Moreover, wien the butyl alcohol was evaporated under reduced pressure, a 
pigmentet substance remained as a gum, while little or no tryptophan crystal- 
lised®. Byirther experiments were made, in which caseinogen was hydrolysed 
by a Pancreatic extract instead of by baryta, and the resulting mercury pre- 

cipitate after decomposition was extracted®with butyl alcohol. Only a little 

; y Van Slyke and Bosworth [1913] as 
liat' eacli molecule of the protein con- 
colorimetrical methods for estimating 

aseinogen of about 1-7-2 %,. 

‘racemic sodium salt of 8-naphthalenesulpho- 
| alcohol, but even allowing for the usual yield 

unted’to 1 %, of the easeinogen taken. 

“4 

' The molecular weight*of case hii d 

8888. This would give 2-3°% of iryp 

tained one molecule « 7 

tryptophan, though v 

* An attempt was 

tryptophan from the produc 
of 84%, the tryptophan obtained only a 
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more tryptophan was obtained than before, and it was concluded that most 
of it must be present as polypeptides, which would dissolve in the butyl 
alcohol and leave a gum after evaporation. This appeared all the more prob- 
able, because Dakin obtained over 4 °% of peptide anhydrides, after 14 hours 
acid hydrolysis, and von Fiirth and Lieben [1920] have since shown that even 
after prolonged pancreatic and ereptic digestion, about two-thirds of the 

tryptophan remains in the peptide form. 
In order to obtain the maximum amount of hydrolysis, the decomposed 

mercury precipitate was subjected to a second tryptic digestion, in the absence 

of the other products of hydrolysis, and again extracted with butyl] alcohol. 
The tryptophan now separated in an amount hardly inferior to that obtained 
by Dakin. It was, however, necessary to extract the fluid for a long time before 

the glyoxylic reaction became negative, but the amount of nitrogen still re- 
maining in the extracted fluid indicated that a quantity of dicarboxylic, or 

diamino-acids had been thrown down in the mercury precipitate. 
Since all the tryptophan was not obtained in a free state by this treatment, 

some caseinogen was first digested with pepsin, then with trypsin at a reaction 

of P,, = 8-11, and finally, with erepsin at the same reaction. 
The mercury compound obtained was washed and decomposed as usual, 

and the solution again digested with trypsin and erepsin. In one or two 
experiments, in which digestion had been complete, the fluid obtained from 

the decomposed mercury compound would not give the reaction for poly- ( 
peptides described by Kober [1911]. This is carried out by making the copper 
salts of the mixture. The copper of all the amino-acids is precipitated by | 

boiling in weak alkaline solution, whereas the copper of the peptides remains 
unchanged, appearing as a blue filtrate. As a rule, however, it was impossible 
to obtain complete hydrolysis, and this agrees with the observations of 

Frankel [1917], who used Van Slyke’s method to estimate the amino nitrogen. 
He found that after digesting proteins 100 hours with pepsin, they gave 20 % 
of amino-acid nitrogen, with pepsin and trypsin 70 °%, with trypsin alone 50 %, 

and with pepsin, trypsin and erepsin 80-90 °/,. The difference between these 
results and those of von Fiirth depends apparently on the fact that the latter 

removed the polypeptides with phosphotungstic acid, so that-their amino 

nitrogen could not react during the formaldehyde titrations.  *” 55 

The amino-acids precipitated by the mercury reagent. ~ 

It was found necessary to ident ino ry to iden ify as many as possible of the amino-acids 
in the mercury precipitate, and for thi urpose the usual methods for separat- 
ing them were adopted. The e e cfin’ “be, followed most easily by 
reference to the scheme given: sive operations are 
shown in tabular form. The amin ected to Fischer’s 

caseinogen by trypsin 
. Cole [1920] maximum digestion 

1 According to various authors the optim 

is about Py =7-2, but according to a recent i inves 
occurs at Py =8-1. 

~ 
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ester method owing to the small quantities available, consequently it was 
impossible to isolate some of the units. 

Experiment I, A sufficient amount of the mercury compound was prepared 
by digesting 1 kilo. of caseinogen with trypsin and precipitating with mercuric 
sulphate. This precipitate, after being washed free from tyrosine, was decom- 
posed and again well digested with trypsin, in order to carry the hydrolysis 
of the peptides as far as possible. 

Table showing the procedure followed in separating the amino-acids. 

(1) 10 % solution of caseinogen digested with-trypsin, precipitated in 5% H,SO, with HgSO,, 
and filtered. 

(2) Precipitate* decomposed with SH,, redigested with trypsin, and again precipitated with 
HgSO, in 7 % H,SO,, and filtered. 

Precipitate A. Filtrate B. 

ca seomya ” (Contains amino-acids liberated by second digestion) 

Discarded Excess mercury removed with SH,. Fluid precipitated with phosphotungstic acid 
in 5 % H,SO,, and filtered 

Precipitate C. 
(Contains diamino-acids) 

Precipitate decomposed with hot baryta, 
excess barium removed and histidine pre- 
cipitated with HgCl, and Na,CO,; filtered 

Filtrate D. 
(Contains monoamino-acids) 

Excess phosphotungstic acid and H,SO, 
removed. Dicarboxylic acids precipitated 
by Ca(OH), and alcohol (Foreman [1914}); 
filtered 

 Precipitate B. Piltrate F. Precipitate @. Filtrate H. 
Precipitate of histi- | Excess Hg removed. | Precipitate of Ca Caine aaae a dine decomposed by | Phosphotungstic | salts dissolved in 
SH, and picrolonic acid added in,5 % H,O. Ca removed Aleohol evaporated 
acid added to iso-| H,SO,. Noprecipi-| with oxalic acid| and residue allowed 
late the HISTIDINE, | tate of LystNe or} andCu(OH), added | to crystallise. De- 
which was identi- | ARGININE to isolate ASPARTIC | posited LEUCINE and 
fied by melting- and GLuTaMIc acids | traces of TYROSINE. 
point and N-con- 
tent 

Other amino-acids 
remained which 
would not erystal- 
lise 

¥* This precipitate after decomposition gave a faint reaction for sulphur showing the presence 
of cystine, 

Froth precipitate G crystals of what appeared to be a mixture of the 
copper salts of aspartic and glutamic acids were obtained, but no attempt 
was made to isolate hydroxyglutamic acid, 

The other monoamino-acids co 
crystallise slowly, typical striat 
These were dissol 
resulting product 

lower than that of 

acids which would not erys 

in filtrate (H) were allowed to 

mpure leucine being deposited. 
sed from traces of tyrosine. The 

ut the amino nitrogen value was 
rate still contained other monoamino- 

, and as the material was very scarce, an 



AMINO-ACIDS PRECIPITATED BY HgS0O, 395 

unsuccessful attempt was made, at the suggestion of Mr Raistrick, to separate 

the remaining acids as the picrates of the methy] ester hydrochlorides. 
Experiment II. In order to make quite certain that arginine and lysine 

are not precipitated in the mercury compound, the diamino-acids were treated 
according to the method of Kossel and Kutscher. For this purpose 500 g. of 
caseinogen were digested and treated as in Experiment I, until the filtrate (B) 

had been obtained. The arginine and histidine were then precipitated as silver 
salts in a solution made alkaline with baryta and filtered off. The filtrate was 

tested for lysine with phosphotungstic acid which failed to give any precipitate. 
The arginine-histidine fraction was next decomposed, the histidine separated 
as a silver salt in neutral solution, and the filtrate tested for arginine by 
saturating it with baryta. No precipitate could be obtained, thus confirming 

the absence of arginine and lysine. 
Experiment III. In order to find out whether proline was present among 

the monoamino-acids, a further . of caseinogen were digested and pre- 

cipitated with the mercury reagent. Special pains were taken to ensure that 
this precipitate was washed free from all tyrosine. This was done by grinding 

the precipitate with 5 % sulphuric acid until the filtrate gave a negative 
Millon’s reaction. The washing was then continued until 200 ce. of the filtrate, 

after being freed from mercury and sulphuric acid, failed to give the reaction 
for tyrosine with diazobenzenesulphonic acid [Totani 1915]. It was observed 

that after the tyrosine had been completely removed, a strong histidine re- 

action could still be obtained. 
The washed mercury precipitate was now decomposed and boiled for 14 

hours in 25 % sulphuric acid, to hydrolyse the peptides. The resulting 
black fluid was diluted until it contained 6 % of acid. Enough baryta was 

added to reduce the concentration to 5 % and the barium sulphate, together 
with most of the humin, filtered off. The filtrate was precipitated with mer- 

curic sulphate, to separate the tryptophan, and the filtrate, after removing 
the reagents, was treated according to Dakin’s method [1918] for preparing 
proline, by thoroughly extracting with butyl alcohol. The alcohol was con- 

centrated to remove the monoamino-acids which separate, and the filtrate 

after taking to dryness under reduced pressure was dissolved in absolute 
alcohol and set aside to crystallise. The traces of peptide anhydrides deposited 

were filtered off, and the residue after taking to dryness was boiled in water 
with a little Merck’s charcoal. As no more peptide anhydrides separated, the 

fluid was made up to a known volume, and the total and amino nitrogen 
estimated in duplicate, with the following result: amino nitrogen by Van Slyke, 
3-1 mg.; total nitrogen by Kjeldahk,13-1 mg.; non-amino nitrogen by dif- 
ference, 10 mg.; equivalent weight o of sproline, 82 mg. It thus appears that 
there is a very small but definite ‘amount of prolinesprecipitated in the 

mercury compound which amounts to about 82 mg. fr 200 g. of caseinogen. 
It was impossible to overlook the fact that arginine or lysine might have 

been absent from filtrate (B) in experiments I and II, because they were 

Bioch. xv 26 
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precipitated with the tryptophan in precipitate (A). In order to decide this, 

advantage was taken of the fact that nearly all the polypeptides must have 
been hydrolysed by boiling with strong acid, thus insuring the most complete 
separation possible between the tryptophan and the other amino-acids. In ad- 
dition proline and the other monoamino-acids had been removed as described 
above, so that the aqueous layer after extraction with the butyl alcohol must 
contain all the dicarboxylic acids and the bases. This fraction was accordingly 

treated with mercuric chloride and sodium carbonate to precipitate the histi- 
dine. After removing the reagents, phosphotungstic acid was added to pre- 
cipitate any lysine or arginine. No-precipitate resulted, except after long 
standing, and this gave a strong histidine reaction, showing that this amino- 

acid had not been completely removed by treatment with mercuric chloride. 
As there was some doubt whether the trace of tyrosine observed in filtrate 

(H) of experiment I, was due to the precipitation of a tyrosine polypeptide, 
or to the incomplete washing of the y precipitate from free tyrosine, 
great pains were taken to wash the precipitate thoroughly, as already described. 

Advantage was now taken of this precaution, to test for tyrosine in the fraction 
of the monoamino-acids extracted by butyl alcohol'. Tyrosine was present 
only in the peptide anhydrides separated from the ethyl alcohol, showing . 

that a minute quantity of tyrosine peptide is precipitated with the mercury 

compound. This cannot be washed away with acid and appears to be hydro- 
lysed with great difficulty. : 

As the result of the foregoing experiments, it may’be concluded that the 
mercuric sulphate compound contains the following amino-acids in addition 

to tryptophan: cystine, tyrosine (traces), leucine and other monoamino-acids, 

glutamic and aspartic acids, histidine and a little proline, but neither lysine 
nor arginine. It is probable that most of these amino-acids are precipitated or 
adsorbed in the peptide form, possibly as tryptophan polypeptides. The 

amount of amino-acids precipitated by the mercury depends on the degree of 
hydrolysis. It was frequently noticed, especially when digestion was incom- 

plete, that the mercury compound was precipitated in two layers, the first 
yellow, the other white. The latter possibly consisted mainly of polypeptides. 

Is tyrosine split from the protein molecule early in digestion ? 

The fact that tyrosine was recognised in the peptide form after hydrolysis 
of a small fraction of the total protein in 25 % sulphuric, made it doubtful 
whether this amino-acid is split from the protein molecule as early as is some- 

times claimed. Plimmer and Eaves [1913] have based a method of estimating 

1 It is impossible to test the decomposed meréury precipitate directly for tyrosine because the 
tryptophan present interferes with Millon’s reagent, and the histidine masks the colour of the diazo 

reaction. The phenol reagent of Folin and Denis [1912] is said to give a blue colour with tyrosine 
alone of the protein decomposition products, Although this reagent was tried, it was found 
uscleas, since it gave a blue colour with the purest samples of tryptophan procurable. Abderhalden 
and Fuchs [1913] and Gortner and Holm [1920] have since shown that tryptophan and other 

amino-acids also give this blue colour, 

a 
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tyrosine on the assumption that in pancreatic digestion this amino-acid is 

yielded quantitatively within six hours. Totani [1916] isolated 0-174 g. of 
tyrosine by acid hydrolysis after the removal of all the tyrosine formed during 
digestion, that is to say, nearly 0-3 % of the caseinogen taken. The tenacity 
with which tyrosine remains bound in the peptide linkage was therefore tested 

in the following way: 

10 g. of caseinogen were digested for 6 hours, as directed by Plimmer les The poly- 

peptides, etc., were precipitated with phosphotungstic acid and after decomposition with baryta 
and the removal of the excess Ba, the filtrate was submitted to a thorough redigestion. After 
concentrating, 0-137 g. of a mixture of tyrosine and leucine was obtained, which on recrystallisa- 

tion yielded 0-02 g. of pure tyrosine, or 0-2 % of the caseinogen taken. The filtrate still gave a 

strong Millon’s reaction. 

The preparation of tryptophan by the use of butyl alcohol. 

It will be recollected that extra@tion of the decomposed mercury precipitate 

with butyl alcohol, as sere ln, only gave very small yields of 
tryptophan, not more than 0-2-0 %, which is the average yield of the 
Hopkins and Cole method. If, however, the decomposed mercury precipitate 
was subjected to a second digestion in the absence of the other products of 

hydrolysis, much larger yields of an almost pure product were secured. 
Owing to the great difficulty usually experienced in securing a good yield of 

tryptophan, a method by which 1-3-1-7 % may consistently be obtained by 
any laboratory assistant of ordinary skill, appears worthy of description. 

Digestion of the caseinogen. To prevent the rise of the hydrogen ion concen- 

tration due to the liberation of the amino-acids, it is advisable to digest the 

caseinogen in a buffer solution. This solution is best prepared as follows: to 
10 litres of tap water in a large vessel add 136 g. of crystalline sodium acetate, 
and gradually stir in 1 kilo. of caseinogen!. To this suspension add strong 

sodium hydroxide, until a drop of the mixture reacts alkaline to cresol red 
(o-cresol-sulphon-phthalein) and acid to phenolphthalein. The P, will then 
be somewhere close to 8-1. Next add 15-20 g. trypsin®, 20 g. sodium fluoride , 

and 50 ce. of toluene. Fill into Winchester quart bottles and place in an 
incubator at a temperature of not less than 38°. If crystals of tyrosine do not 

form on the sides of the bottles after three or four days, add more enzyme 
and return to the incubator. 

Separation of the mercuric sulphate compound. When digestion is complete 
filter the fluid with the aid of kieselguhr on several large Buchner funnels 

acidify the filtrate with 13 cc. of ice-cold 50 % sulphuric acid to every 
87 ce. of the fluid, and add 120-150 ce. of the mercuric sulphate reagent ta 

1 “TLaitproto No. 6,” sold by Casein Ltd., Culvert Works, Battersea, is a fairly good com 

mercial product, but it is important to remember that, owing to treatment with alkali, many 
commercial samples are racemised to such an extent that they will only partially digest. 

* An active ferment is sold by the British Drug Houses as “trypsin,”’ prepared by precipitatior 
with ammonium sulphate. A less active preparation precipitated with alcohol is sold as “pan 

creatin.”” Excellent results may also be obtained with an acid extract of the pancreas [Cole 1920], 
or even by adding the minced gland itself. 

26—2 
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every litre. Allow the precipitate to stand overnight, filter off, wash with 7 % 
H,SO, until the filtrate no longer gives a Millon’s reaction, and then with 
water. Suspend in a litre of water, add a hot saturated solution of baryta 

(about 20 g. in 50 cc. of water) until distinctly alkaline, and decompose with 

SH,. Filter off the mercury sulphide and remove the SH, under reduced 
pressure, bring the fluid to a reaction of about Py = 8-1 by the addition of 
baryta or s ric acid, and digest with trypsin rm the second time (5 to 7 
days). Ne se to litmus and concentrate under reduced pressure to 
150-200 ce. 

Extraction with butyl alcohol. It is preferable to carry out the extraction 
with butyl alcohol! in a stout flask rather than in a continuous extraction 
apparatus, so that the alcohol may be concentrated under reduced pressure. 

The flask should be fitted with two corks, one of which is supplied with a 

“pipette” similar to that used for . 4 the ether in Meig’s method of 
fat extraction [see Cole, 1920]. Shake k intermittently and keep it at 
a temperature of about 70° on the wat . Blow off the hot, supernatant 
layer of alcohol into a Claisen flask prepared for distillation under reduced pres- 

sure, and repeat the extraction with a second volume of butyl alcohol. In the 
meanwhile, the distillate from the Claisen flask has separated into two layers, 
since the alcohol is more soluble in hot than in cold water. For the third ex- 

traction the alcoholic layer only should be used, thus obtaining a gradual 

reduction in the volume of the fluid extracted. Most of the tryptophan will 

have separated after 10-15 extractions carried out in this way. Reduce the 
alcohol in the Claisen flask to 40-50 cc. and filter off the tryptophan which at 
first usually crystallises in slightly discoloured shining plates. A second and 

third crop may be obtained by concentrating still further, but when the trypto- 

- phan begins to separate in a gummy condition, it is advisable to drive off the 
rest of the alcohol, to dissolve the residue in water, and ‘to reserve it together 

with the extracted fluid for the next preparation, when it is added to the 
main portion just before precipitation with the mercury reagent. The amount 

of tryptophan obtained should be 10-15 g. which may be rendered pure by 

boiling in 60 °% ethyl alcohol with a little Merck’s charcoal, and recrystallising. 
Estimation of the amino nitrogen in Van Slyke’s micro Apparatus gave: 
amino N found, 6-93 %; calculated, 6-86 %. 

CoNCLUSIONS, 

‘ 1. The mercuric sulphate compound precipitated from hydrolysed casein- 

ogen was found to contain a number of amino-acids, probably combined 
with tryptophan as polypeptides. After removal of the free tyrosine, the fol- 
lowing amino-acids were identified: leucine, cystine, tyrosine (traces) and 
other monoamino-acids; glutamic and aspartic acids, histidine and a little 

. * Owing to the ease with which acetone and aldehydes destroy tryptophan, the commercial 

butyl! alcohol should be shaken with a saturated solution of sodium bisulphite, and fractionated, 

the procedure being repeated three times, 
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proline but neither lysine nor arginine. The degree of hydrolysis no doubt 
regulates the quantity of peptides precipitated, and possibly, to some extent, 
even the nature of the individual amino-acids. 

2. The presence of combined tyrosine after severe acid hydrolysis indicates 
that this amino-acid does not separate quantitatively as éarly i in digestion as 
is sometimes assumed. 

3. It js difficult to secure digestion of caseinogen semen to 
yield 1-7/% of free tryptophan, except by redigestion of the d posed mer- 
cury precipitate. After this procedure, however, extraction with butyl! alcohol 
results in a yield of tryptophan which compares favourably with that obtained 

by Dakin. A detailed account of the procedure for preparing tryptophan by 
this method is given. 
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XLV. A METHOD FOR THE COLORIMETRIC 

ESTIMATION OF CARNOSINE. 

@:. WINIFRED MARY CLIFFORD. 

From the Physiology Department, King’s College for Women, Kensington. 

(Received April 22nd, 1921.) 

Part of a Thesis approved for the Degree of Master of Science 
in the University of London. oa 

THE idea of estimating carnosine co lly is based on the fact that 

histidine when treated with diazobenzene dilic acid and sodium carbonate 

gives rise to an intense red colour and this led to an attempt by v. Fiirth and 
Hryntschak [1914] to evolve a colorimetric estimation of carnosine nitrate. 

They took the base prepared according to the method of Gulewitsch and 
precipitated it as a copper salt. A known amount was then suspended in 
water and decomposed with hydrogen sulphide. Using the colorimetric method 

of Weiss and Ssoblew [1914] they then compared the intensity of the red 

colour obtained on diazotising the carnosine solution with that given by a 
standard histidine solution when treated in the same way. The results were: 

0-195 g. carnosine copper salt gave 0-173 g. carnosine (theoretically 

0-145 g.). 
0-6378 g. carnosine copper salt gave 0-430 g. carnosine (theoretically 

0-473 g.). ¢. 
From this it may be seen that the method was decidedly inaccurate and 

could not be used with confidence if the amount of carnosine™were unknown. 
These observers then worked on extracts of horse flesh, precipitated the 

carnosine as the copper salt, decomposed it, and then, by colorimetric means, 

obtained an average of 0-27 % in the extract. Dietrich [1914], however, had 
by precipitation methods found the percentage to be 0-17. The discrepancy 
was possibly due to the numerous precipigations involved, eis probably 
being a source of loss of carnosine. al : 

In 1919 Koessler and Hanke [1919] described a colorimetric method for 
estimating iminazole derivatives based on the diazo-reaction. The chief modi- 

fication was the substitution of the standard histidine solution by a standard 
consisting of a mixture of methyl orange and Congo red (CR . MO), which gave 

a colour matchable with diazotised histidine. 
Since their method had been worked out for histidine, histamine and other 

iminazole derivatives, it was probable that it could be used for the direct 

estimation of carnosine in muscle extracts, 

ee ee 

Se ae 
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Experimental method used. 

The colorimetric estimation of carnosine to be described was, accordingly, 
based on Koessler and Hanke’s method for the estimation of pure solutions 
of iminazole compounds. Several modifications were found necessary before 

the method could be used to determine the amount of carnosine present in a 
muscle extract, which naturally is more complex in composition than a pure 
iminazole solution and contains substances which inhibit the diazo- reaction. 

The modifications introduced were as follows: ’ 

(1) Modification with regard to mixing reagents. 

The first alteration was in regard to the mixing of the reagents. 

Koessler and Hanke [1919] mixed their solutions directly in the colori- 
meter cup and laid stress on the necessity for this procedure. Using their 
suggested amounts, however, it was found impossible to set the test cylinder 

at the proposed depth of 20 mm. ee the colorimeter was larger than theirs. 

Double quantities of the reag were thoroughly mixed in a beaker and 
were then transferred to the colorimeter cup. No difference in the final colour 

was obtained whether the reagents were mixed in the cylinder or in the 
beaker. The depth of colour was also unaltered whether the mixture was 

transferred directly after mixing in the beaker or at any other stage up to the 
development of a maximum red colour. 

The temperature of the laboratory, within ordinary limits, was also with- 
vut effect on the reaction. Estimations carried out in winter and in summer 

gave parallel results, as also did those performed with the mixing beaker near 
a Bunsen flame. 

(2) Modification with regard to linear relation of readings. 

Koessler and Hanke obtained a perfect linear relation between the amount 
of histidine diazotised and the readings of the standard CR . MO cylinder. 

Thus they stated that: 
0-00002 g. histidine matched at 10 mm. 
0- 00003 ” ” ” 15 ” 

0-00004 ” ” ” 20 ” 

0-00005 ” ” ” 25 ” 

On attempting to repeat the results of these observers, no such linear 
relation could be found. The depth of colour formed by diazotising histidine 
and carnosine was not proportional to the amount of solution diazotised. 
though for any given amount. the readings were constant. 

Some actual figures obtained using a standard solution of histidine matched 
against a CR. MO indicator solution were: 

Theoretical reading 
Amount of iminazole Actual reading of assuming linear 

diazotised standard cylinder relationship 
0-00002 g. histidine 10-75 mm. 10-75 mm. 
0-00003 ,, yy 18-70 ,, 16-10 ,, 
0-00004 ,, % 2-2) Ge 215 5, 
0-00005 ,, carnosine bs ee eT 5 
0-0001 ,, a 30:0, 27-4 ~=Cs, 
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From these results found experimentally it was decided that linear rela- 
tionship between depth of colour and amount of carnosine diazotised could 
not be accepted. It was therefore decided to base all results on a constant 

reading of the standard cylinder. 
In all cases the amount of solution diazotised was altered till, when set at 

20 mm., it gave a colour matching the indicator cylinder when set at 30 mm. 
This reading was chosen since a match with the indicator at 30 mm. corre- 
sponded to 0-0001 g. of carnosine and calculations were simplified. 

(3) Number of extractions needed. 

Three portions of a sample of English veal were taken and treated as 

follows: 
(a2) Extracted once with 50 cc. of water; yield 1-15 % carnosine. 

(b) Extracted twice with two separate 50 cc. water; yield 1-12 % carnosine. 
(c) Extracted three times with three separate 50 cc. water; yield 1-15 % 

carnosine. 
With three portions of rabbit muscle treated similarly the results were 

0-15, 0-15, 0-14 % respectively. 
Accordingly, for further estimations it was considered that one extraction 

was sufficient to give a full yield of carnosine. 
This fact indicates that carnosine is in very loose combination with the 

muscles and the possibility that the substance estimated is histidine and not 
carnosine is practically ruled out since acid hydrolysis is needed. to split 

histidine from a protein. 

(4) Modification with regard to the presence of proteins. 

Since proteins had been found by Koessler and Hanke to lower the read- 

ings of a standard histidine solution by 30 % it was obviously necessary to 
obtain a precipitant for soluble proteins when estimating carnosine in a 

watery extract of muscle. 
Alcohol and ammonium sulphate cause the formation of an unmatchable 

yellow colour if added to histidine or carnosine before diazotising and there- 

fore could not be used to free the extracts from protein. 
Potassium dihydrogen phosphate up to a concentration of 5 % was stated 

by Koessler and Hanke to cause no alteration in the colour of a diazotised 
histidine solution. This led to a trial of metaphosphoric acid as a protein 

precipitant according to the method of Folin and Denis [1916]. 
A solution of carnosine was made of such a strength that when 1 cc. was 

diazotised and set at 20 mm. it gave a match with the CR. MO at 25 mm. 
30 ce. of this solution were taken, 10 ec, of 20 % metaphosphoric acid 

added and the mixture was allowed to stand for three hours, 
No precipitate was formed and therefore the metaphosphoric acid removes 

no carnosine from the solution, 



COLORIMETRIC ESTIMATION OF CARNOSINE 403 

The acid carnosine solution, which it was unnecessary to filter, was then 
made neutral to litmus with 10 % caustic soda and made up to 50 cc. with 
distilled water. 

1-62 cc. of this solution gave a match with the indicator at 25 mm. against 

the theoretical 1-66 cc. 
This experiment showed that metaphosphoric acid has no precipitating 

effect on carnosine and that it does not affect the red colour of diazotised 

carnosine, 
It then remained to prove that metaphosphoric acid would successfully 

remove proteins from a solution without carrying down carnosine as an ad- 

sorption compound, or in any other physico-chemical manner. 
A 5% solution of egg albumin was made up and found to give a strong 

yellow colour with the diazo-reagent. No trace of red was present. To 30 cc. 
of this protein were added 50 cc. of the carnosine solution previously used 

(i.e. 1 cc. when diazotised gave a match with the CR . MO at 25 mm.) and 10 ce. 
of 25 % metaphosphoric acid. After standing overnight the carnosine protein 

mixture was filtered, neutralised with 10 % caustic soda and made up to 

100 ce. 
2 cc. of this filtrate gave a match with the CR. MO at 24-9-25-1 mm. 

Since the mixture was 50 % carnosine and 50 % albumin, acid and water, 
2 cc. equalled the original 1 cc. which on treatment gave a match at 

25 mm. 
Similar results were obtained using gelatin and blood albumin as the pro- 

tein added to the carnosine solution. 
These experiments showed that metaphosphoric acid effectually removed 

the proteins without in any way interfering with the diazotisation of carnosine. 
They also showed that metaphosphoric acid does not split off histidine from 
the proteins when used as a precipitant, since the result on diazotising a 

standard carnosine protein solution was unaltered by precipitation with meta- 
- phosphoric acid. 

A further test was made using metaphosphoric acid to precipitate the 
proteins in “Marmite,” a commercial preparation of yeast. 

The resultant filtrate when diazotised gave a deep yellow colour without 
a trace of the typical carnosine red. 

A standard carnosine solution was taken of which 1 cc. gave a match with 
the indicator at 29-95 mm. 13-9 g. of “Marmite” were dissolved in 30 cc. of 
water. 50 cc. of the carnosine solution were added, together with 10 ce. of 
20 % metaphosphoric acid. This mixture was allowed to stand overnight. It 

was then filtered, neutralised to litmus and made up to 100 ce. 
2 ce. of this filtrate (¢.e. the same amount of carnosine as previously gave 

a reading of 29-95 mm.) gave a match at 29-95-29-97 mm. The additional 
yellow tinge caused by the diazo-reagent on the “Marmite” gave a more per- 

fect match against the CR . MO standard than when pure carnosine was diazo- 
tised. 
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Similar results were obtained when cod extract was used in place of 

“Marmite.” 13-96 g. of cod were extracted with 50 cc. of water and 10 ce. of 
25 °%% metaphosphoric acid were used to precipitate the protein. 

After filtration and neutralisation 40 cc. of the mixture were diluted to 

100 ec. On diazotisation no pink colour was formed, but again a deep yellow 
resulted. 

A further 14 g. of cod muscle was treated in exactly the same way, except 
that besides the water and acid 60 cc. of carnosine solution were added. This 

carnosine was of such a strength that 1 cc. when diazotised gave a match 
with the CR. MO at 27-8-28-2 mm. 

The fish-carnosine mixture gave a match with the CR. MO at 28- 0-28. 3 
mm. when 2 cc. of the filtrate were treated with diazobenzenesulphanilic acid 

and sodium carbonate. 
Here again there was no difference in the colour obtained when proteins 

in the solution were first precipitated by means of metaphosphoric acid, 

though when free in the diazotised liquid they decreased or even destroyed 

the colour formation. 
It was also obvious that no histidine was liberated from commercial protein 

or fresh cod muscle by the experimental methods used, otherwise on diazo- 
tisation a deeper red colour than could be accounted for by the added carnosine 

would have been obtained. 
Metaphosphoric acid neither destroys nor interferes with the reaction and 

the proteins are effectually removed by it, since the final solution gives 

negative results with Millon’s, the xanthoproteic and glyoxylic tests. In 
carnosine-free solutions the biuret reaction is also negative. 

Therefore it was decided that metaphosphoric acid up to a concentration 

of 10 ce. of 20 % solution per 50 ce. of fluid has no effect on the colour formed 
by adding diazobenzenesulphanilic acid and sodium carbonate to a carnosine 

solution. 

Final method adopted. 

The final method adopted for the colorimetric estimation of carnosine in 

muscle extracts is as follows: 
A weighed amount of finely minced tissue is extracted for 15-60 minutes 

at 60-90° in a known volume of water. This is then filtered through a dry 
paper into a dry beaker and the pulp well squeezed out. 2-10 cc. of 20 % 

metaphosphoric acid (according to the amount of tissue taken) are added and 
the mixture is left to stand 2~24 hours. 

The solution is then filtered from the precipitated protein. An aliquot 
part of the filtrate is placed in a graduated flask, neutralised to litmus with 
10 %, caustic soda and made up to the mark with distilled water. This neu- 
tralised solution is treated as a carnosine solution. 10 ce, of 1-1 % sodium 

carbonate are placed in a clean dry beaker together with 2—X ce. of distilled 
water, 4 cc. of the diazo-reagent are run in from a pipette, and the whole 
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mixed by shaking the beaker. Exactly one minute later X cc. of the extract 
are added. . 

After mixing the diazotised solution is placed in one cup of a Duboscq 

colorimeter which is then set at 20 mm. On the other side is Koessler and 

Hanke’s [1919] CR.MO standard. This standard cylinder is moved till it 

matches the unknown when the colour of the latter has gained its full intensity 

(about 5 minutes from mixing). Readings are taken and the value of X altered 

till, with the unknown set at 20 mm., the CR . MO cylinder matches at 30 mm. 

As this is so when X = 1 cc. of a 0-01 % carnosine solution, the amount of 

extract required to give this colour is taken to contain 0-0001 g. carnosine. 

An actual experiment was as follows: 

13-56 g. rabbit muscle were extracted with 50 ce. of distilled water at 60° 

for 25 minutes. 
The solution was then filtered and the pulp squeezed out. To the filtrate 

were added 10 cc. of 20 % metaphosphoric acid. The mixture was allowed to 

stand 24 hours and was then filtered. 
30 ce. of this filtrate were taken, neutralised with 10 °% soda, and made up 

to 100 cc. in a graduated flask. 
Different amounts were then diazotised and compared with the CR. MO 

indicator. 
X = 1-0 ce. gave a match with the indicator cylinder at 30 mm., whereas 

0-54 was insufficient and 1-5 cc. too strong. 

Therefore 1 ce. contained 0-0001 g. of carnosine. 

100 ,, A 0-01: ,, + 

And since half the original filtrate was taken the 100 cc. contained half of the 

carnosine of the extracted muscle. 

Therefore percentage = axa = 0-15 

In another experiment 8-5 g. lean imported beef treated in a similar 

manner gave 0:36 °% carnosine. 
Parallel estimations should agree to 0-05 mm. Thus in the above experi- 

ment the readings obtained for separate amounts of 0-94 cc. each were: 

29-96, 30-0, 29-98, 29-99, 29-96, 30-1, 30-0. 

This method has been used for over one hundred estimations of carnosine in 

various muscles and is the basis of an investigation now in progress of the 

distribution of carnosine in the animal kingdom. 

. 
Y% carnosine. 

SuMMARY. 

A modification of Koessler and Hanke’s colorimetric method for estimating 

iminazole derivatives has been devised which applies to the estimation of 

carnosine. 
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XLVI. ON THE DETERIORATION OF COTTON 
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Tue bacterial decomposition of raw cotton on wet storage has for some con- 
siderable time been under investigation at this laboratory. A preliminary 
account of the progress of this investigation was published in this Journal 

about a year ago [1920]. As further material bearing on the subject has now 

been collected, a more detailed account appears justifiable. 
It has already been pointed out that an intimate connection exists between 

the amount of moisture in a raw cotton and the rate of development of the 

bacteria present, and further, that a moisture content of 9 %, or less, is in- 

sufficient to allow bacteria to develop, so that a dry raw cotton will be pro- 

tected against the action of bacteria. That this is so is shown in Table I 
where a sample of good Indian raw cotton with low moisture content and 

containing a fair number of bacteria was wetted to varying degrees. 

Table I. 

Percentage Number of organisms per g. found in 
of moisture cotton, originally containing 1-4 millions, 
in cotton after 3 days at 16° 

6-5 1-4 millions 

7 i. ae 
8 226 ,, 

9 Soe 
10 124 he 
15 499 oe 

20 1112 a 

30 1540 * 
50 9040 ‘ 

Though the above experiment explains the reason for the very large num- 

ber of bacteria often met with in raw cotton, it does not indicate the source 
of the original, very considerable, infection of this cotton. To get further 
information on this point it was decided to examine raw cottons at various 

stages of their production, and to determine, as far as possible, the source of 
the infection met with. Through the kind offices of the then Director of Pro- 
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pellant Supplies of the Ministry of Munitions, Col. Sir Frederic Nathan, it 
was possible to send a request to various cotton growers in India and the 
United States to supply this laboratory with representative samples of raw 

cottons taken from ripe cotton bolls, from seed cotton which had not been 
ginned, from ginned, and from baled cottons, and to give a detailed description 
of the conditions under which the samples had been grown and harvested. 

On their arrival at this laboratory the samples were examined bacterio- 

logically and their moisture content taken. The analysis took into considera- 
tion not only the types of organisms developing on agar and gelatin plates, 

but also the aerobic and anaerobic cellulose-decomposing bacteria, and the 
thermophilic bacteria. It may perhaps be of interest to give the result of a 
few representative analyses, since they appear to throw some light on the 

source of the infection of raw cottons. The analyses of these samples are 

tabulated in Tables II, III and IV. ne, 

Sieh ee ee 

EN eee 

>. 

Table II. Indian cottons (Khangaon fields). 

ae UL 
Cellulose 

decomposing 
bacteria 

Agar and gelatin plates -—~—, Thermo 
rf A — Aero- An- philic Moist- — 

Sample Bacteria Moulds bic aerobic bacteria ure 

% 
Cotton from open ripe 20,000 per g. Strepto- 50,000 per g. Asper- + + None 6-1 
boll, not exposed to thrix chromogena only gillus niger 
damp 

Seed cotton not ex- 30,000 Yad g. Strepto- 100,000 per g. Asper- + + None 65 
posed to damp thrix chromogena gillus niger; Penicil- 

lium glaucum 

Cotton after ginning; 6,100,000 per g. Strep- 100,000 per g. Asper- + + + 6-1 
sample had been pick- tothrix chromogena, gillus niger; Rhizopus 
ed about 14 days be- Bact. herbicola aur. niger 
fore ginning. ring 
that time exposed to 
damp and rain though 
protected by iment 

Cotton 24 hours after 2,300,000 per g., spor- 200,000 per g. Asper- + + + 6-1 
pressing. Five days ing rod of Subtilis gillus niger 
exposure to damp and type, Bact. herbicola 
rain before pressing aur.; B. fluorescens 

Table III. Indian cotton from Auraiga fields. 

Cotton from ripe bolls 630,000 per g., rod of 80,000 per g. P. glau- + - None 5:6 
taken immediately af- Subtilis type. S. chro- cum 
ter picking. Some of mogena 
the bolls attacked by 
pink boll worm. Not 
exposed to damp 

Seed cotton just before 140,000 per g., rod of 60,000 per g., A. niger; - + None 65 
ginning. A number of Subtilis type. S. chro- A. oryzae (?) 
the pink boll worm mogena; B. herbicola 
found and cotton aur, 
stained. Not exposed 
to damp 
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Table IV. American cotton. Mississippi Delta Planting Co. 

Seed cotton exposed to 220,000 per & : 4000 per g., Rhizopus ~ - + 
little or no rain herbicola aur. ; S. alba; niger 

coccus with yellow 
colonies 

Cotton after ginning; 1,200,000 per g., B. 1000 per g., Rhizopus + - + 
not exposed to damp mesentericus ; B. herbi- niger 

cola aur.; S. alba; B. 
fluoresce. liq. 

Cotton after pressing; 7,000,000 per g., B. 20,000 per g., P. glauc. ; + “ + 
not exposed to damp herbicola aur, ; coccus A, glauc. 

with yellow colonies 

It will be seen that practically all the types of micro-organisms found in 
these cotton samples are typical representatives of the soil flora, and there is 

no doubt that contamination with soil particles contributes largely to the 
infection of raw cottons. 

Where it was possible to examine samples still in the bolls, the number of 
micro-organisms was always small, except in the case of the Auraiga sample, 
which had been attacked by the pink boll worm. Whether this pest contri- 

buted to the infection of the sample is difficult to decide. It is hoped, however, 
to make further inquiries into this point, when more of these samples are 
available. 

As to the effect of damp to which some of the samples had been exposed, 

the evidence is contradictory. Taking the India samples alone, there certainly 
is a larger number of bacteria in the exposed samples than in those which had 
been protected. On the other hand, the American samples, which had not 

been damped, show quite as many bacteria as the exposed Indian cottons. 

In no case does the infection reach anything like the figures found in the 
damped Indian cottons quoted in Table I. It would appear, therefore, that 
at this early stage in the history of raw cottons, the wetting to which they 

may normally be exposed is of far less importance for the increase in number 
of bacteria than is the contamination with soil particles. 

In addition to the typical cellulose decomposers the Streptothrix were 
found to be able to attack the cotton fibres. The moulds, the coccus, the 
bacteria of the Subtilis group and the B. herbicola aureum did not attack the 
cellulose. 

The changes taking place in the cotton fibres after attack by bacteria have 
already been described [1920]. They were found to be so characteristic that 

a method, based on them, could be worked out for the quantitative deter- 

mination of damaged fibres present in good cotton. An outline of this method, 
which may conveniently be termed the “swelling test,” was given in the paper 
already referred to. As it has proved useful in various directions, a more 
detailed description of it is given below. 

The swelling test is based on Balls’ observation [1918] that treatment with 
carbon disulphide and alkali causes the cotton fibres to swell, thereby rendering 

the structure of the fibres visible under the microscope. On applying Balls’ 
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treatment to a cotton fibre damaged by bacteria it was found that its structure ~ 
had undergone changes, which made it readily distinguishable from a normal 
fibre. Microphotographs illustrating these changes were published in the short 

paper referred to above. 
Two further microphotographs of good and damaged cotton fibres, before 

and after treatment with carbon disulphide and alkali, are given here. The 
fibres in PI. I, fig. 1 have not been treated; of the three seen, the centre one 

has been damaged by bacteria, the two others not. In the second figure, where 
the fibres have been swelled, the third and the fourth from the top have been 
damaged, the others not. Comparing the two photographs it will be seen that 

_ the swelling greatly facilitates the differentiation between normal and damaged 

fibres. 
The technique of the actual swelling of the fibres is substantially the same 

as that described by Balls. However, the preliminary cleaning of the fibres 
by boiling with 1 % NaOH, washing and neutralisation with 1 % acetic acid, 
has been dispensed with, except in cases of very dirty cotton samples. The 
fibres to be examined are now simply soaked in the mixture of alkali and 

carbon disulphide and left in contact with this mixture for the required time. 
If a quantitative analysis has to be made to determine the damage suffered 

by a cotton, great care is taken to select a really representative sample for 
examination. This is done by very careful mixing of about 3 g. of the cotton 

in question. | 
About 0-2 g. of this uniform sample is mixed with 1-5 g. each of carbon 

disulphide and 15 % NaOH solution, and the flask containing the mixture is 

shaken well from time to time. The time during which the fibres have to be 

left in contact with the alkali carbon disulphide mixture varies considerably 
with the cotton used, and with the degree of damage, and no fixed rule can be 
laid down in this respect. The fibres from an Indian cotton shown in fig. 2 

had been in contact with the mixture for 10 minutes, which apparently repre- 
sents the minimum time advisable for this class of cottons, since the structures 

of the damaged fibres are not yet fully developed. Until practice has been — 
acquired in judging when a cotton has been sufficiently treated, it is advisable 

to examine small test samples—a few fibres—under the microscope from time 
to time, say every 10 minutes. 

When the degree of swelling has reached its optimum (see Figs. 2 and 3 of 
the earlier publication) three small samples, each of them of the size of a 

large pea, are taken from the swelled cotton and placed on three microscope 
slides. Here each sample is again carefully mixed, for instance with two 
ordinary pins, and about 20 fibres, taken at random, are spread out hori- 

zontally on the slides and covered with cover slips (see fig. 3). A drop of 
water is left to diffuse between the slip and the slide, and the preparations 

are ready for examination under the microscope. A magnification of x 45-50 
may conveniently be used. 

Ten counts are taken from each slide, the first running along the right- 
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hand edge of the cover slip, vertically on the fibres, the following parallel 
with, and to the left of the first. The ten counts should cover the whole of the 

preparation from the right-hand edge of the cover slip to the left. The average 
count from each of the three slides should vary very little in well-mixed 
cotton samples. However, even where a considerable variation does exist, 
the average of these three counts has been found to give reliable figures. 

In order to obtain consistent results with the swelling test, it is, of course, 

necessary to lay down definite rules as to when a fibre is to be regarded as 

damaged, and when not. It is very noticeable that the action of the bacteria 
is confined to small local eruptions when the fibres are first attacked, and 
that the damage spreads gradually over the fibre. The authors, therefore, do_ 

not count a fibre as deteriorated until it has been attacked throughout its 
whole length. The term fibre, as used in this connection, does not necessarily 

mean the whole length of a fibre, but may be any fraction of one, however 

small, which for some reason or other has been separated from the main part. 

The swelling test has already been tried on a good many cotton samples, 
and has always been found both reliable and easy to carry out. In one set of 
experiments it was used parallel with the alkali solubility test, a test which 
is generally used for detecting deterioration in cottons. The results obtained 

appear sufficiently interesting to be given in detail. 
The analyses were carried out on four cotton samples of known origin, two 

of which were American and two Indian. One American and one Indian 

sample were taken from hand-picked seed, the two others came from an 

American and an Indian ginning factory. Each of the four samples was wetted 
with its own weight of sterile distilled water and then divided into two lots, 
one of which was infected with a suspension of bacteria obtained from a badly 
deteriorated cotton, while the other was left not infected. 

This infection of some of the samples was done because an earlier experi- 
ment had shown that an Indian cotton sample, straight from the bolls and 
containing very few cellulose decomposing bacteria, broke down very slowly 

unless infected with the necessary bacteria. 
Tt soon became evident, however, that this precaution of artificially in- 

fecting the fibres had been unnecessary in this case, as even the carefully 
hand-picked cottons from the bolls deteriorated spontaneously at a rate 
scarcely slower than that of the infected samples. 

After wetting and infection, the various lots of cotton were incubated at 

room temperature (16°) and analysed every third day. 
A glance at Tables V and VI shows the striking difference in the usefulness 

of the two methods employed. While the swelling test (Table V) registers 
a steady rise in the percentage of physically damaged fibres, the alkali 

solubility test (Table VI) remains more or less constant, till the destruction 
of the cotton has reached a point, where it is affected chemically, and may 
be easily detected, even by the inexperienced eye. 

Bioch. xv 27 
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Table V. 

Percentage of decomposed fibres found in the cotton after 
x days’ incubation at-room temperature (16°) 

“ ee. 

Sample of cotton from 0: Bee . Sete ae as a ee 
Indian bolls “Ze 0 0 4 10 16 23 19? _ 

oo. . te owen 0 0 4 12 22 23 30 _ 

American bolls... a 0 0 0 1 2 5? 2 

»» infected... 0 0 0 1 2 3 3 «48 

Indian ginning factory ... Fa, 2 2 4 22 36 43 53 — 
~ ne » infected 2 3 6 24 32 39 51 — 

American ginning factory 0 0 0 1 1 4 3 42 
. a » infected 0 0 0 1 1 3 2.82 

Table VI. 

Percentage of decomposed fibres found in the cotton 
after « days’ incubation at room temperature (16°) 

shown as percentage of solubility in alkali 
A. 

Sample of cotton from ‘0 3 6 9 12 15 18 72 

Indian bolls abe ae at 6-6 58 5:25 63 6-1 64 71 — 
ve » infected <a i = 56 5-7 5:7 63 53 7:3 _ 

American bolls... mak pe 4-6 4-4 4-2 4-2 4:3 4:2 4:8 5:8 

- » infected ... Sal a 42 43 46 46 54 44 65 

Indian ginning factory ... -. 1292 96 855 9:09 85 9:09 103 — 

; a » infected... — 93. 84. 88 91. 86. (Hh. = 
American ginning factory aa 59 8655 52 52 46 48 5-4 . 63 

» infected _— 5:3 5-1 5-2 5-2 4:8 5:3 5:5 ”? % 

The alkali solubility test, therefore, does not appear to be sufficiently 
sensitive to be used for determining the extent to which a cotton has been 

physically damaged by bacteria. For this purpose the swelling test is distinctly 
superior, giving a clear reaction when comparatively few fibres have been 
destroyed. 

On looking through the figures in Table V it will be noticed that the four 
samples of Indian cotton were much more readily attacked by bacteria than 
the corresponding American samples. This can scarcely be accidental, and is 

certainly not due to the absence of the necessary bacteria from the latter, since 
the infected American cottons decomposed at the same slower rate as the 
uninfected American samples. It seems more likely that the different be- 
haviour of the Indian and the American cottons is due to morphological or 
physiological differences of the two types, caused perhaps by climatic con- 
ditions. 

A further investigation of this point carried out to confirm and amplify 

the above results gave similar results. 
Table VII gives the results of the examination of one Japanese, one 

Chinese, two further Indian and American and two Egyptian cottons. All 
the samples were wetted like the samples mentioned in Table V and left for 
the stated number of days at 16°. Bacteriological analysis had shown that 
all samples contained cellulose decomposing bacteria, 
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Table VII. 

Percentage of damaged fibres found in 

Exposed Egyptian 
to p Japanese Chinese Indian Indian American American Egyptian scukher 

for waste waste No. 1 No. 2 No. 8 No. 18 silver lap 

0 days 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 0 
6 0 3 1 0 0 0 0 0 

9 » 0 3 1 2 0 0 3 1 

12; 0 10 4 2 0 0 0? 3 

11 Rae 5 23 8 ll 1 4 3 4 

19> 6 16? 13 14 2 3 4 11? 

ae 7 57 33 27 5 7 8 ll 

Though the two Indian and American samples of Table VII were of totally 
different origin to those previously tested (Table V) their rates of deterioration 
were almost identical, i.e. very slow in the case of the American, and rapid in 
the case of the Indian. The Egyptian cottons apparently take a middle course, 
being more susceptible than the American, and less so than the Indian. Of 
the remaining samples in Table VII the Japanese cotton compares with the 

American, and the Chinese with the Indian. 
Judging from these experiments there is little doubt that a difference 

exists in the susceptibility of cottons of different origin to attack by bacteria, 

an observation which should be of sufficient importance from the planter’s 
point of view to justify a careful investigation. 

This investigation is now proceeding and, though little information has 
so far been obtained, it may be worth while mentioning, that contrary to ex- 
pectations agricultural and climatic conditions do not seem to be of great 

importance. This will be seen from Table VIII giving the results of an analysis 
of two cottons grown in India from American seed. 

Table VIII. 

Percen of da fibres found in cotton grown 
— in ay to American seed ii 

Exposed to damp for Gadag cotton Akola Berai cotton 

0 days 0 0 

3 0 0 
6 » 0 0 
9 1 0 

3302: 1 1 

15 ,, 1 3? 

19 1 

22 5 4 

The preliminary treatment of the two samples was the same as that used 
in the earlier experiments (Tables VI and VII), and both of these cottons were 

shown to contain sufficient cellulose decomposing bacteria to cause deteriora- 
tion. Both samples are still typical American cottons from the point of view 

27—2 
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of resistance to bacterial attack. Whatever effect, therefore, climatic and 

agricultural conditions may have, they are not brought to light in one genera- 
tion, but must be of a cumulative nature. This and other questions are matters 

for further investigation. 

CoNCLUSIONS. 

If a very large number of micro-organisms is found in a raw cotton, it is 

generally safe to assume that the cotton has been exposed to damp. 
Smaller numbers, up to a few millions per gram, are due to a contamination 

of the cotton during the various stages of its preparation, including exposure 

on the fields. 
With the help of the viscose treatment it is possible to show that changes 

occur in the structure of cotton fibres when attacked by bacteria. A method, 
based on this observation, has been worked out for the quantitative deter- 

mination of the bacterial deterioration of cotton. 
On applying this “swelling test” to cottons of various origins it was found 

that a difference exists in the susceptibility to attack by bacteria, and that 

Indian cottons deteriorate quicker than American samples. Samples of cotton 

grown in India from American seed were found to be as resistant to attack as 

American cottons. 
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A RAPID and convenient method of estimating sugar in blood is required for 

physiological investigations. With this purpose in view a research was under- 
taken conjointly between the physiological and biochemical departments, and 
a large number of estimations have been carried out by the recent method of 

MacLean [1919]. 
By this method the estimation of sugar in small quantities of blood, e.g. 

1 cc. and even 0-2 ce. is possible. The process depends on the removal of pro- 

teins by precipitation. A measured volume of blood is first added to a 15 % 
solution of sodium sulphate. The mixture is then boiled, and into it whilst 
still hot freshly prepared “dialysed iron” is poured, which renders the protein 

insoluble. After filtration MacLean’s solution (copper carbonate with potassium 

iodide and iodate) is added to a known volume and boiled. The sugar in the 
blood reduces the copper carbonate to cuprous oxide in presence of the iodide 
and iodate. The cuprous oxide is then converted into cuprous chloride by 

acidification, whereby a proportional amount of the liberated iodine is fixed 
and precipitated as cuprous iodide, and the remaining iodine is titrated with 

N/100 thiosulphate. 
We decided that further work on the following lines was desirable. 

(1) To ascertain whether the reducing substance estimated by the above 

method is entirely sugar or whether an interfering substance is present, and 
(2) To discover the chemical nature of the sugar present. 
‘The main results are summarised below. In the course of the experiments 

some matters bearing on technique have also been considered. 

1. TECHNIQUE. 

(a) In MacLean’s method the total volume is calculated by adding together 
the volumes of the blood, salt solution and iron, and it is assumed that there 

is no change in volume during precipitation. The bulky precipitate is then 
removed by filtration through starch-free paper and the sugar estimated in 
an aliquot portion of the filtrate, usually 20 cc. We found it more convenient 

to make up the mixture to a definite volume before filtration, i.e. 1-5 ce. 
blood to 50 ce. with distilled water. (The volume of the precipitate is 
negligible.) We at first cleared this by centrifuging. Subsequently we gave 
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up the centrifugal method for filtration through glass wool. A clear solution 
can easily be obtained in this way. 

In order to show that no sugar was carried down in the adsorbed state by 
the protein precipitate, the supernatant liquor was poured off and the precipi- 

tate shaken with distilled water. On pouring off and analysing the water, no 
trace of sugar could be detected. 

Also on adding a known weight of pure glucose to blood the reducing 
action of the filtrate was increased to the extent of the amount added, thus 

showing that none of the added sugar had been adsorbed by the protein. 

(b) In the original method the conditions of heating the mixture of blood 
solution and copper salt are strictly standardised. It is recommended by 

MacLean that the solution should be brought to the boil in exactly 100 seconds, 

and that boiling should be continued for 6 minutes. In our experience the 
rate of initial heating has made no perceptible difference to the results. Very 

early in our researches we found that occasionally the results obtained were 
somewhat erratic which shows the importance of not relying on a single 
determination in pathological work. Impure distilled water, such as is sup- 

plied on the market in carboys, is one factor causing such irregularity and care 

should therefore be taken to ensure a pure supply of distilled water. 
We have also found that the blood extract retains its reducing power 

without perceptible change for at least 48 hours. 

2. THE NATURE OF THE REDUCING SUBSTANCES IN HUMAN BLOOD. 

(a) Is the reducing substance in human blood entirely sugar, or are inter- 

fering substances present? 
(b) Is the sugar entirely or largely a monosaccharide, or are di-saccharides 

and more complex sugars present in appreciable amount? 

The results of our experiments in regard to these points are as follows: 
(1) Uric acid is known to have a reducing action on copper solutions and 

occurs normally in the blood to the extent of 0-006 %. We therefore prepared 

solutions varying in strength from 0-01-0-4 °% and proceeded to estimate 

these solutions by the method used for blood. We found that there was no 
reducing action under the conditions of MacLean’s method. 

(2) Creatinine similarly reduces copper solutions and occurs normally in 

the blood to the extent of 0-004 %. We prepared solutions of this strength 
and also 0-2 %%, and proceeded in the same way as with uric acid. No reduction 
occurred, On adding small amounts of creatinine corresponding to the above 
percentages to the blood-sugar solutions, there was also no increase in reducing 

power. 
We therefore conclude that the reducing substance is neither uric acid nor 

creatinine. 
(3) Asin the case of glucose, the reducing substance was entirely destroyed 

by boiling with ammonia, and was not extracted from the blood solution by 

means of ether. 

a 
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(4) The method of osmotic compensation. Michaelis and Rona [1908] dia- 
lysed blood against sugar solutions of different strengths and found that when 

the concentration of sugar in the dialysate was the same as that found in the 
blood by determination, there was a state of balance. The polarimetric method 

~ was used in/these experiments for estimating the sugar. 
Hess and Mcguigan [1914] obtained similar results by means of in vivo 

dialysing experiments. The above authors conclude from these experiments 
that the sugar exists in the free state in blood and is not in the form of a 

colloidal complex. 
_ We have carried out further experiments on these lines, employing the 
process of MacLean for estimating the sugar instead of the polarimetric method. 

Small dialysers made of “viscose” were used in the experiments and the 
protein-free blood solution was dialysed against a solution of pure glucose of 

concentration slightly less than that found in the blood solution by analysis. 
It was found that the readjustment in concentration was such as would be 

expected if the reducing substance were entirely or almost entirely glucose. 
We have since considered however that such experiments are by no means 

conclusive, because the concentrations of sugar employed are so small, that 

even if other substances, possessing a reducing power, were present in the 
blood they might not be detected by this method. : 

(5) Formation of the osazone. Several investigators, e.g. von Jaksch [1886], 

Kutz, Pickhardt [1893], and Miura [1895], have demonstrated the presence of 
glucose in mammalian, but not apparently human blood, by the isolation of 

the osazone with the characteristic microscopic appearance and melting- 
point. 

As we intended to employ human blood throughout our experiments an 

attempt was made to isolate the osazone from that blood by the following 
procedure. 

The proteins from 15 cc. of blood were precipitated by MacLean’s method, 
and the protein-free blood solution was evaporated to dryness on the water- 
bath. The residue was extracted in a Soxhlet with absolute alcohol and the 
extract, freed from alcohol, was dissolved in a little water. The solution was 

then filtered and boiled for 30 minutes with 0-25 cc. of pure phenylhydrazine 
and glacial acetic acid. On cooling, the osazone crystallised out, and was 
identified by microscopical examination as glucosazone. 

Pavy [1894] and many other investigators have isolated another osazone, 

apparently that of isomaltose, from horse blood and also from human urine. 
Pavy and Siau [1901] also subsequently showed that after hydrolysing the 

sugar-containing solution obtained. from-the blood of various animals, there 

was a marked increase in reducing power. They calculated a factor, denoted 
by K, which was the percentage ratio of the reducing power determined before 

and after hydrolysis. This ratio varied from 66-75, according to whether the 
blood was obtained from the dog, cat, rabbit, or horse. Similar results were 
obtained in the case of human. urine. They concluded that there exists in 
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blood and urine in addition to glucose a sugar of the maltose type, possibly 

isomaltose. 
Cammidge [1920] has also shown that there is a hydrolysable substance in 

human blood, which he believes to be a dextrin. This substance increases in 

amount in pancreatic disease. 

It seemed desirable to make a further investipation of this aierion @ as it 
is likely to be of importance in clinical work, especially in following the course 
of certain metabolic diseases. At first we employed Pavy’s original method 
[1894] which consists in extracting the blood with alcohol and removing the 

colloidal matter present in the extract with sodium sulphate. In some experi- 

ments we added a small amount of “dialysed iron” to the alcoholic extract, 
and dispensed with the salt altogether. The alcohol was removed by evapora- 
tion, and the extract made up to a known volume with distilled water and 

filtered through glass wool. The sugar was estimated in a portion of this 

extract by MacLean’s method, and the remaining portion was hydrolysed by 

boiling with N/100 HCl for 4 hours. After neutralisation the sugar content 
was again determined, the results being expressed as a percentage ratio in the 

following way. 
If a = % in sugar expressed as glucose before hydrolysis, 

b = 9 ”» » ” after » 

then K= ; x 100. 

We found this ratio to be very variable for different normal individuals, the 

range being from K = 21 to K = 100. 

K=21-:25 480 100 
21-66. 72:0 100 

100 
When K = 100 there is, of course, no increase in reducing power after hydro- 

lysis. 
This method is slow and needs much manipulation; furthermore, the re- 

ducing power of a given specimen of blood was occasionally found to be much 

lower when this method was employed than when the usual salt-process was 

used. 
Subsequently we simplified the process, so as to render it more convenient 

as a Clinical method. The proteins were removed by sodium sulphate and 
dialysed iron as in MacLean’s process, and the salt-extract was hydrolysed 
with HCl (N/1-N/100), In a few cases an increase in reducing power was 

noticed after 4 hours’ hydrolysis, the ratio K varying from 36 to 58, 
In many of these experiments however there was no increase in reducing 

power after hydrolysis for 4 hours; in fact, in some experiments there was a 
diminution, and even a total disappearance of the sugar originally present in 
the blood, pointing to destruction through the action of the acid. The amount 
of destruction was usually proportional to the concentration of the acid, Even 

when the reducing power of the blood solution was unchanged at the end of 
the period of 4 hours, a temporary diminution or even absence of reducing 
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power was sometimes noticed at the end of 1 or 2 hours, followed by a reap- 

pearance of this property after 4 hours’ hydrolysis. 
In the case of one person on one occasion sugar was shown to be entirely 

absent from the blood, as there was no reducing power before or after 4 hours’ 
hydrolysis. 

In the case of another person glucose was also absent, but the reducing 

power appeared after acid hydrolysis. This may mean that although there 
was no glucose, a hydrolysable complex sugar was present in the blood. In 
both these persons on every other occasion on which the blood was examined, 

the reducing power (before hydrolysis) was found to be normal. 
There was no evidence that the presence of the sodium sulphate inhibited 

the hydrolytic action of the acid, as cane-sugar was easily inverted under the 
same conditions. 

It is evident from these results, that at the present time the exact deter- 
mination of the hydrolysis factor K is not available as a simple clinical method. 

It was possible that the glycogen present in blood might occasionally be 
incompletely precipitated by the salt and “dialysed iron” and traces thus be 

left in the solution. This would account for the occasional increase in reduction 

observed after hydrolytic experiments. We therefore added a small amount 
of glycogen to blood and proceeded in the usual way, but found by hydrolysis 

that it was completely precipitated by the salting-out method. 
We next attempted to ascertain the reason for the destruction of the re- 

ducing-substance present in blood during hydrolysis. In the case of N/10 and 
N/100 HCl the destruction is undoubtedly due to the direct action of the acid, 
as the amount of salt formed on neutralisation was found to have no influence 
at all on the reducing power of the solution. In the case of the experiments 

with N/1 acid however we were surprised to find that the presence of sodium 

chloride to the extent of 5% (an approximately N/1 solution) had a very 
marked inhibitory effect on the reducing power of the blood-extract, and also 
on that of pure glucose and maltose. 

This is illustrated by the following tabulated results. 

Table I. % of sugar. 

In absence of NaCl In presence of NaC] (5 %) 

Blood-sugar: (1) 0-10 0-05 

(2) 0-085 0-024 
0-243 (+added glucose) 0-199 

Glucose: (1) In water 0-102 0-087 
In 15 % Na,SO, 0-102 0-082 

(2) In water 0-100 0-075 
In 15 % Na,SO, 0-105 0-057 

(3) In 15 % Na,SO, 0-091 0-035 
0-231 0-139 

_ Maltose: (1) In water 0-071 0-032 
In 15 % Na,SO, 0-090 0-055 

_ (2) In water 0-080 0-078 
In 15 % Na,S0, 0-070 0-000 



420 E. A. COOPER AND H. WALKER 

The above results are percentages of sugar in the original blood or sugar 

solution, but the actual titrations were of course carried out in much more 

dilute solutions (about ;,th strength). These results show that the reducing 
power of the blood-extract and also that of glucose and maltose is considerably 

diminished by the presence of sodium chloride in 5 % concentration. 
But sodium sulphate has no perceptible effect, and there is thus no objec- 

tion to its use as a protein-precipitant in the method of MacLean for the 

estimation of blood-sugar. 
The difference in behaviour of sodium chloride and sulphate suggests that 

it is the halogen ion which exerts the specific effect. 

The experiments tabulated ‘below show that the inhibitory effect is due to 

a diminution in the velocity of reaction between the sugar and copper reagent, 
since we found by extending the period of boiling from 6 to 10 minutes that 

somewhat higher results were obtained. 

Table II. Glucose. 

% % % 
Without NaCl 6 mins. boiling 0-0070 0-0040 0-0034 

Without NaCl 10 mins. boiling — 0-0047 0-0047 

With NaCl 6 mins. boiling 0-0042 0-0028 0-0028 

With NaCl 10 mins. boiling 0-0066 0-0039 0-0037 

It is well known that glucose forms additive compounds with halogen 
salts. These compounds can be obtained in a crystalline form, but are very 

unstable in dilute solution and are readily dissociated, and the reducing and 

rotatory powers of the compounds have been shown to correspond exactly to 
their content of glucose. This is not in agreement with the above experiments, 
but we have used extremely dilute solutions of sugar with a large excess of 

salt, so that it is still possible that the formation of the additive compound 

is a cause of the observed retardation. It is remarkable that this retardation 

is still observed even when the salt is added after the sugar solution has been 
raised to the boiling point, as it is unlikely that such an unstable compound 

would be formed under these conditions. 
It is evident from the above results that in order to determine the ratio 

K an acid will have to be employed for hydrolysis which has no perceptible 
destructive effect on sugars and which forms a salt which has no retarding 
effect on the reducing process, 

SuMMARY. 

We have carried out a number of experiments by the method of MacLean 
for estimating blood-sugar with the object of discovering the nature of the 
reducing substance or substances present, 

1. Instead of filtering the bulky precipitate of protein through filter paper, 
it is suggested that the blood to which the sodium sulphate and “dialysed 

iron” have been added be made up to a known volume (1:5 ce. to 50 cc.) 



a 

REDUCING SUBSTANCE IN BLOOD 421 

with distilled water and be then filtered through glass wool. In this way a 
clear solution can readily be obtained. 

2. Uric acid and creatinine in amounts much greater than those normally 
present in human blood exert no reducing action under the conditions of the 
above method. 

3. The reducing substance is destroyed by boiling with ammonia and is 
insoluble in ether, as is the case with reducing sugars. 

4. Phenylglucosazone with the characteristic microscopic appearance has 
been isolated from human blood. 

5. We have confirmed the observations of Pavy and Cammidge that the 
reducing power of blood increases after hydrolysis with hydrochloric acid, 
indicating the presence of a hydrolysable substance. 

6. The exact determination of the increase in reducing power after 
hydrolysis is complicated by at least two factors: 

(a) The destructive effect of HCl even in low concentration upon the re- 
ducing substance of blood. 

(b) A retarding effect on the reducing process due to the presence of the 
sodium chloride formed after neutralisation. 

Tn conclusion we wish to express our grateful thanks to Professors Carlier, 
Ling, and Morgan for their interest and helpful advice during this investiga- 
tion. 
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Ir has been shown by Eijkman [1906] that the antineuritic factor is dialysable. 
Holst and Frdélich [1912] also found that when fresh cabbage juice was dia- 

lysed for 3-4 days it lost the best part of its activity although all the salts 
did not disappear from the juice during that time. It is therefore evident 

that under certain conditions the antineuritic and the antiscorbutic factors 
will pass through a dialysis membrane. As it is now possible to calibrate the 
permeability of collodion membranes we set out to ascertain what degree 

of permeability of collodion membranes would permit the passage of these 

factors. Brown [1915] has shown that if air-dried collodion membranes, which 
are highly impermeable, are placed in solutions of alcohol and water they 

become permeable, that the permeability increases with the strength of the 
alcohol employed and that the degree of permeability of such membranes can 

be established by various methods based on certain properties which display . 
a parallelism with the permeability. Utilising the above principles we have 

determined the permeability of the collodion membranes which permit 

the passage of the antineuritic factor of autolysed yeast juice and the anti- 
scorbutic factor of lemon juice from which the citric acid has been removed. 

EXPERIMENTAL. 

The solutions were dialysed through collodion thimbles. These were pre- 
pared in the following way: a 14 % alcohol-ether solution of collodion (356A/9) 
supplied by the Necol Industrial Collodion Ltd was introduced into a test-tube 
14 em. Jong and having an internal diameter of 3 em. The collodion was then 

either centrifuged or allowed to stand for about 12 hours in order to permit 
the bubbles of air to rise to the surface, the opening of the tube being protected 
by an outside tube in order to obviate the evaporation of the solvents. The 

tubes were inverted and the collodion was allowed to drain for 5 minutes 
after which time the tube with the collodion was immersed in water and the 
thimble was stripped off. It was then washed in water, dried for 24 hours in 
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the air and soaked for 24 hours in the alcohol-water solution of the requisite 
strength. After washing the thimbles were kept in water until required for 

use. 
40 cc. of the active solutions were dialysed against running water. The 

thimbles were closed with indiarubber stoppers through which passed a glass 

U-tube containing mercury. 
In order to ascertain the permeability of our thimbles, substances of various 

molecular weights were allowed to diffuse through them and the time and the 
degree of diffusion noted. The substances used—mostly dyes—were introduced 

into the thimbles which were immersed in beakers of water and the amount 
of the substance which diffused at various times was recorded. We have ob- 

tained the following results with thimbles soaked in 80 %, 85%, 90%, 95%; 

100% alcohol: 
Sodium chloride had passed through all the thimbles in very considerable 

quantity after two hours. 
Picric acid. After four days a certain amount of the substance had passed 

through the 80 % membrane. As in the case of the following substances the 

amount which diffused in that time increased with the strength of the alcohol 

employed in the treatment of the thimbles, the 100 °4 membrane showing the 
greatest permeability. 

Potassium oxalate. None of the salt had passed through the 80 % mem- 

brane in four days; a certain amount diffused through the 85 ° membrane. 
Bismarck brown. None of the substance passed through the 80 ° and the 

85 % membranes; a certain amount diffused through the 90 °% membrane. 

Methylene blue. None of the substance passed through the 80 % and 85 % 
membranes; a trace diffused through the 90 °/, membrane. 

Neutral red. None of the substance passed through the 80 %, 85 % and 
90% membranes; a certain amount of it diffused through the 95 °4 membrane. 

Safranine behaved almost like neutral red. 

Dextrin. None of the substance passed through the 80 %, 85 %, 90 % 
membranes; a trace diffused through the 95 % and a little more through the 
100 % membranes. 

Iitmus. None of the substance passed through the 80 %, 85 %, 90 % and 
the 95 % membranes, some through the 100 % membrane. 

Congo red did not pass through any of the above membranes in four days. 
Autolysed yeast was used as the source for the antineuritic factor. The 

yeast after being washed free from wort was pressed out and placed in a 

large flask plugged with cotton wool in the hot room at 37° for a few days. 
The autolysed mass was filtered through a large Buchner funnel when suffi- 
ciently liquified and the brown filtrate thus obtained was dialysed for four 

days as described above and fed to rats which subsisted on a diet deficient in- 

the antineuritic factor and which manifested signs of decline. Resumption 
of growth showed that the accessory factor had not totally diffused in that 

time. Failure to induce growth, on the other hand, showed that the active 
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substance had entirely passed through the membrane during the four days of 
dialysis. 

As the source for the antiscorbutic factor lemon juice was employed which 

had previously been treated with an excess of calcium carbonate and filtered. 
This antiscorbutic solution, which was dialysed for three days, was tested on 

guinea pigs kept on a scorbutic diet of oats, bran and autoclaved milk. The 
administration of the doses was carried out about fourteen days after the 

animals had been put on the deficient diet, and in all the cases where the anti- 
scorbutic factor diffused scurvy dovelyans: in the other cases the onset of the 
disease was prevented. 

A sample of the original material was always kept in a glass flask in the 
dialysing tank under the same conditions as the dialysing thimbles and was 

utilised for control purposes. 
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Membranes of various permeabilities were tried until the one which allowed 
the free diffusion of the factors was obtained. In the case of both the anti- 

neuritic and the antiscorbutic factors it was found that the accessory factors 
would not pass through a 90 ° membrane whilst they diffused entirely through 

a 95 °4, membrane in the time mentioned. 
It will be seen from Fig. 1, which represents the growth curve of a rat kept 

on a diet deficient in the antineuritic factor, that an equivalent of 1 cc. of 

autolysed yeast dialysed through a 90 % membrane induced growth in the 
animal. As 1 cc, of autolysed yeast juice is approximately the minimum dose 
which is capable of inducing growth in a rat fed on a diet deficient in the anti- 
neuritic factor, one may conclude that very little of the factor diffused through 

this membrane in four days, The same animal was then placed again on the 
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deficient diet, and as was to be expected the rat declined in weight. The addi- 
tion of 3 cc. of autolysed juice dialysed through a 95 % membrane for four 

days failed to promote growth, thus showing that the antineuritic factor had 
gone through entirely in this time. Other experiments have confirmed this 

observation: in all cases the factor failed to diffuse in any appreciable extent 

through a 90 % membrane but did so entirely through a 95 % membrane. 

' . Similarly it will be seen from Fig. 2 that 7 cc. of decitrated lemon juice 
dialysed for three days through a 95 % membrane failed to prevent or even 
delay the onset of scurvy in a guinea-pig, whilst 3 cc. of the juice which had 

been dialysed through a 90 % thimble prevented the onset of the disease. 

The antiscorbutic factor therefore behaved much in the same way as the 
antineuritic factor. In this case also various experiments confirmed this result. 
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A number of experiments with 35 %, 50 % and 70 °% membranes showed 
that they were not permeable to the above accessory factors. These principles 
however passed freely through a 100 % thimble. 

It is thus seen that the antineuritic factor in autolysed yeast juice and the 

antiscorbutic factor in decitrated lemon juice diffuse through membranes of 
such permeability as permit the passage of substances of such molecular di- 

mensions as methylene blue, neutral red and safranine. From this one may 
conclude that the dimensions of the molecules of these factors or the molecules 
with which they may possibly be associated are of the order of that of a semi- 
colloid. There is, however, no evidence whether these molecules are simple or 

associated. It must also be pointed out that the above experiments were 
made without the application of pressure and only one source for each of the 
accessory factors was used. It would be of interest to investigate whether 
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factors such as hydrogen ion concentration, which influence the degree of dis- 

persion, also influence the diffusibility of the antineuritic and antiscorbutic 

principles. 

SUMMARY. 

The antineuritic and the antiscorbutic accessory factors diffuse through a - 
collodion membrane of such permeability as permits the passage of sub- 

stances like methylene blue, neutral red and safranine. Membranes of lower 
permeability were found not to allow the diffusion of these factors. It is sug- 
gested that the active molecules whether simple or associated may be of a 

semi-colloid nature. 

The expenses of this research were defrayed from a grant made by the 
Medical Research Council, to whom our thanks are due. 
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CLinicaL and experimental observations tend to show that diet plays an im- 

portant part in the etiology of rickets and much of the evidence obtained by 
the clinician goes further to demonstrate that the results obtained with certain 
oils and fats in the prophylactic and the curative treatment of the disease is 
quite marked. The recent experimental work of Mellanby [1918 and 1919] 

throws a very interesting light on the therapeutic value of fats and oils. 

Mellanby has shown that by keeping puppies on a certain basal diet, definite 
rickets could be induced in these animals and that the disease could be pre- 
vented or cured by the addition of certain substances, mostly oils and fats, to 

the basal diet. Of the substances which were capable of producing this bene- 
ficial effect the majority were found to be identical with those which contain 

the fat-soluble A factor. This important observation suggested the possibility 
that the fat-soluble factor or another accessory factor closely associated with 
it was concerned in the prophylaxis of rickets. However, investigations carried 

- out clinically and experimentally in order to test this theory of the etiology 

of rickets have yielded results from which no definite conclusions can yet be 
drawn. Hess and Unger [1920] from observations made on groups of infants 
receiving diets some of which were rich, others deficient in the fat-soluble 

factor, could not obtain any definite evidence that the rickets which developed 

in some of their patients could be traced to an accessory factor deficiency. 
Harden and Zilva [1919] kept young monkeys on a diet deficient in the fat- 
soluble factor for several months. The animals declined, but no rickets deve- 
loped. Mackay [1921] fed kittens on a diet deficient in this factor, but other- 
wise theoretically adequate, with the result that the animals ceased growing. 

No evidence of rickets however could be established at the post mortem ex- 
amination. McCollum, Simmonds, Parsons, Shipley and Park [1921] recently 
analysed a series of diets on which rats developed rickets and although the 
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results pointed to the possibility that a deficiency of the fat-soluble factor or 
calcium might be responsible for the production of the disease, the authors 
considered that with the experimental evidence so far at their disposal they 
were only justified in concluding that faulty nutrition was the cause of the 

observed rachitic changes. 
We are at present engaged in studying various dietetic problems including 

the etiology of rickets in the pig. The pig is a very suitable animal for such a 

purpose as it is susceptible to rickets, is omnivorous and can be reared away 

from its mother on experimental diets. 
The cause of rickets in the pig has often been attributed by agriculturists 

to a dietetic deficiency—calcium and phosphorus being the suspected elements. 
Thus one finds statements in various text-books on scientific feeding that pigs 

fed on potatoes, whey, maize and cereals develop rickets. If on the other hand 
such diets are supplemented by clover or meadow hay the disease does not 
occur. Although calcium is usually considered to be the limiting factor it will 

be noticed that the diets which are alleged to produce rickets in the pig are 
at the same time deficient in the fat-soluble factor, whilst clover and meadow 

hay besides supplying calcium also form a source for this accessory factor. 
Herter [1898] on the assumption that fat deficiency might be responsible 

for the production of rickets placed young pigs two months old on a diet of 
skimmed cow’s milk. The animals deteriorated after several months but in 

the author’s opinion rickets did not develop. It is, however, of interest to 
note that Herter found that phosphates were imperfectly absorbed when this 

diet low in fat was used. The diets were of course also low in the fat-soluble 

factor. 
Our primary object was to find out whether pigs, brought up from birth 

on a diet rigorously restricted in the fat-soluble factor only, would develop 
rickets with the regularity with which animals, which are susceptible to scurvy, 

develop this disease on a scorbutic diet. Owing to the exacting attention that 
such experiments require we could only deal at first with a limited number 
of animals. The results obtained concerning the original object in view were 
not definite, but other observations of interest were made which will be dis- 

cussed in this communication. 

EXPERIMENTAL. 

The experiments were carried out at the Reading University College Farm, 
Shinfield. Four animals, A, B, C and D, which were divided into two groups, 

were employed in this experiment. Group I, consisting of A and B, were placed 
on a diet containing the fat-soluble factor, whilst Group IT, consisting of C and 
D, were kept on a diet rigorously restricted in that factor. The animals, which 
weighed three pounds each at the commencement of the experiment, were 
young Berkshire boars farrowed on August 13th out of “ Whitley Sensation” 
by second prize boar “Swinton Cogniac.”” On August 17th they were placed 
on the experimental diets, During the first three days a mixture resembling 
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in composition sow’s colostrum was given to the animals. The diets were of 

the following composition: 

Group I. Group II. 

Extracted dried milk 7°75 g. Extracted dried milk 7-75 g. 
Cream (cow’s milk) 20-2 ,, Autoclaved olive oil 95 ,, 
Purified caseinogen 126 ,, Purified caseinogen 13:0 ,, 
Salt mixture 0-28 ,, Salt mixture 0:36 ,, 

The above was made up to 100 ce. 
On August 20th the above diets were changed to mixtures approximating 

in composition to sow’s milk, which were made up according to the following 

formulae: 

Group I. Group II. 

Fresh cow’s milk 60 ce. Extracted dried milk 6-7 g. 

Crude caseinogen 5-0 g. Purified caseinogen 49 ,, 
Cream (cow’s milk) 5:0" ,, Autoclaved olive oil 46 ,, 

Salt mixture 0-66 ,, Salt mixture 0-63 ,, 

The above was made up to 100 ce. 
To insure the solution of the caseinogen 5 % sodium bicarbonate (20 ce. 

per 100 g. of caseinogen) was used. 
Daily doses of decitrated lemon juice and “marmite” were administered 

to supply the antiscorbutic and the antineuritic requirements of the animals. 
The dried separated milk was extracted with light petroleum for two to 

three days. 
The cream was freshly separated and was obtained daily from the Reading 

College Dairy. Its average fat content, as determined by the Gerber method, 

was 42 %. 
The caseinogen was rendered free from detectable traces of the fat-soluble 

factor by being heated for 24 hours in shallow layers at 120° C. and being 
subsequently extracted for one day with 90 % alcohol and for two days with 

light petroleum. The olive oil was autoclaved for $ hour at a pressure of two 

atmospheres. The salt mixture was of the same composition as that employed 

by McCollum and his collaborators. 
As will be seen, the chief difference between the diets in the two groups 

was in the content of the fat-soluble factor. In Group II the active cream was 

replaced by the inactive olive oil. 
At the commencement of the experiment the little pigs were fed by bottle 

every two hours day and night. After August 23rd the intervals were extended 
to three hours. By the end of August the animals received six meals a day, 
which were further reduced by September 15th to five meals, with a night 
interval of six hours. The diets were given ad lib. and the quantities consumed 
were recorded. . 

At first the intake of food and the growth of the two groups were approxi- 
mately the same. After a few days, however, the animals in Group II com- 
menced consuming less food than the animals in Group I and at the same 

28—2 
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time ceased growing, whilst the control animals continued to gain in weight. 

See Photograph 2, Plate IT. 
On September 14th pig D died during the night. A skiagraph was taken 

soon after death, but no abnormalities could be discerned. At the post mortem 

examination very pronounced “beading” at the costo-chondral junctions of 
theribswas observed. Photograph 1, Plate II, shows the appearance of the costo- 

chondral junctions of the ribs of this animal. No other abnormal changes were 

established. The analysis of one of the long bones gave the following figures: 
moisture, 20-1 %; CaO, 29-3 % of the dry weight. We have so far been 

unable to obtain a really normal animal of the same age for comparative ~ 
purposes. Histological preparations of the ribs, which will be discussed later, 
were kindly made for us by Miss F. M. Tozer, to whom we take this oppor- 

tunity of expressing our best thanks. 
In order to save the other declining animal in this group, cream was added 

to its diet in the same proportion as that in the diet of Group I. It was in- 

tended to supply a small amount of the fat-soluble factor sufficient to stop 
further decline. The animal soon resumed growth and the cream was accord- 

ingly discontinued on September 27th. From September 14th this animal 
received, besides the artificial milk mixture, an addendum of a basal mixture 

made up of 150 partsof starch, 40 parts of purified caseinogen and 10 parts 

of the salt mixture. After the cream was discontinued crude caseinogen was 
employed in this mixture instead of the purified substance in order to supply 

a further very limited amount of the fat-soluble factor. An average of about 
250 g. of this mixture was consumed by the animal per day. From October 16th 

purified caseinogen was again employed, and on October 26th the artificial 
milk was replaced by a mixture consisting of olive oil, extracted dried milk, 

basal mixture and salt mixture. The olive oil and the caseinogen were dis- 
continued on November 22nd. At this period the animal was consuming 

about 2 lb. of starch and 1? Ib. of extracted fat-free dried milk per day. 
Towards the end of the experiment, owing to a temporary shortage of extracted 
dried milk, a mixture of starch and purified caseinogen was again resorted to. 

As will be seen from Fig. 1, which represents the weight curves of the 
animals, pig C, in spite of the restricted diet, kept on growing after the resump- 
tion of growth produced by the administration of the cream even better than 

the animals in the control group. No symptoms of rickets were observed 
during the experimental period. A skiagraph was taken on November 9th 

and a normal picture was obtained, The animal was slaughtered on January 
19th. At the post mortem examination the following was found: Skin—good 
and clean. Thyroid glands—-more connective tissue than in the control animal. 
Femur decidedly thicker and distinct enlargement of all bones at knee 
joint. Tarsal bones thicker than in control. Junctions between tarsals and 

metatarsals also thicker than in control. Spleen—a little heavier than in con- 
trol. Liver—superficial foci of inflammation; weight of liver, 2} lb. More fat 
was found in this animal than in the control, Kidney normal. Adrenals 
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Photograph 5. Litter from Sow Lot I. 
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normal. Ribs—angle of junction between bones and cartilage at costo-chondral 
junction markedly greater than in the control. In attempting to cut with a 
knife the same resistance was met as in the case of the control. The cartilage 
at the costo-chondral junctions strikingly thinner than the bony part as com- 

pared with the control animal. Longitudinal section at costo-chondral junc- 
tion is decidedly wider than in the control and the line of active cartilage is 

also a little wider. Heart and lungs quite normal. Weight of leaf fat, 1 lb. 
143 oz. The analysis of one of the long bones gave the following figures: 

moisture, 14-7 9%; CaO, 376% of the dry weight. Photograph 3, Plate IT, 
is a picture of pig C before being slaughtered. 

In the control group pigs A and B commenced showing weakness in their 

legs, animal A in the hind and animal B in the front limbs and afterwards 

also in the hind legs. The wooden floor was at this stage replaced by bricks 
and the animals somewhat improved soon after the change. This affection of 
the limbs was definitely established to be non-rachitic. On September 13th 

an addendum of basal mixture and wheat germ was made to both diets. 

From September 20th lucerne was given to pig B and from October Ist about 
15 g. of crude cod-liver oil was administered to pig A. On October 6th the 

milk was discontinued in both cases, pig A receiving basal mixture, wheat 
germ, toppings and whey; pig B receiving crude caseinogen, toppings and 

whey. From November 22nd the diet of pig A consisted of toppings, whey 

and cod-liver oil, which was supplemented by maize gluten on December 23rd. 
The diet of pig B was supplemented by maize gluten on December 15th. Pig 

B was killed on January 19th and pig A on February 17th. At the post mortem 

examination no rickets could be established in either case. A piece of wire 
was found to have penetrated the stomach of pig A and to have caused local 

inflammation which most probably was responsible for the ill-health of the 
animal during the last few weeks of the experiment. The analyses of the long 

bones gave the following figures: pig A, moisture 16°8 %, CaO 35:5 % of dry 

weight. 
On three occasions during the early part of the experiment the weights of 

our experimental animals were compared with those of the little pigs of the 

same litter which remained with the mother. On September 8th the pigs in 
the litter weighed 164, 15, 13, 144, 14} lb. whilst pig A weighed 14 lb., pig B 

123 lb., pig C 8 lb. and pig D 9? lb. On September 24th the pigs in the litter 
weighed 213, 233, 26}, 184 lb., and pig A weighed 254, pig B 22?, pig C 12} 

lb. On November 26th the average weight of the litter pigs was 54-7 Ib., 
whilst -pig A weighed 65}, B 72} and C72 lb, It is therefore evident that 
the pigs brought up artificially gained more weight than the animals which 

remained with the mother, 
The ribs of pigs A, C and D were examined histologically and the observa- 

tions may be summed up as follows: 
(1) A moderate increase in the number of proliferating and hypertrophic 

cartilage cells was found only in pig C. 
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(2) A deep penetration of blood vessels from the bone marrow into the 

cartilage was observed in all the three cases. 
(3) The presence of fibro-cellular tissue instead of normal marrow was 

found in all cases. It was more pronounced in the case of pig C. 
(4) The irregularity of the line at the costo-chondral junction was also 

recorded. This was most marked in the case of pig D. 
The back and leaf (perinephritic) fats from pigs A, B and C were tested 

by our standardised technique for the presence of the fat-soluble factor on 
rats, and as will be seen from Fig. 2 which represents the weight curves of 

these rats, the fats derived from animals fed on a diet containing this factor 
were found to be more or less active; the reverse was the case with the fats 

from the animal fed on a deficient diet. There was one discrepancy in the 
case of the leaf fat of pig B which appears to have been due to an irregularity 

in the technique; unfortunately we did not have enough of this sample to 
repeat the test. These observations confirm the results we [1920] have pre- 
viously obtained with pigs fed on diets of varying contents of the fat-soluble 
factor. 

No marked difference was found in the water, connective tissue and 

nitrogen contents of the two fats. The refractive indices, the Polenske, 

iodine and potash absorption values were also almost identical. 
The results of our experiments offer no definite information on the relation 

of the fat-soluble factor to the etiology of rickets. We are however of the 
opinion that if the deficiency of this factor alone bore the same relation to 
the etiology of rickets as that of the antiscorbutic and antineuritic factors 
to the etiology of scurvy and beri-beri, we should have obtained a better 
differentiation in the rachitic condition in the two groups, in spite of the 

limited number of animals employed. As it is, we find it impossible with the 
results so far at our disposal to explain the decided, although slight, rachitic 
changes observed histologically in our normally-fed animals. 

The above experiments, however, bring into prominence the following 
points: 

(a) That when pigs are “off their feet” it does not necessarily imply that 
it is due to rickets. The affection of the limbs of pigs A and B was decidedly 
not of a rachitic nature. 

(b) That the requirements of the pig for the fat-soluble factor are of a low 
order. This has already been pointed out by us [1920] in a previous com- 
munication. In this investigation the comparatively small quantity of cream 

and crude caseinogen consumed by pig C was sufficient to act as a source of 
the fat-soluble factor for the animal during about four months. 

(c) That the fat-soluble factor promotes growth in the pig. This was 
demonstrated by the resumption of growth of pig C on the addition of cream 

to the restricted diet. It was further confirmed by the following experiment, 
which is a continuation of that described in the previous communication 
already referred to and in which we kept pigs on diets consisting of toppings 
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and synthetic whey (Lot I) and toppings and ordinary whey (Lot IT). Both these 

diets were highly deficient in the fat-soluble factor, the diet of Lot I being the 
more restricted. In the early stages of the experiments these animals showed 
a considerable growth which eventually slackened off. On September 23rd 

the sows belonging to Groups I and IT had their restricted diets supplemented 
by an addendum of the fat-soluble factor. At this time the animal in Lot I 
had practically ceased growing, whilst the animal in Lot II was growing at 
a rate much below the normal. It was decided to administer the fat-soluble 
factor to the sow in Lot I in the form of crude cod-liver oil which was found 

to be very active in the case of rats and to the sow in Lot II in the form of 
lucerne. Lot I was given at first } oz. of cod-liver oil per day; this was after 
five days increased to 4 oz., and after 42 days this was again increased to 1 oz. 
per day for 20 days. The animal consumed the oil with great alacrity and 
resumed growth immediately after the commencement of the treatment. Lot 
II was started at first on 4 lb. of lucerne per day; this after five days was 

increased to 1 lb., and after two weeks to 4 Ib. per day. On December 3rd 
both sows were taken to the boar and became pregnant. They were then 

placed again on their original restricted diets. Fig. 3 represents the weight 
curves of these animals as well as that of the sow belonging to Lot II, which 

was fed all the time on toppings, whey and grass, a diet rich in the fat-soluble 
factor. On March 30th the sow in Lot I gave birth to eight pigs all of which 
were born dead or died very soon after birth. 

One of the young lived for five hours and on post mortem examination 

was found to be normal except for a slight general oedema. Of the remaining 
seven pigs four showed a marked abnormality in the development of the hind 

limbs to a varying degree. This malformation was particularly pronounced 
in two cases (see Photographs 4 and 5, Plate II) in which the hind limbs 
were represented by thin tail-like appendages. 

Oedema was generally present in all the eight bodies to a varying degree; - 
four cases showing very marked ascites, hydropericardium and hydrocele, but 
there was no association between the severity of the oedema and the mal- 
formation of the limbs. The large hydroceles in these cases may be seen from 
the photographs. In nearly all cases there was more or less severe hydro- 
nephrosis. 

The weights of the eight young were respectively 950, 1100, 1250, 900, 950, 
1050, 1100 and 1350 g. 

Analyses of the bones of three of the pigs were made, but their value is 
limited by the fact that only one analysis from a normal pig of the same age 
was available. 

Pigs from litter Lot I. 
— A — Normal 
1 2 3 control 

g g. g. g- 
Weight of humerus 5-2 5-68 4:27 4-5 
% moisture 41-6 46-3 44-5 40-9 
% CaO on dry weight 34-45 33-71 32-80 37-24 
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We are not at present in a position to say whether this abnormal litter is 
to be ascribed to the drastically restricted diet which the mother had received, 

but further experiments are in progress. 
The sow in Lot. II farrowed down nine pigs on April 8th of which only 

one died. 
In conclusion we wish to express our indebtedness to Mrs John Golding 

for the indefatigable help she rendered us during this inquiry. 
The expenses of this research were defrayed from a grant made by the 

Medical Research Council, to whom our thanks are due. 

SUMMARY. 

No definite rickets was induced in sucking-pigs fed from birth on a diet 

rigorously restricted in the fat-soluble factor. 
The addition of the fat-soluble factor in the form of cream, cod-liver oil, 

and lucerne to a deficient diet stimulated growth in pigs declining in weight. 

REFERENCES. 

Drummond, Golding, Zilva and Coward (1920). Biochem. J. 14, 742. 

Harden and Zilva (1919). Lancet, 780. 
Herter (1898). J. Hap. Med. 3, 293. 
Hess and Unger (1920), J. Amer. Med. Assoc. 74, 217. 
Mackay (1921). Biochem. J. 15, 19. 
McCollum, Simmonds, Parsons, Shipley and Park (1921). J. Biol. Chem. 45, 343. 

Mellanby (1918). J. Physiol. 52, Proc. xi. 
(1919). Lancet, 407. 

en alas 

Rs ee fh nie xr K ets 45 



L. THE SYNTHESIS OF VITAMIN B BY YEASTS 
(PRELIMINARY NOTE). 

By ARTHUR HARDEN anp SYLVESTER SOLOMON ZILVA. 

From the Biochemical Department, Laster Institute. 

(Received May 5th, 1921.) 

EXPERIMENTS on this subject have-been in progress in this laboratory for a 
considerable time with the twofold object of ascertaining whether yeast grown 
on a medium devoid of vitamin B is able to produce this substance and 
whether different species of yeast all produce this vitamin. Our experiments © 

are not complete but in view of the recent publication by Nelson, Fulmer and 

Cessna [1921] we think it desirable to make a brief statement of the results so 
far attained. 

The method used consists in growing the yeast under examination on a 

synthetic medium containing ammonium phosphate and chloride as sources 
of nitrogen, together with the necessary mineral salts and cane-sugar. The 
cane-sugar was fractionally precipitated by alcohol from aqueous solution, 

and the solution of the dried purified material then shaken three times with 

fuller’s earth to remove any possible trace of vitamin B. 
The specimen of S. cerivisiae used had been isolated from a sample of 

baker’s yeast, and S. ellipsoideus was also examined. 

S. cerivisiae grew very slowly and imperfectly in the medium, whereas S. 
ellipsoideus grew much more rapidly and gave a larger yield. 

The yeasts were centrifuged out of the medium, washed three times with 

distilled water, pressed and dried in the air. A parallel culture of S. ellipsoideus 

on unhopped brewer’s-wort was made and the yeast crop treated in a similar 

manner. 
The dried yeasts were then compared as regards their curative effect on 

pigeons suffering from avian polyneuritis as a result of a diet of polished rice, 
and showing retracted neck. Removal of this symptom for three days was 

regarded as a “standard” cure. 
The following is a brief statement of the results. 

Material Dose Effect 
g. 

Brewer's yeast ... eee eee ves 1 Cure 
- op. ee toe ont su 0-5 Ps 

S. cerivisiae from synthetic medium l Temporary cure, but recurrence 
after 48 hours 

S. ellipsoideus from wort eae eS He Cure 
” o. ose see 0-5 oa 
a » synthetic medium 1 » (lasting 4 days) 

” ” oP. ” ” ( ” 6 ” ) 

Pe ” Ae 0-5 Temporary cure, but recurrence 
after 48 hours 

; 
: 

ee en 
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It appears therefore that S. ellipsoideus produces vitamin B and that the 
yeasts grown on the synthetic medium contain vitamin B, but not in so large 
a proportion as those grown on wort. Further experiments are in progress. 

The expenses of this research were in part defrayed from a grant for which 

we are indebted to the Medical Research Council. 
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LI. THE ACTION OF SALTS AND NON-ELECTRO- 

LYTES UPON BUFFER SOLUTIONS AND 
AMPHOTERIC ELECTROLYTES AND THE 

RELATION OF THESE EFFECTS TO THE 

PERMEABILITY OF THE CELL. 

By DOROTHY HAYNES. 

From the Department of Plant Physiology and Pathology, Imperial College 

of Science and Technology. 

(Received March 15, 1921.) 

INTRODUCTION. 

Tue presence of buffer solutions in living protoplasm is generally assumed 
by physiologists, although it is only in a very few instances that direct chemical 

evidence of their presence has been obtained. The mixture of phosphates and 

carbonates which exists in the blood is well known and has been the subject 
of much examination, both theoretical and experimental, and it has recently 

been shown [Hempel, 1917] that certain vegetable saps contain buffer mix- 
tures of a different type—mixtures of the acid and neutral salts of organic 

acids. The existence of buffer mixtures as a normal constituent. of the living 
protoplasm of the cell is however a hypothesis which it is impossible at present 

to submit to experimental verification. It is nevertheless supported by much 
indirect evidence and gives a simple and entirely satisfactory explanation 

of the way in which the organism is able to maintain the reaction of its pro- 

toplasm very near to absolute neutrality in spite of the continuous production 

of carbon dioxide and other acidic substances. 
It is perhaps in consequence of the great importance of the neutralising 

action of buffer solutions that attention has been focussed upon this property 

to the exclusion of others which may have an equal physiological significance. 
The direct action of salts upon the proteins of the protoplasm has been the 

subject of much study, but little attention has been paid to the indirect action 
which they may exert by modifying the reaction of the buffer solutions which 

bathe the protoplasm, although this effect is well known to take place. The 
whole trend of modern research is however to lay stress upon the importance 
of the reaction of the medium in which physiological processes occur, and the 

modifications of reaction which buffer mixtures undergo, not only by the 

addition of salts, but also by the addition of non-electrolytes and by changes 
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of concentration and temperature, cannot fail to be of importance. Most of 
these changes can be deduced very simply from the theory of buffer solutions 
and they can also be demonstrated by experiment. The theory of buffer solu- 
tions will therefore be very briefly outlined here in order to emphasise these 

neglected elements, and the results will be given of some series of experiments 
which have been undertaken to confirm the theoretical deductions and to 

obtain some estimate of the order of magnitude of the effects upon which it 
is desired to lay stress. Finally an attempt will be made to discuss the bearing 
of these results upon the theory of certain physiological processes. 

THEORY OF BUFFER SOLUTIONS. 

Although the complete series of equations which determines equilibrium in 

a buffer solution is usually complex, since a number of ions and undissociated 
molecules may be present, it is generally possible to neglect a number of these 
equations without introducing any considerable error and to regard the pro- 

-_perties of the mixture as due to the balanced dissociation of two substances— 

weak acid and salt—having a common ion. The equations which determine 
the properties of the mixture may then be generalised in the form 

HX = H’+HX' 

MHX = M+ HX’ 

in which case the dissociation and hydrolysis of HX’ are neglected as well as 
any formation of undissociated M,X. 

Henderson [1908] has worked out the theory of buffer solutions in this 
form and has applied it to mixtures of carbonates and phosphates. He points 
out that H,X, being a weak acid, is very slightly dissociated in the presence 
of its salts, and that MHX may therefore be regarded as the sole source of 

HX’ ions. The concentration of hydrogen ions is therefore determined by the 
equations 

+) _ 7.[4.X)_ 1, [HX] 
[H"}=k |HX’) k a{MHX}] 

where & is the first dissociation constant of the acid H,X and a is the degree 
of dissociation of the salt MHX. 

The concentration of hydrogen ions is therefore a function of 
(1) the concentration of H,X; 

(2) the concentration of MHX; 
(3) the value of a; 

(4) the value of k. 
The effects of changes in the relative concentrations of acid and salt has 

been very fully dealt with by Henderson and others. It is proposed here to 
enquire into the effect of changes in the other factors which determine acidity 
=the degree of dissociation of the salt, and the dissociation constant of the 
acid—factors which up to the present have been almost completely ignored. 
Since [H’] varies inversely as @, the acidity of the solution will vary with any 
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change in the degree of dissociation of the more alkaline constituent of the 
buffer mixture, whether this change be due to an alteration in the active mass 

of salt present or to any change of external conditions which affects its dis- 
sociation constant. In this latter case the value of k, the dissociation constant 

of the acid, will also tend to change—probably in the same direction. It is 
possible however that in certain cases, which will be touched upon later, the 

dissociation constants of acid and salt may vary in opposite directions, in 
which case the effect of the variations will be erently increased. 

It is possible from the equation 

(HX) 
[1] = k MAX a[MHX) 

to predict the general effect of many of the changes which can be produced in 
a given buffer mixture. Unfortunately this is not always the case. Conditions 

are frequently so complex that to unravel their effects becomes a very formid- 
able task, while in other cases the data necessary for calculation are altogether 

lacking. It will be worth while, however, before proceeding to detail experi- 
mental results, to enumerate the more important conditions affecting the 

values of k and @ and hence of [H’], and to estimate as far as possible the 

bearing of theory upon them. 
(1) Change of concentration. Decrease of concentration will increase the 

value of @ and will leave k untouched, consequently the acidity of a buffer 

mixture will decrease with dilution. This effect is small but it seems doubtful 
whether it is so entirely negligible as has been assumed by Henderson and by 

Bayliss [1915]. The order of magnitude of the effect will be seen in the experi- 
ments on phosphate and acetate mixtures given below. 

(2) Addition of neutral salts. The addition of a salt MX’ to the mixture 

MHX, H,X will increase the concentration of the cations and thus reduce 
the dissociation of MHX. Increase of acidity will therefore follow. If the 

salt added has a different cation, M’, the conditions are rather more compli- 
cated. If however M’ is univalent the mixture M’HX, MHX will have 

properties very similar to those of the simple salt. A bivalent cation is in a 

different category; it produces a far greater increase of acidity. This is due 
primarily to the formation of the less dissociated salt M’(HX),, but other 

salts may also be formed as e.g. M’X. A comparison of the effect of magnesium 

chloride in phosphate and acetate mixtures will serve to show that the possi- 
bilities which polybasic acids afford for the formation of compounds of this 

type is not to be ignored. 
The effect of the anion has hitherto been disregarded. When the salt M’X’ 

is the salt of a strong monobasic acid both M‘'X’ and HX’ may be regarded 

as completely dissociated and the anion X’ will be without effect. Where 
however //X’ is not completely dissociated, a second mixture of acid and salt 
having buffer properties will be formed and the net result may be either te 
increase or decrease the value of |H']|. A particularly interesting case is that 

of the polybasic organic acids. Acids of this type form neutral salts which are 
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not hydrolysed in solution and which have a relatively large first dissociation 
constant. They may therefore be looked upon as moderately strong acids, but 
their dissociation is of a peculiar type which becomes of great importance 
when they form one of the constituents of a buffer mixture. Ostwald has 
shown that the carboxyl groups in these acids affect one another in such a 

manner that it is only when the first stage of dissociation has progressed to a 
considerable extent that the second stage begins [cf. Lewis 1918, p. 267]. 

The peculiar behaviour of citrates may be attributed with great probability 
to the dissociation of the third carboxy] group suffering a steric hindrance of 
this nature. Thus a mixture of sodium citrate with acetic acid produces a dis- 

placement in the alkaline direction owing to the formation of a non-dissociated 
acid citrate. 

(3) Addition of non-electrolytes. It is well known that when non-electro- 

ytes are added to solutions of electrolytes the conductivity of the solution is 
found to decrease. This is largely due to increase of viscosity, but partly also 
to a decrease in the degree of dissociation of the electrolyte. Arrhenius [1892] 
has shown that this latter effect becomes far more marked as the degree of 

dissociation of the electrolyte decreases, and although the effect is somewhat 
complicated and depends upon the nature of both electrolyte and non-electro- 

lyte, certain broad generalisations can be made, based upon the observations 

which he records. 
(a) The effect of alcohols, ether and acetone on solutions of acids is similar, 

but the effect of methyl alcohol tends to be rather smaller, of acetone rather 

greater, than the average; the effect of cane-sugar is markedly less. 
(6) Salt solutions show different behaviour according to type. In most 

cases the effect of cane-sugar is again small. 
Unfortunately the effect of non-electrolytes on weak bases has not been 

determined. 
(c) The influence of degree of dissociation is very marked. Arrhenius has 

shown that the effect of non-electrolytes upon the conductivity of acids in- 

creases with the concentration, and it is generally true that the less an electro- 

lyte is dissociated the greater is the effect of non-electrolytes upon its degree of 
dissociation. There is, however, also a specific effect, as has been pointed out, 
the nature of which is unknown. The effect of adding non-electrolytes (which 

produce a decrease in the value of k) is evidently similar to that of increasing 
concentration (which is equivalent to a decrease in the value of v) and it is 
important to notice that this similarity of effect may be inferred from the 

symmetry of the equation 

a? = kv 

in respect to these quantities, this being the form that Oswald’s dilution law 

assumes when | — @ does not differ appreciably from unity. 

Where & is constant we have: 

Bioch. xv 29 



444 D. HAYNES 

Where »v is constant: : <4 ne a 

The rate of change of @ with change of either v or k is therefore inversely as 
the square root of these quantities. 

It is evident from what has been said above that the addition of non- 

electrolytes to buffer mixtures will produce a differential effect upon the 
constituents of these mixtures where these are unequally dissociated unless 
there is a compensating difference of specific effect. This differential action 
of non-electrolytes will show itself by a change in the reaction of a buffer 
solution to which alcohol or some similar substance is added. The slightly 

dissociated acid constituent will undergo a large reduction of its degree of 

dissociation, while the highly dissociated salt will be little affected; the value 
of [ H’] will therefore decrease. This is fully borne out by experiment. 

(4) Change of temperature. The effect of change of temperature is difficult 

to predict. Noyes, Melcher, Cooper and Eastman [1910] have shown that the 

dissociation of neutral salts decreases very slightly with rise of temperature; 
salts of the type common to buffer mixtures have not been investigated, but 
it is probably safe to assume that it is very small. The change in the value of 

k is the determining factor, and though this can be calculated in certain cases — 
the calculation usually rests on a somewhat doubtful basis. 

Henderson? [1908] has attempted to calculate the change of reaction which 

takes place in a H,CO,;-NaHCO, mixture with change of temperature, but, as 
he points out, the results of the calculation must be regarded as giving a not 
very close approximation to the true result. He however deduces from the 

general result the important consequence that while a small increase of [H”] 
is produced in the mixture with rise of temperature, the alkalinity of the 

solution will rise owing to the larger temperature coefficient of dissociation 
of water. It is worthy of notice that this effect may possibly be greatly 

exaggerated in some buffer mixtures owing to the fact that the dissociation 

of weak electrolytes is sometimes decreased by rise of temperature. 
No attempt has been made here to investigate the change of reaction 

which the buffer solutions of phosphates and acetates under examination 
experience with change of temperature. The change is probably small for 

most buffer solutions, but it can hardly be negligible, especially if the tem- 
perature coefficients of acid and salt should prove to be opposite in sign. 

THrory oF AMPHOTERIC ELECTROLYTES. 

It is well known that solutions of ampholytes have many of the properties 
of buffer mixtures. Proteins are present in considerable quantities in the blood 
and undoubtedly help to maintain the constancy of its reaction, and it is 
quite probable that proteins and similar substances form a normal constituent 

' It may perhaps be useful to point out that in Henderson’s calculation of log & 38°, the num- 

ber 0491 is given in mistake for 0-481, the logarithm of 3-04, He thus obtains for & 38° the value 
of 42 instead of 4-0, The difference is probably immaterial in so approximate a result, but it 

leads to some confusion in his argument, 
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of the buffer mixtures which regulate the reaction of the protoplasm of the 

cell. This role must, however, be a somewhat subordinate one, and it can 
hardly be doubted that proteins—which may be taken as typical of colloidal 
ampholytes in general—have other and more important functions to fulfil in 

the living cell; a theory of their regulative action will be put forward later. 
As a preliminary it is necessary to extend this enquiry to the case of ampho- 
teric electrolytes and to examine how these also are affected by a change of 
conditions. 

Since ampholytes have the character of weak acids, the degree of dissocia- 

tion of the acidic group which they contain will decrease as the concentration 
of hydrogen ions increases in the solution. This has long been recognised and 

it is this behaviour which is the cause of any buffer effect which they may 
exercise, for their capacity for forming salts with weak acids is probably very 
small, and ampholytes may be considered as existing in buffer solutions in the 

free state. 
- Although it is not probable that the buffer effect of ampholytes is of great 

general importance, it is worthy of notice that the behaviour of an acid 

ampholyte in respect of changes of concentration is opposite to that of the 
ordinary buffer solution. Walker [1904] has shown that as the concentration 

of an ampholyte is increased, its acidity increases, decreases, or remains 
constant according as-’,, the acidic dissociation constant, is less than, equal 

to, or greater than k,, the basic dissociation constant. This theory of ampho- 

lytes based on the electrolytic dissociation theory was worked out for sub- 
stances of the class of simple amino-acids; the application to colloidal ampho- 

lytes will be justified at a later stage. If this be assumed it is evident that the 
presence of proteins such as albumins or globulins in a buffer solution will tend 

to moderate any changes of reaction induced by changes of concentration. 
It will be suggested in the sequel that the behaviour of ampholytes in the 

presence of non-electrolytes and at different temperatures may be a matter of 

very far-reaching importance. It has been shown above that = x“ 3 if 

therefore dk, = dk, the effect of adding a non-electrolyte to the solution of an 
ampholyte will be to repress the dissociation of the less dissociated group 
relatively to that of the more dissociated and thus to remove the ampholyte 

further from its iso-electric point. In the immediate neighbourhood of the 

isoelectric point, since d, = d,, this effect will vanish. 
There is however the possibility of a differential effect upon k, and k,, 

which will produce a change in the ratio k,/k,, therefore, k, will be reduced 

in greater measure than k,. Now Michaelis [1909]! has shown that at the 
isoelectric point 

TH’) _ ke 
[OH’| ~ ky 

re (=f EK 
1 For modifications of this formula see Michaelis and Rona [1919]. 

29—2 



446 D. HAYNES 

where K is the dissociation constant of water. A change in the ratio i will 

therefore displace the iso-electric point. 
The effect of adding a non-electrolyte to an acid ampholyte for which 

k, > ky will thus be to displace the iso-electric point in the acid direction if 

dk,< dk, since dk is negative. 
A difference in temperature coefficients will also displace the iso-electric 

point, but in this case it is impossible to estimate either the magnitude or the 

direction of the effect. 

EXPERIMENTAL. 

The following measurements of hydrogen ion concentrations in buffer 
solutions have been made on the lines indicated in the preceding sections. 

The apparatus used was of the ordinary type, but the usual capillary 

electrometer was replaced by a sensitive high resistance galvanometer. This 
was found to give sharp readings within 0-5 millivolt when the solutions under 

examination were good conductors. 
The hydrogen electrodes were of Walpole’s [1913] pattern; rubber stoppers 

were used. These electrodes, being in contact with the connecting solution, 
allow a slow diffusion of hydrogen through the tube of the electrode vessel. 

It is therefore only the surface layer that is completely saturated with hydro- 
gen. Walpole accordingly makes contact at the meniscus. It was found more 

convenient in the present instance to allow the platinum point to dip just 
below the surface; results can be obtained by this method which agree within 

1 millivolt, if a uniform procedure is adopted for saturation and sufficient 
time is allowed for equilibrium conditions to establish themselves. The final 

readings were in each case taken not less than half an hour after saturation. 
The calomel electrode was of the saturated type [Michaelis and Davidoff, 

1912}. This gave a reading of 0-5165 against standard acetate. Michaelis 

found at the temperature of experiment (25°) 0-518. The difference may be 

attributed to the incomplete saturation already mentioned. 
The hydrogen was obtained from zinc and sulphuric acid and was purified 

by the usual reagents—lead nitrate, potassium permanganate and mercuric 

chloride. As an additional precaution it was allowed finally to bubble through 
N/10 silver nitrate, sodium hydroxide and water. 

Calculations were made from the wok [Michaelis ‘and Davidoff, 1912], 

Pu 
7 To 

where £ is the observed u.M.¥. against the calomel electrode 

f(t) = 0-0591 (at 25°) 

and B= a— f(t) 
where a = E.M.F. against standard acetate 

y = value of P,, for standard acetate = 4-62, 

hence B = 0-2435, and the formula becomes 

Py me 2 = 0°2485 
u 00591 
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All measurements were made at the temperature of 25°. Diffusion potentials 
were found to be very small and have been neglected. Three standard buffer 
solutions were used in these estimations: (1) potassium phosphate mixture 
(Py = 6-88) made by mixing 5 parts of M/15 KH,PO, (Py 4:58) with 6 parts 

of M/15 K,HPO, (Py = 8-38); (2) sodium phosphate mixture (Pj), = 6-86) 
made by mixing 5 parts of M/15 NaH,PO, (Py = 4:56) with 6 parts of M/15 
Na, HPO, (P = 8°38); (3) sodium acetate mixture (P= 4-70) made by 

mixing 5 parts of M/5 acetic acid with 6 parts of M/5 sodium acetate. 
The acid phosphates which were used in the preparation of these solutions 

were twice re-crystallised. The solution of sodium acetate was prepared from 

salt obtained with the “a.R.’’ guarantee, and once re-crystallised. As di- 
potassium and di-sodium phosphates are not easy to purify, the solutions of 
these substances were made up by mixing a weighed quantity of the acid salt 

with an equivalent quantity of standard hydroxide solution and diluting to 

the correct volume. 
The neutral salts were eithior re-crystallised or obtained with the “ 
guarantee, except in the case of magnesium acetate, which was a “a 

analysis after drying in vacuo, and of potassium acetate and potassium 
tartrate, the solutions of which were prepared by neutralising standard acid 
solutions until they were just alkaline to phenolphthalein. As a check on this 
procedure a comparison was made between solutions of M/6 potassium citrate 
prepared in this way and by solution of the salt; this gave the following 

results: 

Py 
By neutralising acid 6°96 

From salt ... eee 6-94 

Weaker solutions were generally made up by dilution from the normal. In 
the case of calcium and magnesium chlorides the semimolar solutions were 

standardised by diluting to M/20 and titrating with silver nitrate. 
In order to carry out the comparative estimations, the results of which 

are shown below, the standard solutions of phosphate or acetate were diluted 
with their own volume either of water or salt solution. Usually 5 cc. of each 

were taken. In the case of the alcohols, 25 cc. of standard solution and a 

given volume of alcohol were made up to 50 cc. Three sets of results were 
thus obtained—for mixtures containing (1) potassium phosphates, (2) sodium 
phosphates and (3) sodium acetate and acetic acid—showing the effect of 

changes of concentration and addition of salts and non-electrolytes. The phos- 
phate solutions were chosen both on account of their physiological importance 
and because their normal reaction is very near to absolute neutrality. The 

acetate solution was chosen on account of the large number of soluble acetates 

which allowed a more complete investigation of the action of salts. 
The readings given represent in each case the mean of not less than two 

determinations with different hydrogen electrodes. 
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Table I. Effect of Concentration. 
Vol. of Potassium Sodium Sodium 

water added phosphate phosphate acetate 

Py Py Py 
0 6-88 6-86 4-70 

1 6-96 6-96 4-71 
2 7-02 7-00 4-73 

The slight effect of change of concentration on the acetate mixture is to 
be ascribed to the fact that M/5 sodium acetate is already very highly dis- 

sociated; dilution can therefore produce only a slight effect. 

Table II. Effect of potassium salts of various acids wpon potassium phosphate. 
Water Acetate Citrate Chloride Sulphate Tartrate 

M/4 M/12 M/4 M/8 M/8 

Py 6-96 6-91 6-94 6-48 6-74 6-79 

Table III. Effect of potassium citrate wpon potassium phosphate. 

Concentration M/60 M/30 M/12 M/6 M/3 
of salt 
Py 6-94 6-91 6-94 6-97 7-08 

From Table II we have the series: citrate > acetate > tartrate > sul- 

phate > chloride; but it is evident that the relative effect will vary with the 
concentration. In the case therefore of the other solutions the comparison has 

been carried over a considerable range of concentration for all the salts. The 

results of this comparison are shown graphically and figures are also given 
showing the effect of additions of metallic chlorides and_of ethyl and methyl 

alcohol to the standard buffer mixtures. These graphs (Figs. 1-6) are self- 

explanatory and require little comment?. 
The addition of magnesium salts to potassium phosphate mixture pro- 

duces, at concentrations above M/20, a labile solution which deposits mag- 

nesium phosphate on standing. A large rise of [H’] is to be observed in the 

solution when this has taken place, but some of the previous effect must also 
be due to the formation of undissociated magnesium phosphate. A com- 

parison of the effects of magnesium chloride and magnesium acetate shows 
that in concentrated solution the nature of the acid which replaces phosphoric 
acid largely determines the effect. 

The alcohol measurements confirm the theoretical deduction of a decrease 
of [H"] in the presence of non-electrolytes. In the case of the alcohols this is 

very marked, It was hoped to carry out similar observations on mixtures 
containing sugar, but the present apparatus proved quite unsuitable for the 
treatment of highly viscous solutions, and the observations had therefore to 
be abandoned. There is however very little doubt, in the light of Arrhenius’ 
work, that these mixtures would show a similar decrease of hydrogen ion con- 

centration, but that the effect would be much less marked. 

' The concentrations of salt solutions in these figures are expressed in terms of normality. 
By a normal solution is here meant a solution containing one equivalent of base per litre, i.e. 
M/3 sodium citrate, M/2 caleium chloride, ete. 
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PHYSIOLOGICAL EFFECTS. 

The effect of buffer solutions and ampholytes in determining reaction has 

been demonstrated in the preceding sections, and some consideration must 
now be given to the physiological consequences which may ensue when these 

changes take place in the living cell. The whole trend of modern physiology 
is to emphasise the preponderant importance of the reaction of the medium, 

in determining the rate and direction of the processes of metabolism, but 
the processes of metabolism which take place in living protoplasm are them- 
selves processes of chemical change which tend to modify reaction, e.g. by 

ef 7 | I 

6-:9r- 

© citrate 

6-8t 5s 

6-7 \Xs | 

6-6 es 

6-5 q ek 

6-4 - 

| | | | 
OON O2N O4N O0O6N O8N 

Fig. 1. The aton of the sodium salts of various acids upon the reaction ot 
sodium phosphate mixture. 

production of carbon dioxide and changes in the concentration of salts, and 

non-electrolytes in the cell may also produce changes in the reaction of the 
buffer solutions of the protoplasm. A regulative process is thus at work which 
it will be necessary to examine more closely. 

Before proceeding to more definitely physiological considerations, it is 
desired to lay some stress upon the action of the anions of the neutral salts. 

Tt has been shown that the salts of various acids differ in the effect which 
they produce upon the reaction of buffer mixtures; consequently we have 
here an anionic series similar to the well-known Hofmeister series and to those 

obtained in various physiological reactions. It is to be noticed that the order 
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of the series of anions expressing the effect of salts upon the reaction of buffer 
mixtures varies to some extent with the nature of the buffer mixture and also 
with the concentration at which the salts are compared. 

It has usually been the custom in physiological and biochemical work to 
make comparison between the molar concentrations necessary to produce a 
given effect. In the graphs (Figs. 1-4) equivalent concentrations have been 

compared. It is interesting to notice that the Hofmeister series falls (with 
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Fig. 2. The effect of the sodium salts of various acids upon the reaction of . 
sodium acetate mixture, 

the exception of chloride) into two well-defined groups, if equivalents rather 

than molecular concentrations are compared. Thus: 

Concentration of salt necessary for the precipitation of egg albumin. 
Mols. Equivalents 

Citrate 0-56 1-68 
Tartrate 0-78 1-56 
Sulphate 0-80 1-60 
Acetate 1-69 1-69 
Chloride 3-62 3-62 
Nitrate 542 542 
Chlorate 552 552 
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F 9. 3. The effect of various chlorides upon the reaction of potassium phosphate mixture ( x ) and 
sodium phosphate mixture (©) and of magnesium acetate upon potassium phosphate mixture. 
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Fig. 4. The effect of various chlorides upon the reaction of sodium acetate mixture. 
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Fig. 5. The effect of methyl alcohol { x ) and ethy! alcohol (@) on the reaction of 
potassium phosphate mixture. 
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Fig. 6, The effect of methyl alcohol and ethyl alcohol on the reaction of 

sodium acetate mixture, 
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It is probable that neither in physiological nor in biochemical work has 
sufficient attention been given to the effects of changes of reaction arising 

from the double decomposition of substances of weakly acidic nature, which 
form ions of the type HX’ or undissociated molecules and thus immobilise 
hydrogen ions. 

THEORY OF PERMEABILITY. 

It has been shown above that the effect of mineral salts upon buffer solu- 
tions is to increase acidity, and that salts having bivalent cations are far more 

active in this respect than those whose cations are univalent. These chemical 
differences, together with the small but definite differences of behaviour which 

are shown by similar salts of sodium and potassium, are clearly of importance 
as indicating a possible explanation of such physiological differences as are 

’ exhibited in the phenomena of “the antagonism of ions.’ Loeb has attempted 
to explain antagonism as a consequence of the colloidal properties of the cell 

and more particularly of the plasma membrane. He applies the rules worked 
out by Hardy and Schulze for the precipitation of suspensoid colloids, and 
regards the action of salts upon the living cell as effecting an incipient coagu- 

lation of the plasma membrane [see Héber 1914, pp. 529, 530]. There are 
however considerable difficulties in accepting this explanation as it stands, 
especially as it is doubtful whether the precipitating action of salts upon sus- 
pensoids and emulsoids is due to similar causes. Moreover Loeb’s theory 
gives no explanation of the differences of behaviour which are shown by ions 

of equal valence. If, however, as is now suggested, buffer’solutions are called 
in to play a part in these phenomena, the range of possible explanation be- 

comes greatly widened. The normal reversible effects of salts upon protoplasm 

may then be looked upon as indirect and due to modifications in the reaction 
of the fluid bathing the protoplasm, while direct action upon the proteins or 
similar substances of the protoplasm itself will produce abnormal and usually 

irreversible effects. These considerations are of especial importance in relation 

to the plasma membrane, and it is proposed to consider in some detail the 
effect which changes in the reaction of the fluid medium may produce upon 

the proteins of the membrane, and to suggest a theory of permeability based 
upon these changes. The main outlines of this theory are as follow: 

(1) The semi-permeable membrane is assumed to be a gel; the more solid 

phase of which consists principally of emulsoid colloids having an amphoteric 

character, while the liquid phase is of the nature of a buffer mixture. 

(2) There is maximum permeability at the iso-electric point. Permeability 
to salts falls off very rapidly on either side of the iso-electric point. 

A few words are necessary in reference to these assumptions. 
There has been a considerable change of opinion in recent years as to the 

_ nature of emulsoid solutions, but most chemists are now agreed in regarding 
them as partaking very largely of the nature of true solutions from which 
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they differ chiefly in virtue of the size and complexity of their particles [see 
Héber 1914, p. 304; Sérensen 1917, p. 4]. 

The recent work of McBain [1920] has shown that these particles are 
usually aggregates of both ions and non-dissociated molecules which contain 
large quantities of water, and that their composition “varies continuously 

with changes in concentration and temperature or upon the addition of salts.”’ 
There is also much evidence that the hydration of the particles is a function 
of their charge; indeed the varying viscosity of protein solutions has long been 

_ interpreted as due to variations in the number of the heavily hydrated ions into 
which protein dissociates. This conception of ‘“‘micellae!” capable of under- 
going continuous changes of charge and water content is evidently of great 

value to the biologist in enabling him to form some picture of the changes 
which protoplasm may undergo, and in particular of the variations which 
may take place in the state of aggregation of the plasma membrane of the 

cell. 
The theory of protein dissociation and of the iso-electric point in relation 

to ampholytic colloids has been the subject of much controversy and there is 
little doubt that the dissociation of proteins differs considerably from that of 

the simple amino-acids. There is however much evidence that proteins are 

ampholytes whose acidic and basic characters depend upon the dissociation 
of hydrogen and hydroxy] as do those of other weak acids and bases, and that 
their dissociation is at a mimimum at the iso-electric point?. Sérensen, 

Héyrup, Hempel and Palitzsch [1917] have recently measured the iso-electric 
point of highly-purified egg albumin in solutions containing sulphuric acid 

and ammonium sulphate, using the principle of Michaelis*, that if an ampholyte 
is added to a solution the P,, of which is that of the ampholyte at its iso-electric 
point the reaction of the solution will be unchanged. They obtain a constant 

value for the iso-electric point of egg albumin under very varying conditions, 

thus affording strong support to Michaelis’ theory of the iso-electric point. 
Little direct evidence exists as to.-the chemical nature of the membrane, 

but there is a very strong probability that proteins are present in it and there 

is also much reason to believe that it contains lipoid substances. It is there- 
fore legitimate to assume that it consists largely of ampholytic colloids. The 
properties of ampholytic colloids have been principally studied in the case of 

proteins, and although lecithin is known to possess an ampholytic character, 
no detailed investigation of its behaviour has been made. It will therefore be 
necessary, pending the results of further investigation, to assume the pro- 

perties of protein as typical of the ampholytes of the semi-permeable mem- 

_ brane. 

* It seems convenient to follow the current botanical use and to write micellae as the English 
plural of Niigeli’s term. 

* A very complete summary of the evidence relating to the dissociation of proteins and the 
theory of the iso-clectric point is given by Robertson [1918] and Pauli [1914, 1920}. 

* For a recent amplification of Michaelis’ theory see Michaelis and Rona [1919] in which 

references to the earlier developments of the theory are given, 
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It has been shown that the plasma membrane may be regarded as 
composed of particles undergoing continuous changes of charge and water 
content according to variations in the reaction of the surrounding medium. 

We have now to consider the conditions for permeability in such a membrane. 
Substances soluble in the continuous phase of the gel—lipoid-soluble sub- 
stances—will obviously pass through with more or less ease in all circum- 
stances and will experience no regulative action. Water-soluble substances on 
the contrary will have to pass through pores, the size of which will vary with 

the state of hydration of the colloidal particles, and will therefore pass through 
most easily when those pores are at their maximum size, 7.e. at the iso-electric 

point. It is moreover to be expected that this variation in permeability will 
be greatly exaggerated in the case of charged ions; at reactions above that of 
the iso-electric point the membrane will carry a positive charge and will repel 
cations; at reactions below this point it will carry a negative charge and repel 

_ anions; in each case it will also impede the movement of the oppositely 

charged ion, on which it will exercise an attraction. It is only in the imme- 

diate neighbourhood of the iso-electric point that the membrane will be 
permeable to ionised salts as a whole. A membrane of this nature will thus 

possess a variable permeability, especially to electrolytes, and will exercise a 
regulative function conditioned largely by changes in the reaction of the 

plasma medium, since by these changes the ampholytes of the membrane will 
necessarily be brought nearer to the iso-electric point or will be removed 

further from it. It is clear therefore that neither salts nor non-electrolytes 

can be without effect upon its permeability, and this effect must now be con- 
sidered in detail. 

To begin with the case of non-electrolytes. It has been shown above that 
these reduce the acidity of a buffer mixture and also that there is strong 

reason to suppose that if they are added to the solution of an ampholyte they 

may displace the position of the iso-electric point. Non-electrolytes may there- 
fore affect permeability in two different ways; action on the buffer solutions 
of the membrane will take place in the liquid phase, action on its ampholytes 
in the solid phase, but one effect will usually be negligible since most sub- 

stances are relatively insoluble in one of the two phases of the membrane. 

For water-soluble substances such as sugar the principal effect will be on 
the buffer solutions of the liquid phase, while lipoid-soluble substances such 
as ether, which are largely soluble in the solid phase of the membrane, will 

act chiefly by displacing its iso-electric point. Alcohol it may be noticed will 
be soluble in both phases. It will be convenient to leave the further considera- 

tion of the action of the lipoid-soluble substances to a later stage and to deal 
with them under the head of narcotics. Most food materials are water-soluble; 

the only important exception is fat, and the fats are readily hydrolysable into 
water-soluble substances. 

Tt has been shown that there is much reason to suppose that a change 
in the concentration of sugar in the protoplasm of the cell will change the 
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reaction of the buffer mixtures of the protoplasm and thus bring it nearer to 
or remove it further from the iso-electric point. If the protoplasm is below 
the iso-electric point a decrease in the concentration of sugar will bring 
it nearer to this point and thus promote permeability and diffusion; if the 

protoplasm is above the iso-electric point, an increase of concentration will 
have the same effect!. As, however, the effect of the sugars upon dissociation 
is small, it may be expected that considerable changes of concentration will 

be necessary to produce any marked physiological effect. 
The diffusion of salts into the cell is conditioned by two factors—the con- 

centration of the salt and the change of reaction which it produces. If the 
reaction of the buffer mixture of the plasma membrane is above its iso-electric 
point, the diffusion of salt into the cell will increase acidity, and thus an 

increasing resistance to the entrance of more salt will be produced. It is here 

that the antagonism of ions will come into play. Calcium chloride will cut 
down permeability at a much lower concentration than sodium chloride; 

therefore the addition of a little calcium chloride to a solution of sodium 
chloride will impede its penetration. On this hypothesis it is easy to under- 
stand such observations as those of Osterhout [1911] and Loeb [1916]. Oster- 

hout showed that solutions of sodium chloride and calcium chloride, neither 

of which was capable of plasmolysing the cells of Spirogyra, effected rapid 

plasmolysis when mixed. Loeb found that the amount of calcium chloride 

necessary to prevent injury to eggs of Fundulus by sodium chloride solution 
varied with the concentration of the sodium salt. The results obtained by Stiles 

and Kidd [1919] are also significant. They found that the rate of absorption 
fell rapidly after a few hours, and that though calcium was rapidly absorbed 

at first, at final equilibrium bivalent ions were absorbed to a much less extent 
than univalent. Another important point in this connection is the antagon- 
ism between ions of a like valency, e.g. sodium and potassium, calcium and 

magnesium. It seems probable that this also can be explained by the different 
effect which they produce on the reaction of the medium. It has been observed . 

that both phosphate and acetate mixtures show a definite difference of response 
to potassium and sodium salts; the effect of calcium and magnesium could be 

compared only on sodium acetate mixture, and in this case their reactions 
were alike, but since the chemical differences between the salts of calcium and. 
magnesium are frequently considerable, this case cannot be general and it is 

probable that the antagonism may find a general explanation in differences in 
the properties of the products of reaction of the salts in question with the 

constituents of the buffer mixture of the protoplasm. It should however be 

remarked that the striking physiological effect of very small traces of certain 
substances appears to indicate a direct action upon the plasma membrane in 

some cases. The foregoing considerations show clearly the necessity for main- 

' The excretion of sugar from plant cells when the concentration of sugar becomes high is 
thus explained, It is suggested below that in leaves the plasma membrane is normally main- 

tained above the iso-electric point, 
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taining a definite ratio in the concentration of the various ions present, since 
any modification will affect the reaction of the protoplasm. The “balanced” 

nature of such mixtures as Ringer’s solutions, sea-water, and the water-culture 

solutions used for the growing of plants is therefore explained. 
No definite hypothesis has hitherto been made in this paper as to the 

reaction of the protoplasm and the plasma membrane in respect to the iso- 

electric point. Electrical phenomena which will be discussed later suggest 
that the membrane of many cells is normally permeable to cations. This 
indicates that the plasma membrane of such cells is below the iso-electric 
point. 

In the case of leaves, changes in the concentration of carbon dioxide due 

to alteration of the balance between respiration and assimilation must lead 
to changes of permeability, and a variation in the supply of salts would produce 

a like effect. If the reaction is above the iso-electric point, permeability and 
diffusion will be at a maximum during periods of active photosynthesis. This 

is in accordance with the observations of Lepeschkin [1909], Tréndle [1911], 
and Blackman and Paine [1918], who all found a marked increase of perme- 
ability as the result of increased illumination. It is possible too that a falling 
off in the supply of salts is one of the causes of the death of leaves, since 
death is known to be preceded by increased permeability. 

Equilibrium in the cell. It is well known that the living cell can maintain 
permanent differences of concentration on either side of a membrane which 
it is impossible to regard as completely impermeable (ef. Abderhalden’s 

analyses of blood corpuscles and serum [1909]; also Stiles and Kidd [1919}). 

The question of equilibrium is very complex and a number of factors are 
involved, of which permeability may not in many cases be the most important. 

It seems probable however that there is true dynamic equilibrium in certain 
cases, and this must be due to the properties of the membrane. As an example 

reference may be made to the exclusion of organic acids from the protoplasm 

by the action of the vacuole membrane, such as is known to occur in the leaf 
of Oxalis. When the cell sap is highly acid it is probable that the vacuole 
membrane is maintained at a reaction far above that of its iso-electric point. 

In this case it is probably impermeable to ions of either sign. Equilibrium 

may thus be maintained between the non-dissociated fraction on either side 
of the membrane. Overton [1902] has shown that the plasma membrane is 

in general in some degree permeable to undissociated molecules which thus 
behave like any other non-electrolyte, and it may be supposed that the mem- 
brane of the vacuole has similar properties. Any acid present in the vacuole 
will of course be dissociated on passing the membrane, but in presence of its 

salts the hydrogen ion concentration will be kept very low. We have thus the 
possibility of equilibrium between acid present in the vacuole and in the 
protoplasm, while at the same time the hydrogen ion concentration of the latter 

is at a minimum. In the case of permanent differences of salt concentration, - 

such as are found between blood corpuscles and serum, it may be objected 
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that such an equilibrium could not be maintained, since salts are only com- 
pletely dissociated at infinite dilution. This is of course true, if an undissociated 
fraction is really present, but the existence of strong electrolytes in the undis- 
sociated state has recently been called in question. Ghosh [1918] has found 
that the abnormalities of strong electrolytes can be satisfactorily explained 

on the supposition that they are completely dissociated at all concentrations. 
The question of differential absorption, as e.g. by such an organ as the 

root, is closely related to that of equilibrium, and here again a number of 

factors are probably concerned; it is nevertheless probable that a true differ- 
ential permeability exists, of which the difference between sodium and 
potassium ions affords the most striking instance. Potassium ions are highly 
diffusible; whether this is to be ascribed to a low degree of hydration, to a 

small atomic volume, or to any other difference of physical conditions, is at 

present undetermined (see Faraday Soc. Trans. [1919]), but on almost any 
hypothesis potassium salts will continue to penetrate the membrane in virtue 

of their diffusibility, under conditions which completely exclude sodium salts. 
Moreover, the effect of potassium ions upon the reaction of buffer mixtures 
is small and increases slowly with increasing concentration; they may there- 

fore reach a considerable concentration before being also in their turn cut off 

by the lessened permeability of the membrane. 
Stimulation. There is very little doubt that stimulation is accompanied by 

changes of permeability. It is therefore necessary that any theory of the 
plasma membrane should take account of the phenomena of stimulation. 

These phenomena have chiefly been studied on nerves or muscles. It will be 
assumed here that the protoplasm in such tissues is below the iso-electric 

point, in which case the membrane will be permeable to cations. In this case 
a slight excess of hydrogen ion concentration within the cell will produce a 

diffusion potential and the current of injury can be explained on Bernstein’s 

hypothesis as due to a migration of anions from the interior of the cell at the | 
point where the membrane is pierced. The current of rest is susceptible of an 

explanation on similar lines, for salts will produce an increase of hydrogen 
ion concentration at the place at which they act and will bring the membrane 

nearer to the iso-electric point—the point of permeability. 
It is not proposed to consider the general theory of stimulation here; it 

may however be pointed out that on Nernst’s hypothesis stimulation is ac- 

companied by an increase in the concentration of salt in the immediate neigh- 
bourhood of a membrane: on the present hypothesis the production of in- 

creased permeability follows as a necessary consequence. 
Narcosis, If stimulation is to be explained by the production of perme- 

ability at a point of the membrane, it is reasonable to suppose that the effect 
of narcotics is to reduce permeability. This explanation accords well with 
observations on the effect of narcotics on the production and transmission of 
excitation, and there is some direct experimental evidence in its favour; but 

direct experiments on permeability present very special difficulties both in 
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execution and interpretation, and the results cannot be considered conclusive 
(for a critical review of the evidence see Katz [1918]). The general result of 
different lines of enquiry is however to confirm the conclusion that true nar- 
cosis is the result of a decrease of permeability of the membrane, and that 

increase of permeability is only produced by narcotics at relatively high con 
centrations in which case the effects are irreversible and injurious. 

It has been shown that the alcohols produce a decrease of hydrogen ion 

concentration in buffer solutions, and that their action is thus the reverse of 
that of salts. This accords well with the theory that narcotics act by reducing 

permeability. Alcohols cannot however be taken as typical of narcotics in 
general, for these are normally very slightly soluble in water. Such substances 

act directly on the solid phase of the membrane, and as already pointed out there 
is reason to suppose that their action may consist in a displacement of the 

iso-electric point. If so narcotics may be regarded as lipoid-soluble substances 
which by their differential effect on the dissociation constants of the am- 
pholytes of the membrane remove them further from their iso-electric con- 

dition. 
A few words remain to be said in conclusion. No attention has been given 

to the possible effects of adsorption, but it is very probable that buffer solu- 

tions are adsorbed by the membrane, and it is not unlikely that excitation 
may in some cases be due to changes in the concentration of these salts pro- 
duced by changes of surface tension. Theories relating to tropisms have also 

‘been left unconsidered, but it may be worth while to remark that on the 

present hypothesis the relation of the membrane to the iso-electric point will 
determine whether the reaction to the tropic stimulus is positive or negative. 
Small [1920] has already made the suggestion from a different point of view 

that the tissues of the root may be acid and those of the stem alkaline. 
It is fully recognised that the experimental basis of certain of the theories 

which have been put forward in the present paper is very incomplete. It is 
hoped in the future to carry out experiments on the effect of non-electrolytes 
and of temperature on the iso-electric point of amphoteric electrolytes. It is 

also intended to study the specific effect of non-electrolytes on dissociation. In 
the meantime it is desired to point out that the present theories relating to 

permeability are based very largely on hypotheses which have been found 

necessary in the study of other phenomena. The theory of the buffer solutions 
present in protoplasm, of the existence of protein and lipoid substances in the 

plasma membrane, and of their ampholytic character, are all well established 

on other grounds, and the present theories consist almost entirely of necessary 
deductions from these assumptions. That it is possible by their means, not 

only to explain differences of permeability, but to correlate such well-estab- 
lished physiological facts as the antagonism of ions and the various phenomena 
of electric stimulation and the effect of narcotics, is strong evidence in their 
favour, especially in view of the fact that they show how the regulation of 

permeability can be a direct result of cell metabolism. 
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SuMMARY. 

The theory of buffer solutions shows that an increase of hydrogen ion con- 

centration normally results from the addition of neutral salts, a decrease | 
from the addition of non-electrolytes. These deductions have been confirmed 

by experiments on buffer mixtures of phosphates and acetates. 
There is a marked difference of effect between univalent and_ bivalent 

cations, and a small but distinct difference has been observed between sodium 

and potassium salts. 
It is shown on theoretical grounds that the addition of non-electrolytes to 

the solution of an ampholyte may displace its iso-electric point. In the case of 

an ampholyte for which dk, < dk,, the iso-electric point will be pg eae in 

the acid direction, since dk is negative. 
A theory of permeability, based on the foregoing observations and deduc- 

tions, is suggested. The semi-permeable membrane is assumed to be a gel, the 

more solid phase of which consists principally of emulsoid colloids having an 

amphoteric character, the liquid phase of a buffer mixture. Such a membrane 
will have a maximum permeability at the iso-electric point, since at this point 
the continuous phase will not only be in a state of minimum hydration and 

will thus occupy a minimum volume, but will also be without charge. Above 

the iso-electric point the membrane will carry a positive charge and will repel 
cations; below this point it will carry a negative charge and repel anions. The 

membrane will therefore be peculiarly impermeable to charged ions, except in 
the immediate neighbourhood of the iso-electric point. Additions of salts 

and non-electrolytes will modify the permeability of the plasma membrane 

by the changes which they produce in the reaction of the buffer mixture of 
the protoplasm. 

The phenomena of antagonism can be explained as resulting from the 

different effect of different cations on the reactions of the buffer mixture of 

the protoplasm. 

The bearing of the present theory upon stimulation and narcosis is out- 

lined. 

The above investigation has arisen out of work which has been carried out 
for the Food Investigation Board of the Department of Scientific and In- 

dustrial Research on the physiological changes which apples undergo in cold 
and ordinary storage. 

The writer is indebted to Professor V. H. Blackman for valuable criticism 
and suggestions. 
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LIT. SOME OBSERVATIONS ON THE HAEMOLYTIC ACTION OF CERTAIN 

QUININE SALTS ON THE ERYTHROCYTES OF DIFFERENT INDIVIDUALS 
AND ON THE RESISTANCE OF NEWLY FORMED RED CORPUSCLES TO 
HAEMOLYSIS UNDER THE INFLUENCE OF DISTILLED WATER. 

By UPENDRA NATH BRAHMACHARI anp PARIMAL SEN. 

The following table is to be substituted for the one on p. 463. 

Table showing the haemolytic action of the different salts of quinine upon 
the red corpuscles of different individuals, 

chloride 

Man 0-04 

” 0-05 
” 0-055 

” 0-06 

a 0-05 

a 0-085 

a 0-08 

= 0-055 

” 0-085 

” 0-06 

: 0-045 

‘i 0-035 

re 0:06 

A 0-055 

od 0-07 

of 0-055 

0-05 
“ 0-065 

Fowl 0-1 

Quinine 
hydro- 

oride 

0-45 
0-5 
0-45 
0-5 
0:37 
0-4 
0-3 
0-4 
0-4 
0-3 
0-45 
0-45 

03 
0:35 
0-3 
0-35 
0-3 
0-425 
0-35 
0-4 

Quinine 
disulphate 
0-055 
0-07 
0-07 
0-0775 
0-07 
O-1 
0-095 
0-07 
Ol 
0-075 
0-06 
0-045 
0-075 
0-07 
0-08 
0-095 
0-07 
0-07 
0-075 
0-12 

sulphate 

0-45 
0-5 
0-45 
0-5 
O04 
0-45 
0-325 
0-45 
0-5 
0-35 
0-5 
0-5 
0°35 

Hydro- 
chloric 
acid 

0-015 

0-02 

0-02 

0-025 

0-015 

0-027 

0-03 

0-02 

0-035 

0-025 

Sulphuric 
acid 

0-025 

0-03 © 

0-03 

0-03 
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LI. SOME OBSERVATIONS ON THE HAEMO- 
LYTIC ACTION OF CERTAIN QUININE SALTS 
ON THE ERYTHROCYTES OF DIFFERENT 
INDIVIDUALS AND ON THE RESISTANCE OF 
NEWLY FORMED RED CORPUSCLES TO 
HAEMOLYSIS UNDER THE INFLUENCE OF 
DISTILLED WATER. 

By UPENDRA NATH BRAHMACHARI anp PARIMAL SEN. 

From the Campbell Medical School, Calcutta. 

(Received May 4th, 1921.) 

I. Ly the first part of this paper are recorded the observations made by us 
on the haemolysis of erythrocytes by certain salts of quinine in a series of 
patients taken promiscuously from the medical wards of a hospital of which 

one of us is in charge. The research was conducted with a view to determine 
whether the salts of quinine vary in their haemolytic action on the red 

corpuscles of different individuals and how far the quinine radicle or the acid 

portion of a quinine salt is responsible for the haemolysis. 

Lable showing the haemolytic action of the different salts of quinine upon 
eee the red corpuscles of different individuals. 

s™ 

Quinine Quinine Hydro- 
dro- hydro- Quinine Quinine chloric Sulphurie 

chloride chloride —disulphate _sulphate acid i 
Man 0-040 as Ng 0-45 0-055 0-45 0-015 0-025 

”» 0-050 0-05 0-007 0-50 0-002 0-003 
” 0-055 0- 0-007 0-45 0-002 0-003 
” 0-006 0-05 0-0775 0-05 id 0025 0-003 
” 0-005 0:37 0-007 0-04 ee 0-015 0-025 
se 0-085 0-40 ™6-001 0-45. 0-027 0-037 
” 0-008 0-03 0-095._ 25 0-003 0 035 

” 0-055 0-04 0-007 ~~ 0-45 0-002 0-003 
» 4 0-04 ™.0-05 0-035 0-045 
” ‘5 0-03 0° 0-025 0 003 

” 0- 0-45 0-05 ~ 0-002 0-003 
* 0: 0-45 0:05 —~~_ 0-015 0-002 
” 0- 0- 0-35 0-025 0-003 
” 0- 0-35 0-025. 0-035 
an 0: 0-03 0-35 0-003 __ 0-035 
Py 0- 0-35 0-04 0-035 ~0:004 
” 0-03 0-35 0-025 0-003 

” 0-005 0-425 0-007 0-45 0-002 0-025 
” 0-065 0-35 0-075 0-35 0-003 0-003 

Fowl 0-001 0-04 0-012 0-45 0-035 0-045 

We shall not enter here into the researches of previous workers on the 
haemolytic action of quinine salts. The reader is referred to them for com- 
parison of our results on those points in which work has already been done 
by them. 
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In all our observations, the experiments were made with solutions of 

quinine salts in normal saline. 
Each observation extended from 2} to 3 hours, the test tubes containing 

the mixture of washed corpuscles and quinine solution being kept at 40°. 
The corpuscles were washed with 0-85 % NaCl. 

Columns (1), (2), (3) and (4) show the strength of the solution of a quinine 

salt (g. per 100 cc.) in which the red corpuscles begin to haemolyse in the 
course of 24 to 3 hours. Columns (5) and (6) show the percentage of HCl 

or H,SO, in a solution calculated in terms of quinine dihydrochloride or 
quinine disulphate in which the same amount of acid is present. Thus 0-015 % 

hydrochloric acid means the amount of hydrochloric acid present in 100 ce. 

of normal saline containing 0-015 g. of quinine dihydrochloride. 
From the above the following conclusions may be drawn: 
(1) Quinine dihydrochloride is the most haemolytic of the quinine salts 

shown in the table. 
(2) The acid salts are more haemolytic than the corresponding neutral salt. 
(3) Free hydrochloric acid or free sulphuric acid is more haemolytic than 

a solution of quinine dihydrochloride or quinine disulphate containing the 

same amount of hydrochloric acid or sulphuric acid respectively. 
It will be seen that the presence of the quinine radicle in a quinine salt 

retards the haemolytic action of the acid present in the salt. 
From the above table it will be seen that the erythrocytes of different 

individuals vary differently in their resistance to haemolysis under the in- 
fluence of a quinine salt and it is quite possible that we might come across 
an individual in whom the resisting power of the red corpuscles was still 

lower. Black-water fever is therefore likely to occur in those individuals in 
whom the erythrocytes are least resistant to the action of a quinine salt 
either owing to disease or to a natural weakness on their part in resisting the 
action of the acid portion of a quinine salt. 

In our observations we have found that fowl’s corpuscles are more re- 

sistant to haemolysis under the influence of a quinine salt than the average 

red corpuscles of man and therefore any conclusion drawn from observations 
on the haemolytic action of quinine salts in lower animals may be fallacious, 

if applied to the case of man. 
Attempts have been made by us to determine whether the haemolytic 

power of a quinine salt is diminished by the presence of glucose in its solution. 
One such experiment has, up to the time of writing, been made in the case 
of the fowl and the following results obtained: 

Commencing haemolysis of fowls red corpuscles was obtained with: 
(1) 01% solution of quinine dihydrochloride, (2) 0-4 % solution of 

quinine hydrochloride, (3) 0-12 °%, solution of quinine disulphate all in normal 
saline. 

(2) 0:12 % solution of quinine dihydrochloride, (2) 0:45 % solution of 
quinine disulphate, (3) 0-14 % solution of quinine disulphate, all in normal 
saline containing 5 % glucose. 



' 

HAEMOLYSIS 465 

It is thus seen that glucose retards the haemolytic action of salts of quinine. 
II. The second part of this paper refers to a series of observations made 

to determine the resisting power of the red corpuscles present after repeated 

bleeding to haemolysis under the influence of distilled water. 
In this Journal and in his Studies in Haemolysis one of us described a 

method of determining the fragility of the red corpuscles which may be 

briefly described as follows: 
One part of blood is treated with two parts of distilled water oni the 

proportion of haemoglobin in the undissolved corpuscles to that of the total 
volume of blood taken is estimated. This gives a factor which is fairly 
constant under normal conditions and may be termed the relative haemoglobin- 

value of the resistant corpuscles. In the case of the fowl, this factor was 
estimated to be 16-85 as an average of a large number of observations. 

To obtain absolutely identical conditions, the blood of the fowl in each 

case was washed three times with 0-85 °%% NaCl solution, so that the osmotic 
pressure of the suspending fluid of the corpuscles in each case was exactly 

the same. 
The corpuscles after repeated bleeding were obtained in the following 

way:—the fowls were repeatedly bled from their veins in the wings till the 
total quantity of blood removed amounted to 30 to 50 cc. The haemoglobin- 

value of the resistant corpuscles after repeated bleeding was estimated seven 

days after the last bleeding and compared with their haemoglobin-value 

before bleeding. 
The following experiments were performed: 
I. Weight of fowl—14# oz. Total amount of blood removed after bleeding 

for four times = 27 cc. Haemoglobin-value of resistant corpuscles before 

bleeding = 17, after bleeding = 35-5. 
II. Weight of fowl—3 Ibs. 53 oz. Total volume of blood removed after 

repeated bleeding for five times = 44 ce. Haemoglobin-value of the resistant 
corpuscles before bleeding = 15, after bleeding = 37. 

III. Weight of fowl—3 Ibs. 12 0z. Total volume of blood removed after 

repeated bleeding for four times = 34 cc. Haemoglobin-value of the resistant 
corpuscles before bleeding = 17, after bleeding = 32-5. 

IV. Weight of fowl—3 lbs. 14 oz. Total volume of blood removed after 

repeated bleeding for six times = 54 cc. Haemoglobin-value of the resistant 

corpuscles before bleeding = 11, after bleeding = 20-5. 
V. Weight of fowl—3 Ibs. Total volume of blood removed after repeated 

bleeding = 41 cc. Haemoglobin-value of the resistant corpuscles before 

bleeding = 10, after bleeding = 17-7. 
It will be seen that in all the above cases, the resistant corpuscles were 

_ increased after repeated bleeding, thus proving that red corpuscles obtained 
under these conditions are more resistant to haemolysis than under normal 
conditions. 

30—2 



LIII. A METHOD OF ESTIMATING PHENYLHY- 

DRAZINE VOLUMETRICALLY AND ITS APPLI- 

CATION TO THE ESTIMATION OF PENTOSANS 

AND PENTOSES. 

By ARTHUR ROBERT LING anp DINSHAW RATTONJI NANJI. 

(Received May 13th, 1921.) 

Tue well-known method of estimating furfural by precipitating it as phenyl- 
hydrazone and weighing. the latter, first suggested by G. de Chalmot and 

B. Tollens [1891], has the disadvantage that the phenylhydrazone i is difficult 
to dry, principally owing to the fact that its melting point is below 100°. 

The alternative method of Kroéber [1901] in which the furfural is precipitated 
and weighed as phloroglucide, leaves little or nothing to be desired on the 

score of accuracy, but it requires considerable time and attention, in addition 
to which phloroglucinol is an expensive substance. Flohil [1910] devised a 
method in which the reducing power of furfural towards Fehling’s solution 

is made use of as a quantitative method. This method however even after 

the modifications suggested by Eynon and Lane [1912], and by Baker and 
Hulton [1916] is less accurate than the phloroglucidé method. 

Now since the sole difficulty of the phenylhydrazone method is that of 

drying the hydrazone, we sought to remove this difficulty by attempting to 

estimate the excess of phenylhydrazine, required to precipitate the hydrazone, 
volumetrically. 

A method of estimating phenylhydrazine volumetrically has recently been 

suggested by Menaul and Dowell [1919]. These workers refer to the work of 
Ebler [1905], who found that the oxidation of hydrazine salts by cupram- 
monium salts proceeds in accordance with the equation 

4 (CuSO,, 4NH,) + N,H,, H,SO, 
= 2 (Cu,SO,, 4NH;) + 2NH, + N, + 3 (NH). SO,. 

Ebler suggests that on these principles a method of estimating copper or 
hydrazine may be based. Adan [1907] has shown that the reaction of phenyl- 
hydrazine with copper sulphate proceeds as follows: 

C,H,.NH.NH, + 2CuSO, = H,SO, + C,H, + Cu,8O, + Ng. 

He found however that the reaction is accompanied by others in presence of 
Cl-ions owing to the formation of p-chlorophenylhydrazine and a diazo- 
compound, 

Menaul and Dowell describe a gasometric method of estimating pentosans 

and pentoses. The method consists in distilling the substance with dilute 

en ae ee 
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sulphuric acid, precipitating with phenylhydrazine acetate in presence of 
sodium sulphate (instead of sodium chloride) to diminish the solubility of 
the hydrazone, adding a 10 % solution of ammoniacal copper sulphate, and 
collecting and measuring the liberated nitrogen. This method has been 
adopted by the U.S. Department of Agriculture (see Bull. 49), it being there 
recommended however to precipitate the hydrazone in presence of sodium 

chloride. 
It occurred to us that it might be more convenient instead of the gaso- 

metric method of estimating phenylhydrazine, to employ a titration method, 

and accordingly attempts were made to elaborate an iodometric method. 
_ The reaction between iodine and phenylhydrazine was first studied by 

Emil Fischer [1877] who showed that it occurred in accordance with the 

- following equation: 

2C,H;.NH.NH, + 21, = 3HI + C,H;NH,.HI + C,H;N3;, 

the products being hydriodic acid, aniline, and diazobenzene-imide. E. von 
Meyer [1887] showed that the reaction discovered by Fischer only occurs in 
presence of an excess of phenylhydrazine. When excess of iodine (at least 

four equivalents to one molecule of phenylhydrazine) is present, the reaction 

proceeds in accordance with the equation 

C,H;.NH.NH, + 21, = 3HI + C,H,I + Nj. 

Our method for the estimation of pentoses or pentosans based on this 
reaction is carried out in the usual way so far as the distillation with acid is 

concerned. 

In view of Menaul and Dowell’s observation [1919], we carried out some 

experiments with sulphuric acid using a concentration of that acid equivalent 
to 12% hydrochloric acid on the assumption that the ionisation of the 
sulphuric acid was 70 % of that of the hydrochloric acid. After eight hours’ 

distillation however only 85 % of the possible furfural was obtained. It was 
therefore decided to use hydrochloric acid, and we found that the presence 
of sodium chloride and free acetic acid in no way affects the method. 

After the accuracy of the method as compared with the phloroglucinol 
method had been established with solutions of furfural, it was applied to 

arabinose. A known weight of the pure sugar is distilled with 12 % hydro- 
chloric acid in the usual manner until the distillate ceases to give the furfural 
reaction with aniline acetate paper. The distillation flask is heated in a 

sulphuric acid bath instead of by a direct flame, and the total distillate is 
made up to 250 cc. Of this 25 ce. is transferred to a 100 ce. flask, a drop of 
methyl orange solution added and the hydrochloric acid neutralised with 
3N sodium hydroxide, care being taken during the neutralisation to avoid 

any rise of temperature. The solution is then acidified slightly with acetic 
acid, and 10 cc. of a standard aqueous solution of phenylhydrazine (approxi- 
mately 2%) added. The liquid is kept in a water bath at 50-55° for about 

twenty minutes when the precipitation of the hydrazone is complete. During 
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the precipitation the flask is closed with a cork, and the surface of the liquid 
reduced to a minimum by making it up with water to the neck of the flask. 
These precautions are taken in order to avoid oxidation of the phenylhydrazine 
by atmospheric oxygen. The solution is then cooled, its volume made up to 
100 ce., and it is filtered through a hardened filter paper. The excess of 

phenylhydrazine is then determined in an aliquot portion of the filtrate. 
Into a flask is measured 10 ce. of V/10 iodine solution! and to it is added 
10 ce. of the filtrate from the hydrazone. The liquid is then diluted with 
water to about 100 cc. and the excess of iodine is titrated with N/20 sodium 
thiosulphate, the volume in cc. being denoted by the symbol Y. 

The titre of the original phenylhydrazine solution employed for the pre- 
cipitation is ascertained in an exactly similar manner, and the number of 

ec. of N/20 sodium thiosulphate solution required is denoted by the symbol X. 

The number of cc. N/20 sodium thiosulphate equivalent to the furfural is 

xX—Y. 
The following are some results obtained with a sample of arabinose. It 

is seen that the results obtained by the new method agree closely with those 

obtained by the phloroglucinol method. 

Weight of arabinose found Weight of arabinose found 
Weight of arabinose by the phloroglucinol by the iodometric 

taken. g. method. g. method. g. 

0-250 0-248 0-250 
0-250 0-249 0-250 
0-232 _— 0-2328 

Some experiments were also carried out on the extract obtained by 
hydrolysing some Indian grasses with dilute sulphuric acid. 

Weight of pentoses found Weight of pentoses found 
by the phloroglucinol by the iodometric 

Extracts method. g. method. g. 

A 0-208 02095 
B 0-152 01510 

C — 01860 
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ON THE OCCURRENCE OF ETHEREAL SULPHATES 
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By PAUL HAAS. 
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INTRODUCTORY. 

Various views have from time to time been put forward concerning the 
composition of carrageen or Irish moss mucilage; the discordant results may 

be attributed to the fact that some of the investigators have worked on the 
weed as such, while others have examined an aqueous extract, apparently 
assuming either material to contain only a single substance. In all cases 

previous workers have contented themselves with establishing the presence 

of certain carbohydrate residues by hydrolysing the material or by distilling 
it with mineral acids or oxidising with nitric acid. Working on these lines 

Tollens and his pupils have shown that the substance contains galactose and 
fructose residues, the latter in such quantity as to induce Tollens [1914] to 

place carrageen among the fructosans, without however assigning any definite 
formula to the substance. Sebor [1900] on the other hand goes a little further 
in expressing the opinion that carrageen mucilage is a complex carbohydrate 

produced by the union of galactose, dextrose and levulose residues together 

with a small quantity of pentosan or methylpentosan as an impurity. 
In the course of an investigation of the physical and chemical properties 

of an aqueous extract of Irish moss [Haas and Hill, 1921], it was however 

found that a hot water extract of the plant is not, as had been assumed by 

previous authors, a single substance but is composed of at least two con- 
stituents, which can be separated by making use of their different solubilities 
in cold water. A systematic investigation of these two substances, known 

for convenience as the cold and hot extracts, is now being undertaken, but 

although it is not as yet completed, the results so far obtained are thought 
to be of sufficient importance to justify publication at this stage. 

It has long been known that Chondrus crispus yields on incineration a 

considerable amount of ash composed largely of calcium sulphate; practically 
all previous workers have drawn attention to this fact and have recorded 

1 For the first paper of this series see Haas and Hill [1921]. 
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their inability to reduce the ash content by dialysis and, without offering any 
explanation for this anomaly, have confined their attention to the organic 

matter present, ignoring the possible significance of the high ash content. 
Czapek [1920] commenting on the high percentage of sulphate found in 

the ash of many marine algae, states that it is not known what this is due 
to and a little later remarks: “Nicht unméglich ist es, dass oft reichlich Gips 

vorhanden ist.” That this remark does not apply in the present case is how- 
ever now shown, by the fact that an aqueous extract of carrageen gives 
the reactions of the calcium ion but not of the sulphate ion; after hydrolysis, 

however, the addition of barium chloride produces a plentiful precipitate of 
barium sulphate showing that the calcium sulphate obtained by incineration 

is not present in the plant, as such, but is produced by the decomposition 

of an ethereal sulphate pre-existing in the undecomposed material. Owing 
to the bivalency of calcium such a compound must contain two sulphuric 
acid residues for each atom of calcium, as indicated by formula (1). The 

correctness of this assumption has been established by showing that the 
amount of sulphate in the solution after hydrolysis is double that found in 

the ash, since a compound of the type of formula (1) must on incineration 

lose half its sulphur while the remaining half is converted into calcium 
sulphate: 

That this sulphur is really given off in the form of sulphuric acid on 
heating has been experimentally established and this decomposition accounts 
for the surprising readiness with which the extract of the weed tends to char 
when heated to constant weight in a steam oven. 

While the occurrence of ethereal sulphates among products of animal 

origin is not uncommon, the same cannot be said of plant products and the 
present instance would appear to be the first recorded case of the existence 
of carbohydrate esters of sulphuric acid among plant products; apparently 

the only other known example of the occurrence of ethereal sulphates of 
vegetable origin is that of certain mustard oil glucosides which liberate 

potassium hydrogen sulphate on hydrolysis, but in any case the composition 
of these is very different from that of the substances here described. 

Carrageen mucilage forms a very convenient material for demonstrating 

the ethereal sulphate grouping, since on boiling a little of the neutral solution 
with barium chloride no precipitate is formed; if a little concentrated hydro- 
chlorie acid is now added and the boiling continued a plentiful precipitate of 
barium sulphate is thrown down in the course of a minute or two. 

The establishment of this ethereal sulphate grouping in carrageen neces- 
sitates a revision of many of the previously published statements concerning 
the composition of the water-soluble constituent of this material. Although 
it is not intended in the present instance to discuss the nature of the organic 
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complex with which the calcium sulphate residue is combined, it may be 
mentioned here that both the hot and cold extracts, as at present prepared, 
contain about 1% of nitrogen, from which it has not as yet been found 
possible to free them. 

EXPERIMENTAL. 

At the outset of the present investigation an attempt was made to free 
the weed from adherent sea salt by a preliminary soaking in cold water; the 

first washings were distinctly saline but on removing these and allowing the 
weed to soak in distilled water all night it was found that the water had 

become quite syrupy and had extracted some material other than salts alone; 
the thick solution was therefore drawn off and replaced by fresh water and 

this process was repeated day after day until after about four weeks the 
amount of material extracted was practically negligible. The successive daily 

extracts were separately filtered and evaporated to dryness on tin lined copper 
pans and analysed. 

The ash content of the thirtieth fraction was 21-5 % showing that this 
method could not be looked to for yielding an ash-free substance. 

On digesting the residue from the cold water extraction with hot water 
over a boiling water-bath and evaporating the filtered solution the substance 
obtained was found to differ in some respects from that obtained from the 

cold water extraction, notably in the fact that strong hot water solutions 
gelatinise on cooling whereas the other material only produced thick gummy 
solutions, in equivalent strengths. 

In view of the very tedious nature of the above described procedure and 

the fact that the hot extract was not entirely insoluble in cold water, the 
following improved method was adopted. 

The handpicked weed was rapidly washed by squeezing it out a few times 

under a stream of running water and was then soaked for about an hour in 
distilled water. The aqueous extract was thereupon poured off and filtered, 

first through calico and then through a Chardin filter paper over a Buchner 
funnel. It was found advisable to replace the calico frequently owing to the 

clogging of the pores by the slimy particles of plant débris which weresuspended 
in the liquid. The filtrate was evaporated to dryness over a water-bath; the 
residue so obtained is referred to for convenience as the Cold Extract or C.E. 

The weed which remained after pouring off the water was then squeezed 
out as completely as possible and placed in a. tall cylindrical vessel in which 
it was washed continuously for three days in running water by allowing the 
liquid to enter the vessel at the bottom and overflow at the top through 

muslin. At the end of this time the weed had lost its slimy feeling and was 
regarded as being practically free from any of the cold water extract; it was 
thereupon squeezed out, washed in several changes of distilled water and left 
to soak in the same over night; after one more squeezing out and washing it 
was spread out in thin layers and allowed to dry in the air. This exhaustively 
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extracted weed was then warmed with hot water over a water-bath and the 
resulting solution, after filtration and evaporation, yielded the so-called Hot 

Extract or H.E. 
By collecting only the very first cold extract it was hoped to obtain a 

product as nearly as possible free from the H.E. since this dissolves but 
slowly in cold water, and by sacrificing most of the remaining C.E. together 

with some of the H.E. much time was saved and a fairly complete separation 
was effected. That the process is wasteful is shown by the fact that only 
about 37 % of the weight of the dry weed was obtained by this method, 

consisting of 14% of C.E. and 23 % of H.E. respectively, whereas about 
70 % of the weed is actually soluble in water. 

Comparison between the Hot and Cold Extracts. 

In external appearance there is no great difference between the two 

extracts; both form more or less transparent horny scales, although the H.E. 
is generally the clearer of the two; both are friable when dried in a steam 

oven but on exposure to moist air they absorb hygroscopic moisture and 
become soft and pliable; the amount of moisture taken up varies somewhat 

with the humidity of the atmosphere but the C.E. usually absorbs from 
4 to 5 % more than the H.E. 

When placed in cold water both swell up considerably, but the C.K. 

dissolves completely on stirring to form a gummy solution; the H.E., on the 
other hand, is only sparingly soluble in cold water and even if left to soak 
for a long time a large proportion of the material remains in the form of 

undissolved flakes; on warming, however, it dissolves fairly readily without 
however giving a perfectly clear solution; at a strength of about 1 %, such 
solutions, on cooling, show a tendency to gelatinise, although even a 2 % 

solution only forms a very thin jelly, and it is not until concentrations of from 

3 to 5 % are reached, that a really stiff jelly is formed. The melting points 
of such jellies have been described elsewhere [Haas and Hill, 1921}. 

Towards salt solutions the behaviour of these two substances is different; 
thus while both the H.E. and the C.K. are precipitated from their solutions 

by half saturation with ammonium sulphate the H.E. only is precipitated by 
half saturation with sodium chloride or magnesium sulphate, the C.E. re- 
maining unaffected thereby. 

A further difference between the two is in their behaviour towards Rochelle 

salt; on adding five drops of a 20 % solution of this salt to 5 cc. of a 0-75 % 
solution of H.E. (which is too dilute to set to a jelly) the H.E. is thrown out 
in the form of a clear gelatinous precipitate which remains suspended in the 
aqueous medium, but on boiling and then setting aside to cool the whole 
liquid sets to a clear stiff jelly. Solutions of the C.K. are not affected in the 
same way. Other salts of the lyophilic series affect the H.E. to a less extent 
but observations on this subject are reserved for a future occasion, 



CARRAGEEN 473 

Evidence of a chemical nature is also forthcoming to show that the C.E. 

and H.EK. are different; this is based upon the colour reaction obtained from 
the two substances on warming them over a water-bath with alcoholic solutions 
of a-naphthol and sulphuric acid; the deep violet colour given by the H.E. 

points to the presence of a ketonic sugar which would appear to be absent 

in the case of the C.E. 

The ash constituents of the Hot Extract. 

Mention has already been made of the fact that all previous workers had 
commented on the high ash content of carrageen; the figures given by different 

authors vary from 14-15 % [Church, 1876], for the air dried material, to 
20-6 % quoted by Czapek [1920]. 

In the present investigation the high ash content of the material was 
once more confirmed, as the following figures will show: 

Ash in the untreated weed ... ae ee ag 3 »- 146% 

59: gg OGM extrack:: «4., aus a as ye ie eee % 

wp asa Ge oe is ai i Bat 17-6 % 
» >» residue after extraction of all water-soluble material 5-19 % 

These figures were in every case obtained by incineration of the oven-dried 
material. Some difficulty was experienced in these determinations owing to 
the tendency for the material to char quite suddenly while being heated in 

the steam oven to constant weight. That this should occur at the temperature 
of the steam oven was at first difficult to understand but was subsequently 

explained by showing that the material gives off sulphuric acid when it de- 

composes (see below, p. 475). This tendency to char adds considerably to the 
difficulty of accurate determinations of moisture content, more especially as 
the last traces of moisture are retained somewhat tenaciously. 

Notwithstanding that earlier workers had recorded the fact that the ash 

content could not be reduced by dialysis and that one worker had actually 
observed an increase in the ash after dialysis [Moeller and Thoms, 1900], 

recourse was had to this method on several occasions. It was found that 
samples of the weed or of the C.E. which had a salt taste, lost it after dialysis 

with a corresponding falling off in the ash content; thus in one case the per- 
centage of ash in a sample of C.E. was reduced from just under 40 to 21-79, 
but prolonged dialysis would not reduce it below the latter figure; the dialysing 

water was shown to contain appreciable quantities of chloride and sulphate 
and the experiment proved that while at least some of the ash constituents 
can be removed by dialysis, a considerable proportion of these resist such 
treatment. Similarly several days’ dialysis did not reduce the percentage of 

ash in the H.E. below the average figure of 17-6. 

With the object of establishing whether the reluctance to give up salts 
by dialysis was due to any inherent attraction of the colloidal material for 
inorganic salts in general, and sulphates in particular, samples of carrageen 
containing added sodium sulphate, carbonate or chloride were submitted to 
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dialysis and in every case these salts were completely removed after two or 

three days. 
On the assumption that the reluctance to dialyse might be a poaulianity 

of the calcium sulphate a sample of H.E. was boiled with a solution of sodium 

carbonate, with the object of precipitating out the calcium, removing it by 
filtration and then dialysing away the sodium sulphate produced by double 

decomposition. On incinerating the dialysed material, however, it was found 
that the percentage of ash, instead of being reduced to zero, had been slightly 
raised, namely from 21-9 to 22-71. The calcium had been successfully removed, 

since the ash now actually consisted of sodium sulphate, but, strange to say, 
this latter had not dialysed out. The slight increase, of course, is explained 
by the fact that the one atomic proportion of calcium (40) had been replaced 

by two of sodium (46). 
An attempt was then made by reversing the order of procedure of the 

previous experiment to remove the sulphate radicle first, with barium 
chloride, and then dialyse away the resulting calcium chloride. On adding 

the barium chloride, however, no precipitate of barium sulphate was formed 

even after prolonged boiling, whereas on the addition of a little concentrated 
hydrochloric acid and boiling again for a few minutes, a heavy precipitate 

of barium sulphate was thrown down. 
From these experiments it was concluded that the H.E. contains ionised 

calcium but that the sulphate complex is united to an organic residue and 

therefore only becomes ionised after hydrolysis. 

That the calcium is, in fact, ionised was proved by showing that it can be 
quantitatively precipitated from solution by ammonium oxalate and that 
the estimations so carried out agree with those made on the ash obtained 

after incineration. The results obtained were as follows: 
1. Cu by direct precipitation ... 5-47 % 
2. 4, ‘Imeineration... . 566% 

With regard to the sulphate residue it became necessary to assume the 
existence of a complex which would liberate ionised sulphate after hydrolysis, 

as indicated by the equation: 
0.80,.0. 

Ont 2H = = CaSO, +H,80, 

If this shabingian is ‘cotrect the amount of sulphate obtained by pre- 

cipitation from the hydrolysed solution should be double that obtained by 
incineration, since the calcium present would only be sufficient to produce 
a single molecular proportion of calcium sulphate. That this assumption is 
borne out by experiment may be seen from the following figures: 

I 8 

1, SO, by incineration... 12:15 11-8 % 
2. » hydrolysis ... 24-55 23:81 % 

! The material used in this case was a mixture of C.E, and H.E., the experiment having been 
carried out before the improved method of separation had been devised. 
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The discrepancy between the figures in the two columns is due, no doubt 

to a difference in moisture content, arising from the difficulty experienced 
in drying the material without charring (see below). Notwithstanding this 

the ratio of the two figures in each column is pretty closely 1 : 2, as required 

by theory. 
Although the hydrolysis by boiling hydrochloric acid is sufficiently rapid 

to enable one to observe it qualitatively in the course of a few minutes, by 
_ the addition of barium chloride, it was found that in order to ensure complete 

hydrolysis, it was necessary to boil for some hours. In the above analyses 
about 0-5 g. was dissolved in 100 cc. of water and boiled with 5 cc. of con- 

centrated hydrochloric acid for at least five hours. 
Attention has already been drawn to the fact that the H.E. tends to char 

when heated to constant weight in a steam oven. This can be accounted for 
on the above assumption concerning the form of combination of the sulphate 
complex; on decomposition, a compound of the type indicated by formula (1) 

should give off sulphuric acid, whereas calcium sulphate, if present as such 

in the plant, would not do so. On dry distilling some of the H.E. in a small 
tube and passing the evolved vapours into water a strongly acid solution was 

obtained which gave an immediate precipitate with barium chloride, showing 
that sulphuric acid was actually evolved. 

Without for the present expressing any opinion upon the nature of the 

organic complex present in carrageen, the experiments above described justify 
the conclusion that the hitherto accepted views concerning the composition 
of this material require some modification; the water-soluble constituent of 
Trish moss should in fact not be regarded as a more or less complex carbo- 

hydrate contaminated with a certain amount of inorganic salts, but as a 
mixture of salts of sulphuric acid united to a carbohydrate yielding complex, 
in other words as a mixture of ethereal sulphates. 

SUMMARY. 

1. The colloidal material extracted from Chondrus crispus by hot water 

consists of two substances. 
2. These two substances may be separated from each other by taking 

advantage of their different solubilities in cold water. 
8. The constituent which is more soluble in cold water produces thick 

viscous solutions; the other dissolves more readily in hot water and produces 
~ solutions which tend to gelatinise on cooling. 

4. The Hot Extract is the calcium salt of an ethereal sulphate in which 

the calcium is freely ionised and can be quantitatively precipitated by the 
ordinary reagents for calcium, while the sulphate complex is not ionised until 

after hydrolysis of the compound. This accounts for the observation made 
by earlier workers that the high ash content of Chondrus crispus could not 

be reduced by dialysis. 
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It is hoped to continue the investigation of the constitution of both the 
hot and cold extracts and, if possible, also to extend the observations to other 

sea weeds. 

In conclusion the author wishes to acknowledge his indebtedness to his 

friend and colleague Mr T. G. Hill for valuable criticism and advice during 
the course of this investigation and also to express his thanks to Miss Barbara 

Russell Wells for assistance with some of the analyses. 
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LV. “FUMED” OAK AND NATURAL 

BROWN OAK. 

By CHARLES KENNETH TINKLER. 
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King’s College for Women. 

(Received May 25th, 1921.) 

THE well-known process for the production of a brown coloration on oak by 
exposure to fumes from a solution of ammonia, or to ammonia produced by 

the decay of nitrogenous organic materials, appears to have been practised 
for a very long time. Apart from the fact that oak darkened by the action 
of ammonia is usually regarded as having an appearance superior to that of 

stained oak, the chief advantages of “‘fuming” oak are that the effect extends 

some slight distance below the surface of the wood, the grain of the wood is 
not raised, and uniform colouring is obtained in depressions and angles of 
woodwork, which is often not the case where stains are employed. 

It is to be noted that in addition to the production of large quantities of 

“fumed” oak artificially, it is well known to those interested in timber that 
part of the wood of certain oak trees in this country is of a deep reddish 
brown shade. Usually the colour of this natural brown oak is much redder 
than the brown oak produced by the action of ammonia, and the grey appear- 
ance of the latter is usually absent from this natural brown oak. 

It is apparently impossible to tell whether or not a given tree will contain 
any of this natural brown oak until it is felled. Although many of these 

“brown” oak trees are found in the neighbourhood of London, few people 
are aware of their existence [A. L. Howard, 1920]. 

It has been shown by P. Groom [1915] that the coloration of natural 
brown oak is due to the growth of a fungus, though very little appears to have 

been done with regard to this coloration from a purely chemical standpoint. 
In view of the wide application of the “fuming” process for darkening 

oak and other woods, and the possibility of some connection between “fumed” 

oak and natural brown oak, it seeméd advisable to carry out some experi- 
ments on the subject. The results so far obtained in this investigation are 
dealt with below. 

The action of ammonia on oak in the presence and absence of oxygen. 

It is usually stated that the brown coloration obtained on oak subjected 
to the fumes from a solution of ammonia is due to the action of the ammonia 

on the tannin contained in the wood. In view, however, of the fact that 

alkaline solutions of tannin absorb oxygen, it appeared at the outset that the 
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coloration obtained in the “fuming” process was most probably due to the 
combined action of ammonia and oxygen from the air. That this view is 
correct may easily be demonstrated as follows: small pieces of oak are intro- 
duced into test-tubes filled with ammonia gas standing over mercury. The 

ammonia is rapidly absorbed by the wood, but in the case of most samples 
of oak practically no change in the appearance of the wood is noted. In some 
cases where English oak is employed, however, a reddish brown coloration is 

produced, the depth of colour depending on the amount of ammonia absorbed. 
This reddish coloration is referred to later. 

If instead of pure ammonia a mixture of ammonia and oxygen is used, 
on introducing the oak the gas is absorbed less rapidly, and at the end of the 

experiment the pieces of oak showed the ordinary coloration of “fumed” oak. 
On exposing the pieces of oak which have absorbed only ammonia to the 

air the characteristic brown coloration of “fumed” oak is also obtained. If, 
however, shavings of English oak be placed in a flask which is then evacuated, 

or the air removed by hydrogen or coal gas, on the introduction of ammonia 
gas a reddish coloration is obtained on the oak. If the flask is then sealed 

this coloration may be preserved. It would appear, therefore, that both 
ammonia and oxygen are necessary for the production of the brown coloration. 

The usual practice adopted in “fuming” oak on a large scale is to subject 
the wood to the action of ammonia escaping from a concentrated solution of 

the gas, access of air being possible throughout the whole operation. 

The absorption of oxygen by oak in presence of ammonia. 

In order further to investigate the absorption of oxygen by oak, a Hempel 

“phosphorus” pipette was filled with thin oak shavings, which were then 
covered with a dilute solution of ammonia—0-88 ammonia solution diluted 

1 in 5 with water. The results obtained for various samples of oak are given 
in the tables which follow: 

Volume of oxygen absorbed by 10 g. of oak shavings covered with a dilute 
solution of ammonia from 100 ce. of air in a given time. 

(a) English and Japanese oak: 

Time in minutes 5 15 60 — Overnight 
English oak 2-6 ce, 5 cc. 10 ce. — 21 ce. 

(i.e. —— absorption 
of oxygen) 

Japanese oak 3 7 10 — 21 co. 

At the end of the experiment the oak shavings were removed from the 
pipette, washed with water and dried. In both cases the shavings had the 
appearance of “fumed” oak, though not of a very deep colour, 

(b) Heart wood and adjoining sap wood from same piece of English oak; and sap wood of 
American oak: 

Time in minutes 5 15 60 240 Overnight 
Heart wood 3-4 cc, 6 ce. 10 ce. 17 ce, 21 ce, 
Sap wood (English) 0 0-4 1-8 4:2 0-4 
Sap wood (American) 0 0 0 _ 20 
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In the case of sap wood only a very faint “fuming” effect was observed 
at the end of the experiment. 

It is well known to those engaged in the process of “fuming” that sap 

wood is not darkened to any marked extent by the action of ammonia. This 
is due to the fact that tannin is present in such small quantity in the sap wood. 

It can be shown that no substance is present in the sap wood that inhibits 
the action of the ammonia, by soaking the sap wood in a solution of tannin, 
drying and subjecting to ammonia and air, when the ordinary “fuming” 

effect is produced. 
(c) White and brown English oak from the same tree and “fumed” Japanese oak shavings. 

Time in minutes 5 10 15 60 

White oak 2-9 cc. 48 ce. 6:4 ce. 12-6 ce. 

Brown oak 1-6 2-0 2-6 55 

“Fumed” oak 0-0 0-0 0-2 1-2 

After the experiment the brown oak had lost its reddish appearance and 
was more like ordinary “fumed” oak. 

It-will be noted that the absorption of oxygen is small in the case of the 
brown oak and that eer no absorption of oxygen took place with the 

fumed oak. 
In other experiments ates of ammonia solution a solution of caustic 

potash was used as the confining liquid. With a 3 % solution of potassium 
hydroxide the absorption of oxygen was more rapid than when ammonia 
solution was used, but at the end of the experiment the oak after washing 

and drying did not show any appearance of “fumed” oak, nor was the effect 
produced on subjecting the oak after this treatment to the action of ammonia. 
It should be noted in this connection that sometimes a solution of potassium 
hydroxide is used for purposes of staining oak. 

The potassium hydroxide solution in the “ phosphorus” pipette at the end 

of the experiment like the ammonia solution was strongly coloured, but unlike 
the latter became considerably lighter in colour on keeping for some days. 
On the addition of hydrochloric acid to the dark coloured ammonia solution 

a dark brown precipitate was obtained, but in the case of the potassium 

hydroxide solution the precipitate was only very slightly coloured. 

The amount of ammonia absorbed by oak during the fuming process. 

In order to determine the amount of this ammonia, thin shavings of 
different kinds of oak were exposed for several days to the action of excess 

of ammonia and oxygen. A current of air was then drawn over the “fumed” 
wood for several hours after the smell of ammonia was no longer apparent. 

Determinations of nitrogen by the Kjeldahl method in the oak before and 

after “fuming,” and of the ammonia evolved on distillation of the “fumed” 
oak with sodium hydroxide, gave results as follows: 

; NH, obtained on 
N in “unfumed” N in “fumed” Calculated % of distillation with 

oak. % oak. % NH, added NaOH. % 
Japanese oak 0-353 - 4°75 1-69 1-64 
English oak - 0-308 ~ 2-716 2-9 2-23 

Bioch. xv 31 
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It will be seen that very much more ammonia was absorbed by the English 
oak, which was very dark in colour, after “fuming,” than by the Japanese 

oak, which had a lighter brown colour. In the case of the Japanese oak 
practically the whole of the ammonia absorbed was evolved on distillation with 
sodium hydroxide, but with the English oak towards the end of the dis- 
tillation the evolution of ammonia was extremely slow, and after several 
hours the amount of ammonia obtained was considerably less than that 

absorbed. From the results obtained in these experiments, and on the as- 
sumption that ammonia solution of 0-88 sp. gr. contains 35 % by weight of 
ammonia gas, approximately 8 g. of this solution would be required for com- 

plete “fuming” of 100 g. of shavings of this sample of English oak. For a 
similar weight of wood in one piece a very much smaller amount of the 
solution is, of course, required in actual practice where the fuming effect 1 is 
confined to the surface of the wood. 

It was found that practically the whole of the ammonia absorbed by 
shavings of Japanese oak could be recovered by prolonged extraction of the 

wood with hot water, although after extraction for several weeks the shavings 
still had a slight brown colour. 

The relation between the coloration obtained in the “fuming” process and the 
tannin content of various kinds of oak. 

It is well known that some varieties of oak “fume” much more easily 
than others, and great variations are found in this respect i in different samples 

of wood said to be of the same origin. Borings from six samples of oak were 

subjected at the same time to the action of ammonia escaping from a solution 
of the gas in a large bell jar. The samples of wood employed were English (A), 

English (B), Japanese, American, Sap English (B) and Sap American oak 

respectively. The intensity of the colour obtained decreased in the order 
given. In the case of the Sap American oak no appreciable effect was pro- 
duced. 

The tannin content of the various samples was compared by extracting 
2g. of the finely ground borings with 100 cc. of water, the solution being 

heated for some hours in the water bath. The tannin was determined by the 
Lowenthal method, and in the case of the first experiments no allowance 
was made for “non-tans” present. The results obtained were as follows: 

“Tannin” in 100 ce. of extract: 

English (A) English(B) American Japanese Sap English Sap American 

0-08 0-076 0-04 0-025 0-024 0-005 

On comparing these results with those obtained for the “fuming” effect 
it will be seen that they are in the same order, but the difference between the 
“tannin” content of the American and Japanese oak is greater than was 
expected from the appearance after ‘‘fuming.”’ 

In a later experiment, however, in which allowance was made for “non- 
tans” in the solution, by a combination of the Léwenthal and hide powder 
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detannisation methods, the tannin content of the extract of the American 

oak was found to be almost identical with that of an extract of the Japanese 
oak. 

Absorption of tannin from oak extracts by silk and subsequent 

“fuming” of the silk. 

In view of the affinity of silk for tannin it appeared of interest to in- 

vestigate the action of silk on the extracts obtained from the various kinds 
of oak dealt with above. Pieces of white “Jap” silk 3 by 3 inches were 

heated in the extracts for several hours, removed and dried. One piece from 
each solution was then suspended in a bell jar containing a concentrated 
solution of ammonia and left overnight. 

In the case of the ““unfumed” silk light colours were obtained, but after 
“fuming,” the colours varied from dark brown in the case of English oak (A) 

extract, through lighter brown to colourless silk in the case of Sap American 
oak, 

The colours obtained after “fuming” in the case of the pieces of silk 
treated with extracts of Japanese and sap English oak were of approximately 
the same intensity, as would be expected from the tannin content of the 
extracts. In the case of the extract of American oak the “fumed” silk was 
rather lighter in colour than was expected. 

It was found that, as was expected, tannin is not taken up as readily 

from these extracts by cotton as by silk, but is absorbed by lustre-cellulose 
(viscose), a fine light brown coloration being obtained on drying and sub- 

jecting to ammonia. These colorations obtained in silk appear to be fast to 
light and stable to dilute alkalis, they are bleached very slightly by dilute 

mineral acids. Washing in water does not give a coloured extract, and in 
this respect the “fumed” silk differs from “fumed” oak which gives a highly 
coloured extract on treatment with water. 

Tt should be noted that this strongly coloured aqueous extract from 

“fumed” oak does not dye silk, only a very faint coloration being obtained 
on silk treated with this extract, even after “fuming” of the silk so treated. 
In this respect “fumed” oak differs markedly from natural brown oak, the 
extract from which dyes silk very readily. 

On treatment of silk, which has absorbed tannin from an extract of English 
oak with ammonia in absence of air, the red coloration obtained in the wood 

is not produced, but the ordinary “fuming” effect is noticed. It is found, 
however, that, as would be expected, oxygen is absorbed by silk in the 
process of “fuming” by means of a solution of ammonia. 

The action of methylamine and trimethylamine on oak. 

Tn view of the fact that there is some resemblance between the colour of 

natural brown oak and English oak which has been treated with ammonia 
in absence of air, it seemed advisable to investigate the action of alkyl am- 

31—2 
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monias on oak; more especially as the decomposition products of the nitro-— 

genous constituents of the wood are likely to contain substances of this nature. 
English oak treated with methylamine in absence of air showed a fine 

reddish brown coloration, and if this gas mixed with a limited supply of 
oxygen is allowed to act on the wood the colorations of various samples of 
brown oak are exactly reproduced. It is found, however, that oak treated in 
this way gradually darkens in colour on exposure to air, until finally the 

ordinary coloration characteristic of “fumed” oak is obtained. The results 
obtained by exposing various kinds of oak to the action of methylamine and 
a plentiful supply of air are similar to those obtained with ammonia, with 

the exception that in the case of English oak the coloration obtained at the 
commencement of the experiment is redder than when ammonia is employed. 

Trimethylamine gave results similar to those obtained with methylamine. 
Silk which has absorbed tannin from an oak extract may also be “fumed” 

by these substituted ammonias. 
In order further to investigate the production of the reddish coloration 

in oak treated with ammonia or a substituted ammonia in absence of air, 
pieces of English (C) and (D), Japanese, American and Austrian oak were 

placed in a glass tube. The air was then exhausted from the tube and methyl- 

amine from a solution of the substance allowed to enter. After some time a 
reddish coloration appeared on both pieces of English oak, a very slight 

similar coloration on the American oak, and still less on the Austrian oak, 
but none on the Japanese oak. It thus appears that English oak more readily 

assumes the red brown coloration of natural brown oak than do the other 
varieties. On admission of air after several weeks the red coloration rapidly 

changed to the brown characteristic of “fumed” oak. 
I am indebted to Mr Hamilton Smith of Messrs Heal and Son, Ltd., for 

the samples of oak used in this experiment, and for other samples of wood 
to be used later. 

Natural brown oak. 

Various samples of natural brown oak were employed in this investigation, 

for some of which I am indebted to Prof. P. Groom, others were obtained 
from freshly felled trees near Rickmansworth. 

It has been mentioned that the coloration of natural brown oak, which 

is different from that of ordinary “fumed” oak, can be reproduced by the 
action of ammonia or a substituted ammonia on English oak, if oxygen is 

partly or wholly excluded during the interaction. It has also been pointed 
out that the colour so far produced in this way darkens when the oak is 
exposed to air, which is of course not the case with natural brown oak. It 
is possible, however, that in the natural brown oak the tannin is combined 
with a base of greater complexity than the substances so far employed, and 
this red compound in the wood may not become oxidised on exposure to air. 
Various experiments were carried out in order to find out whether or not the 
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coloration of natural brown oak is due to the interaction of the tannin of the 
oak with such nitrogenous compound. 

In the first place, in view of the fact that an organism is concerned in the 
production of natural brown oak it seemed possible this oak might contain 
more nitrogen than “white” oak, but so far no conclusive evidence has been 

obtained that this is the case, as will be seen from the results given below: 

Percentage of nitrogen in various kinds of dry oak: 

Brown oak(A) (B)  Englishoak(A) (B) (C) Japanese oak 

0-404 0°343 0-388 0-344 0-331 0-386 

These results are in all cases the mean of two determinations which were 
in close agreement. Although in some cases the amount of nitrogen in the 
“white” oak is as great as in the brown, it should be noted that the brown 

oak (A) and the white oak (C) are from the same tree, and in this case there 
is a considerable difference in the amount of nitrogen contained in the wood. 

Examination of extracts from brown and white oak. 

(a) Aqueous extracts. If the excess of nitrogen in the brown oak (A) as 
compared with the “white” oak (C) were due to the accumulation of am- 
monium compounds, it would be expected that considerably more ammonia 

would be obtained from an aqueous extract of brown oak than would be 
obtained from “white” oak extract on distillation with an alkali. 

The amounts of free and albuminoid ammonia in 25 ce. of a cold water 
extract of shavings of the two kinds of oak were very small, but the ratio 
of the free ammonia in the extract of the brown oak to that in the other 

extract was 24:1 and the albuminoid ammonia 2-3: 1. In very dilute 
hydrochloric acid extracts of the wood the ratios were similarly 2-1 : 1 and 
1-4: 1. Owing to the very small amounts of ammonia obtained in this way 

it is, however, impossible to draw any conclusion as to any connection between 

the ammonia content of these extracts and the colour of natural brown oak. 
In view of the possibility that the coloration is due to the action of a 

nitrogenous substance other than ammonia, it was thought that evidence of 

such interaction might be obtained by determining the total nitrogen in 

extracts of brown and white oak, more especially as the nitrogen added to 
oak in the form of ammonia in the ordinary “fuming” process is removed 
when the ‘“‘fumed” oak is extracted with water. 

Tn this experiment 5 g. of cross grain shavings were shaken intermittently 
with 100 ce. of distilled water for three days. The nitrogen in the filtered 
extract was then determined by the Kjeldahl process. 

Extracts from two samples of natural brown oak, English and Japanese 
oak, were employed in this experiment. The amount of nitrogen in the residues 
obtained from the extracts was very small in all cases, and although more 
nitrogen was found in the residue from the brown oak extract the amount of 
this nitrogen was not sufficient to justify any definite conclusion as to the 
part played by the nitrogenous constituents of the wood in the production 
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of the brown colour. Distillations in steam of “white” and brown oak from 

the same tree were carried out, but no appreciable differences were noted in 
the distillates so obtained. 

It is to be noted that cold water extracts of brown oak contain only about 

two-thirds of the amount of acid (phenolphthalein as indicator) contained in 
similar extracts of “white” oak from the same tree. In view of the fact that 
absorption of oxygen by tannin with the production of coloured substances 

takes place in alkaline solution, the greater acidity of the “white” oak extract 
may be of some importance. This point will be investigated further from the’ 
point of view of hydrogen ion concentration of the extracts. 

(b) Alcoholic extracts. 5 g. of cross grain shavings of two samples of brown 
oak, white English oak, and Japanese oak were extracted with 100 cc. of 
absolute alcohol for three days with intermittent mechanical shaking. As is 

the case with the aqueous extracts the alcoholic extracts from the brown oak 
are deeper in colour than the extracts from the white oak. This point is 

referred to later in connection with the ultra-violet absorption spectra of the — 
extracts. 

The nitrogen content in the residues obtained from the alcoholic extracts 

was extremely small in all cases, and was found to be rather less in the ex- 

tracts from the brown oaks than the white. 
It thus appears from these experiments that although a colour similar to 

that of natural brown oak can be obtained by the action of ammonia or a 
substituted ammonia on English oak under certain conditions, the production 

of this colour in nature is probably not entirely dependent on the nitrogenous 

constituents of the wood. 

The dyeing of silk by means of extracts from natural brown oak. 

It has been pointed out that an aqueous extract of natural brown oak, 
unlike the strongly coloured extract of “fumed” oak, dyes silk readily, but 

the silk dyed with an extract of natural brown oak already shows the colour 
of “fumed” silk, and is not altered in depth to any appreciable extent on 
exposure to ammonia and air. Further investigation of this point is in pro- 

gress. 

Effect on English oak of prolonged heating in the hot water oven. 

It was found that if pieces of English oak were heated intermittently in 

a hot water oven for several weeks the colour of the wood gradually darkened 
until it became identical with that of some varieties of natural brown oak. It 
is known that coloured substances, ‘‘oak reds” or phlobaphenes, which occur 
in oak bark, and to a limited extent in oak, are produced by elimination of 
water from tannins. References to the production and properties of these 
substances are given by Freudenberg [1920]. Some of these tannin “‘an- 
hydrides” are slightly soluble in water and others are insoluble. Their chemical 
constitution appears to be unknown. In order to investigate the possibility 
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of the colour of natural brown oak being due to the presence of “oak red,” 
silk was treated with extracts of natural brown oak, English oak heated 
several weeks in the steam oven, and oak bark. Silk dyed in these extracts 
had, before “fuming,” similar colours in the case of the natural brown and 

heated oak, but in the case of the bark extract the colour was much redder. 
The silk from the bark extract had, after “fuming,” a colour quite different 
from ordinary “fumed” silk, and almost identical with that of the wood of 

the natural brown oak used in the experiment. 
This result considered in relation to the results referred to in connection 

with the nitrogenous constituents of the oak, and the results obtained in the 
spectroscopic examination referred to later, would appear to indicate that 
the colour is partly due to the presence of oak reds, or phlobaphenes, and 

partly to the interaction of the tannin with a nitrogenous base in the wood, 
but further investigation is necessary before any definite conclusion can be 

reached. 

The ultra-violet absorption spectra of oak extracts. 

It was hoped that some information as to the cause of the coloration in 
natural brown oak might be obtained by a spectroscopic investigation of 
various oak extracts. For the use of the ultra-violet spectrograph employed 

I am indebted to the Government Grant Committee of the Royal Society. 
Photographs of the ultra-violet absorption spectra of extracts of “white” 

and brown English oak, heated English oak, and of oak bark were taken. 
In the solutions so far examined definite absorption bands were absent, but 

considerable general absorption was shown, more especially with brown oak 
and bark extracts. For investigation of the ultra-violet absorption spectra 
1 g. of finely ground material was extracted with 100 cc. of water for 24 hours 
with intermittent heating. The extracts were filtered and diluted with an 

equal volume of water. The ultra-violet absorption spectra of the extracts 
of brown oak and oak bark from a “brown” oak tree were almost identical, 

and the absorption of the extract of heated English oak was intermediate 
between that of the extract of English oak and that of brown oak extract. 

In the absence of characteristic absorption bands it is difficult to draw 

definite conclusions from these results, but they would appear to indicate 
that the natural brown oak and bark from a brown oak tree give up the same 
colouring matter to water, and that by heating the English oak some of this 

colouring matter is produced. 

SUMMARY. 

The production of the brown coloration on “fumed” oak is due to the 
combined action of the ammonia employed and atmospheric oxygen. English 
oak treated with ammonia or a substituted ammonia in absence of oxygen 
shows a reddish coloration which is, however, changed on exposure to air 
with production of the ordinary coloration of “fumed” oak; other varieties 
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of oak either do not show this red coloration at all or only to a very limited 
extent. 

The relation between the tannin content of various kinds of oak, and the 
coloration produced on “fuming,” has also been investigated, together with 

the absorption of tannin from oak extracts by means of silk, and the subse- 
quent “fuming” of the silk. 

From the results obtained so far it appears that the reddish brown colour 
of natural brown oak may be due partly to the interaction of the tannin with 

a nitrogenous compound in the wood, and partly to the presence of a phloba- 
phene. 

The investigation outlined above is being continued and extended to in- 
clude the action of ammonia on other varieties of wood. 

The author wishes to express his thanks to the Advisory Council of the 

Department of Scientific and Industrial Research for a grant for laboratory 

assistance, and to Miss P. Dumas for assistance in the analytical work. 
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LVI. A METHOD FOR THE PREPARATION AND 

~RECRYSTALLISATION OF OXYHAEMOGLOBIN. 

By HAROLD WARD DUDLEY anp CHARLES LOVATT EVANS. 

From the National Institute for Medical Research, Hampstead. 

(Received June 6th, 1921.) 

Many methods for the preparation of oxyhaemoglobin in crystalline form 

have been described. In most of these the corpuscles, after having been 
separated from the serum, are laked by the addition of ether or of varying 

amounts of ether and alcohol, and from the solutions so obtained oxyhaemo- 
globin crystals are more or less readily deposited. These crystals, when blood 
yielding easily crystallisable oxyhaemoglobin is employed, are well formed 
and have the appearance of a pure substance. They are recrystallised by 

dissolving in water and adding alcohol or ammonium sulphate in appropriate 
quantities. But, although the crystals appear to be homogeneous, the analyses 

of oxyhaemoglobin prepared by these methods, even from the same species, 
vary very considerably, and in this connection it is interesting to note that, 

according to Abderhalden, oxyhaemoglobin which has been once recrystallised 

can still contain as much as 15 % of foreign protein. 
One of us, wanting some pure oxyhaemoglobin, prepared a specimen from 

horses’ blood by Abderhalden’s method using alcohol as the reagent for 
bringing about crystallisation. Excellent crystals were easily obtained, but 
it was noted that it was never possible to bring the entire crystalline mass 

into solution in water. There was always an insoluble residue, indistinguishable 
from the soluble portion as far as crystalline character was concerned. After 
each recrystallisation a similar insoluble residue was encountered. 

We suspected that this difficulty was due to the denaturating effect of 
alcohol on the protein, and we sought means to avoid completely the use of 
denaturating agents of every description, finally devising the following method, 

which up to the present we have used only in connection with horse corpuscles. 
It depends on the facts that corpuscles are laked by water and that oxyhaemo- 
globin is less soluble than haemoglobin in water. 

Defibrinated horse blood is centrifuged and the corpuscles washed by aid 
of the centrifuge with isotonic saline solution until the supernatant liquid 
gives no turbidity when heated to boiling. The thick corpuscle paste is then 
transferred to collodion tubes and dialysed under the pressure of a column 
of mercury, first against running tap water for about three days, and finally 
against frequent changes of distilled water for about two days. The corpuscles 
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are completely laked and the haemoglobin becomes partly reduced during 
this operation, a deep purple solution being obtained. This is centrifuged 
and can then be poured off from the deposit of stromata etc. Oxygen is next 
bubbled through the clear solution until crystallisation of the oxyhaemoglobin 

occurs. As a rule this is somewhat delayed, crystallisation suddenly taking 
place after about 20 minutes’ oxygenation. The pasty mass obtained is then 
centrifuged, the crystalline oxyhaemoglobin settling to the bottom of the tube 

as a thick scarlet paste. Under the microscope the crystals appear as very 
fine hair-like needles. The supernatant liquid is poured off. The crystalline 
oxyhaemoglobin so produced is completely soluble in water. 

In order to recrystallise the material it is suspended in about two to three 
times its volume of water. The aqueous suspension is then warmed in a water 

bath to 37° and the containing flask is attached to a vacuum pump. Oxygen 
is pumped off and the oxyhaemoglobin reduced to haemoglobin, which, being 

much more soluble in water than oxyhaemoglobin, gives a clear, deep purple 
solution. This solution is then cooled and reoxygenated, when oxyhaemo- 

globin again crystallises out. The crystals are centrifuged down and the 

supernatant liquid discarded. This operation of recrystallisation can be re- 
peated as often as may be desirable. 

We propose to study the properties of oxyhaemoglobin so prepared and 

to apply the method to other bloods which give less easily crystallisable 
haemoglobins than that of the horse. 
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LVII. FEEDING EXPERIMENTS IN CONNECTION 

WITH VITAMINS A AND B: 

(I) THE VALUE OF STEAM-DISTILLED PALM KERNEL 

OIL AS A CONTROL FAT. 

(II) WHEAT BRAN AS A SOURCE OF VITAMINS A AND B. 

By ARTHUR DIGHTON STAMMERS. 

From the Nutrition Laboratory, Port Sunlight. 

(Received June 9th, 1921.) 

(I) Some difficulty has been experienced in the past in obtaining a material, 
deficient in vitamin A, which can be relied upon to give a minimum of growth 

and thus furnish a control in feeding experiments upon other products. 
©)Tt has been found that palm kernel oil, steam-distilled for a period of 

three or four hours at a temperature of 230° to 260° C., is entirely deprived of 

any vitamin A which it may originally have possessed. It is probable if not 

certain thatgany vegetable oil, if treated in this manner, would give the same 
results; the writer’s experience, however, is confined to palm kernel oil. 

Two curves are appended (Fig. 1) which show the growth obtained from 
this material. It will be observed from these that the total gain in weight 

recorded was in one case 22 g., and in the other 20g. This, for all practical 
purposes, may be regarded as a minimum, and is borne out by other experi- 

ments now in progress in the writer’s laboratory. 
The experiments in each case extended over a period of three months, 

and 16 animals were involved, only four of which survived until the end of 
the experiment—these four showing marked signs of deficiency disease. 

Donaldson’s curves of normal growth are shown on the graph, and lettered 

A and B to correspond with the experiment to which they refer. 

(II) The objects of the experiments to which this part of the paper relates 
were: 

(a) to decide whether the administration of bran in the daily food of 
experimental animals would take the place of the antineuritic usually sup- 

plied; and Ww 
(b) to decide whether the sample used contained vitamin A. 
The Medical Research Council’s report makes it clear that bran is satis- 

factory as a source of vitamin B, but it is not so definite as regards vitamin A. 
On page 22, it is observed that an inconclusive result was obtained, while on 

page 102 a definite indication is given that bran is deficient in vitamin A. 
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Fig. 1. 

A, B. Donaldson’s curves of normal growth. 

a,b. Growth from steam-distilled palm kernel oil. 

The experiments now to be described took place during the winter and 
the butter control which was used was therefore somewhat unsatisfactory ; 

however, for purposes of comparison the results may be of interest, inasmuch 
as they bear out the hypothesis that bran does contain vitamin A and are 
mutually supporting in this respect. 
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TECHNIQUE. 

Twenty-four animals (rats) were used in all. Three sets of eight were fed 

upon: 
1. Basal diet, steam-distilled palm kernel oil and wheat bran. 

2. Basal diet, butter fat and wheat bran. 

3. Basal diet and butter fat. 
The bran used was an ordinary sample, obtained locally. In 1 and 2 no anti- 

neuritic was given, but 3 received the usual allowance. 

The basal dietary used in this laboratory is as follows: 

Purified caseinogen ... 26% 
Starch ... ses erated! hy A 
Cane sugar... Hic Ye 
Salts ... Shy Sel 5% 

Ordinary commercial casein is used and treated by being spread out in 

thin layers in a hot-air chamber for some hours, subsequently being extracted 

with hot alcohol. 
The salt mixture is based on McCollum’s formula, with extensions sug- 

gested by Hopkins. It consists of: 

NaCl ... a4 a, 46:25 

te. FEO 
NaH,PO, gre a 92-68 
K,HPO, fu ... 254-60 
CaH,(PO,),.H,O ... 144-20 

Ca lactate... ... 9347-00 

Ferric citrate esi 31-52 

Sodium fluoride oe *5D 

Manganese sulphate ... 2-00 

Potassium iodide... 10-00 

1000-00 

Before feeding 85 parts of basal diet are taken and 15 parts of fat (appro- 

priate to the experiment) are rubbed into the mixture. To this is added the 
antineuritic, which is prepared from marmite, in the following manner: 

The crude marmite (250 g.) is shaken with 2 litres of 80 % alcohol for 
two hours on a shaker. The liquid is then decanted and filtered into a dis- 

tilling flask, and the alcohol evaporated off under reduced pressure. The 
resulting fluid is filtered and made up to 250 ce. with distilled water. 

Each animal receives 2 cc. of this per day. 1 cc. of lemon juice per day is 

also given, not that it is required for antiscorbutic purposes, but because the 
animals appear to grow better if this forms a constituent of the diet. 

The animals receiving bran were given 2g. each per day, and suitable 

allowance for the composition of this was made when preparing the food. 
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a, Bran + butter fat. b. Butter fat. 
c. Bran + palm kernel oil. z. Donaldson’s curve of normal growth. 
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Each animal receives, nominally, 14 g. of fat per day, with 8} g. of basal 
diet, but in practice it is given as much as it will eat, and it is endeavoured 

to give just such an amount as will cause a small quantity to be left. It is 
found that the actual amount eaten varies from 8 to 12 g. per day. 

The animals were weighed twice a week, first thing in the morning before 

feeding and the experiment lasted for 101 days (from Oct. 19th 1920 to Jan. 
28th 1921). 

RESULTS. 

The growth curves are shown in the graph appended (Fig. 2). It will be 
seen that the average weight at the commencement was between 45 and 47 g. 
At the conclusion, the combination of bran and butter fat averaged 133 g., 

butter fat alone 120-5 g., and bran and palm kernel oil 112 g. 
It will be seen, by reference to the curve of normal growth (Donaldson), 

which has been included in the graph, that the growth recorded was far below 
the normal. The heaviest animal at the conclusion of the experiment weighed 
only 150 g., whereas the normal for the age reached is 210 g. 

None of the animals fed upon bran and palm kernel oil exhibited any 
traces of deficiency disease, and hence it appears certain that the sample of 

bran used contained sufficient vitamin A to give adequate resistance to 
disease if not to give normal growth. The palm kernel oil, being steam dis- 
tilled, for four hours at 230° C., was beyond suspicion. 

The curve denoting butter fat alone is a fair sample of those obtained in 
this laboratory during the winter and is probably, if not certainly, due to the 

butter being manufactured from cream obtained from stall-fed cows. Evidence 
is to hand that this was the case. 

Throughout the experiment no trouble was experienced of such a kind 
as to indicate that the antineuritic properties of the bran were not adequate. 

SUMMARY. 

Experiments made upon rats fed with mixtures of bran and butter fat and 

bran and palm kernel oil (steam-distilled) show that the sample of bran used 
undoubtedly contained vitamin A, the growth from the latter mixture being 
little inferior to that from butter fat. 

The animals fed upon bran and palm kernel oil displayed no signs of de- 
ficiency disease although their growth was subnormal. 

The butter fat control animals also showed a markedly subnormal growth 
and this is probably due to the cream from which the butter was made being 
obtained from stall-fed cows. 

The bran and butter fat animals support the view that bran contains 
vitamin A by exhibiting a better growth than those fed on butter fat alone. 

Throughout the experiment there were no symptoms which would give 
rise to the opinion that the antineuritic properties of the bran were inade- 
quate. 



LVIII. THE BEHAVIOUR OF PECTIN TOWARDS 

ALKALIS AND PECTASE. 

By FRANK TUTIN. 

From the University of Bristol Agricultural and Horticultural Research Station, 

Long Ashton, Bristol. 

(Received June 16th, 1921.) 

PectTIN is a plant product which plays a part of considerable importance in 
the jam and fruit-preserving industries, and problems connected with it also 

arise in the making of wine, cider, perry and other fermented beverages made 
from fruit juices. It is present in fruits and also in roots, such as carrot, 

turnip etc., in which parenchymatous tissue is largely developed. A solution 
of pectin in presence of suitable quantities of sugar and an acid readily forms 
a gel, and it is to this property that the “setting” of jams and jellies is due. 

It may be prepared by the addition of alcohol to an aqueous extract of the 
respective fruit, when the pectin separates as a voluminous, gelatinous pre- 
cipitate. Although the product so obtained cannot be considered in the strict, 

chemical sense as a pure compound no doubt can be entertained that it is, 

essentially, an individual substance. It cannot be crystallised, and the only 
methods of purification which have, so far, been found practicable are treat- 
ment in aqueous solution with animal charcoal and reprecipitation with 
alcohol. 

The literature on the subject of pectin is voluminous, but a perusal of it 
reveals a great deal of confusion, and contradictory statements are frequent. 

The present communication embodies the results of some preliminary 
work on pectin, and deals with the action of alkalis and of the enzyme, pectase, 

on this substance. It has long been known that pectin, on treatment with 
an alkali, yielded pectic acid, a substance which is insoluble in water in 

presence of an appreciable amount of an electrolyte. More recently Th. von 
Fellenberg [1914] has shown that the product obtained on distilling pectin 
with aqueous alkali contains methyl alcohol. Although he never made any 

thorough examination of the distillate he concluded, from indirect evidence 
obtained by several methods, that methyl alcohol was the only volatile product 
formed. To the present author, however, this conclusion did not seem to be 

justified, and investigation has proved this to be the case. Lippmann [1920] 
speaks of it as a well-known view that pectin is a methyl ester of “ pectinic” 

acid, and attributes the presence of methyl! alcohol in rum to the decom- 
position of pectin derived from the sugar cane, 
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No definite information appears, so far, to have been obtained regarding 
the action of the enzyme, pectase, on pectin beyond the fact that it causes 
a solution of the latter to set to a stiff gel, and that this change occurs more 

readily in the presence of chalk. The production of the gel has been considered 
to be due to the formation of calcium pectate. 

The present author finds that the actions of cold, dilute alkali and of 
pectase on pectin are essentially identical. In both cases a salt of pectic acid 

is formed and not only methyl alcohol, but also acetone, is eliminated. In 
this connection it is worthy of record that both methyl alcohol and acetone 

have now been found to be present in cider, being doubtless derived from the 
pectin, which becomes destroyed during the fermentation of the apple juice. 

Both the acetone and the methy] alcohol are eliminated with great facility 

from pectin, a small quantity of N/10 alkali at ordinary temperatures being 

sufficient to set free both compounds. This would suggest that both of them 
were present as ester groupings, the acetone occurring as an ester of its enolic 
modification, isopropenyl alcohol, CH,.C(OH):CH,. It appears likely, 

therefore, that pectin is the dimethylisopropenyl! ester of pectic acid. 

EXPERIMENTAL. 

The pectin employed in this investigation, except where otherwise stated, 
was obtained from apples. Dried “pomace” (the “press cake” from the 
cider press) was heated to 100° with water and the liquid subsequently ex- 

pressed. The pectin was then precipitated by the addition of alcohol to the 
dark-coloured solution, collected, pressed free from mother-liquor, and purified 
by solution in water and re-precipitation by alcohol. As thus obtained the 

pectin formed a brownish, voluminous, jelly-like precipitate, which could be 
deprived of a large volume of occluded mother-liquor by careful pressing in 

a cloth. Further purification was effected by treatment with animal charcoal 
in dilute aqueous solution. The first treatment with animal charcoal caused 
an appreciable diminution of the amount of material in solution, but subse- 

quent treatments resulted in the absorption of only small quantities of the 
pectin, thus indicating that the initial loss was due essentially to the removal 
of impurities. On precipitating, the pectin after this purification separated 
as an almost colourless, jelly-like precipitate which, when dried, formed a 
greyish solid which could be reduced to a nearly white powder. The yield was 

nearly 5 % of the weight of the dried pomace employed. 

The action of alkali on pectin. 

All samples of pectin were found to possess a slightly acid reaction and the 

purified material (dried in a vacuum) when titrated, neutralised immediately 
in the cold 1-05 % of its weight of sodium hydroxide. On keeping, however, 
in aqueous solution at ordinary temperature in presence of an excess of the 
alkali a further amount of the latter equivalent to 12-35 % of the weight of 

Bioch. xv 32 
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the pectin employed was taken up, the reaction being practically complete 
in half-an-hour, only a trace more alkali being neutralised on keeping for 

a further 18 hours. On then adding an excess of acid to the solution pectic 
acid was precipitated. When pectin was heated to about 80° with excess of 
N/10 alkali, however, much more of the latter was neutralised, considerable 

darkening occurred, and no definite end-point to the reaction could be ascer- 
tained. Moreover, on acidifying the alkaline mixture after heating for two 

hours no pectic acid was precipitated. 
It has been recorded by von Fellenberg [1914] that pectin yields methyl 

alcohol when distilled with an excess of aqueous alkali, and this reaction was 
therefore investigated. A considerable quantity of pectin, in aqueous solution, 

was treated with an excess of sodium hydroxide and the mixture distilled in 
a current of steam for some time. It was at once evident that the distillate 

contained something other than methyl alcohol since it readily yielded iodo- 
form on treatment with iodine and an alkali. The entire distillate’ was there- 
fore submitted to a systematic process of fractional distillation, employing a 

Young’s rod and disc column, when it was separated into water and a fraction 
boiling below 70°. The latter, after drying over quick lime, was re-fractionated 

several times, again employing an efficient column, when it passed over from 

56—66° and was finally collected in eight fractions, all of which were analysed. 
The fraction boiling at 66° consisted of methyl alcohol (found: C = 37-5, 

H= 12-6 %), whilst that boiling at 56—58° evidently consisted chiefly of acetone. 

It has a strong odour of the latter, gave C = 58-5, H = 10-8 %, and readily 

yielded acetonesemicarbazone, melting at 186°. The regular change in the 
composition of the intermediate fractions, as shown by analysis, clearly indi- 

cated that no third substance was present. The proportion of acetone to 

methyl! alcohol produced appeared to be about one part of the former to two 
of the latter. 

Pectin was then treated in cold, aqueous solution with 13-4 % of its 

weight of sodium hydroxide (the amount taken up by pectin in the cold), 
the mixture kept for 30 minutes, then made slightly acid, and distilled as 

before. It was then found that both acetone and methyl] alcohol were formed, 
and to the same extent and in the same proportion as when the distillation had 
been conducted in the presence of a considerable excess of alkali. Moreover, 

when an amount of alkali sufficient to react with only half the pectin taken 
was employed both acetone and methy] alcohol were obtained, and apparently 

in the same relative proportions as when an excess of alkali had been used. 

The action of pectase on pectin. 

A quantity (13 g.) of pectin was dissolved in 2 litres of water, a few grams 
of precipitated calcium carbonate added, and then 40 ce. of pectase solution 

introduced. This was prepared by pounding fresh clover in a mortar with a 
* The original distillate was always alkaline owing to the presence of a trace of ammonia, 

doubtless derived from a small amount of protein material present as an impurity. in the pectin. 
It was neutralised before fractionation, 
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little water and then expressing the liquid from the resulting mass. On 

keeping over night the whole mixture set to a jelly. The latter was broken 
by vigorous shaking and distilled in a current of steam. On fractionating the 
distillate it was found to contain acetone and methyl alcohol to the same 

extent as if the pectin had been distilled with alkali. 
The contents of the distillation flask were then filtered, and the filtrate 

concentrated to a small bulk under diminished pressure and precipitated with 
alcohol. A small quantity of an amorphous solid was thus obtained, which 
was not unchanged pectin, but probably represented impurities in the original 

sample of pectin used, whilst the filtrate from this amorphous solid contained 

only a very small amount of material, largely dextrose, which was doubtless 
derived from the clover extract which had been added. Pectin, when treated 

with pectase in the presence of chalk", therefore appears to yield only acetone, 
methyl alcohol and the gelatinous solid which consisted of calcium pectate, 
as shown below. The action of the enzyme, pectase, on pectin is therefore 

precisely analogous to that of sodium hydroxide, since the latter has been 
shown to convert pectin into acetone, methyl! alcohol, and sodium pectate. 

The solid particles of jelly which had been separated by filtration from the 

liquid in the distillation flask were macerated in the cold with dilute hydro- 
chloric acid, the mixture filtered and the solid washed until free from calcium. 

After treatment in solution as sodium salt with animal charcoal the acid was 

reprecipitated, washed, dried in a vacuum and analysed. Found: C = 39-2, 

H = 5-1, NaOH neutralised = 20-86 %. Pectic acid prepared by the action 

of sodium hydroxide in the cold on pectin gave C = 39-4, H = 5-1, NaOH 
neutralised = 20-90 %. 

Pectin from other sources. 

In order that the pectin from plants belonging to different Natural Orders 

might be compared with the product from apples, carrots, turnips and mangold 
wurzels were investigated. It was then found that the pectin from each of 
these sources behaved like that from apples when treated with pectase or 
with alkali, yielding in each case both acetone and methy] alcohol. 

The product obtained from mangold wurzels, however, was obviously much 
less pure than apple pectin, and yielded quite an appreciable amount of 

ammonia when distilled with alkali. 

REFERENCES. 
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Lippmann (1920). Biochem. Zeitsch. 106, 236. 

1 Chalk was added since the presence of free acid retards the action of pectase. 
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LIX. FURTHER OBSERVATIONS ON THE DI- 

GESTION OF FIBRIN AND CASEINOGEN BY 

TRYPSIN. 

By EDWARD STAFFORD EDIE. 

From the Physiology Department, Aberdeen University. 

(Received June 18th, 1921.) 

In a previous paper [Edie, 1919] it was shown that the activity of trypsin as 

measured by its digestive action on fibrin and on caseinogen is affected to 
such a different degree by alcohol as to make it seem either that two enzymes 

are concerned, or, if only one enzyme, that the two substrates are acted on 

by different groups or side chains, one group being much more sensitive than 
the other. The effect of heat on the digestion of fibrin and caseinogen by 

trypsin was next studied. It had been found previously [Edie, 1914] that 
trypsin when boiled in acid solution still retains much or in some cases all 

of its power of hydrolysing caseinogen, but in only one case was its action 

on fibrin tested after heating in this way. Digestion of the fibrin was still 
noticed, but the amount even in the case of the unheated trypsin was so small 

that a fresh series of experiments was undertaken. 
The trypsin solutions were generally prepared by extracting finely minced 

sheep's pancreas with water and a little chloroform for 10 to 14 days and 
filtering. A little chloroform was then added as a preservative. The experi- 

ments were carried out as previously detailed. 
In the experiments described in the previous paper it had been found 

that in presence of N/25 to N/50 HCl the trypsin solutions used retained 

60 to 100 %, of their original digestive power, as tested on caseinogen, after 

being heated to 100° for three minutes. The same treatment was applied to 

the trypsin solutions in this series of experiments and the results are shown 
in the table. 

In making these extracts, one part of pancreas was extracted with two 
parts of water in each case. 

In each experiment 1 cc. trypsin + 40 ce. 0-5 °% Na,CO, + 1 g. fibrin were 
used on the one hand, digestion being for three hours, and 1 cc. trypsin + 40 ce. 

1-5 %, caseinogen in 0-5 % Na CO, on the other hand, digestion being for one 
hour. 

The amount of digestion was estimated by precipitating unchanged 
caseinogen with tannic acid, or by filtering off the undissolved fibrin in the 
different sets of experiments respectively, and determining the nitrogen in 
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the filtrate by Kjeldahl’s method. Control experiments were always carried 
out at the same time. 

Fibrin digested 
Reaction (in ce. of N/10 Caseinogen 

No. (HCl) Treatment nitrogen) digested 

1 N/55 3 min. at 100° 0-0 1-2 
Contro 20-1 28-6 

2 N/20 ‘15 min. at 60° 0-0 3-1 
Control 21-9 34:7 

3 N/20 ~—:1-5 min. at 60° 0-0 5-1 
Control 22-1 30-9 

4 N/30 ~— 1 min. at 85° 0-0 1-9 
Control 71 22-4 

5 N/30 ~—s 1s min. at 65° 0-0 3-2 
Control 8-6 22-9 

6 N/20 = 0-75 min. at 100° 0-0 3-2 
Control 21-2 34-6 

7 N/20  —-0-75 min. at 66° 2-2 19-5 
Control 16-6 34:3 

8 N/20 ~—-1-5 min. at 66° 11 8-3 
Control 16-2 31-8 

9 N/40 ~—-1-5 min. at 75° 3-4 17-0 
Control 17-4 37-4 

In the above experiments it will be seen that even in acid solution the 

pancreatic extracts used generally lost practically all their power to digest 

fibrin even when heated only to 60° for a minute and a half. The power to 
digest caseinogen was not so completely lost, especially in the last: three 
experiments, but it was so markedly reduced, compared with what had been 

previously found, that the matter merited further investigation. 
The extracts used above were aqueous, so a few experiments were carried 

out to compare the effect of heat on aqueous and alcoholic (20 %) extracts 
of the same pancreas. The experiments were carried out in the same way 
as those previously noted. 

Reaction Fibrin Caseinogen 
No. (HCl) Extract Treatment digested digested 

ce. ce. 

10 N/40 Aqueous 1-5 min. at 75° 3-4 17-0 
Pa Control 17-4 37-4 

Alcohol 1-5 min. at 75° 17:3 29-3 
” Control 31-0 47-2 

ll N/50 Alcohol 1 min. at 100° 23-4 34-4 
” Control 27-9 42-8 

12 N/40 Aqueous 1 min. at 100° 0-0 _— 
a Control 11-8 oe 

Alcohol 1 min. at 100° 21-1 — 
yes Control 23-1 -= 

13 N/40 Aqueous 1 min. at 100° 0-4 _ 
” Control 11-7 -- 

Alcohol 1 min. at 100° 14-0 —_— 
Pe Control 21-5 — 

Tt will be seen that the alcoholic extracts retain very much more of their 
power to digest fibrin after being heated than do the corresponding aqueous 
extracts. The amount of protein and other nitrogenous substances was 
practically the same in the two sets of extracts.’ It might be supposed that 
the alcohol itself in some way protected the trypsin from destruction when 
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heated, the lower boiling point of alcohol preventing the alcoholic extract 
from reaching such a high temperature in the water-bath as the corresponding 
aqueous extract would reach. No such protection was found to be afforded 

by alcohol, however. Corresponding aqueous and alcoholic extracts were 
diluted with alcohol and water respectively so that the percentage of alcohol 
was the same in both. They were then heated to the same extent and tested 

on fibrin. 
Reaction , Fibrin 

No. (HCl) Extract Treatment digested 
ce. 

14 N/40 Alcoholic 1 min. at 100° 21-1 
3 Control 23:1 

Aqueous, 1 min. at 100° 0-0 
alcohol added 
afterwards 

a Control 18-9/ 
15 N/40 Alcoholic 1 min. at 100° 14-0 

2 Control 21:5 
Aqueous, 1 min. at 100° 0-0 

alcohol added 
afterwards . 

> Control 79 

These experiments show that the addition of alcohol to an aqueous extract 

of pancreas does not afford any protection against heat to the itd ee as 
measured by its action on fibrin. 

In the original experiments on the resistance of trypsin solutions to heat, 

the solutions, when heated, contained only a very small amount of nitrogen, 

not more, in some cases, than 0-02 %. The pancreatic extracts used in the 

experiments now described were very much richer in nitrogen and generally 
contained 15 to 20 times as much as the older extracts. This corresponds to 
a considerable amount of protein in the solution and as protein is known to 

form a loose compound with hydrochloric acid it was decided to try the effect 
of considerably higher amounts of acid in the solutions to be heated. 

It was now found that the protection afforded to trypsin solutions when 

heated depends on the amount of acid present, and the more protein there 
is in solution, the more hydrochloric acid must be added to prevent the trypsin 
being destroyed by heat. 

The following experiments show this increasing protection with increase 
of acid: 

Reaction Fibrin Caseinogen 
No, (HCl) Treatment digested digested 

ce. ee. 

16 N/50 1 min, at 100° 56 21-1 
Control 16-9 39-1 

17 N/23 1 min, at 100° -- 25:1 
Control ~- 35:7 

18 N/17 1-5 min, at 100° 7:4 26°8 
Control 7:6 26:7 

19 N/1 3 min, at 100° 10-9 26:2 
Control 10-9 26:4 

20 N/15 2 min, at 100° 35 19-2 
Control 116 28:7 

21 N/12 2 min. at 100° 8-4 148 
Control 12-2 15-6 
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Experiments 16 to 19 show the effect of using increasing amounts of 

hydrochloric acid with the same trypsin preparation, and experiments 20 

and 21 show this again with another sample of trypsin. 
Similar results have been obtained with many aqueous extracts of pancreas 

prepared in the laboratory, and it may be stated generally that the higher 
the proportion of nitrogen contained in such an extract the larger the amount 
of hydrochloric acid which must be added in order to prevent destruction of 

the trypsin by heat. 
In a few cases, as for example experiments 18 and 19, it was found that 

the protection against heat afforded by a certain amount of acid was the same 

as regards digestion both of fibrin and of caseinogen. Usually, however, the 
destruction of the fibrin digesting power was considerably greater than that 

of the caseinogen digesting power. 
It has been pointed out by Mellanby and Woolley [1913] that in acid of 

the strength of 0-05 N (HCl) trypsin is slowly destroyed at 16° and more 

rapidly at 35°. Apparently at room temperature about half the trypsin is | 
destroyed in four hours, and two-thirds is destroyed in a day. The activity 

of the trypsin in their experiments was measured by its power of coagulating 
calcified milk. Other references to the effect of hydrochloric acid on trypsin 

at moderate temperatures have been mentioned in a previous paper [Edie, 
1914]. It was also found by Lénard [1914] that if trypsin is rendered inactive 
by addition of acid, only a trace of its activity is restored by neutralising and 

then adding alkali. These observers appear only to have tested the activity 
of the trypsin on one substrate, but in the following experiments the action 
of hydrochloric acid on trypsin at room or body temperature has been tested 

as regards the power to digest both fibrin and caseinogen. In these experi- 
ments alcoholic (15 %) extracts of pig’s pancreas were used. These were 
practically neutral. In every case | cc. of the original trypsin was compared 

with that quantity of the trypsin + acid which would contain 1 cc. of trypsin 
originally, and the solutions so adjusted as to contain the same amount of 
sodium chloride. Digestion both of fibrin and of caseinogen was carried on in 

presence of 0-5 % sodium carbonate, 1 g. fibrin or 0-6 g. caseinogen being 
used, in about 40 cc. of fluid. The amount of digestion is expressed, as usual, 

in ec. of N/10 nitrogen. 

22. 10 ce. trypsin +20 cc. N HCl. Kept at 36° for 12 min. 20 cc. N NaOH then added. 
Digestion by control 21-6 ce. fibrin, 38-2 cc. caseinogen. 

n treated trypsin 0-0 cc. ,, 88 ce. ee 

23. 20 ce. trypsin+10 ce. N HCl. Room temperature for 4 days. 10 cc. N NaOH added. 
Digestion by control 12-1 ce. fibrin, 31-6 cc. caseinogen. 

pe treated trypsin 0-0 cc. ,, 5:4 ec, ss 

24. 40 ce. trypsin +20 cc. N HCl. Room temperature for 11 days. 20 cc. N NaOH added. 
Digestion by control 11-7 ce. fibrin, 38-7 cc. caseinogen. 

oe treated trypsin 0-0 cc. ,, 5-6 ce. cm 

It will be seen from these experiments that the power of trypsin to digest 
fibrin is destroyed considerably more readily in acid solution at moderate 
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temperatures than is the power to digest caseinogen. It is also seen that the 
power to digest caseinogen withstands a considerably higher percentage of 

hydrochloric acid than has generally been supposed, the strength of acid 
being NV/3 in these experiments and several others with similar results. In 
one experiment, after 24 hours at room temperature in N/3 hydrochloric acid, 
the trypsin still retained about 10 % of its original fibrin digesting power, 

but otherwise no fibrin was digested at all after treatment of the trypsin 

with acid of this strength for a day or upwards. 
On the whole, then, treatment of trypsin solutions with hydrochloric acid 

either at high or low temperatures shows that the power to digest fibrin is 
more readily destroyed than the power to digest caseinogen. This bears out 
the theory discussed previously [Edie, 1919] that in some respects the fibrin 

digesting power is the more subject to outside influences and again points 
to the hydrolysis of fibrin and of caseinogen being carried out by different 

side chains, those digesting caseinogen being the more stable. 
In my previous paper [1919], the work of Fermi was referred to as showing 

that after treatment with various reagents trypsin would no longer digest 
fibrin but would still digest gelatin. Pollak was also mentioned as finding 

that with different enzyme preparations the relative amounts of serum and 
gelatin digested varied enormously. I have also found that the relative 

amounts of fibrin and caseinogen digested by different trypsin solutions vary 

very much, and this without subjecting the enzyme to treatment of any kind. 
Thus, three enzyme solutions were prepared in exactly the same way, by 

extracting minced sheep’s pancreas with three times its weight of water for 
14 days and filtering. These were compared at the same time. 1 cc. of each 

trypsin was taken, with 40 ec. 0-5 % Na,CO, and 1 g. fibrin on the one hand, 
and | ce. trypsin with 40 ce. 1-5 % caseinogen in 0-5 % Na,CO, on the other 
hand. The amounts of digestion in the three cases were as follows: 

Fibrin digested Caseinogen digested 
Enzyme in 2 hours. ce. in 1 hour. cc. 

1 12-4 33-7 
2 16-1 32-9 
3 3:3 17-6 

The differences in the relative amounts of fibrin and caseinogen digested 

by these enzymes, especially Nos. 2 and 3, are very marked. Similar results 
were frequently noticed in other cases, the general rule being that considerable 
amounts of caseinogen were digested even though a particular enzyme solution 

had little or almost no action on fibrin. 
When enzyme solutions were kept for some time it was found that the 

fibrin digesting power as a rule diminished to a very much greater extent than 
the caseinogen digesting power. For example, a freshly prepared’ trypsin, 
under the usual conditions, digested 16-1 ce. fibrin and 32:9 ec. caseinogen. 
In 15 months, under the same conditions, this trypsin digested 4-8 ce. fibrin 
and 18-5 ce, caseinogen, 
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In one extreme case I examined a solution of trypsin which had been in 
the laboratory for over ten years. It had no digestive action on fibrin at all, 
but still digested caseinogen to the extent of 26-6 cc. under the usual condi- 

tions. 
These facts afford further evidence that the digestion of fibrin and of 

caseinogen by pancreatic extracts is either due to different enzymes or at 
least to different side chains if only one enzyme is involved. In my previous 
paper [1914] I mentioned that the power to digest caseinogen seemed to be 
less affected by heat than the power to coagulate milk, which was taken as 
the measure of activity of trypsin by Mellanby and Woolley. I further sug- 
gested that different sets of side chains might be responsible for these different 

- functions. 

In a later paper [1914] Mellanby and Woolley take exception to my sug- 
gestion and say “Pancreatic rennin and trypsin are identical. In fact the 

coagulation of milk by trypsin is an expression of a general law that all 

proteolytic ferments coagulate milk provided sufficient calcium be contained 
in it.” These authors further say “The unique fact that the ferment or fer- 

ments in pancreatic juice which digest protein and coagulate milk should 
withstand boiling in acid solution is practically conclusive proof that the two 

actions are produced by one and the same substance.” If this assumption 
of Mellanby and Woolley is correct, however, then the milk coagulating power 
and the power to hydrolyse both fibrin and caseinogen should presumably 

be quite parallel in their behaviour. The experiments detailed in the present 
paper, and those described previously [Edie, 1919], however, tend to show 

that the digestion of fibrin and of caseinogen, if carried out by one enzyme, 

involves at least two sets of groups of the enzyme molecule, and therefore 
cannot be said really to be produced by the same substance in the sense 
evidently meant by Mellanby and Woolley. 

I have also carried out some experiments comparing the milk coagulating 

power of pancreatic extracts with their proteolytic power, and shall now deal 

- with these. 

25. To 20 cc. of pancreatic extract (alcoholic) was added 0-5 cc. N HCl. Half of this was 
then heated to 100° for 1 minute and filtered. 

lg. fibrin. Digestion 2-75 hours at 37°. 
(a) 1 ce. trypsin, 40 ce. 0-5 % Na,CO,. Digestion 21-0 ce. N/10 nitrogen. 

(6) 1 cc. trypsin (heated), 40 cc. 0-5 % Na,CO,. Digestion 10-2 cc. N/10 nitrogen. 
To 20 cc. milk was added 1 ce. of trypsin (1) fresh trypsin. 

” ” ” ” ” (2) heated trypsin. 

(1) Complete coagulation in 6 minutes at 37°. 
(2) No coagulation in 3 hours. - 

26. Similar to last experiment. 

1 g. fibrin. Digestion 2-5 hours. 
(a) 1 ce. trypsin, 40 ce. 0-5 % Na,CO,. Digestion 26-2 ce. 
(b) lcc. trypsin (heated), 40 cc. 0-5 % Na,CO,. Digestion 8-1 cc. 
(1) 20 ce. milk, 1 cc. fresh trypsin. Complete coagulation in 5 minutes. 
(2) 20 cc. milk, 1 cc. heated trypsin. No coagulation in 2 hours. 
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From these two experiments it will be seen that though the heated trypsin 
is still able to digest a considerable amount of fibrin, its milk coagulating 
power, if any, is now quite negligible. 

27. 20 ce. trypsin +0-5 ce. N HCl. Half kept at 100° for 1 minute and filtered. 

(a) 1 ce. trypsin, 20 cc. milk. Digestion 39-3 ce. 
(6) lce. trypsin (heated), 20 cc. milk. Digestion 4-6 cc. 
Digestion 1 hour. Tannic acid added and digestion estimated as in the usual caseinogen 
experiments. 
(1) 20 ce. milk, 1 cc. fresh trypsin. Complete coagulation in 5 minutes. 
(2) 20 cc. milk, 1 ce. heated trypsin. No coagulation in 2 hours. 

28. Similar to last experiment. 

(a) lee. trypsin, 20 ce. milk. Digestion 38-4 cc. 
(6) 1 cc. trypsin (heated), 20 cc. milk. Digestion 3-9 cc. 
(1) 20 cc. milk, 1 ce. fresh trypsin. Complete coagulation in 5 minutes. _ 
(2) 20 ce. milk, 1 cc. heated trypsin. No coagulation in 2 hours. 

These two experiments confirm Nos. 25 and 26 in showing that the milk 

coagulating power of pancreatic extracts is more readily destroyed by heat 
than the proteolytic power. 

It was noticed that the coagulated casein gradually dissolved under the 

influence of the fresh trypsin, digestion of this protein taking place rapidly 
even in neutral solution. 

More striking differences are found between the vial coagulating power 

and the proteolytic action of pancreatic extracts under certain conditions 
without subjecting these to any such drastic treatment as heating to 100° 

involves. Edkins [1891] found that fresh, active pancreatic extracts were not 

so active in altering milk so as to produce Roberts’ “metacasein” reaction 
as were older extracts, but that the proteolytic action was greater in the fresh 
extracts. Edkins suggested that the production of the metacasein reaction 

might be an aspect of the proteolytic enzyme of the pancreas. Halliburton 

and Brodie [1896] confirmed what had been pointed out by Benger, that 
freshly prepared extract of pig’s pancreas had very little curdling action on 

milk, but acquired this property on being kept a considerable time. They 
accounted for this fact by supposing that the trypsin at first masks or hinders 
the milk curdling enzyme, but that the former enzyme deteriorates more 

quickly and so finally allows the rennin to reveal its presence. Vernon [1901] 

obtained similar results and found that the ratio of rennin value to tryptic 

value varied largely in different extracts of pancreas and also in the same 
extracts at different times. In alcoholic extracts the ratio usually became 
higher as the extract became older, the tryptic value deteriorating more 

rapidly than the rennin. In glycerol extracts, however, the ratio diminished 
after say nine weeks, owing to the trypsin being liberated more slowly from 
its zymogen than the rennin, Some glycerol extracts which were very rich 
in trypsin gave practically no clot at all, as though the clot were dissolved 

nearly as fast as it was formed. In a later paper, Vernon [1903] found that 
rennin and trypsin were precipitated from pancreatic extracts to practically 
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the same extent when excess of alcohol was added. He considered that in 

the case of trypsin some groups have the property of coagulating milk and 

others have the proteolytic power. 
I have tested a number of pancreatic extracts at different stages and 

record some of the principal results below. 
In each case sheep’s pancreas was used. It was finely minced and ex- 

tracted with two and a half times its weight of water and a little chloroform. 

The experiments were similar to Nos. 25 to 28 in technique. 

29. Pancreas extracted for two days and extract then tested. 
1 ce. trypsin, 40 cc. 0-5 % Na,CO,, 1 g. fibrin. 14-9 ec. digested in 3 hours. 
1 ce. trypsin, 40 cc. caseinogen (1-5 % in 0-5 % Na,CO,). 44-6 cc. digested in 1 hour. 

1 ce. trypsin, 40 cc. milk. 23-3 cc. digested in 0-5 hour. 
1 ce. trypsin +20 cc. milk. No coagulation in 0-5 hour. No coagulation on now adding 
an active coagulating extract, as the caseinogen had been changed (as can be seen 

above) into products which no longer give a coagulum with rennin. 

30. Pancreas extracted for 1-5 hours and extract then tested. 
26-4 cc. fibrin digested in3 hours. 
41-8 cc. caseinogen digested in 1 hour. 
No coagulation of milk, but much digestion (tannic acid). 

31. Pancreas extracted for 3 days and extract then tested. 
26-7 cc. caseinogen (milk used) digested in 0-5 hour. 
No coagulation of milk. 

32. Pancreas extracted for 3 days and extract then tested. 
31-0 cc. caseinogen digested in 0-5 hour. 

No coagulation of milk, but much digestion. 

These four experiments show that freshly prepared aqueous extracts of 
pancreas generally do not coagulate milk, but are very active proteolytic 
agents, both on fibrin and on caseinogen. 

In a few cases I have found that the filtrate after three hours’ extraction 
coagulated milk rapidly, but this was exceptional. 

It has already been mentioned that Halliburton and Brodie accounted 

for the fact that fresh extracts have very little curdling action on milk by 
supposing that trypsin deteriorates more quickly and in a few days or weeks 

allows the rennin to reveal its presence. Vernon seems to suggest that a clot 
is formed but is dissolved almost at once. In the extracts which I used, the 

coagulating power seemed to be fully developed within 15 days, but I never 

found the proteolytic power to diminish as rapidly as would have to be the 
case if the above suggestion accounted for all the facts. 

The extract used in experiment 30 was tested again for proteolytic power 
when five weeks old. Complete coagulation of milk now took place within 
four minutes, and the amount of caseinogen digested was now 44:7 cc., this 
being actually slightly more than it digested at first. If in the first case a 
clot were formed but almost immediately redissolved, this should have been 
still more the case when the proteolytic power had increased, instead of which 
complete coagulation rapidly took place. In other cases the milk coagulating 

power seemed to have developed completely within four days, the proteolytic 
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power being practically the same as at first and there was no evidence whatever 
in support of the view that with extracts a few hours old coagulation really 

takes place but the clot is redissolved almost instantly. These last experiments 
once more show that pancreatic extracts differ greatly in their milk coagulating 
and proteolytic powers. This again points to there being either two or more 
separate enzymes present, which develop at very different rates from their 

zymogens, or at least the groups which are responsible for the different 

functions develop their properties quite independently. 

SUMMARY. 

1. The amount of acid required in order to protect trypsin from destruc- 
tion by heat depends on the amount of protein present. The more protein 
in solution, the more acid required. If not enough acid is present to afford 

complete protection to the trypsin, the fibrin digesting power is usually 

destroyed by heat to a considerably greater extent than the power to digest 

caselnogen. 
2. Hydrochloric acid at moderate temperatures also destroys the fibrin 

digesting power considerably more rapidly than the caseinogen digesting 

power. 
3. The relative amounts of fibrin and caseinogen digested vary very 

much in different pancreatic extracts. 
4. The milk coagulating power of pancreatic extracts is more easily 

destroyed by heat than the proteolytic power. 
5. Generally, but not always, freshly prepared pancreatic extracts have 

no milk coagulating power. These extracts are always actively proteolytic, but 
the proteolytic power does not fall off so rapidly as to justify the assumption 

that the non-appearance of a coagulum with milk is due to the coagulum 

being really formed but instantly redissolved. All these facts point to the 
proteolytic and milk coagulating powers of pancreatic extracts being due to 
a number of distinct enzymes, or, if only one enzyme is concerned, to the 

different functions being due to different groups of the molecule. 
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Mucu has been written on the question of the identity of gastric rennin and 
pepsin, and two theories have been brought forward. One, first associated 

with Pavlov [Pavlov and Parastschuk, 1904], is that pepsin and rennin are 

identical, Savjalov [1905] and Gewin [1907] holding that coagulation is the 
first stage in the digestion of milk by pepsin. The identity theory is based 

on the parallelism between the behaviour of the proteolytic and milk coagu- 
lating actions of gastric extracts under different conditions. The other theory 
is that the enzymes are different. There are two possibilities here, one, put 

forward by Nencki and Sieber [1901] and others, being that “pepsin” consists 
of a large molecule with different side chains, one set of which digests protein 

in acid solution, while another set is responsible for the coagulation of milk 

in neutral solution. A second possibility is that there are two distinct enzymes 
involved in the two functions. This is the theory which has been mainly 

developed by Hammarsten [1908]. It is difficult to distinguish experimentally 
between these two possibilities, and indeed the present state of our knowledge 

of the constitution of enzymes renders a distinction hardly practicable. Both 
depend on the fact that by suitable treatment the two actions can be separated 
from one another, so that a solution may be obtained which coagulates milk 

but has no proteolytic action, and on the other hand it is also possible to 
obtain an active proteolytic solution which has no milk coagulating pro- 

perties. 
Porter [1911] in support of Hammarsten’s theory found that various com- 

mercial preparations, while coagulating milk, were actually anti-peptic. A 

full discussion of the subject is given by Oppenheimer [1913]. 
When investigating the development of enzymes from foetal life onwards 

I tested the properties of extracts of stomachs of young rabbits and compared 
these with similar extracts from adult animals. The differences found are 

recorded in this note. 
According to Oppenheimer, pepsin is already present in the stomach of 

rabbits before birth, while according to Gmelin [1902] rennin is absent from 
the stomach of new-born animals. Other observers find that rennin develops 
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very rapidly after birth. Rakoczy [1910, 1911] and Van Hasselt [1910] found 
that in the case of calves the rennin disappeared rapidly during the first 
month after birth, while the pepsin increased greatly. The youngest animal 

employed by Rakoczy was apparently nine days old, but Van Hasselt does 
not state the exact age of the animals he used. In my experiments the stomachs 
of rabbits were taken as soon as possible after birth, washed out thoroughly 
and ground up with twice their weight of water. A little chloroform was added 

and after three days the liquid was filtered off and the filtrate tested. The 
stomachs of adult rabbits were tested in exactly the same way. The extracts 
were subjected to no further treatment with acid, sodium chloride or other 

substances such as were used by Hammarsten and others with a view to 
destroying the proteolytic or milk coagulating action as the case might be. 

In the coagulating experiments 1 cc. of extract together with 5 ec. of milk 
was kept in a water-bath at 37° and examined every five minutes. Coagulation 
was considered complete when the test tube could be inverted without dis- 

turbance of the contents. Experiments were always repeated three times at 

least. 
The proteolytic experiments were carried out on fibrin which had been 

finely minced, thoroughly washed and heated to 85°. 1 cc. extract + 40 ce. 

N/20 HCl + 1 g. fibrin were kept at 37° for a certain time and then filtered, 
the nitrogen being determined in the filtrate by Kjeldahl’s method. Controls 

(HCl + fibrin) were also done and allowance was made for the amount of 

nitrogen originally present in the extracts. 
The results are expressed as the number of cc. of decinormal nitrogen 

obtained from the fibrin digested. 

Results of experiments: 
A. New-born rabbits (each represents a different litter): 

Fibrin digested Coagulation 
No. . in 2 hours time 

1 0-0 ce, 12 minutes 

2 € oP 
3 " BO eee 

4 ” > eer 
5 . LB 

6 ” 22 ” 

B. Adult rabbits: 
Fibrin digested Coagulation 

No. in 1 hour time 

1 46 ce. No coagulation in 2 hours 

2 8-0 + “fi ca 
3 9-3 “ m4 1 hour 

4 23°8 a a 2 hours 

5 84 ” ” 2» 

These results show the very wide differences which exist between the 
gastric extracts prepared from young and adult rabbits respectively with 

regard to their content of rennin and pepsin. 
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In some cases the extract from young rabbits’ stomachs was incubated 
with acid and fibrin for 18 hours without any appreciable amount of digestion 

taking place. 
At the end of every coagulation experiment, in the case of the adult 

extracts, a few drops of active rennin were added to the mixture of extract + 

milk. Coagulation now always took place, proving, if need be, that the absence 
of coagulation at first was not due to lack of calcium or other deficiency in 
the milk, but to lack of rennin in the extract. These facts, so far as they go, 
seem to argue against pepsin and rennin being identical. The extracts were 

exactly similar in mode of preparation and it is unlikely that one set would 
contain any inhibitory substance (for example removable by dialysis) which 
would be absent from the other. No stomach, either of young or adult rabbit, 

was an exception to the rule that in young animals we get rennin but no 

pepsin, and as the animal reaches adult life the rennin entirely disappears 

but pepsin is now found in the stomach. 
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TuE following description shows the application of a micro-Kjeldahl method 

to the estimation of non-protein nitrogen in blood; the same method could, 

of course, be used for other nitrogen estimations. The procedure given below 

is recommended on account of its simplicity; some methods which are de- 
scribed have reached a stage of complexity such that they are scarcely prac- 
ticable in clinical work. Attention is directed to (1) the use of a metal bath 

in combustion, (2) the method of making the fluid alkaline after combustion. 
The difficulty in estimations on alcoholic extracts of blood is that the fatty 

compounds are very resistant to combustion; in estimations on fat-free 

materials, e.g. urea solutions or urine, a paraffin bath at 180-190° can be 
used in place of the metal bath. 

Mix 5 cc. serum with 25 cc. methylated spirit in a flask, which is then 
corked and allowed to stand for a time. Filter and place two portions of 

10 ce. in large test-tubes (8 x l‘-inch; A in Fig. 1); add 4 drops caprylic 
alcohol and 2 drops nitrogen-free sulphuric acid. Place the test-tubes as nearly 

vertical as possible in a beaker of water; keep the water boiling until the 

alcohol is evaporated and the residue begins to blacken. Throughout the 
process of combustion it is very important to avoid as far as possible the 

spread of unoxidised material up the sides of the tube. Add 3 cc. of the 
following “sulphate mixture”: 

Water ... i Les ... 200 ce. 

Nitrogen-free sulphuric acid... 100 ce. 
Potassium sulphate... vex ae ae 

Copper sulphate <" oF 5g. 

(Some potassium sulphate crystallises out when the mixture cools.) 

Hold the test-tube in a paper holder and boil until the water is evaporated; 
rapid shaking is necessary to prevent bumping. When the liquid thickens 
and chars and acid fumes appear, lay the tube in a metal bath (“compo” 

tubing heated over a Bunsen burner in an enamelled bowl). If all water has 
not been driven off, the tube is apt to crack when laid on the molten metal. 
The tube is left in the bath for 15 minutes or so, and then examined for un- 

oxidised material on the sides, This may be removed (1) by very vigorous 
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boiling of the acid over a free flame; the condensing acid vapours then wash 
down the sides of the tube; (2) by tilting the tube so that the hot acid runs 
nearly up to the brim; (3) by washing down with a little water when cool; 

this last is not a very effectual method. Tubes must always be heated 

thoroughly over a free flame before being placed on the metal bath. When 
combustion is complete the tube is allowed to cool, and 8-10 cc. water are 

added. . 

C D 

<< 

B a A il) 

°° od 
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m= 

poo 
Fig. 1. 

The distillation apparatus is shown in Fig. 1, and need not be described 
in detail; no rubber discs, perforated tubes, bulbs filled with wool, special 

burners, or condensers, are used. If sufficient water pressure is available, two 

sets of apparatus containing the duplicate samples are connected to one 
pump by means of a Y-piece. Two test-tubes (A and B) of size 8 x 1 inch 

are held in position by clamps which are not shown in the figure. The tube 

entering B is drawn to a not very fine point; the tube leaving B is connected 
to a water pump fitted with a safety bottle and, preferably, with a mercury 

manometer. B contains 15 cc. 0-01 N H,SO, and seven drops 0-2 % methyl 
red in alcohol. 7 

When the tubes are in position, screw up clamp C, turn the pump full on, 
and loosen the clamp until a gentle stream of air is drawn through apparatus. 
A glass tube D is connected by rubber tubing to the inlet tube of A, and 
dipped into 10 cc. 40 % caustic soda in a cylinder; the soda is thus drawn 

Bioch. xv 33 
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slowly into the diluted acid. This stage is shown in the figure. As the last 
of the soda is drawn in, and a stream of air follows, the two fluids become 
mixed thoroughly and the deep blue colour of cupric hydroxide appears 

showing that excess of alkali is present. The tubes by which the soda was 
introduced are then removed and a wash-bottle of dilute sulphuric acid con- 

nected up in their place to remove ammonia from the incoming air. 
Air is drawn through, at first quite gently, but towards the end as rapidly 

as can be done without danger of frothing over. With the pump used in these 
experiments half-an-hour’s duration of air current sufficed for removal of all 

ammonia. The beaker around test-tube A contains water which during the 
half-hour is heated to boiling. It is especially to be noted that the “con- 
denser” B becomes too hot to be held; this is an advantage for the rates of 
diffusion and combination of the ammonia are thus increased. It was found 

impossible to recover these small amounts of ammonia quantitatively until 
heating was adopted. At the close, the rubber tubes on each side of B are 

detached before the pump is stopped; the tube entering B is washed down, 
and the acid titrated with 0-01 N NaOH. The whole estimation can be carried 
out in two hours. A “blank” estimation on the reagents gives from 0-2 to 

0-35 cc. 0-01 N alkali. Estimations on sera sent for the Wassermann test 
have shown from 30 to 50 mg. N in 100 cc., which is the range found in whole 

blood by other workers. 

TESTS OF METHOD. 

1) Recovery of ammonia, without combustion: ¥e@ 
(a) 5 cc. ammonia solution added direct to 15 ce. 

0-01 WN acid as ee 7-10, 7-25, 7:10, 7-15, 7:10, 7-10, 7-10 

Mean... 7:13 

(6) 5 cc. ammonia solution +3 ce. “sulphate mix- 

ture”; recovered by distillation... .-. 7°20, 7:20, 7-20, 7:05, 7°20 

Mean... 7:17 

(c) Blanks rey «es» 02, 0:05, 0-1, 0-1, 0°15, 0-1, 0-15 

Mean... 0°12 

Mean cc. 0:01 N found... 7:17 

Less Blank ... 0-12 

7:05 =989 % of 7°13 
(2) Combustion of urea: 

0-1472 g. urea in 250 ce. 
5 ec., calculated i rie 2 ae 0b oO 

5 ce., by Kjeldahl ies wee 9°95, 10°10, 9°80, 10-2, 10-15, 10-0, 9-80 

Mean... 10-00 

Less Blank... 0°325 

9-675 =98-7 %, 
(3) Combustion of alcoholic extracts of sera: 
Example: 

15 cc. extract of serum H var YP se» =10°1, 10°25, 10°25 

10'o8; 33 a 6-9, 6-9, 7-0, 6-95, 6-8, 6-9 

Mean... 691 

} of 691... 10:36 
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LXII. DENITRIFICATION AS A MEANS OF 

SEWAGE PURIFICATION. 

By EVELYN ASHLEY COOPER. 

From the University of Birmingham. 

(Received July 14th, 1921.) 

THE process of denitrification is of importance not only in agriculture, but 
also in the problem of sewage disposal, because it is capable of effecting 

purification to a considerable degree. It has been recognised for some time 
that the presence of nitrates in an effluent is desirable, because, should the 

dissolved oxygen be expended locally by fermentation of organic matter in 
a river, the supply of nitrates is then called upon to destroy some of the 

fermentable matter, and a possible nuisance is prevented. 
It is known that the process of denitrification is due to the presence in 

the sewage of micro-organisms. Many different species can effect the reduction 

of nitrates, the products of the reaction depending on the kind of organism, 

e.g. nitrogen, nitrites, oxides of nitrogen, ammonia. B. coli communis, for 
example, forms nitrites. The reaction consists in the oxidation of carbona- 

ceous matter by nitrate through the agency of the denitrifying organisms 
and can be represented thus: 

50,H,.0, + 24NaNO, = 24NaHCO, + 6CO, + 18H,O + 12N,: 

and it has accordingly been found that when a filter effluent containing 

nitrates is added to sewage, there is a rapid disappearance of the nitrate. 
At the present time the nitrate from sewage purification plants is discharged 

into the rivers, and although it may there act as reserve oxidising material, 
it undoubtedly encourages the growth of aquatic weeds. 

The loss of nitrate in this way is very wasteful, as it could be much more 

usefully employed in oxidising fermentable material present in the sewage 

and thus contribute to the process of sewage purification. This could be 
effected by passing a portion, e.g. one-half of the sedimentation tank liquor 

through filters, and then mixing the filter effluent which would now contain 
nitrates with the remaining portion of tank liquor. Denitrification would 

take place, and some of the oxidisable material present in the sewage would 
then be destroyed. In this way an economy might be introduced, as a smaller 
area of filtering material would be sufficient for purifying the sewage. 

The experimental work described in this paper aims at determining the 
degree of purification that can be effected in the process of denitrification. 

1, Experiments were first of all carried out to ascertain to what extent 

nitrates could be reduced by the oxidisable constituents of sewage. 

33—2 
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For this purpose sedimentation tank liquor was mixed with an equal 
volume of a solution of potassium nitrate or'a filter effluent. The mixtures 
were kept in stoppered bottles at 20° C. for varying periods, and the amounts 
of nitrate present before and after the experiment were determined by the 
colorimetric phenolsulphonic acid method. 

Nitrates. Parts per 100,000 (as N). 

Original After After After 
mixture 24 hours 48 hours 96 hours 

1. Tank liquor + distilled water 0-00 0-00 — 0-00 
Tank liquor + KNO, solution 2-50 1-28 — Trace 

Tank liquor + KNO, solution 5-00 3°10 — 2-50 
2. Tank liquor +KNO, solution 2-50 0-10 _ — 

5-00 0-00 — i= 
10-00 0-00 —_ oe 

3. Tank liquor + KNO, solution 2-50 — Absent — 
5-00 — 1-00 — 

4, Filter effluents alone 4:76 1-00 — _ 

16-66 3-33 — — 
5. Tank liquor + KNO, solution 5-00 — 1-66 — 

2-50 — 0-00 _ 
6. Tank liquor + filter effluent 1-50 — Trace —_ 

: 1-25 — Trace _ 
7. Tank liquor +KNO, solution 2-50 — 0:75 — 

5:00 _ 3°33 so 

A survey of the tabulated results shows that sewage constituents are able 
to reduce considerable amounts of nitrate in a comparatively short time. 

Thus, in one experiment 10 parts per 100,000 of nitrate disappeared com- 
pletely in 24 hours. In another case, a concentration of 16-66 parts was 
reduced to 3-33 in the same time. 

Pts. per 100,000 
Pts. per 100,000 “ Dissolved oxygen absorbed” 
Nitrates present by mixture after the pre- 

Period of in mixture liminary incubation 
preliminary ,- ¢ A ’ 

Mixture incubation ibkore: After lday 3days 5 days 

1, Tank liquor and water 48 hours 0-00 0-00 3°44 7-00 8-92 
Tank liquor and nitrate solution o 5-00 1-66 0:60 3:46 4-46 

9 ” me 2-50 0-00 1:34 3-44 7:20 

2. Tank liquor and water ” - 0-00 0-00 — — 2-90 
Gs » filter effluent 9 1:25 Trace —_ _- 2:07 

Filter effluent and water he 1-25 lll — _ 0-50 

3. Tank liquor and water ” 0:00 =—-000 — — 559 

= » nitrate solution ss 2-50 0:75 oa — 0-92 

” ” ” ” ” 5-00 3°33 on rr 1-14 

4. Tank liquor and water yi 0-00 0-00 —_ — 4:66 

5 » filter effluent 5 1:50 Trace ~- —- 3°85 
Filter effluent and water 9” 1-50 1:33 — — 0:20 

2. Experiments were next carried out to ascertain to what extent the 
purification of sewage could be effected through the utilisation of nitrates 
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by the reducing micro-organisms present in the sewage. For this purpose a 
series of quantitative experiments were set up in which mixtures of (1) sedi- 

mentation tank liquor and an equal volume of water, and (2) sedimentation 
tank liquor and an equal volume of nitrate solution or filter effluent were 
incubated at 20°C. in closed bottles for definite periods, e.g. 48 hours. At 

the end of this period the “dissolved oxygen absorbed in 5 days!” (or some- 

times in shorter periods) was then estimated for each mixture. 
When filter effluents were used, the “dissolved oxygen absorbed in 5 days” 

figures were also determined after dilution with an equal volume of water 

and incubation for two days. 

The results are tabulated above. 

CONCLUSION. 

The results show that the dissolved oxygen absorption figures for the 

mixtures of tank liquors and nitrate solutions or filter effluents are very much 
lower than those for the corresponding mixture of tank liquor and water 
only. As the dissolved oxygen absorption is a measure of the amount of 

oxidisable carbonaceous or putrescible matter present in the sewage, the 
results indicate that incubation of the sewage with nitrate solutions and filter 
effluents leads to the destruction of a considerable amount of this oxidisable 
material. With concentrations of nitrate amounting to about 5 in 100,000 

it is seen that the degree of purification is enormous, while with lower con- 
centrations, e.g. 1-25 parts, the purification is still appreciable. 

Another point emerging from the results is that the extent of destruction 

of the oxidisable matter is not necessarily proportional to the amount of 

nitrate present. 
In one of the experiments (1) the dissolved oxygen absorbed in one day, 

three days and five days was estimated. A comparison of this series of results 
reveals the fact that the one day tests indicated a higher degree of purification 

through denitrification than the three and five days tests. From this it is 
concluded that the very readily fermentable matter is first attacked in the 
process of denitrification, and that the more resistant oxidisable matter is 

largely left and its presence is indicated in the prolonged dissolved oxygen 
tests. 

As it is this readily oxidisable material that causes the nuisance in river 

pollution, the value of employing the nitrates produced in the filters for 
further sewage purification is self-evident. In fact, the dissolved oxygen tests 
summarised above justify the view that in practice considerable economy 

could be introduced in sewage purification by mixing part of the sedimenta- 
tion tank liquor with the filter effluent and thus employing the nitrate present 
for destruction of the more readily fermentable material. By this means a 
smaller filtering area would be sufficient to effect sewage purification. 

! Winkler’s method was employed for estimating dissolved oxygen. 



LXIII. A METHOD OF PROTEIN REMOVAL 

FROM BODY FLUIDS FOR THE PURPOSE 

OF SIMULTANEOUS DETERMINATION OF 
MANY CONSTITUENTS. 

By GENKO MUKAI. 

From the 3rd Medical Clinic of the Imperial University of Kiushiyu, Japan. 

(Received July 12th, 1921.) 

Tue chemical analysis of blood involves the use of some method of protein 
removal. The necessity arises very frequently in practice to estimate many 

substances simultaneously in the same sample of blood, which necessitates 

much time and is very inconvenient if the proteins are to be removed for the 
determination of each substance. I decided, therefore, to seek an accurate 

and simple method of removing protein without impairing the analysis of 

almost all the constituents of blood. The method described here, I believe, 
answered my purpose and was proved to be applicable for the determination 

of non-protein nitrogen and chlorides in serum, whole blood, other body 
fluid and urine. 

1. REMOVAL OF PROTEIN. 

In a suitable protein precipitant three properties are desirable for my 

purpose: (1) the precipitant should be used in a watery solution so as to 

make a complete extraction of all non-protein constituents soluble in water, 
(2) at the same time it should not carry down any substances which are 

required to be examined and (3) it should be free from such substances. 
Most of the usual protein precipitants fail to comply with one or more 

of these conditions. A satisfactory result in the removal of proteins from 

urine, which I obtained by means of heat coagulation with acetic acid and 
potassium sodium tartrate, suggested the use of similar solutions. After a 

number of experiments with several salts—potassium sodium tartrate, sodium 
oxalate and sodium citrate—it appeared that sodium acetate closely approxi- 

mated to the ideal precipitant. However there was a slight turbidity by 
addition of sulphosalicylic acid in the filtrate, which was proved to be protein 
and metaprotein. Although this quantity varied when the concentration of 
the reagents was changed, there was always more or less residue of protein. 

To overcome this difficulty I took advantage of the adsorptive capacity of 
talcum powder, which readily removed the last trace of protein and meta- 
protein from this fluid. 
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The method. Solutions required: 

(1) Acid sodium acetate solution. 
A hot 20 % watery sodium acetate solution is acidified with acetic acid 

until its reaction becomes acid to alizarin red. 
(2) Dilute acetic acid (1 %). 

The technique of the method: 

5 cc. of serum! is measured into a beaker containing about 80 cc. of dis- 
tilled water, and then is neutralised with dilute acetic acid using htmus 
paper as an indicator. The fluid is heated quickly over a small flame just to 

boiling. During heating the fluid should be stirred gently with a glass mixer to 
avoid sudden bubbling. 10 cc. of acid sodium acetate solution is at once added 

to the hot liquid and this is allowed to boil about 30 seconds so as to produce 

a visible coagulum. After cooling, the fluid is transferred into a 100 ce. 
volumetric flask and the volume is completed with distilled water. After 
shaking well, the fluid is poured again into the same beaker and about 3 gm. 
of talcum powder are added to the fluid. The solution is stirred thoroughly 

for about 5 to 10 minutes and then it is warmed on a water-bath up to 

40°-45° C. and mixed well. After cooling, 2-3 gm. of talcum are added 
and are mixed thoroughly to make adsorption complete and the solution 
is then filtered. This filtrate can be used for the determination of the various 

constituents of serum. 

II. AccuRACY OF THE METHOD. 

The exactness of the protein removal depends entirely on the care with 
which the operation is made. 

Sometimes error is caused by acidifying the fluid too much instead of 
neutralising before heating, especially for whole blood. Sometimes it is caused 
by omitting to warm the fluid after the first mixing with talcum. Both must 

be carefully done to get exact results. 

If these precautions are taken, the filtrate is obtained free from proteins. 
The tests of (1) Heller, (2) ferrocyanic acid, (3) sulphosalicylic acid and 

(4) trichloracetic acid were made in the filtrate as well as in the concentrated 
filtrate with negative results. 

It remains to prove that this procedure causes no change in the quantity 

of substances which are required to be examined. Among many constituents 
of blood I chose non-protein nitrogen and chlorides for example and examined 

the efficacy of the method in the determination of such substances in serum. 
The accuracy was tested as follows: 
(1) All reagents were proved free from such substances as nitrogen and 

chlorides. 

1 If it is desirable to remove proteins from whole blood, ascitic, pleural fluid and urine, it is 
necessary to dilute with distilled water so that the concentration of proteins becomes about 
0:3 %. 
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(2) As urine contains just the same non-protein substances as blood, I 
made some experiments with urine in order to prove that this procedure did 
not produce any change in the quantity of nitrogen and chlorides in the 
protein-free fluid. 

(3) The method was applied to serum and I compared the results obtained 
by this method with those by the other exact one. 

III. ExpPERIMENTAL. 

(a) Experiment with normal protein-free urine. 

5 cc. of urine was treated as described and the final volume was made up 
to 100 ce. with water. The following were determined in 75 cc. of this filtrate: 

(1) The total nitrogen by Kjeldahl’s method. 
(2) The content of chlorine by Volhard’s method. 

Both results were compared with those obtained by direct estimation. 

Table I. Nitrogen content in urine. 
Nitrogen content in 5 ce. of urine. mg. 

A 

Before applying this After applying Difference 
Sample procedure mg. % of deficit 

1 43-54 42-91 — 0-63 1-45 
2 15-40 15-26 -0-14 0-91 

3 45-01 44-66 — 0:35 0:8 
4 37-17 37-10 —0-07 0-2 
5 44-80 44-66 -—0-14 0:3 

Average — 0-26 0-7 

Table II. Chlorine in urine. 

Chlorine content in urine 
(calculated as NaCl) 

Before a plying this After applying Difference 
Sample procedure. °/,, “abs sd A 

1 8-2 8-2 0 

2 7-45 7-4 — 0:05 

3 7-82 7:8 — 0-02 

4 8-35 8-39 +0-04 
5 9-17 9-2 +0-03 

Average 0 

Table I shows that this procedure causes a slight deficit of nitrogen. The 
average deficit is only 0-7 % of the total amount, the maximum being 1:45 %, 
on a content of 15-4—45-01 mg. of nitrogen. As normal urine contains always 
some quantity of colloidal nitrogenous substances, it may be possible to get 
such a result by treating urine in this manner. 

From Table II it may be seen that there is no constant change in the 

amount of chlorine after treatment by this method. 
The maximum differences between the results obtained with and without 

applying this procedure are + 0-04 °/,, and — 0-05 °/,, on a content of 7-45- 
9-17 °/,., which are apparently within the limits of experimental error. 
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(6) Experiment with blood serum. 

5 cc. of serum was treated as described and the proteins were removed. 
The following were determined in 75 cc. of this filtrate (equivalent to 3-75 ce. 
of serum): 

(1) Nitrogen content by Kjeldahl’s method. 

(2) Chlorine content by Volhard’s method. 
As control determination I adopted Folin-Denis’ method [1912] for non- 
protein nitrogen and the fusion method of Salkowski [1877] for chlorine. 

Some samples of other body fluids were also examined for their contents 
of non-protein nitrogen and chlorine. 

Table III. Non-protein nitrogen. 

Total non-protein N found in 100 ce. 
Sample of body fluids. mg. 

c - A ~, F- A . Difference 
Fluid Diag. No. By this method By Folin-Denis’ method mg. 

Serum Normal man 1 18-6 18-3 +0°3 
2 16-7 15-5 +1-2 

3 19-1 19-5 —0-4 
4 19-3 18-7 +06 

Average 18-4 18-0 +04 

 Nephritis 5 31-8 30°7 +11 
6 43-7» 41-0 +2-7 
7 38-4 39-1 —0-7 
8 41-1 42-2 -hl 

Average +0°5 

Pleural fluid Pleurisy 9 18-7 18-5 +02 
10 25-8 25-6 +0-2 
ll 19-3 18-5 +0°8 

12 21-7 22-3 -0-6 

Average +02 

Table IIT presents the results of a number of determinations of non- 
protein nitrogen in serum and pleural fluid by this method as well as by 
that of Folin-Denis. The results are almost the same, but the value obtained 

by this method is a little higher. The average difference between them is 
+ 0-4 mg. and + 0-2 mg. respectively in 100 cc. of serum or pleural fluid, the 
maxima being + 2-7 mg. and — 1-1 mg. 

Estimations of chlorides (as NaCl) in serum, pleural fluid and blood were 
made by this method and by Salkowski’s method with the result that an 
average difference was found between the two methods of only + 0-03 °/,., 
the maxima being + 0-11 °/,, and — 0-06 °/,., on’a content of 5-6 °/,.. 

Other application. The sugar content in several samples of serum was 
determined by Bertrand’s method after the removal of protein by the 
method here described. 

The result was satisfactory and this method can therefore also be used 
for the determination of blood sugar. 
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Table IV. Chlorine in serum. 

Chlorine found (calculated as NaCl) 
Sample c ~ 

A , By this method By Salkowski’s method Difference 
Fluid Animal No. TS. oles AS 

Serum Man 1 6-05 6-11 — 0-06 

2 5-65 5-54 ‘ +011 
3 5-98 5-92 _ +006 

Ox 4 6-0 6-0 0 
5 5:85 5°84 +0-01 
6 5-76 5-66 +01 

Pleural fluid Man 1 ~5:93 5-85 +0-08 

2 5-70 5-70 0 
3 5-94 5-85 +0-08 

Blood Dog 1 5-4 5-35 +0-05 
2 5-2 5-23 — 0-03 
3 5-05 5-05 eee 

Average > +0-03 

SUMMARY. 

A method of protein removal is described which is convenient for the 
simultaneous determination of various constituents of body fluids. 

It has been proved by control determinations that this method is appli- 
cable for the estimation of non-protein nitrogen and chlorides in blood serum, 

* ete. 

I take this opportunity of expressing my thanks to Professor N. Onodera 
for his kindly advice during this work. 
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LXIV. THE ANTI-SCORBUTIC PROPERTIES OF 

CONCENTRATED FRUIT JUICES. PART IV. 

By ARTHUR HARDEN anp ROBERT ROBISON. 

(Received July 27th, 1921.) 

In earlier communications [1919, 1920] we have shown that orange juice can 

be evaporated to a dry residue without suffering any loss of the anti-scorbutic 
accessory factor, and that the product retains its potency in a very considerable 
degree after two years’ storage in a dry atmosphere at room temperature. 

The effect of storage at higher temperatures (29° C.) has now been in- 
vestigated and, from the results obtained, it is evident that the accessory 

factor is much more rapidly destroyed under such conditions. 

This particular sample of orange juice was dried in December 1919 and 
was found to afford complete protection from scurvy when fed to guinea-pigs 

in daily doses of 0-15 g., equivalent to 1-5 ce. of the original] juice. The very 
hygroscopic solid was transferred as rapidly as possible to a screw-top glass 

jar, which was then placed in a desiccator for a few days before being closed 

down. In spite of these precautionsit is probable that the material absorbed 
some moisture, for on placing the jar in the incubator, slight softening was 

seen to take place and the top layer of the substance gradually darkened in 
colour, owing presumably to oxidation. The jar was kept at a uniform tem- 
perature of 29° until February 1921, 7.e. during 14 months, after which further 

animal tests were begun. The material was then in the form of a hard toffee- 
like mass but was found to contain 8 % of water. 

A number of guinea-pigs were fed on the usual basal ration of oats, bran 

and autoclaved milk, together with doses of the dried juice of 0-15 g., 0-3 g., 
0-45 g., and 1 g., equivalent to 1-5 cc., 3 cc., 4-5 cc., and 10 cc. of the original 

juice. All the animals developed scurvy but those receiving the highest dose 
did not show any symptoms until the 24th day and were still alive on the 

63rd day of the. experiment. Some measure of protection was therefore given 
by this amount of the dried juice, but it is evident that more than 85 % of 

the anti-scorbutic accessory factor had been destroyed during storage under 
the above conditions. Tests were also carried out with some of the same batch 
of dried juice that had been stored in a desiccator at room temperature during 
a similar period, 14 months. Two guinea-pigs, each receiving 0-15 g. daily, 

showed normal growth for about 50 days but thereafter remained practically 
stationary in weight. They were killed on the 81st day and symptoms of 
scurvy were found. A guinea-pig which received a daily ration of 0-3 g., 



522 A. HARDEN AND R. ROBISON 

equivalent to 3 cc. of juice, showed no signs of scurvy after 81 days, though 

this animal also failed to exhibit normal growth during the last 20 days of 
the experiment. 

In the experiments previously described it was found that a daily ration 

of 0-5 g. of dried juice that had been stored during two years at room tem- 

perature afforded complete protection from scurvy. It would appear, therefore, 
that under the conditions detailed above the loss of the anti-scorbutic 
accessory factor is of the order of 50 % of the amount originally present in 
the juice. 
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From the Biochemical Department, Imperial College of 
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(Received July 21st, 1921.) 

THESE researches were undertaken with the object of throwing some light on 

the processes involved in the extraction of gelatin from its precursors in the 
animal body. In the present communication the results are confined to the 

investigation of the dynamics of the formation of gelatin from decalcified 
bones. 

PREPARATION OF THE MATERIALS. 

For the purposes of this research, the material used consisted entirely of 

the middle portions of the femurs of young oxen (about two years old). These 
were collected from the slaughter-house as soon as possible after the animals 

were killed, and their preparation for experiment was commenced immediately 
after they were brought into the laboratory. They were first washed in running 
water until the washings were clear, and then sawn into two portions along 

their length, and the marrow and adhering fatty matter was removed. They 
were then dehydrated and de-fatted, first by treatment with alcohol and then 

by ether, and afterwards air-dried. They were again cleaned by hand to 
remove the last portions of adhering tissues. They were then crushed in 
rock-crushers, for the use of which the authors are indebted to Prof. Truscott. 

The crushed particles were then sieved, the largest size used passing through 

f-inch mesh, but not through a ;3-inch mesh; the smallest sized bones used 
passed a s4-inch mesh. Altogether five grades of bone were decalcified separ- 

ately, 3 % cold hydrochloric acid (not above 5°) being used for the purpose. 
The course of the decalcification was followed by the titration of the acid 
from day to day. This process required from three to seven days, the rate 

depending on the size of the bone particles. After decalcification, the bones 
were washed with water till acid-free, then with 1 % ammonia solution, again 

with water, and finally with alcohol and ether; after which they were dried 
by a fan. 
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MetTHOD OF EXPERIMENT. 

The rate of extraction of gelatin from decalcified bones of various graded 
sizes has been measured at 100° and at 90°. 

For the extraction at 100° a weighed quantity of the dried decalcified 
bones was added to a known volume of boiling water in a flask fitted with 

a reflux condenser. The time was taken, the mixture was kept gently boiling 
and at convenient intervals a small sample of the liquid was withdrawn and 
filtered through cotton wool. The nitrogen content of the filtered sample 
was determined by Kjeldahl’s method, and the boiling continued until no 

further increase in nitrogen content occurred. To measure the rate of ex- 
traction at 90° the same method was used except that the flask was immersed 
in a thermostat at the required temperature and its contents kept in motion 

by a glass stirrer. 

RESULTS. 

Fig. 1 shows the results for the extraction of gelatin at 100°. In each case 

20 g. of decalcified bones and 300 cc. water were taken. The results are plotted 
as percentages of the total amount of nitrogen extracted. The total nitrogen 

extracted varied slightly with different samples of bones, due to differences 
in degree of dryness. It lay between 0-85 and 0-95 g. per 100 g. solution. 

Fig. 2 shows the results of extraction at 90°. 
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Vig. 1. Extraction of gelatin at 100°. 
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The extraction curves for the larger sized particles have a point of in- 

flection, and are similar to the curves for autocatalytic reactions. The process 
of extraction, however, is not autocatalytic. The rate of extraction of a fresh 

quantity of decalcified bones is unaffected by the presence in solution of some 

previously extracted gelatin. 
The rate of extraction increases with the finer division of the bones, except 

for the very finest (,4,-inch and under). The abnormal curve obtained for the 

latter size appears to be due to aggregation of the particles. Thus in the 
presence of sodium salicylate (N/4), a salt which markedly lowers the surface 
tension of water and which would therefore tend to prevent aggregation, the 

~ 100+ 

90+ 

80} 

70} 

60F 

50} oF : 

Percentage of gelatin extracted 

i 1 i L . L L L iL i 1 

1 2 3 4 5 6 7 8 9 10 11 12 

Time in hours 

Fig. 2. Extraction of gelatin at 90°. 

curve fits normally into the series. A control experiment with ;3,-inch bones 

in presence of N’/4 sodium salicylate showed that the salt had no direct effect 
on the rate of extraction. The reaction rate was slightly greater than in water, 

but this could be ascribed to the raising of the boiling point of the water. 
A similar curve was obtained when the reaction with ;,-inch bones was 
carried out in N/4 sodium chloride solution. 

In the hope that some light might thereby be thrown on reactions in 
heterogeneous systems in general, it was decided to investigate further the 
relation between these curves. Other investigations have shown that ossein 

is the chief substance remaining after the decalcification of bones, and there 
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is reason to suppose that this is an anhydride of gelatin. Hoffmeister [1879] 

showed that when gelatin has been heated to 130° it is not readily soluble in 
water, but is apparently converted into an anhydride, from which gelatin 

can be regenerated completely only after boiling for several hours with water. 
The authors have been able to confirm this observation of Hoffmeister, and 

have found that the curves representing this regeneration are very similar 
to those which represent the formation of gelatin from ossein. The details 
of these experiments are reserved for a subsequent communication. 

The extraction of gelatin from bones consists essentially in the hydrolysis 
of an anhydride and the solution of the gelatin. Apart from the rate of this 

process itself there are, however, other controlling factors amongst which the 
initial surface exposed to the action of water plays a very considerable part. 

An estimate of the initial surface area of the decalcified bones was made 

by determining the average number of particles contained in a gram of sub- 
stance. Assuming that the density is the same throughout and that the 

shape of the particles of different sizes is similar, the relative surface can be 
approximately calculated. It is proportional to ¥/n where » = number of 

pieces to 1 g. In this way the following numbers were obtained: 

Size of particles Surface area (in arbitrary units) 

}-inch 3-75 

ts ”? 5:71 

t ” 9-65 

1's ” 13-75 

Plotting these values against the estimated initial rate gives the curves 

shown in Fig. 3. For the {-inch and larger sizes the points lie on smooth 

curves, approximately parabolas. The abnormality of the smaller sizes may 

probably again be attributed to aggregation. 

For the other sizes, }-inch and greater, we may write: 

Initial rate = kS,?. 

This suggests as a general formula for the group of curves : 
d. de _ & (S32 +f («)} (a — 2) 

where z = quantity of gelatin extracted; 

a = total quantity of gelatin extractable, and 

k = constant. 

The simplest assumption to make with regard to the form of f (x), which 

represents the change in the surface effect as the reaction proceeds, is that 

f(a) = @. 
This gives a = k(S,? + 2) (a — 2) 

which on integration gives 

Jog % {Son +2) . het 
a+So* B 8,8 (a2) : 
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This represents a group of curves of the type found experimentally. When 
the initial surface is small the curve has a point of inflection, but beyond a 

certain critical value, given by S,2 =a, the point of inflection disappears. 
With the smaller sizes the curve approaches that of a unimolecular reaction. 
This would be expected from the equation when S is large compared with z. 
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Fig. 3. 

Tabulated on p. 528 are corresponding values of x and ¢ taken from the 
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Rate of extraction of gelatin from decalcified bones at 100°. 

Size of particles }-inch S,=3-75 Size of particles 4-inch S,=9-65 

Time in hours % extracted k Time in hours % extracted k 

1-14 10 “00491 0-23 10 -00470 

1-90 20 -00510 0-475 20 00455 

2-6 30 -00504 0:74 30 00445 

3-33 40 -00488 1-02 40 00440 

4-13 50 -00468 1:28 50 -00455 

4-95 60 -00456 1-58 60 —- 00464 
7-1 80 -00432 2-32 80 -00496 

Mean k=-00478 : 3-28 90 -00470 

Mean k=-00463 

Size of particles ,', -inch S,)=5-71 
Time in hours % extracted k 

0:75 10 00375 

1-28 20 “00415 

1:73 30 00440 

2-18 40 “00450 

2-67 50 -00460 

3-50 65 -00460 

4:73 80 -00450 

Mean k=-00436 

Average k for different sized particles =-00444. 

Rate of extraction of gelatin from decalcified bones at 90°. 

Size of particles }-inch S,=3-75 Size of particles ,4;-inch S)=5-71 

Time in hours % extracted k Time in hours % extracted . k 

2-3 10 “00244 1-5 10 -00187 

3-9 20 -00248 2-56 20 -00206 

5:3 30 -00247 3°63 30 -00210 

6°85 40 -00237 4-65 40 ~ +00212 

8-4 50 -00230 5°75 50 00213 

10-25 60 -00220 7-0 60 “00211 

Mean k=-00238 Mean k=-00206 

Size of particles }-inch S)=9-65 

Time in hours % extracted k 

0-53 10 00202 

1-07 20 -00202 

1-74 30 ‘00189 

2-45 40 “00183 

3°22 50 ‘00180 

4-05 60 ‘OO1L81L 

6°35 80 “00182 

Mean k=-00189 

Average k for different sized particles =-00211, 
The average temp. coeff. for the interval 90°-L00° is 2-1. 

In the search for a suitable expression to represent the experimental 
results an attempt was made to arrive at a more accurate estimate of the 
initial surface by adsorption experiments, Decalcified bones markedly adsorb 
iodine and some dyes, 

The unexpected result was obtained that the surface was the same inde- 
pendently of the state of division of the bones. The only variation was in 
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the time required to arrive at equilibrium. This is shown in the curves for 
iodine adsorption in Fig. 4. In each case 5 g. decalcified bones and 100 ce. 

N/50 iodine were put in a stoppered bottle and shaken. From time to time 
10 cc. was withdrawn and titrated with standard thiosulphate. Precisely 
similar results were obtained with other initial concentrations of iodine and 
also with diazine-green (a dye of not very great diffusibility and chosen on 
this account) as adsorbed substance. The conclusion must be drawn therefore 

Concentration of iodine 

1 i 4 1 i 1 

VW ed 10 15 20 25 

Time in hours 

Fig. 4. 

that owing to the high porosity of the bone there is the same surface available 
whatever the size of the particles, and that the different behaviour must be 

attributed to the time taken for the adsorbed substance to diffuse along the 
pores and so arrive at the surface. 

Similarly in the extraction of gelatin the variation of rate with size of 
particles is not a true surface effect. The effect is indeed dependent on the 

apparent surface (original surfaces + fissure surfaces), the dependence being 
expressed by the formula above. But, except for very small particles, the 
rate of extraction is controlled largely by the rate at which gelatin diffuses 
out and water diffuses in through the pores; it is essentially a capillary 
phenomenon. 
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LXVI. THE FORMATION OF VITAMIN A 

IN LIVING PLANT TISSUES. 

By KATHARINE HOPE COWARD (Beit Memorial Research Fellow), 

AND 

JACK CECIL DRUMMOND. 

From the Biochemical Laboratories, Institute of Physiology, 

University College, London. 

(Received July 29th, 1921.) 

AN opinion is gradually being formed that the fat-soluble vitamin occurs in 
the green, actively assimilating parts of plant tissue and that it is generally 
absent from the localities where chlorophyll is not found. This led us to carry 

out certain investigations planned to trace, if possible, the origin of the 

fat-soluble factor in plants. 

EXPERIMENTAL METHOD. 

The essential details of the method of testing have already been outlined 
in a former paper [Drummond and Coward, 1920, 1]. Throughout this work 

and in fact now generally, we employ a new method of purifying the con- 
stituents of our basal diet from residual traces of the vitamin A. As we have 

pointed out in the paper referred to above, the chief source of impurity is 
the caseinogen which persistently carries small amounts of milk fat which 

may serve as sources of the factor A. Since the discovery that this substance 
is readily destroyed by oxygenation at high temperatures [Hopkins, 1920; 

Drummond and Coward, 1920, 2] we have employed a process based on this 
principle to replace the tedious and expensive method of extraction with 
alcohol and ether formerly adopted. At the present time we use an oven in 
which the caseinogen is exposed in shallow layers to air at a temperature of 
105° for at least 24 hours, the fine powder being frequently raked over to 
expose a new surface to the air. We have been entirely satisfied with this 

simplified method of purifying the basal protein, which yields results quite 
as reliable as the older method. The foodstuffs to be tested are always given 
as supplements to each rat before the basa] diet is given and in nearly all 

cases it is consumed before the latter is supplied. | 

Tue Viramin A CONTENT OF SEEDS. 

The work of McCollum and his co-workers summarised in his recent book 
[1918] has shown us that seeds generally are poor sources of vitamin A. Our 
first plan was to test a number of seeds and then to compare the vitamin 
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content of the plants produced from them at various stages of their develop- 

ment under different conditions. Many experimental difficulties were encoun- 
tered, however, in consequence of which few systematic tests of any one 
variety were found possible. Nevertheless, the results of these preliminary 
tests, even if somewhat incomplete, are given because they are all more or 
less in agreement with those yielded by the more complete studies. 

The seeds first studied were carrot, turnip, cabbage, cress, peas, and white 

and yellow maize. These were all given to the rats in known amounts daily 
in addition to the basal diet deficient in vitamin A. No resumption of growth 

followed the administration of turnip, cabbage or white maize, but there was 

evidence of more or less activity in the case of the peas, yellow maize and 
carrot. The rats refused to eat the cress seed nor could they be induced to 
consume the cress shoots. The average results of these experiments are seen 
in the table p. 538 (‘Tests 1-7). 

Our observations on the two forms of maize confirm the results recorded 
by Steenbock and his colleagues [1919 and 1920] and in one case we were 
able to restore the growth of a rat which had been stationary on the white 

maize supplement by changing it to one of yellow maize. 
It is interesting to note also that sycamore seeds, although their cotyledons 

are distinctly green, are unable to induce growth even when supplied at the 
rate of 1-5 g. per day without the fruit wall and wing (Test 8). 

On the whole our results confirm McCollum’s opinion that the majority 
of these tissues are deficient in vitamin A. Further evidence is also presented 
in the experiments on sunflower seeds to be described below. 

GERMINATION OF SEEDS. e. 

It was originally shown by Fiirst [1912] and confirmed by Chick and 
Hume [1917] that the anti-scorbutic factor is not present in the dry seeds 

_ but is produced during germination. Chick and Delf [1919] state, however, 
that both dry and germinated peas are deficient in the fat-soluble factor. The 
latter observation was made during a study of scurvy in the guinea-pig, so 

we decided to make a direct test on rats, with the result that no detectable 
increase in the amount of the vitamin A appeared to have occurred in these 
seeds during germination (Tests 9, 10). 

ETIOLATED SEEDLINGS. 

The first experiments with seedlings were made with sand cultures. The 
sand in which the seeds were to grow was well washed in running warm water 
with much stirring for about half-an-hour. It was then treated with strong 
nitric acid until io further effervescence of carbonates took place, washed 
with a 2 % solution of mercuric chloride to kill bacteria and finally washed 

in a Buchner funnel with distilled water. The sand was spread out in large 
trays in layers about 1} inches deep, sprinkled with the seed and a very 

shallow top layer of sand added. Successive sowings on fresh areas were made 
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every few days to ensure a continuous supply of seedlings of about the same 
age. The seeds were watered with distilled water for about a week and then 
with Sachs’ solution for a week, after which Sachs’ solution reinforced with 
0-3 % of sucrose was employed in the hope that by supplying preformed 
carbohydrate growth beyond the expansion of the cotyledons might be 
induced. This hope was not realised and in spite of all our care the etiolated 

seedlings tended to die when about 3-4 weeks old. 
Etiolated seedlings in their prime (generally 13-16 days old) were given 

to rats in amounts of 0-7 g. per day. Owing to the difficulty of maintaining 
the supply of sufficient material for testing, the results are not as conclusive 
as might be desired. No growth was obtained with the carrot seedlings 
(25-30 days of age) in spite of our having detected some activity in the dry 

seeds, whilst in the other cases most of the etiolated shoots showed very 
slight activity (Tests 11-14). Etiolated pea shoots grown from seeds planted 

in earth and watered with tap water produced some slight increase in weight 
in the rats (Test 15). As will be shown later, more carefully controlled ex- 
periments with sunflower plants indicate that in this species at least, the 

amount of vitamin A present in the etiolated shoot is not appreciably greater 

than that in the seed from which it grew. 

GREEN SEEDLINGS. 

The seeds were treated in exactly the same manner as in the last experi- 

ment except that they were exposed to light and only normal Sachs’ solution 
was used for watering. The results of the feeding tests show that green shoots 

of turnip, maize and peas (soil and sand grown) possess a decidedly higher 
value as sources of vitamin A than either the seeds from which they sprang 
or the corresponding etiolated shoots. Abnormal results were obtained in the 
case of the very young carrot shoots which caused little or no resumption of 

growth, although fully developed carrot leaves (carrot tops) were more potent 
(Tests 16-20). Here again we regard these results very much as preliminary 

in character, and place more reliance on those with sunflower seeds to be 
described below in which the green shoots were found to be very much more 

active than the etiolated ones. 

EXPERIMENTS WITH SUNFLOWER PLANTS (Helianthus annuus). 

The preliminary results briefly outlined above led us to select one species 
of seed for full investigation and the ease with which the sunflower may be 

grown under laboratory conditions caused us to choose that plant. 
The dry sunflower seeds stripped of the outer husk were found to be 

relatively inactive as a source of vitamin A when given in daily doses of from 
one to four seeds per day per rat (Fig. 1). Seeds were germinated in boxes 
of soil both indoors and in a closely darkened room and after about a fort- 
night when they had only expanded their cotyledons they were given to the 
animals as supplements of from one to four shoots daily without inducing 
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growth (Fig. 2), but vigorous growth followed the administration of a supple- 

ment of one or two green shoots daily (Fig. 1). Other seedlings were allowed to 
produce two further pairs of leaves, and as the cotyledons withered, were 
tested. The potency of these more mature shoots appeared to be even greater 
than that of the younger ones (Fig. 2). All attempts to make the etiolated 
shoots produce further leaves were unsuccessful. It appears reasonable to 
conclude from these experiments that the formation of the large amounts of 
vitamin A found in the green leaf of most plants demands the influence of 
light. 

Sunflower seeds Young green sunflower seedlings 

Body weight in grams 

L 7? iL iL rl i iL rs i . 5 iL iL 1 iL s i s ‘4 Yea i s 

Fig. 1. Curves 594, 596, 615 show failure on sunflower seeds. Curves 741, 747, 825 activity of 
green seedlings. 

Etiolated sunflower seedlings and older green plants 

Body weight in grams 

GOF <-—4 weeks -—> 
i i 4 =! iL =| 

Fig. 2. Curves 650, 638, 617, 618 show failure of growth on etiolated seedlings with subsequent 
recovery in case of 650, 785 and 618 on older green plants. 

WATER-CULTURE EXPERIMENTS WITH T'radescantia (“‘Wandering Jew”). 

Tradescantia is a plant that lends itself very freely to water-culture ex- 
periments and a few tests were made on material obtained in this manner. 

Preliminary tests showed that shoots of this plant grown in pots could serve 
as a source of vitamin A for rats (Test 21). 
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Shoots of about five nodes were taken, cut off sharply immediately below 
the lowest node, the lowest three leaves stripped off, and the stem placed in 

a hole in the cork of the culture jar. The stem was padded round with cotton 
wool and so set that the lowest two nodes were submerged in the culture 
fluid. Ordinary glass preserving jars of 800 cc. capacity were employed and 
the cork of each jar carried four cuttings. Sachs’ solution was employed as 
a culture fluid and was renewed every three or four days, the stem and roots 
of the shoots being at the same time washed and gently brushed in running 

water. It was found very difficult to keep the cultures free from contamina- 
tion with moulds, especially in the case of the jars kept in darkness, but the 
development of green algae in cultures exposed to light was successfully pre- 

vented by covering the jars with black cloth up to the level of the fluid. 
The shoots kept in the light grew excellently and developed into large 

sturdy plants in the course of some eight weeks. From the plants, recent 

shoots were removed and administered to rats in daily doses of 1-5 g. with 
the result that growth was induced more or less strikingly (Test 22). 

That the presence of vitamin A in these shoots did not merely indicate 

a transference of material from the original cutting is shown by some later 
experiments in which the same plants were cut down until only half-an-inch 
of bare stalk remained above the cork. These stumps after a few weeks 

produced vigorous new shoots with abundant leaves which on testing appeared 
to possess a value as a source of the vitamin at least equal to that of the 

original plant. 
Trouble was encountered with the cuttings kept in the dark. In the first 

place they refused to produce new leaves and merely grew by elongation of 

the internodes, even when the Sachs’ solution was reinforced with 0-3 % of 
sucrose; whilst, secondly, the moulds which frequently appeared in the cultures 
required constant removal. Testing of these pallid shoots demonstrated that 
their activity was somewhat less than that of the shoots grown in the light, 

but it must be remembered that the etiolated shoots were originally green 

and the loss of chlorophyll may not necessarily have been accompanied by 

the destruction of the pre-existing vitamin (Test 23). 
An attempt was made to grow chlorotic shoots of T'radescantia in Sachs’ 

solution devoid of soluble iron salts, but without success. The shoots grown 

in this fluid appeared to thrive as successfully as those grown in the normal 

fluid in light and showed no obvious sign of chlorosis. It is possible that the 
roots were obtaining sufficient iron from the glass jars. These shoots contained 

at least as much vitamin A as the normal plant (Test 24). 
If one is permitted to exclude the complications introduced by the absence 

of complete sterility in these experiments (and the later results indicate that 

lower organisms devoid of chlorophyll do not synthesise vitamin A), the 

production of this substance by the green plant from inorganic sources appears 

to have been demonstrated trom these experiments. 

m Fo rae 

ca 



a 
5 ; 

FORMATION OF VITAMIN A IN PLANTS 535 

VITAMIN A IN WHITE AND GREEN CABBAGE LEAVES. 

For a long time the value of green cabbage as a source of the fat-soluble 
factor has been recognised but a definite comparison of the white and green 

leaves has not been made. Recently, however, Hume [1921] has reported 

that growth in guinea-pigs was more satisfactory when green leaves were 
given than when the white inner leaves were used. In our experiments white 

and green cabbage leaves respectively were given to rats in quantities of 1-5 g. 
of the fresh material daily. Practically no growth was obtained with the white 
leaves but very fair growth was obtained with the green leaves. The quantity 
corresponded to about 0-24 g. of dry matter per day which appears to be 

somewhere near the minimum for obtaining growth (Tests 25, 26). Rats 
which had for some time been stationary on dried white leaves resumed 

growth when transferred to dried green leaves. 

FAT-SOLUBLE VITAMIN IN SOME LOWER PLANTS. 

Mushrooms (Agaricus campestris) when fed to rats in rations of 1-5 g. 

per day induced very slight growth (Test 27). Microscopical examination 
indicated that the spores tended to pass through the intestinal tract un- 
changed but that the remainder of the fructification was digested. 

Seaweeds. The examination of the marine algae is of very great im- 

portance since it would appear that the ultimate origin of the vast supplies 
of vitamin A which are available in the form of fish oils and liver oils may be 

represented by these organisms. On two occasions we have tested samples 
of common green seaweeds found on the south coast of England (Ulva and 

Cladophora sp.?) and have found them to be at least as potent as the green 
land plants such as cabbage (Tests 28, 29). 

The examination of a typical brown seaweed, Fucus vesiculosus, was im- 

possible since the animals refused to eat it. It is significant that no animal is 
known to eat this weed. 

A red seaweed, Polysiphonia sp., induced a slow rate of growth at first, 
but this was not maintained (Test 30). 

The difference in the food value of these weeds may be significant in spite 
of the small amount of experimental evidence advanced here, since we may 
recall the relationship between the coloration of these weeds and the activity 
of the photosynthetic processes at the different depths at which they flourish 
[see Palladin, 1917; Engelmann, 1883]. 

Another sample of a red weed, Chondrus crispus (Carrageen moss) which 

had been sun-dried showed no growth-stimulating powers when given in an 
amount of 0-5 g. per day (Test 31). 

- 

THE CONDITION OF THE VITAMIN A IN PLANT TISSUES. 

Certain observations having led us to suspect that the fat-soluble vitamin 
might occur in the leaf of green plants in the form of a complex with protein 

we undertook the following experiments. Preparations of the proteins of 
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green and white leaves were made by the method described by Chibnall and 
Schryver [1921]. The fresh leaves were minced and, together with the juice 

pressed out in the process, allowed to stand in water saturated with ether 
overnight in the cold. The solid matter was then removed by filtering through 
a cotton cloth and the residue pressed. Carbon dioxide was passed through 
the filtrate for 2-3 hours to remove the ether and the solution was heated 
on the water-bath to 40-50° to precipitate the proteins. The flocculent pre- 

cipitate was filtered through a folded filter and washed only once with water 
at which point our method deviated from that employed by Chibnall and 

Schryver in that further washing to remove substances of a fatty nature was 
avoided. The residue was spread out on porous tiles in a vacuum desiccator 
over calcium chloride until practically dry when it was tested on rats in 
amounts of about 0-1 g. daily, which represented about 40 g. of fresh spinach. 

Unfortunately, green cabbage leaves were not available at the time in suffi- 

cient quantity for a similar test, and tests were made only with protein 
matter prepared from fresh green spinach and white leaves of cabbage. The 
results showed a slight activity on the part of the green protein precipitate 

from the spinach whereas that from the white cabbage was completely in- 

active (Tests 32 and 33). 
The results of these experiments indicate that vitamin A is not present in 

the form of a complex with protein in green leaves unless the method of 

preparation was responsible for the resolution of such a complex. The small 
activity of the preparation from green leaves when given in doses representing 

so large an amount of the fresh vegetable would suggest that a small amount 

only of the vitamin had been carried down by adsorption. Chibnall and 
Schryver mention that substances of a fatty nature can be removed from the 

crude protein precipitate by extraction with solvents. 

VITAMIN A IN THE UNSAPONIFIABLE MATTER IN GREEN LEAVES. 

It has been shown by Osborne and Mendel [1919] and others that vitamin A 
can be extracted from green leaves by fat solvents. That it may be obtained 
in the unsaponifiable fraction of the fatty substances extracted from a typical 

green plant, alfalfa, by alcohol, was first shown by Steenbock and Boutwell 
[1920]. This would appear to confirm the original observation of McCollum 

and Davis [1914] who stated that the vitamin in butter-fat withstood saponi- 
fication at room temperature in a non-aqueous solution. This view was 

at first opposed by Drummond [1919] but we have since found that, if care 
is taken to prevent oxidation, a highly concentrated fraction may be obtained 
by the cold or the hot saponification of certain animal oils or plant tissues. 

The previous failure to confirm MeCollum’s finding is attributed to destruction 
by oxidation during the process. We have applied this work to a study of 
certain plant tissues. 

Dried Peas, 200 g. of dried peas (“‘gradus” variety sold for germination) 
were warmed on a water-bath with a litre of 50 %, aqueous potassium hy- 
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droxide for 14 hours and then allowed to stand for two weeks at room tem- 
perature, after which about two volumes of alcohol were added and the 
saponification completed by boiling under a reflux for 24 hours. The alcohol 

was removed by distillation in vacuo, and the unsaponifiable matter removed 
by extraction with ether. The subsequent treatment of the ether fraction, 

washing, drying and concentration by removal of the solvent were con- 
ducted in an atmosphere of carbon dioxide. The residue was semi-liquid and 
was stored in a tube filled with carbon dioxide, and refilled with the gas after 

each sample had been removed for feeding tests. This fraction was given to 
rats in a dose of about 0-02 g. corresponding to about 4 g. or 15 peas, daily, 

and produced definite growth (Test 34). In view of the results previously 
obtained with the small ration of dried peas themselves, it was decided to 
ascertain whether a diet containing the amount of dried peas equivalent to 

the dose of unsaponifiable matter would induce growth. Accordingly a diet 
consisting of 65 % of dried peas (ground up), 15 % caseinogen, 5 % salt 
mixture, 5 % yeast extract, and 5 % of lemon juice was tested and found to 

produce growth. 

‘02 gr. unsaponifiable matter from: 
190 Sunflower - Etiolated Young Green Older Green 

Seeds Sunflower Sunflower Sunflower 
ees Seedlings Seedlings Seedlings 3 
& 110 . = 9 

fa 100 - AS 

% 90 3 of 
2 4 943 = = 

is X 972 8 3 
3 10 hing Nc yY 

60 y, 
€--4 wks.——> 

50 1 rm . a ‘ rt y \aanee s . 2 ri a a a a “a tae 

Fig. 3. Comparison of the unsaponifiable fraction of the fatty materials derived from sunflower 
seeds and from green and etiolated shoots. 

Etiolated and green pea shoots were saponified by essentially the same 

process after having grown for about 20 days in boxes of soil. The shoots 
only were used, the remains of the cotyledons and the roots being dis- 

carded. The crop of etiolated pea shoots, about 425 plants weighing 285 g. 
yielded very little material but the unsaponifiable fraction when given to 
rats in daily doses of 0-02 g. appeared to be slightly active. This dose 
corresponds to 20g. of fresh shoots. The unsaponifiable matter from the 

green pea shoots was very small in amount and apparently inactive. For 
several reasons this test was unsatisfactory, chiefly because of the very small 
amount of material available (much of it was lost through an accident) and 

the possibility that in the case of the extract from the green shoot, loss by 
oxidation might have occurred. Better results however were obtained when 
the unsaponifiable fractions were prepared from larger quantities of etiolated 



538 

and green sunflower shoots. These fractions, prepared by the method we have 
described, were tested by giving 0-02 g. per day to the rats. As may be seen 
from: Fig. 3, the difference in the growth-promoting power of the material 
from the two types of shoots is very marked, there being little evidence of 
the presence of appreciable quantities of the vitamin A in that from the 

etiolated seedlings. 

K. H. COWARD AND J. C. DRUMMOND 

Typical results of feeding substances as test for fat-soluble vitamin. 

Test 
No. Substance tested 

1 Cabbage seed 
2 Turnip seed 
3 Carrot seed 

4 Dried peas 

5 ” 
6 Maize seed (yellow) 

7 ” (white) 

8 Sycamore seed 
9 Germinated peas 

10 ” 

11 Etiolated cabbage shoots 
IE a carrot es 

13 = turnip rat 

14 os maize ss 

15 om pea » 

16 Green turnip shoots 
17 oi CMETOL i, 

18 i » tops 

19 s» maize (white) shoots 

20 » pea 

21 Tradescantia in soil 

22 a water culture 

23 = etiolated 

24 Fa iron free 
culture 

25 Green cabbage leaves 

26 White ,, ” 
27 Mushrooms 

28 Ulva 
29 Cladophora 

30 Polysiphonia 
31 Chondrus criapus 
32 Protein ext. spinach 
33 - white cabbage 
34 Unsap. Matter from dried 

peas 

Daily supple- 
ment per rat 
to basal diet 
devoid of A 

0-2 g. 

0-1 g. 
0-4 g. 
1 pea seed 
5 pea seeds 
lg. 

1 plant 
4 plants 
0-7 g. 
0-7 g. 
0-7 g. 
1-0 g. 

0-6 g. av. 
0-7 g. 

0-7 g. 

0-6 g. 

1-0 g. 

2 shoots 
15 g. 

15 g. 

1-5 g. 

1-5 g. 

1-5 g. 

1-5 g. 

1-5 g. 

1-5 g. 
10g, 

1-0 ¢. 

0-5 g. 

O-lg. 
0-5 g. 

0-02 g. 

Average weight in g. of 
rats during test 

period! 
0 7 14 21 28 days 
: A ~ Remarks 

85 88 91 94 88 Very slightly active 
80 78 72 80 77 Inactive 

97 110 115 130 — Active 

93 95 107 100 110 Slightly active 
124. 129 130 140 — Slightly active 

100 106 109 108 119 Active 

88 87 87 79 80 Inactive 

112 109 104 105 — _ Inactive 

95 98 105 102 100 Inactive 

79 80 86 — — _ Inactive 

60 61 70 72 79 Slightly active 
84 90 87 — — Inactive 

68 67 78 85 — Slightly active 
86 90 96 96 — Slightly active 
81 92 91 91 96 Slightly active 

59 65 75 81 97 Active 

67 70 70 — — _ Inactive 

135 144 150 ~— — Active 

61 65 70 75 83 Active 

79 90 102 113 119 Active 

101 104 112 112 — Active 

105 116 123 — — Active 

65 72 75 — — ‘Active 

88 92 100 103 113 Active 

56 61 66 71 += # £80 Active 

56 53 55 57 4260 Inactive 

65 68 74 177 78 Very slightly active 

91 106 106 108 110 Active 

100 105 118 123 137 Active 

82 92 91 97 90 Slightly active 
120 125 129 128 — _ Inactive 

82 89 95 100 104 Active 

95 90 91 91 — Inactive 

62 80 78 81 98 Active 

! Weights during preliminary periods on basal diet are omitted for simplicity. 
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SUMMARY. 

1. Dried seeds vary in their content of vitamin A, but are in general 
deficient in this substance. 

2. The amount does not appear to be increased by germination. 
3. Etiolated seedlings and leaves deficient in chlorophyll (white cabbage) 

do not apparently synthesise the vitamin. 
4. Green leaves form large amounts of vitamin A, and from evidence 

obtained from water-culture experiments this synthesis may be effected from 

inorganic salts. 
5. Lower plants (marine algae) containing chlorophyll synthesise this 

dietary factor; others which are differently adapted for photosynthesis (red 
weeds) are not so active in this respect, whilst those devoid of pigments which 

play a role in carbon assimilation (mushroom) are almost completely de- 
ficient. 

6. The vitamin A in green leaves does not appear to be associated with 
proteins. It may be extracted in the fat removed by solvents and appears 
in that fraction of the fat which is resistant to saponification. 

The thanks of the authors are tendered to the Medical Research Council 

who defrayed the cost of this investigation. 
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DuRinG the last few years we have had occasion to examine a large number 
of samples of butter and milk for the presence of vitamin A, and from the 

examination of this material, drawn from many sources and representing a 
wide variety of products, we have obtained results which throw some light on 

the factors governing the distribution of the vitamin in these important 

foodstuffs. At the same time we have made a number of controlled experi- 
ments to gain more definite information on one or two points which have 

arisen during the course of the work. In the present paper we have put 
together what we regard as the most important results we have obtained, in 

spite of the fact that the whole does not form a connected survey. 

QUANTITATIVE METHOD OF TESTING MILK AND BUTTER FOR VITAMIN A. 

The essential details of the method we have employed throughout this 
work have been described in a previous paper [Drummond and Coward, 

1920, 1]. The procedure of giving the foodstuff to be tested as a small weighed 
or measured supplement to the experimental animals before they receive 

their daily ration of the basal diet is the only means of ensuring a quantitative 
intake, and should always be employed. By using this technique and by 
care in the selection of the test animals results may be obtained which are 

sufficiently accurate for the approximate estimation of the relative values of 
samples of milks or butters. 

The most serious error in these experiments appears to be that introduced 
by the individual variation in the response of the test animals. This source 
of inaccuracy can never be entirely eliminated but it may be greatly reduced 

by care in their selection. In the routine testing of milks and butters it is 
our usual procedure to make the preliminary test by giving a group of animals 

whose growth has been satisfactorily inhibited by a diet deficient in vitamin A 
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a daily supplement of 2 cc. or 0-2 g. respectively. There is seldom if ever any 
difficulty in making the animals eat the rations and the method is not nearly 
so troublesome as might at first appear. As soon as the day’s supplement is 

consumed the animals are given their ration of the basal artificial food mixture. 
From the results of the preliminary test an indication of the subsequent pro- 
cedure may be obtained. If good resumption of growth is obtained with 
2 cc. of milk or 0-2 g. of butter, another group is tested with amounts of 
lce. or 0-1 g. respectively, whilst if no growth is obtained on the first trial 

larger supplements are given until positive results are obtained. In this 
manner a series of curves showing recovery of growth at various rates may be 

obtained, and from a comparison of these rates a rough idea may be gained 

of the relative value of the foodstuffs being tested. 
We would like to emphasise, as previous authors have done [e.g. Chick 

and Hume, 1919], the importance of knowing the actual intake of the food- 

stufis being tested. The procedure followed by some investigators of incor- 

porating the substance with the basal diet and of making no record of food 
consumption cannot yield results which are in any sense quantitative. 

THE VITAMIN CONTENT OF MILK. 

(a) The influence of the diet of the mother, It was originally shown by 

McCollum, Simmonds and Pitz [1916] and confirmed by Drummond [1918] 
that the milk secreted by the lactating female will tend to be deficient in 

vitamins unless her diet contains adequate amounts of these factors. More 
recently a great deal of experimental evidence has been obtained in support 

of this observation, and from our own observations we are inclined to believe 

that this cause is by far the most important in causing such variations. 
Further reference to the influence of the diet on the food value of the 

milk, as illustrated by studies on vitamin A, will be made in the section on 

butter. 
(b) Influence of breed. Our examination of milks has included a number 

of samples from cows of different breeds being fed on the same ration. These 
animals were all out on pasture which was at that time fresh and green. 
Unfortunately our results are not numerous enough nor do our observa- 

tions extend over a period sufficiently long to enable us to arrive at a definite 
conclusion on the effect of breed on the nutritive value of the milk. The 

impression we gained, however, was that the milk obtained from cows of the 
Jersey and closely related breeds tended to be richer in vitamin A than that 
yielded by Shorthorns and Black Angus. 

Much more work of a systematic nature is required to settle this point. 
It is interesting to recall in this connection the experiments of Palmer and 
his colleagues [1914] on the pigments of milk and butter. They showed that 

the yellow lipochrome pigments which naturally colour these foodstufis are 
derived from the green fodder of the cow, and that they may be stored up 
in the body fat. The body fat of the Jersey breeds is much more deeply 
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pigmented than that of most other types and they tend to yield a milk fat 
of a rich golden yellow colour. Now it has been shown that the storage of 
such yellow pigments in the body fat may in some species be accompanied 

by a storage of the vitamin A when the animals are on pasture [Rosenheim 

and Drummond, 1920; Drummond and Coward, 1920, 2], and it is therefore 
conceivable that the cows of the Jersey breeds have a higher storage capacity 
for vitamin A than others such as the Shorthorns, as they undoubtedly have 

a higher capacity for storing pigments. This might perhaps explain the higher 
- vitamin A value of the milk yielded by grass-fed Jersey cattle, or it may on 

the other hand be connected with the high fat content characteristic of those 

milks. 

(c) Seasonal variation. As far as we can ascertain there is no appreciable 
variation in the vitamin A content of milk at different seasons of the year, 

apart from that associated with the different character of the diet ordinarily — 
consumed at those seasons. The amount of our information on this point is 

however very scanty. 

THE PHYSIOLOGICAL SIGNIFICANCE OF COLOSTRUM. 

The theories to be found in the text-books of physiology at the present 

time regarding the function of colostrum scarcely appear to be adequate to 
explain why so highly specific a secretion should be provided during the first 

few days of the life of the offspring. It may be true that this product has a 
laxative action, to quote one of the existing theories, but one instinctively 
looks for a more fundamental function for this characteristic fluid. Whilst 
we do not claim to have discovered this function, we would like to point out 

that under normal conditions colostrum appears to be considerably richer in 
vitamin A than the later milk. Illustrations of this may be seen from the 

curves in Fig. 1 which compare the growth-stimulating power of the milks 

yielded by the same animals. 
We have obtained this type of result on several occasions with various 

samples of colostrum and later milk, but with one lot of samples little appre- 

ciable difference could be detected. 
The significance of our observation may be slight, but on the other hand 

it may indicate that the child during the first few days of life requires a rela- 

tively high concentration of certain substances, amongst them the vitamin A, 
either for its immediate requirements or to provide it with a good reserve 
at the outset. We are inclined to regard this higher value of colostrum as 

an indication of a mobilisation of the reserves of the mother, since it does not 

appear to be proportional to the fat content. The results show that the con- 
centration of vitamin A in the fat of colostrum is decidedly higher than in 

the fat of the later milk. 
It is again interesting to recall that there is also a partial mobilisation of 

the lipochrome pigments of the mother’s body fat for the production of 

re i , 



a 

SS ORES BG Saisie - 

a ae 

ey ea ote ee et Receipt mm 

es 

~~ —— = 

as 

— 

ws 

MILK AND BUTTER AS SOURCES OF VITAMIN A 543 

colostrum, which normally contains a much higher concentration of these 

colouring substances than the fat of the later milk. 
At first our attention was directed to the high protein content of colostrum, 

since we were at that time considering the possibility of the vitamin A being 

of a lipoid character and attached to protein. We could not, however, obtain 

Colostrum of Cow (Jersey x Black Angus). Supplement of 2 cc. per day 

200 

Preparatory { period omitted 
180F 

170F 

Body weight in grams 

«—4 weeks —7> 
oy nee A ey a i a s 

Milk of same cow 4} weeks after calving. Supplement of 2 cc. per day 

190 Preparatory period on basal diet omitted 

110 

100 = ff hsss/ 

890 953 

” “pe alt 5) 
80 958 2 

70P 
Or 

60 ors 
3 < —4 weeks— > 

A A A : ss eS a s ss s a a a - a a a 4 t 

Fig. 1. Curves showing superior growth-promoting power of 2 cc. of colostrum payisy to that 

of 2 cc. of later milk (lower curves). 

Body weight in grams 

any satisfactory evidence of the existence of such a protein-yitamin complex, 
and could not connect the high vitamin A value of colostrum with its high 

protein (other than caseinogen) content. From one experiment of somewhat 
short duration we learnt that there appears to be a gradual fall in the amount 

Bioch. xv 35 
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of vitamin A in the secretion as the mrerilahaee’: is gradually replaced by the 
normal milk. 

These observations may be of significance in practical nutrition, and should 

be considered in relation to the giving of colostrum to infants. 

THE VITAMIN A CONTENT OF BUTTER. 

(a) The influence of butter-making. Early in our investigations we were 
struck by the superior value of milk as a source of vitamin A over that pos- 

sessed by the same quantity of milk fat in the form of butter. At first we were 
inclined to consider this in the light of the theory then occupying our attention 
that the vitamin exists in milk in the form of a complex with protein. The 

experimental facts have however led us to abandon this view and there 

appears little doubt that the loss of vitamin A in butter-making is partly 
mechanical and partly due to destruction. 

As an example of the type of difference may be given the average figures 
we have obtained during our study of milks and butters. Fresh milk from 
cows fed on green pasture will in nearly all cases induce a resumption of growth 

in rats fed on a diet deficient in vitamin A when given in a daily supplement 
of from 2-3 ce. [cf. Hopkins, 1912 and 1920, 1]. This amount of milk may be 

regarded as supplying approximately 0-1 g. of fat per day. In order to induce 
the same amount of growth by adding a supplement of butter it is necessary 
to give about 0-2-0-3 g. per day. 

In order to establish more definitely this relationship of milk and butter, 

a butter-making experiment was carried out through the kindness of Capt. 
J. Golding, D.S.0., at the Dairy of University College, Reading. 

On June 2nd the morning milk of four shorthorn cows (first or second 
calf) was collected (7 gallons) and a sample of half a gallon immediately bottled 

and refrigerated for testing. The remainder was taken down to the college 
dairy, where, four hours after milking, it was separated in a centrifugal sepa- 

rator after pre-heating to 90° F. Four and a half pints of cream were obtained, 
and both cream and separated milk were cooled to 65° F. and placed in a 

cold store. Twenty-four hours later the cream was made into butter without 
having been submitted to any pasteurisation or artificial ripening process. 

The four and a half pints of cream were mixed with four and a half pints 
of water at 66° F., the mixture being at a temperature of about 52° F., 
and was churned in a 12-gallon churn of the ordinary type. Churning 

occupied half an hour and three pints of breaking water and a pint of rinsing 

water were used. Five quarts of buttermilk were obtained of which a sample 
was removed and refrigerated for testing. Two and a half gallons of water 

at 46° F. were added for washing, and, after draining through muslin, the 
butter was returned to the churn where it was salted by being turned a few 
times with 1} gallons of water containing 3 lbs. of salt. After draining the 

butter was worked and made up into a block. The four products, fresh milk, 
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separated milk, buttermilk and butter, were kept in cold storage until used 

for testing on the rats. 
The quantities used for testing were, original milk 2 cc., separated milk 

2 ce., buttermilk 2 cc., butter 0-06 (the original milk contained 3-05 % fat) 

per day respectively. 

Fresh milk. 2 cc. per day Separated milk. 2 cc. per day 

170r * 

Preparatory period omitted 
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Buttermilk, 2 cc, per day 
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Fig. 2. Curves 774, 749, 849, and 979 show effect of 2 cc. original milk per day. The lower 
potency of the separated milk is shown in curves 851, 711, 927, 844, 891 and 942 and that of 
the buttermilk in 779, 823, 876, 821 and 908. The amount of butter equivalent to the whole 
milk gave much less growth (Curves 809, 637, 912, 915, 892). 

As may be seen from the curves in Fig. 2 the rats fed on the supplement 
of 2 cc. per day of fresh milk resumed and maintained almost normal growth 
throughout the duration of the experiment. The rats to which approximately 

the corresponding amount of milk fat in the form of butter was given showed 
some growth (or none) for two weeks, when they ceased growth and declined. 
The rats fed on the supplement of separated milk (0-07 % fat) showed some 
growth, but in no case was it nearly so good as that given by the same amount 
of fresh milk, and later the growth curves became horizontal or in some cases 

declined, 

35—2 
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The rats fed on the supplement of buttermilk showed growth very similar 

to that on the separated milk. 
This controlled experiment confirms the opinion we had formed from the 

examination of a large number of miscellaneous samples that butter is usually 

a less potent source of vitamin A than the amount of milk which would 
yield that butter. The loss may apparently occur in more than one way. 
There is undoubtedly some loss by way of the separated milk which carries 
a small amount of fat containing vitamin A, but the possibility of loss occurring 

by chemical processes during the butter-making must also be considered. 
It is difficult to estimate the chances of destruction during these pro- ° 

cesses, and although we know that the vitamin is readily inactivated by 
contact with air or oxygen, especially at high temperatures [ Hopkins, 1920, 2; 

Drummond and Coward, 1920, 3; Zilva, 1920], the likelihood of such destruc- 
tion having occurred in our experiment to any marked extent does not appear 

to be great. Possibly the large surface of the fat exposed to contact with air 
during churning may lead to some inactivation, since we know from the 
observations of Rogers [1909] that the amount of air entrapped in the butter 

during working, especially overworking, may cause oxidation of the non- 
fatty constituents. Although Hunziker [1920] does not entirely agree with 
the conclusions of Rogers he states that it is unquestionably true that any 

air permanently present in the butter becomes very finely divided and 
emulsified by overworking, and in this form a much larger surface area of 

the butter becomes exposed to the oxidative action of the air. Destruction 
of the vitamin by oxidative processes from this cause more probably occurs 

slowly during storage than in the short time occupied by the actual butter- 

making. 
In much of the making of butter the cream undergoes several important 

processes which were not employed for the sample investigated above. The 
chief of these are pasteurisation and ripening, but the extent of the destruction 

during these processes cannot be judged until controlled experiments have 
been made with the various types of process commonly in use, and statements 

such as that of Hunziker [1920, p. 572] cannot be accepted until such experi- 
ments have been carried out. In this connection we may say that in examining 

average samples of London milk, all of which have been pasteurised by one 
process or another, we have encountered samples with a fairly high vitamin 

value, a finding that may perhaps indicate that in ordinary circumstances 
the loss by pasteurisation in milk at any rate is probably not serious. Daniels 
and Loughlin [1920] in a recent study of milks were unable to detect any loss 
of vitamin A by heat treatment, but a study of cream has not so far as we 
are aware been made, With regard to the effect of the ripening of cream for 

butter-making on the amount of vitamin present we have also no definite 
evidence. The process entails little contact with air and the temperature is 

kept low so that it is likely that little or no destruction of the factor occurs. 

On the other hand there is no justification for assuming as some have done 
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that the growth of the organisms will increase the amount of vitamin, since 
we have evidence that this substance is not produced by the lower plants 
in the absence of chlorophyll [Coward and Drummond, 1921). 

Reference to any standard work on the butter industry such as the valuable 
book by Hunziker [1920] shows that in some cases the cream is subjected to 

processes which must be suspected of causing more damage to the vitamin A 
than those we have already considered. These include the aeration or blowing 
of cream, a procedure which is believed by some to be of value in removing 
objectionable odours. Thus, for example, Ayres and Johnson [1914] demon- 

strated that certain undesirable flavours may be removed from cream and 
milk by blowing with a vigorous current of air at a temperature of 145-160° F. 
for a period of five minutes or more. The existing knowledge is sufficient to 

justify the conclusion that such a process would very materially lower the 
amount of vitamin A present. 

In some cases considerable use is made of the process of neutralising acid 
cream to render it fit for butter-making. 

It appears probable as Hunziker points out that the process of neutralisa- 
tion of cream will cause little if any loss of vitamin A. 

(b) Butter as a source of vitamin A. The early work in the study of the 
vitamins led to the belief that butter is a very rich source of vitamin A, and 
in a recent compilation of the knowledge of these substances [Medical Research 
Council, 1919] it was placed high in the list of foodstuffs. Since that list was 

compiled considerable advances have been made, and we now appreciate the 
very great importance of two facts, namely, that samples of butter may show 

a wide variation in the amount of vitamin present, and that in comparison 
with some other fats butter is not to be regarded as possessing so high a 

potency as was at first believed. Appreciation of these two points may help 
to explain certain of the discrepancies which have been encountered by some 
workers, particularly by those who are studying the vitamins in their relation 
to practical infant feeding. 

The use of the roughly quantitative method of testing which we have 

elaborated enables us to form an approximate estimate of the relative value 
of individual samples of butter, and some which we have investigated have 
possessed a growth-promoting power little or no better than the average 
refined vegetable oils, which are usually classified low down in the list of 
foodstufis containing vitamin A. Such samples are in nearly every case de- 

rived from cows on dry feed during the cold weather or when fresh green 
pasture is not available. Further confirmation of the influence of the feed 
on the vitamin value of the butter which was pointed out in a previous 

communication by Drummond and Coward [1920, 2] is afforded by the curves 
in Fig. 3. These curves represent the testing of samples of butter from a 
farm herd of Shorthorns. The first sample was obtained at the end of April 
1921 and was typical of the butter produced by the cows then fed in stall on 
hay, cake and roots, being a hard, friable and almost colourless product. As 
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may be seen from the curves in Fig. 3 this sample when tested in 0-2 g. per 

day had practically no value as a source of the vitamin. 
A sample of the butter from the mixed milk of the same herd was 

obtained after they had been put out to grass for one week, the grass 
being at that time fresh and green. This sample was more highly pigmented 
with lipochromes—none of the samples contained added pigment—and was 
distinctly softer than the first sample. The effect of the short period on grass 

in raising the amount of vitamin present can be seen from the curves in 
Fig. 3 and is also seen in the case of a third sample prepared after the animals 
had been out for nearly a month. As is well known this year has been remark- 

able for a most prolonged and severe drought which has gradually dried up 
and withered the pasture land to a degree seldom seen in this country. 

April butter Early May butter Early June butter Early July butter 

Preparatory period omitted 
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Fig. 3. Effect of diet on vitamin A value of butter. Curves 645, 681, 679, and 6838 represent 

0°2 gm. daily of butter from winter fed cows in April. The cows were put out to grass and 

the food value of the butter immediately rose as seen in the tests of 0-2 g. of the early May 
butter (curves 995, 977 and 978) and the early June butter (curves 970 and 969). The severe 
drought has caused a fall in the amount of vitamin present in July butter (curves 1092, 
1105, 1082). 

Body weight in grams ' , 

aa) 

The farm in Buckinghamshire from which the samples of butter were 

obtained suffered very badly from the lack of rain so that before the beginning 
of July the pasturage was insufficient to support the cows, and it was necessary 

to fall back on cake. The effect of the drought in drying up the fresh pasture 
and of the cake feeding is already apparent in the marked falling off of the 
food value of the butter. 

Further experimental confirmation of the relation of the food of the cow 
to the vitamin content of the milk has recently been brought forward in a 
preliminary communication by Hughes, Fitch and Cave [1921). 

The storage and preservation of butter. We have investigated a number of 
samples of butter which have been in storage for various lengths of time, 
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usually at low temperatures, and have not found them to possess a general 
lower average value than fresh samples. No sample which we investigated 
had, however, been stored for a longer period than eight months. 

In these samples the value as a source of vitamin A appeared to be very 
much more dependent on the season at which it was placed in store, 7.e. the 
diet of the animals at that season, than on the length of time it had been in 

storage. We have encountered one sample of Danish tinned butter which had 
been in tins for at least six months but which had a very high potency when 
tested for the vitamin. This sample had been derived from grass-fed cattle 

and was deeply tinted with the natural pigments derived from the green 
' fodder. Our experience indicates that butter stored at low temperatures 

(below 10° C.) will not suffer any appreciable loss of vitamin if undue exposure 
of surface to air is prevented and the other conditions of storage are good}. 

We have also examined samples of beef fat (oleo-oil) from 8. American 

grass fed cattle, and have found them to show as high a potency after many 
months’ storage in tins as is possessed by good samples of butter fat. 

If, on the other hand, the conditions of storage are such as to permit 

definite even if slow oxidation processes there will certainly be danger of loss 
of vitamin. This type of change is apparently very much more likely to occur 

in butters which have been made from “high acid” creams or which have been 
overworked [Hunziker]. The oxidation which occurs in such butters is ac- 
cording to Dyer [1916] that of the non-fatty constituents of the buttermilk, 
but we have encountered many cases where a marked loss of natural pigment 

due to oxidative bleaching of the lipochromes has occurred in such butters. 

The loss of the natural pigments, carotene and xanthophyll, in butters on 
storage is in all the cases we have examined accompanied by a loss of vitamin, 

but this does not frequently occur unless the fats are exposed to light and 
warmth as well as air. We have tested one sample of the so-called “tallowy” 

butter produced by the prolonged exposure to air and light at room tempera- 
ture, in which the oxidative processes had bleached all trace of pigment 
substances and given rise to an objectionable tallowy odour, and found that 

there had also been a complete destruction of vitamin A. 

It is today well recognised that sweet cream butter stored at low tempera- 
ture will not develop what is termed the “storage flavour” so readily as that 

prepared from pasteurised or neutralised cream. This development of 
“storage flavour” appears to represent a very early stage in the oxidation 
processes which lead on to the appearance of more objectionable odours, and 

eventually to rancidity [Rogers, 1913]. We have not noted any appreciable 
change in the vitamin value of butters showing the “storage flavour,’ but 

this may be due to the fact that our test method is not accurate enough to 

detect the slight change which might have occurred in the short time during 
which the changes had proceeded. 

1 This is in agreement with the results of Harden and Zilva (private communication) who 
found no detectable deterioration in the value of butter kept in cold storage for twelve months, 
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Rancidity. The groups of processes which together produce rancidity are 

very incompletely understood, but we know that the two most important 
types of reactions occurring, in most cases simultaneously, are, a hydrolysis 
of the glycerides and obscure changes of an oxidative character. When butter 
is so exposed that the second type of reaction is especially well favoured, we 

have found that rancidity is accompanied by a comparatively rapid loss of 
vitamin A. This is particularly marked if a large surface of the fat is exposed 
to air at moderate temperatures. On the other hand we have noted samples 

of butter protected from the light in which a certain degree of rancidity, as 
measured by the acid value, has developed without marked loss of vitamin. 
It would therefore appear that destruction of the accessory factor during 

rancidity will depend on the extent to which oxygen plays a part in the process. 
In this connection we may mention the unpublished results obtained by — 

Mr S. N. Ghose working in this laboratory, who has found that average 
samples of unadulterated Indian cow’s ghee have approximately the same 
value as average samples of mixed butters. In the preparation of this product 

the freshly boiled milk is inoculated with sour milk and allowed to curdle. 
It is then churned and the fat is allowed to become rancid after which it is 

clarified. Whilst the rancidity develops the fat is kept out of contact with 

air and away from the light and heat. 
Renovated butter. The practice of renovating butter which has become 

rancid and thereby reconverting it into an edible product appears to have 

died out in Europe. At any rate we were unable to ascertain where such 
products are generally made or to obtain more than one commercial sample. 
Apparently the manufacture of this product still exists to a considerable 

extent in America, most of our information having been derived from that 

source. According to Hunziker the usual American process involves prolonged 
aeration in large jacketed cylindrical tanks by means of a powerful current 

of air blown through a distributing rosette near the bottom until it has become 
“neutral,” that is until the objectionable odours have disappeared together 

with most of the volatile fatty acids. 
It appears to us highly improbable that any appreciable amount of vitamin 

present in the original butter could survive so drastic a process of purification. 
As we have remarked before, the employment of a soured milk to restore or 
develop the butter flavour would not add, in our opinion, any amount of 

vitamin A to the final product, unless where, as appears to happen in ‘a few 

cases, whole milk is used. 

Dr L. H. Lampitt has very kindly furnished us with information of the 
processes usually employed when butter was renovated in this country, and 
we have followed out the influence of one of these methods on the vitamin 
present in a sample of butter which had been fully tested in the fresh condition, 

The sample of butter chosen was a good specimen of Danish dairy butter 
from cows out on green pasture, 0-2 g. per day of which supplied the require- 
ments of the experimental animals for growth. A sample of this butter was 
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allowed to become rancid by exposures-to slight warmth and light for two 
weeks, after which it was again tested for activity. Its value was found to 
be very considerably lowered, 0-4 g. giving fairly satisfactory growth. 

The rancid sample was then “renovated” by the following method. The 
fat was melted at low temperature and allowed to separate from the aqueous 
layer which was drawn off carefully. The liquid fat was then subjected to 
the passage of a current of live steam for half an hour to remove volatile 

components of an unpalatable nature. The deodorised fat was then shaken 
up vigorously with an equal volume of slightly soured separated milk, and 
the regenerated butter tested on rats in the usual manner. The results of 

the test show that little further loss of vitamin A had occurred as a con- 

sequence of the renovation. 
ommercial sample of renovated butter fat which had not been rein- 

corporated with milk was found to possess a high value as a source of 
vitamin A. No information of the method used in its preparation could be 
obtained. It possessed a marked tallowy odour and was most unpalatable, 

but the natural pigments of the butter had not been altogether destroyed. 

SuMMARY. - 

1. The diet of the cow is undoubtedly the chief cause of variations in the 

amount of vitamin A in milk. Season, apart from the consequent diet, and 
breed are not the cause of any marked variation. 

2. Colostrum normally proves to be richer in the vitamin than the later 

milk. 
3. Butter appears to be less potent as a source of fat-soluble A than the 

same amount of fat supplied in the original milk. The loss as far as we can 
ascertain is partly mechanical and partly due to destruction. 

4. Certain processes used in butter-making which involve exposure to air 

at high temperatures are believed to cause a loss of the A factor. This applies 
especially to some of the less frequently adopted methods such as “blowing” 

to remove objectionable odours. 
5. Butter shows wide variations as a source of vitamin A. Most of this 

variation arises from differences in the diet of the cow. We have confirmed 
our previous observations on the low vitamin value of butter produced during 
the winter months from stall-fed cattle on dry feeds of hay, roots and cake. 
Even the drying up of pasturage in a hot summer may lower the value of the 

butter. 
6. The storage of butter and its preservation by such methods as tinning 

do not appear to lower the vitamin A value unless changes of an oxidative 
character take place. Modern improvements in methods all tend to minimise 

loss from this cause. 

7. Destruction of vitamin A occurs during the processes of rancidity if 
oxidation plays much part in this change, but considerable development of 

35—5 
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free acid may occur without loss of the accessory factor if oxidation—as indi- 

cated by a bleaching of the natural pigment—is prevented. 
8. The “renovation” of rancid butter will entail further loss of vitamin 

if the methods employed are likely to cause oxidation. 

The authors wish to express their sincere thanks to Dr Lilias Hamilton of 
the Agricultural College, Studley, Warwickshire, and Mrs Bailey of the Fitzroy 

Farm, Highgate, for many samples of milk and of butters made under special 
conditions and to Mr P. B. Tustin who has on many occasions supplied valu- 

able information concerning the practical aspects of the subject. 

The expenses of this work were defrayed by the Medical Research Council 
to whom the thanks of the authors are due. 
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LXVIII ON THE THEORY OF GELS. III. 

By SAMUEL CLEMENT BRADFORD. 

(Received July 16th, 1921.) 

In earlier papers [1918; 1920, 1 and 2] much evidence has been adduced in 

support of the hypothesis that the reversible gelation of the natural emulsoids 
is an extreme case of crystallisation and takes place in conformity with von 

Weimarn’s formula NV = K ie The very small diffusion constants of the gel 

substancesgreatly retard the velocity of crystallisation and determine a large 

degree of supersaturation, P, in the cooling sols. In this stage the liquid 
contains large numbers of aggregated particles and is highly viscous. The 
factor K is, therefore, large. And, since the solubility, L, is small, each factor 

contributes to a maximum value of N, which corresponds to the formation 
of ultramicroscopic particles. 

The very small rates of diffusion of the natural emulsoids have been attri- 
buted, partly, to high molecular weight,and, partly, to a chemical, or other, 

tendency to molecular aggregation. The colloidal effect of both these causes 
is exhibited by a great many organic substances, of which examples have 
been quoted. And, indeed, it has been estimated recently [Lloyd, 1920], 

that gelatin may have a molecular weight of 10,300, which, alone, would be 
sufficient to confer upon this substance its éolleidal properties. A review of 

all the phenomena of gelation not only shows them to be compatible with the 
process of crystallisation, but strongly suggests that the two processes are 

the same. In two cases, viz., the thermal anomaly and heat of swelling of 
gelatin, where the recorded properties did not agree with the requirements 
of the theory, the experimental data were shown to be in error. Moreover, 
von Weimarn’s prediction that colloids have a solid crystalline phase has 

been verified in certain cases by X-ray analysis [Debye and Scherrer, 1916; 
Scherrer, 1918]. / y 

The question may be asked, however, whether gelatin has a definite/soly- 
bility which may be used in von Weimarn’s formula. An affirmative answer 
is supplied both by the molecular theory of solution [Bradford, 1919] and 

by experiment. The electrical structure of matter indicates that all molecules 
attract one another, whether alike or unlike. And solution is shown to be 

due to the disintegration of the solid, by the kinetic energy of its particles, 
when its surface tension has been reduced by the counter-attraction of the 
solvent in which it is immersed. Aided by this counteracting force, particles 

at the surface of the solid that acquire a velocity, normal to the surface, 
above a certain limiting value, will be able to overcome the attraction of 
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adjacent solid particles and pass into the solvent. On the other hand, those 
particles of the solute that approach the surface of the solid from solution 

will be reclaimed, on account of the greater resultant attraction of the solid. 
Equilibrium will be attained when the numbers of particles entering and 
leaving the solution are equal. This condition determines the solubility of 

the solid. . 
If the ultimate particles of the solute attract one another more than do 

those of the solvent, usually the adhesion of the unlike particles will be 
intermediate between these two values. It follows that solutes with a 

greater molecular cohesion than that of the solvent will be the less soluble 

the greater their cohesion. The adhesion of solute and solvent is reflected in 
the changed surface tension of the latter. It is important to notice that the 
less soluble a substance, the greater its attraction for the solvent. If, as seems 
probable, these principles apply to colloid solutions, the “lyophile” substances 

have comparatively little attraction for their dispersion media, and conversely. 
Since the kinetic energy of the solute particles varies with the temperature, 

the equilibrium conditions corresponding to saturation will also change. But, 
if the excess of solid be removed, entirely new conditions will prevail. A 
statistical equilibrium between the number of particles entering and leaving 

the solution will be possible no longer, until, with falling temperature, the solid 
has been re-formed. This can result, only from the aggregation of the solute 
particles in consequence of their mutual] resultant attraction!. When two 
particles of the solute come into collision, aggregation will occur only when 

their relative kinetic energy is less than a certain limiting value that is 
sufficient to overcome their mutual attraction. On the other hand, when the 

internal energy of the associated particles reaches this limiting value, the 
union will be severed and the particles will be free to pursue their separate 

paths. Until the stage is reached, when the aggregates become large enough 
to subside, the problem is similar, analytically, to that of the dissociation of 

a gas, such as iodine vapour, investigated by Boltzmann [1898]. Analysis 
shows that the number of re-associated particles increases exponentially as 

the temperature decreases. Since larger particles may be formed by union 
of smaller ones, the particles will grow in size with falling temperature until 
they become big enough to settle. This stage will be reached when the force 
of gravity on the particles becomes sufficient to dominate the kinetic energy 

that tends to re-distribute them through the solution. Perrin’s calculations 
indicate that, if m, and mg are the numbers of particles of radius r, at the 
heights 2, and a, the distribution of the particles is given by the equation 

= as m7” (Pr pa) (We a4) 9 

my 

where p, and py are the densities of the particles and of the medium respec- 

tively. 

' There will be, always, a resultant attraction between the particles of the solute whether 
their cohesion be greater, or less than, that of the solvent. 
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This gives 
3 Ny 

r= NE eal N * $79 (py — po) (%2— 1) ° 

The condition that the particles shall separate is that ts shall be small. If 

we suppose a — when 2, — 2, = 0-1 cm.,and give p, the value 1-16 which 

has been adopted below for the density of the gelatin particles, we find 

r = 0-06 p. } 

When particles of the supersaturated solution reach such a size, they will 
begin to subside. The number of particles which separate will increase rapidly 
as the temperature falls, and, on these, the excess of solid will be deposited, 

until, once more, the statistical equilibrium between the solid and its solution 

has been re-established. Evidently the metastable limit is determined by the 
rate of aggregation of the solute particles. And, as von Weimarn has already 

indicated, even a metastable solution will deposit solid in course of time. 
From this point of view, every substance must have a definite solubility, 

however small, in a given solvent, with which it does not combine chemically, 
without regard to the size of the particles which go into solution; except that 

the solubility will vary with the dimensions of the particles, in so far as 
these affect the internal field exerted by them. If, therefore, it be permissible 
to use the term crystallisation in the most general sense, to imply merely 

the separation of solid from solution, without necessarily imputing a definite 

orientation to the particles of the solid aggregates, although there is no 
definite evidence that any substance is truly amorphous, it may be admitted 

that there is good reason for regarding gelation as a crystallisation process 
and applying von Weimarn’s formula to it. 

The experiments, about to be described, show that gelatin conforms in 

every way to the principles laid down. Particles of macroscopic size have 

been obtained by decrease in supersaturation, P. But since the extreme 
values of K and L remain, the particles occur in the form of spherites rather 
than of regular crystals. 

In the first experiments 0-3 and 0-5 % sols of Nelson’s “crystal” leaf 
gelatin were allowed to evaporate spontaneously in shallow dishes at room 
temperature with addition of various antiseptics. The clear liquids developed, 
within a few days, an extraordinarily dense opalescence, which gradually 

disappeared as a light buff-coloured precipitate was deposited. This consisted 
of spherites up to 2-8 . Similar results were obtained by experiments carried 
out at 31° and 40°. The appearance of an opalescence indicates that gelatin 
is not completely miscible with water even at the higher temperature. 

With the object of avoiding the addition of antiseptics, the experiments 
were continued by sealing slightly supersaturated solutions in tubes and 

allowing them to stand at room temperature. In the first place, 0-4 % gelatin 
solutions were filtered into chemically clean test tubes, quickly heated to 
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boiling and the ends of the tubes drawn out and sealed. The characteristic 
opalescence soon made its appearance, though more slowly than when the 
liquid could evaporate spontaneously. But, after a time, the remarkable fact 
was observed that the opalescence was slowly subsiding in the tube. The 
average rate of fall was found to be 0-10 during the first 20 days. A second 
measurement, five days later, gave a velocity of 0-18, and at the same time 

the milkiness had considerably increased. Several later observations showed 

a lower rate of fall about 0-07. Corresponding to the decrease in the velocity 
of sedimentation, the edge of the surface of the cloudiness appeared to be 

separating from the side of the tube; and the precipitate had the appearance 
of having coalesced to a just coherent jelly. On inverting one of the tubes 
the jelly broke up into flocks. But the unbroken gels continued to shrink and 

eventually came away from the sides of the tubes. 
The experiments were continued with solutions of ashless gelatin made 

from a sample kindly supplied by the Osmosis Co., of which the moisture 
content was 14-74 % and the ash only 0:02 %. A 1% sol of this gelatin 

was prepared by making up 1 g. of material to 100 cc. with water in a stop- 

pered test mixer, allowing to soak over night and quickly warming until 
melted, by careful immersion in the water-bath. The warm liquid was filtered 

through Chardin’s filter paper into a burette, the first portion rejected, the 
temperature noted, and small measured volumes run into a number of chemi- 

cally clean test-tubes. The temperature of the liquid remaining in the burette 

was again noted and, from the average value, the true volumes at 15° of the 
gelatin sol used could be calculated: with an average temperature of about 

35°, the correction was negligible. The necessary amount of water was then 

added to the test-tubes so as to make the gelatin contents range from, say, 
0-25 to 1-0 % of dry gelatin. 

The liquid in the tubes was quickly boiled and the tubes sealed. The 
actual strengths of the sols, three of each, in a typical experiment, calculated 

to dried gelatin, were 0-26, 0-30, 0-41, 0-51, 0-77 and 1-02 % respectively. 
The more dilute sols were quite clear at first, but all became distinctly 

opalescent within 24 hours, according to concentration, the 0-51 % tubes 
being very opalescent. During the same time the 0-77 % sols had set to very 
opalescent and just coherent gels; while the last three tubes were found to 

contain a slightly stronger jelly that was also still rather more opalescent. 
In about three weeks a film of clear liquid had collected on the surface of each 
of these six gels. 

The opalescence in the remaining tubes, containing the weaker sols, de- 
veloped from day to day and, after about ten days, the commencement of 
the subsidence of the fine particles was observed. The rate of fall was measured 
from time to time, and the distances fallen plotted against the time. The 
curious fact was thus brought out that there appear to be three distinct stages 
in the fall of the surface of the opalescence: (a) a long gradual fall at a uniform 
rate for from about 20 to 40 days according to the concentration, (b) a sudden 

a re 
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sharp drop taking place within a short time and (c) a slight continuous 
shrinkage at a slower rate than (a) which was still going on after a couple of 
months from the time of the sudden coalescence. The photograph, PI. III, 6-4, 

shows the final appearance of two tubes of each concentration, except the 
highest, after nine weeks from the beginning. 

If the volumes of the precipitates are plotted against the concentrations, 

the curve cuts the concentration axis at the point corresponding to 0-12 g. 
of gelatin per 100 cc. of solution. This is, evidently, the true solubility of 
gelatin at room temperature, which remained fairly uniform at 18° during 

this time. According to the theory discussed, a slightly higher concentration 

should yield a metastable solution, which would remain more or less per- 
manently supersaturated on account of the low diffusion constant of gelatin. 

This was found to be the case. A 0-12 % solution continued perfectly 

clear with no trace of opalescence, while a 0-13 °% solution developed, in 
a few days, a beautiful clear bluish opalescence quite different from the 
appearance of the more concentrated solutions when in course of precipitation. 

At the time of writing this opalescence has in some cases persisted for four 
months, Pl. IIIa. The preparation is evidently a stable aqueous sol of gelatin. 

With a 0-135 % solution the metastable limit was overstepped and a minimum 
of flocculent precipitate was deposited. 

The long gradual subsidence (a) of the surface of the cloudiness appears 

to correspond to the free fall of the gelatin particles, and the application of 

Stoke’s law should give some indication of their relative sizes. It is interesting 
to see how these compare with the excess concentrations, P, in the light of 

von Weimarn’s formula. In the table below, the radius, r, of the particles 

has been calculated on the assumption that these have a density of 1-161. 
gi ap ora 

Reference (a ation \ 0d P P Rate of fall r aoe 
number \ 100 cc. Satis (=C-L) L (mm./day) (u) L 

10 0-26 0-14 1:17 0-35 0-10 0-12 

ll 0-26 0-14 1:17 0-30 0-10 0-11 

13 0-30 0-18 15 0-17 0-07 0-11 

14 0:30 0-18 1-5 0-14 0-06 0-10 

16 0-41 0-29 2-4 0-09 0-05 0-12 

18 0-41 0-29 2-4 0-08 0:05 0-12 

19 0-51 0-39 3:3 0-06 0-04 0-14 

21 0-51 0-39 3:3 0-05 0-04 0-14 

As has been shown, von Weimarn’s formula is still in an indefinite stage. 
The variable N is defined as the precipitate form-coefficient, so that, as N 
increases, the size of the ultimate particles diminishes, until, finally, ultra- 

microscopic dimensions are reached. But whether N represents, inversely, 
the volume, surface or radius of the particles is uncertain. The last column 
of the table seems to show that the product of the radius and P/L is constant, 

1 By supposing the particles to be half water, this value was derived from the density of 

the air-dry Nelson’s gelatin, Db, =1-3329 in vacuo, determined by weighing in air and in a sp. gr. 

bottle containing toluene. 
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indicating that N is really the reciprocal of the radius of the particles. Some 
hundred experiments in all gave similar results. The investigation is to be 
continued, a thermostat being used, so that separate series can be run at 

different temperatures to collect material for the determination of the solubility 
curve of gelatin, which may throw more light on von Weimarn’s formula. 

The advantage of using gelatin, rather than a mixture of salts in a double 
decomposition, for the further investigation of this expression is that the un- 

doubted influence of the varying concentrations of the several reaction com- 
ponents on the solubility and metastable limit of the precipitate is eliminated. 
Moreover, on account of the very low velocity of crystallisation of gelatin, 

the disturbing effect of the concentration of the substance to be precipitated 
on the velocity of the condensation is largely avoided. This concentration 
affects not only the rate of growth of the crystals after they are started, but 

also the rate of precipitation of the initial nuclei. With high concentrations 

the great velocity of precipitation may prevent the calculated value of the 
supersaturation being reached. Above a certain limit, precipitation may be 
practically instantaneous, and no further increase in concentration could 

increase the actual supersaturation. This may explain the constant dispersity 
of condensed water particles above a certain degree of supersaturation [ Wilson, 
1911, 1912]. | } 

The more or less sudden fall (6) of the gelatin particles corresponds 

with the formation of an apparently coherent jelly. It is not advisable, at 

present, to speculate on the exact causes of this coalescence, except to suggest 
that it may be due to an attractive force between.the particles. This seems 
also to afford a possible explanation of the gradual shrinkage (c) of the jelly, 

that follows, as being due to a gradual rearrangement of the jumble of particles 
resulting from the sudden fall together. The hypothesis has the advantage 

of suggesting a physical cause for the syneresis, and seems preferable to the 
mere application of the term “‘dehydration.”’ The mutual attraction of the 

particles may also be the origin of the opposing elastic force that must be 
assumed in cases of imbibition; as the attraction between the gel particles and’ | 

those of the liquid, together with the capillary effects, is the origin of the 
swelling. 

Microscopic examination of the precipitates in the tubes gave the appear- 

ance of particles just too small to be differentiated, like sand collected in ridges. 
There were also a few small round grains just large enough to be seen. Some 
of these were aggregated in clusters of two or three or more. With 0:2 % 
gelatin the ground-work of undifferentiable particles was marked, and the 

few larger grains reached nearly 1 y in size. With increasing concentration 
the sand-like appearance diminished in intensity and the larger grains became 
smaller, more aggregated and more numerous, With 0-3 % gelatin the ground- 

work was still clearly visible, while there were a good many larger particles 
just differentiable, mostly aggregated in clusters. With 0:4 % the sand-like 
appearance was only just to be made out, and the larger granules were 
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numerous, only just distinguishable and often aggregated into large clusters 

or bundles of fibrils. 
Thus the hypothesis that the natural emulsoid gels have a granular 

structure like that of a pile of shot receives further confirmation. The in- 
dividual spherites would seem either to be aggregated crystallographically, 

or to adhere by their mutual attraction. It will be admitted, however, that, 
with such very small particles, there can be little difference between these 
two methods of attachment, since, in either case, the union would be due to 

the forces between the few molecules in the surface of contact. The coupling 

would be unstable in the case of only two grains, but would become firm as 

more grains were added. 
To avoid the possibility of bacterial influence, Prof. Paine very kindly 

steamed some preparations three times on consecutive days after sealing. 

Although some of the gelatin was destroyed by the process the same series 
of effects was obtained. The 0-2 % solutions remained perfectly clear, the 
0-35 % preparations produced opalescent metastable solutions, or sols, one of 

which persisted for some months. While the 0-85 % tubes developed a pre- 
cipitate comparable in bulk with that in the 0-26 % unsteamed tubes. 

Similar experiments were made with agar that had been dialysed in the 
stick form for ten days in the presence of a trace of camphor. These behaved 
in the same manner, but the opalescence was much weaker. A solution corre- 

sponding to 0-05 % of air dry agar became just opalescent and deposited a trace 
of precipitate in 14 days. This consisted mainly of spherites up to 2 w. With 
0-075 % agar the opalescence was still only just noticeable and a small 

quantity of flocculent precipitate collected at the base of the tubes. A 0-1 % 
solution gave a more distinct opalescence which gradually subsided and the 

opalescent portion eventually set to a jelly that occupied just two-thirds of the 

original volume after four months, Pl. III, /. With 0-125 % agar, the whole 
set to a just coherent gel that showed syneresis and contained some, more or 

less rounded, more cloudy portions. The 0-05 % jelly also showed syneresis, 
was opalescent and contained bands of more cloudy gel at 2-1, 2-35, 3-25 and 

3°35 cm. below the surface. The 0-2 % jelly was more coherent and nearly 
homogeneous. 

These experiments establish that gelatin, and presumably agar, behave 
to water exactly as do other substances in regard to suitable solvents. Gelatin 

has a definite small solubility at room temperature. At a slightly higher con- 

centration it forms an ordinary metastable solution which tends to be per- 
manent because of the very slow rate of diffusion of the substance. This 

solution is beautifully opalescent on account of the size of its solute aggregates 
and may be regarded as a typical sol. With further increase in concentration, 

a precipitate is produced, and the bulk of the precipitate increases with the 
concentration until, as in many other cases, it fills the solution. Concurrently 

with increasing concentration, the particles of the precipitate grow smaller, 
as required by von Weimarn’s theory, until, when their distribution is suffi- 
ciently dense, they form an apparently homogeneous gel. 
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A further test of the theory is readily suggested. Substances which form 
gels only under suitable conditions revert, more or less rapidly, to the ordinary 
crystalline state; while the natural emulsoids appear to persist in the gel 
form. The difference must be due to the slow diffusion constants of the latter 

substances that retard their re-crystallisation. Therefore, if such gels be 

kept for a sufficient time, signs of re-crystallisation should be developed. 
Actually the presence of microscopic spherites in aged silicic acid gels has 

been described on several occasions. And some geological specimens of sponge 
spicules have a radiating definitely crystalline structure. Very likely this 
has developed in the course of ages from the opaline silica of which, probably, 
the spicules were originally composed. 

It is easy to test the theory in the case of gelatin. A 5 % solution, made 

from Nelson’s “crystal” leaf gelatin was filtered, boiled and sealed in tubes. 

The gels had the usual appearance, showing practically no opalescence and were 
perfectly clear. But, after keeping for three months, a distinct opalescence 
had developed, which grew from month to month, until at the time of writing, 

after ten months, it has become very marked and almost as deep as that of 
the 0-13 % metastable solutions of ashless gelatin. Microscopic examination 

of one of the gels after four months showed an almost clear field in which 
some tiny round particles were just to be seen. With lapse of time the visible 

particles gradually developed in size and number, and, now, numerous spherites 
may be observed from just distinguishable up to 1 ». These must have grown 
from the larger amicroscopic grains of the gel at the expense of the still smaller 

ones, just as in the case of any ordinary substance in contact with a solvent. 

Using the term in the general sense, the case for the crystallisation of 
gelatin appears to be fairly complete. But the exact nature of the ultimate 
particles of the gel remains to be determined. When large enough to be seen, 

gelatin, agar, silicic acid and starch particles are invariably spherical. Since 
the radiating structure is evidently that most readily assumed by crystallising 

substances, complex bodies may be expected to take this form if they crystallise 

at all, and this is found to be the case, generally, with complicated organic 
substances. But spherites are known in every gradation from the obviously 

crystalline form, built up of coarse radiating crystalline needles, separately 

visible, through stages showing only a more or less radiating formation, but 
which give the well-known shadow cross in polarised light, to apparently 

homogeneous spherical bodies giving no definite evidence of crystalline 
structure. This limiting stage may, or may not, be crystalline. In the case of 

gelatin, Scherrer’s analysis does not show, necessarily, that the amicroscopic 

spherites are not crystalline. Their tiny radiating filaments would have a 

cross section of, perhaps, not more than two or three molecules, and could 

hardly be expected to give interference with monochromatic X-rays. More- 

over, neither the complex structure of the molecule, nor the mixed chemical 

composition of the substance would favour a positive result. 

Spherites of starch have been described by a number of observers. The 
writer obtained them, in a similar way to Biitschli, by the spontaneous evapo- 

a a 
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ration of carefully filtered, boiled aqueous solutions of starch. They showed 
no shadow cross [Meyer, 1914] and appeared to consist of aggregates of tiny 
“drops.” But there is not much doubt that natural starch grains are actually 

erystalline,and Biitschli [1898] has prepared artificial grains exactly resembling 
them. It seems likely, therefore, that the tiny drops, or smallest particles, 

composing the globular aggregates of starch may be crystalline. 
Probably the difficulty in preparing definitely crystalline grains of gelatin 

may be due to the fact that it is not a chemically pure substance. Since the 
spherites show much resemblance to the grains of mastic and gamboge prepared 
by Perrin, it seemed useful to try to grow some of these large enough to be 

examined in polarised light, though, again, neither of these substances is a 
definite body. . 

Prof. Perrin very kindly supplied the information that large grains, up 

to 10 y, could be obtained by slow diffusion of the alcoholic solutions into 
water. The nose of a dropping funnel containing the clear filtered 4 °/ 
alcoholic solution was passed through a cork into a small 50 cc. cylinder full 

of water, and diffusion allowed to continue for about five weeks. The resulting 
grains were washed by decantation and examined with a ;.” objective. 

Beautiful mastic particles were obtained of all sizes up to about 9-2 p. 
The smaller particles, up to about 3 4, appeared translucent, but the larger 
ones had a mosaic appearance, as if built up of aggregates of the very small 

particles that were also present. The latter showed fairly vigorous Brownian 

movement and appeared to be attracted by the larger spheres. But some 
cause, possibly the energy of their motion, seemed usually to prevent their 
coalescence, though occasionally a small particle might be seen to be captured. 

The gamboge grains were slightly larger, up to 10 », and mostly quite 

clear, though some appeared mosaic. In this case there were very few of the 
smallest particles, and this suggests the possibility that the mosaic appearance 

of the mastic grains may have been due to a surface layer of captured granules. 
In the moist state neither kind of grain gave any appearance in polarised 

light. But, after the slide had become dry, the mastic particles showed a 
shadow cross, particularly towards the edges of the grains and when the 

microscope was focussed slightly above their equators. The appearance 
vanished again on wetting the slide and seems to have been due merely to 
light polarised by reflexion at the edges of the spheres. Consequently the 
crystalline nature of the grains cannot be affirmed. 

Similar experiments were made in test-tubes with aqueous solutions of 
from 0-12 to 0-33 °% of gelatin, which were sufficiently dilute not to set for a 
time, the alcohol being carefully floated above the solutions. On account of 
the small solubility of gelatin, only small particles were obtained about 1 yu in 

size. The precipitate showed a tendency to form in layers, and, with the most 
dilute solution, a good banded precipitate of gelatin floating in water was 
produced by the gradual diffusion of the alcohol down the tube. The effect 

lasted a week, slowly disappearing as the precipitate fell to the base of the 
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tube. Presumably the gelatin particles were so small, or so light by adsorption 

of alcohol, as to remain suspended in the liquid. Since the bands settled so 
slowly, they could not have.been produced by different rates of subsidence 
of the particles, and appear to have been due to the same causes as ordinary. 
banded precipitates in gels. 

SUMMARY. 

Further evidence is adduced that the reversible sol-gel transformation of 
the natural emulsoids is an extreme case of crystallisation and solution. 

Experiments are described which demonstrate that gelatin behaves to 
water as does any substance to a suitable solvent. It has the definite solu- 

bility in water at room temperature (18°) of 0-12 g. per 100 cc. of solution. 
At 0-13 %, gelatin forms a metastable solution, with a beautiful bluish 
opalescence, which is a typical sol. With slight increase in concentration the 

metastable limit is reached and the gelatin deposited as a gelatinous pre- 

cipitate, consisting of particles mostly just below microscopic size together 
with a few spherites reaching 1 yw. As the concentration is increased, the bulk 

of the precipitate grows, and the particles decrease in size, until, at about 
0-7 %, the precipitate fills the solution and forms a white cloudy jelly. 

Similar results were obtained with agar, and small spherites of starch by 

Biitschli’s method. 
The prediction was verified that clear gelatin gels should become opalescent 

and develop microscopic spherites when kept for a long time. 
The experiments confirm the view that gelatin, agar, starch and silicic 

acid gels have a granular structure like that of a pile of shot. In other cases, 
the form of the ultimate particles may vary according to the crystalline habit 

of the gel substance. 
Large granules of mastic and gamboge were grown by slow diffusion. 

These substances are not chemical individuals, and the grains gave no indica- 

tion of crystalline structure. 
An attempt to prepare smaller gelatin granules by the same method led, 

also, to the preparation of a banded precipitate of gelatin, which remained 

suspended in water for several days. 
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INTRODUCTION AND HISTORICAL. 

THE experimental work relating to the effect of diet on mammary secretion 
is not extensive and what knowledge is available is of an indirect nature. 
Practically all the literature on this subject emphasises the fact that plenty 
of protein in the mother’s diet is essential, but in a recently published paper 

[ Hartwell, 1921] it was shown that excess of caseinogen in the mother’s diet 
produced typical symptoms followed by death of the offspring, although the 

mother remained apparently healthy. The object of the present investigation 
was to find if this result were due to caseinogen specifically or to proteins in 

general. 
Klein [1917] states that the same constituents are always present in cows’ 

milk, but that the proportions can vary considerably. The caseinogen may 

be from 2% to 5% and the lactalbumin from 0-39 % to 0:95 °%. Such 
variations are attributed partly to the nature of the feed and partly to 
external conditions, such as weather, change of milkers ete. Klein further 

suggests that sudden changes of feed and over-feeding should be avoided, 
and that milk from cows under such conditions frequently causes digestive and 

intestinal disturbances in infants. Larson and Putney [1917] quote an ex- 
periment performed at the Experimental Station, Wisconsin, in which some 
cows were fed on a heavy ration and others on a normal ration. The former 
did not maintain the full flow of milk during the experimental time any better 

than the latter, in fact “there was even a small amount in favour of the 

normally fed animals.” 

A diet of bananas, purified caseinogen and yeast or carrot-extract was fed 
to albino rats by Sugiura and Benedict [1918]. They found this mixture 

entirely suitable for the animals except during lactation. The mothers did 
well and the young flourished on the diet as soon as they could eat for them- 

selves. No explanation of this strange result is offered, but in a later paper 
[1919] these observers find that adding 10 cc. of whole milk (or protein-free 

milk) to the above diet renders it adequate for perfect milk production of 

Bioch. xv 36 
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albino rats. It seems possible in view of work quoted above [ Hartwell, 1921] 
that this failure of the milk supply may be due to an excess of protein in the 
food of the mother. The proportion of protein in Sugiura and Benedict's diet 

based on dry constituents is 46-0 °% and in experiments to be described in 
this paper 34-0 % protein in the mother’s food is sufficient to prevent suc- 

cessful lactation. 
Sugiura and Benedict further suggest that milk contains a new accessory 

substance which is needed for “suitable milk production by the mother.” 
Some investigations now in progress and to be published at a later date, 

also show that whole milk can antagonise the harmful effects produced by 

an excess of protein, but so far there seems no reason for postulating a new 

vitamin of the nature of a lactogogue. 
Steenbock and Boutwell [1920] fed rats on a diet of maize, caseinogen 

and salts. Nine pregnancies occurred, but not one of the offspring was suc- 
cessfully reared. Some of the symptoms described, such as the lethargic 

state of the young, are similar to those to be described later, and hence it 
seems possible that the failure in rearing the young might be due to the 

mother’s too great intake of protein. 
The percentage of protein used by Steenbock and Boutwell is less than that 

of Sugiura and Benedict, but investigations have not yet gone far enough 

to allow of a definite statement with regard to the minimum of protein which 
constitutes an excess. Mitchell [1918] showed that if a large amount of 

protein was fed to rats, the tissues of the adult animals contained only a 
slight excess of amino-acids, while the tissues of the young animals contained ~ 

a considerably greater proportion of amino-acids than on a normal diet. 
If feeding an excess of protein to a lactating animal results in the milk 

having a higher proportion of protein, then the above results of Mitchell may 
throw some light on the fact that the mother remains apparently well, walls 

the offspring exhibit certain typical and abnormal symptoms. 

EXPERIMENTAL. 

I. Methods employed. 

The technique was the same as that described in a previous paper. A 
mixed diet of kitchen scraps and a little whole milk was given to the rats 

during gestation. The mothers and litters (reduced to six) were weighed daily 
and the protein rations started as soon as possible after the birth of the litter. 
Protein was given in the proportion 15-0 g. bread to 5-0 g. protein. In a few 

experiments a small quantity of a commercial preparation of meat extract 
(Jardox) was given to make the food more palatable, previous work having 

shown that this makes no difference to the ultimate results. The rats ate 
as much as they liked, the bread and protein being increased proportionately 
when necessary. The protein was finely ground so that the animals could not 

pick out and discard any of it. Water was given ad lib. 
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II. Results. 

1. (a) Diet of bread and egg albumin. Water to drink. Fig. 1,19. Four 
rats were fed on this diet. A typical curve of the weights of mother and 

babies is shown in Fig. 1, 19. In two of the experiments the mothers were given 
bread and milk for three days and the protein feeding was started on the 
4th day. However, this made no difference to the final results, the babies 

eventually died, although for the first few days of protein feeding a better 
rate of growth was obtained than when the albumin and bread were given 
from the first day. Some of litter 19 (see curve) survived till the 17th day, 

another litter were all dead on the 16th day, some members of the third sur- 
vived till the 20th day and three of another lived till the 26th day. These 
three were able to eat on the 18th day and although they were given bread 
and milk, they remained weak and developed bad diarrhoea. 

The litters gained weight for about 12 days and up to the 10th day appeared 
normal, after which they became excitable. This stage of excitability lasted 
from two to five days and was followed by extreme weakness characterised 

by inability to crawl properly, a tendency to drag one hind leg and roll over 
to@wards that side. The babies were very weak and emaciated, and post 

mortems showed that the stomach was practically empty and the intestines 
had only a small amount of contents, largely mixed with gas. 

Typical spasms were noticed, like those previously described when the 

mothers were fed with caseinogen. The babies which survived longest were 
sometimes able to walk though not normally. They walked on the tips of their 

toes (especially with the hind legs), seemed to lack co-ordinated movement, 

and frequently lost their balance and rolled over. 
In one experiment the excitable period was very short, only one baby 

developed spasms and extreme weakness was evident at an early stage. 

On the whole the spasms and squeaking fits were not so bad as in those 

litters whose mothers received caseinogen. 
The mothers appeared well throughout the experiment and were able to 

maintain their weights, except one rat which lost slightly. 
The time of onset and severity of the symptoms seem to bear no relation 

to the amount of food eaten by the mother. 
(b) Diet of bread and blood albumin. Water to drink. Fig. 1,15. Two rats 

were used in this experiment. One litter were all dead on the 16th day and 

the other on the 20th day. The results were identical with those described 

for egg albumin, except that there was a tendency in the mothers to put on 
weight. 

2. Diet of bread and gelatin. Water to drink. Fig. 1,47. Three experiments 
were made, and in two of them a small amount of a commercial preparation 
of meat extract (Jardox) was added because the animals did not eat the food 

very well. All three experiments, however, gave similar curves, which are 

represented by Fig. 1,47. Two litters survived till the 16th day and the third 

36—2 
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were all dead by the 11th day. Several of the babies were devoured by the 
mother, but others at post mortem had practically no alimentary contents. 

The babies showed no excitability and no spasms, but extreme weakness was 
evident at an early stage. Even during the first few days, the babies were 
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thinner than normal ones, and compared unfavourably with those whose 
mothers were fed on bread alone. The tendency to drag one hind leg and 

roll over towards that side was very marked. The mothers lost weight con- 
siderably, one rat lost as much as 36g. in 15 days, The significance of this 

is discussed in another part of the paper (p. 572). 
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3. Diet of bread and gluten. Water to drink. Fig. 1, 88. The gluten was 
prepared from flour by removing the starch in the usual way by kneading in 
muslin. When all the starch had been removed the protein was dried in an 
air oven and then finely ground up. Three experiments were done and the 

litters all died. One survived only till the 9th day, another till the 16th, and 
the third till the 24th day. The babies became excitable and very restless, 
but no actual spasms were noticed. As with gelatin extreme weakness was 
characteristic, and post mortems likewise showed the stomach and intestines 

to be practically devoid of contents. 
Two of the three mothers lost weight, but the loss was not so great as 

with gelatin. 
4. Diet of bread and edestin. Water to drink. Fig. 1, 17. Lactagol was used 

as a source of edestin. Three experiments were made and at first, in all three, 

a very good growth curve was obtained for the young, a greater rate of growth 
being shown than with any other protein (except caseinogen). The typical 
symptoms in the babies developed slightly later, the excitability not being 

shown till about the 12th day. In one experiment four of the litter survived 
(bad symptoms were not exhibited till the 15th day) and were successfully 

weaned. However they were not normal till about eight weeks old. At seven 
weeks they still showed the typical toe-walking (previously described) and 
exhibited in co-ordinated and jerky movements of their hind legs. 

In the other litters the spasms were very bad, and were especially marked 
when the babies tried to eat. As soon as a baby took food in its mouth, the 

head and neck went rigid, the jaws remained open for a time, then slowly 

relaxed, but the rigidity returned as soon as another mouthful was taken. 
Post mortems showed the typical absence of contents in the alimentary canals. 

In one experiment the mother was killed and the mammary glands, when 

cut, contained little or no milk. In all cases the mothers appeared well and 
either maintained or increased their weight, but the condition of the litters 

was as bad as that of the babies of the caseinogen-fed mothers. 

5. Diet of bread and peptone. Water to drink. Fig. 1, 13. These experiments 
were not very satisfactory, because after about four days’ feeding with peptone 
the mother had diarrhoea, possibly due to the toxic effects of the peptone. 
When peptone was fed to the mother immediately after the birth of the litter, 
the babies died within a week. In two experiments they died on the 3rd day 
and in another they survived a week. In this last experiment the litter gained 

only about 2 g. per day. The usual typical symptoms were absent, the babies 
merely became very weak and died. Post mortems showed absence of contents 

in the alimentary canals. In another experiment it was possible to continue 
the peptone feeding for nine days, but the mother had bread and milk for a 

week first, 2.e. the litter were eight days old when the peptone feeding was 
started. These babies gained a small amount the first day of the peptone 
diet, and then lost a little each day. Two days after the peptone was given 
to the mother, they showed slight excitability, but no spasms. Later they 
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became weak, but soon ate for themselves and so survived but were weakly 
for some time. 

6. Diet of bread and boiled meat. Water to drink. Fig. 2. Lean beef was 
used in these experiments. It was minced, extracted with distilled water in 

Weights of Mothers 

240;- 

230 PRO cs 6 
(e) ; 

220}- No~ ° 5 Ov 49 

210+ at O Py 07? ° 0 ar a 

200}- Ss Bens! af 
ae 1°) ise «ae 
a ———— 

190}— aa) / 

F 180} Fein or 4 

> 10h. rid Ce Ni "i 
Tesaes oe FO age Pg ae % re 

a sania Nepalese 

150 < Se 
s 66 

140; 2 2 

ey Nel oN ee a—a 50 

120 

Weights of Litters 

130 -- ph 

120} 6% - 

10 # Li ir. aie wy. ---- 
100}- ear att in eaten 

90} ape * by male 
PO eee 

ma 5b 07 Ider bab 9 . 2 older babies 
2 70|- oe, ie igs taken away 

£& 60 KO* an 

ss 650|- Pedi Fae aif Keo 
e ee Ee & 40¢NG UX a Kyo mine i 20 ig A= A 

% \e o> 20}- o 

10}- "te 
Wee esse Neos Re eee CEO Maes RE Oe SD set TA 

1 °2:° 386-8) 67> Sx.9-10) 1a) Tae 14 1S. 16s bre eh eore le 

Days 

Fig. 2. Bread and boiled meat. 

66 65 15 bread 5 meat 49 15 bread 15 meat 
80.18: oe Ae ae ome, tan 

* Bahies eating. 

a boiling water-bath for half an hour, strained and again extracted with more 
distilled water for three quarters of an hour, The protein was then strained 
through muslin and squeezed as dry as possible. 
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(a) Experiments 66 and 65. 15-0 g. bread; 5-0 g. meat protein. Rat 65 had 
two babies of her own and five foster babies. The former were five days old 
when the experiment was started. They survived and were successfully 

weaned, but were weakly and exhibited the typical toe-walking already 
described. The foster babies all developed typical symptoms, had bad spasms 
and squeaking fits and all died. 

Litter 66 all had spasms, but survived and could eat for themselves. They 
never became normal}, 

(b) Experiment 50. 15-0 g. bread; 10-0 g. meat protein. The litter were all 
dead on the 10th day, they had no spasms, but were very weak. Post mortems 
proved the alimentary canals to be empty. 

(c) Experiment 49. 15-0 g. bread; 15-0 g. meat. The babies were never 
excitable and had no spasms. About the 15th day they seemed weak and 
walked badly. However, they recovered, ate at the usual time and were 
successfully weaned. 

(d) Experiment 51. 15-0 g. bread. 45-0 g. meat. The litter were absolutely 
normal in all respects and exhibited none of the typical symptoms at any 
stage. 

From Fig. 2 it is easily seen that the rats 49 and 51 (whose litters did best) 

lost a considerable amount of weight during lactation. This is not fully 
understood, but in several experiments when some litters survived and others 
did not, the survival was coincident with a big loss in weight of the mother. 

Also from other experiments rats 49 and 51 are to be regarded as particularly 

“good milkers.”” Further the loss in weight of the mothers might be explained 
by assuming that they are mobilising an antagonistic factor from their own 
tissues. 

7. Diet of bread and dried meat. Water to drink. Fig. 3. The meat was 
prepared as in the last series of experiments then completely dried in an air 

oven. The ration consisted of 15-0 g. bread and 5-0 g. dried meat. As can 
be seen from Fig. 3 the growth of the litters was at first fairly good, but after 
the 12th day there was practically no gain in weight. From this time, also, 
the mothers showed considerable loss in weight. The usual symptoms were 

absent, a few babies showed excitability and some weakness, but only to a 
slight degree. In all three experiments the young were not normal, but were 

lethargic and disinclined to move or crawl about. When taken from the cage 
and put on the table, they had no inclination to sniff around as would a normal 
rat, but remained almost motionless where they were put. In one litter 

three died the week after they were weaned, though fed on bread and milk. 
The others survived, but were weakly for some time. It is probably signi- 

1 They were all killed by the male, put in when the mother was removed. It was suggested 
to me by Professor Mottram that an old male is very useful for keeping with the young when 
they are weaned. (Technique used in Cambridge Laboratories.) As a rule it works extremely 
well and the male is very good to the young. He will even allow them to take food out of his 
mouth. 



Gram 

Grams 

570 G. A. HARTWELL 

ficant that the large loss of weight of the mother coincides with the mainten- 

ance of the litters at a period when, in other experiments, the babies would 

have lost weight and died. As a rule when the mother is fed with protein, 

she either maintains or puts on weight. Whether the observed loss indicates 
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Fig. 3. Bread and dried meat protein, 

* Babies eating. + Mother removed. 

that the mother is supplying some essential constituent to the milk, or that 

she is producing some substance which inhibits the spasms, or antagonises the 

toxie substance responsible for this condition in the babies, remains to be 

proved. 
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8. Diet of bread and dried fish. Water to drink. Fig. 4. Cod was used 
for these experiments and the dried protein prepared in the same way as 
the dried meat protein. The ration consisted of 15-0 g. bread and 5-0 g. dried 
fish. 

These results are very similar to those obtained when the mothers were 
fed with boiled meat. Since the individual results differ, it would perhaps be 

better to describe each experiment separately. 
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* Babies eating. 

Experiment 79. The growth of the litter shows a typical “protein curve” 

and the usual symptoms were noticed during the course of the experiment. 
The spasms were marked and affected all the babies at different times, 

Experiment 82. The babies were normal up to the 12th day, when they 
were excitable, but developed no spasms. 
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They still gained weight until the 16th day, after which they lost small 
amounts each day. They were decidedly weakly, two died, and the others 
did not eat till the 26th day (a normal baby eats about the 18th day). Two 
more died on the 27th day and only one survived. This was not normal for 

three weeks after weaning. 
Experiments 67 and 81. The litters appeared normal in every respect, 

except that they were slightly excitable and only gained small amounts 
towards the end of lactation. . 

Experiment 69. This litter resembled litters 67 and 81 except that they 

were more excitable and one exhibited slight spasms. 
In all the experiments the mothers remained well, their weights varied 

somewhat but there was no great loss. 

Experiment 96. 15-0 g. bread; 6-0 g. dried fish. The litter were all dead the 
13th day, but the curve is by no means typical, compared with other experi- 

ments. The litter gained weight up till the 12th day, when they appeared 
very weak. No spasms were noticed and the usual stage of excitability was 

absent. 

Discussion OF RESULTS. 

1. The amount of protein. From these experiments it is clear that a lac- 
tating rat should not have a large proportion of protein in the diet. If too 

much protein is given, the litter rarely survive. The exact amount of protein 
which constitutes excess has not been determined, but it is in the neighbour- 

hood of 33 °%. It is probable that with different proteins a different proportion 

will constitute excess. A rat can suckle her young satisfactorily (7.e. the 
babies are normal in all respects and are successfully weaned) when fed on 
white bread alone [Hartwell, 1921]. Such a diet contains a very low pro- 
portion of protein, about 14 %. It is therefore possible for the rat to bring 

up a healthy litter when she is getting only a small amount of protein. However 

it is certain that a greater proportion promotes better growth, but it is obvious 
that such addition constitutes a danger. Where the danger line is, has to be 
determined by future experiments. 

2. Biological value of the proteins. That there is some relation between 
the biological value of the proteins and 

(i) the growth of the young, 
(ii) the occurrence of spasms, 

(iii) the ultimate loss of weight and death of the young, and 
(iv) the mother’s weight during lactation 

is clear. Edestin and caseinogen were the best proteins given [see analyses 

by Matthews, 1916] and the young grew, showed worse spasms, and were 
more certain to die, while the mothers put on weight. On the most defective 
protein (gelatin), the young rats grew slowly for a time, became weak, showed 

no spasms and died. The mothers lost weight rapidly. This decrease could 
not be stopped by meat extract, so it is suggested that it is not due to loss 
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of water, but an actual tissue breakdown. There is too with other proteins 
a correlation, though by no means complete, between the loss of weight by 
the mother and the evil effects on the young. One cannot help thinking that 

the mammary gland cannot function properly when flooded with an excess 
of amino-acids and that, wp to a point, the mother can antagonise that effect 

by mobilising something from her own tissues, perhaps vitamin, perhaps 
carbohydrates, perhaps salts, but improbably fats or proteins. 

3. Origin of protein. The edestin and gelatin were commercial products, 
the former being used in the form of “lactagol.’’ Hence it is: possible that 

the results might to some extent be due to their method of preparation, or 
to some impurity, such as,acid. Since the home-made gluten, fish and meat 

proteins give similar results, it is improbable that the effects are due to the 
“denaturing” of the proteins by commercial methods of preparation. 

4. Deficiencies in the diet. An obvious criticism of these experiments is 

that a deficient diet was given, fat and vitamins being almost entirely absent. 

That the results are not due to the absence of these constituents is suggested 
by the fact referred to above, i.e. that a rat can bring up a healthy litter when 

fed with white bread alone, a diet equally deficient in fat and vitamins. But 
perhaps the animal may be able to tolerate a slightly greater proportion of 
protein when the diet is physiologically complete; the greater the amount of 

food metabolised the greater the need for vitamins!, 
The addition of protein makes the diet less deficient in amino-acids, except 

when gluten is added. Gluten with albumin forms a more balanced diet than 
gluten alone. None the less gluten alone is good, but gluten with other proteins, 

or in simple excess, is bad, therefore the bad effects on the litters must be due 
to the excess of protein. 

5. Variations in results caused by meat and fish proteins. The results ob- 
tained with meat and fish proteins are obviously different from those of 

caseinogen, edestin, albumins, gelatin and gluten. In some experiments the 
litters die, exhibiting typical symptoms, exactly comparable to those seen 
when the mothers eat caseinogen etc. In others the litters do not suffer so 

badly and in a few the babies appear almost normal. Two explanations are 
suggested : 

(i) The proteins may not be pure and consequently a smaller quantity is 
really being given than with pure caseinogen etc. The exact amount con- 
stituting excess has not been determined. Since the proportions used do not 
seem very excessive in comparison with a normal diet, it may be that the 
border line of excess is about the level used. If so, then the individual meta- 

bolism of the rats is a factor to be considered and what constitutes excess 
for one might be more easily metabolised by another. Certainly some very 
fine rats can tolerate more caseinogen than others. 

(ii) Experiments now in progress show that the harmful effects of excess 

1 Experiments to elucidate this point are now in progress; up to the present time, no normal 

litters have been reared on any diet containing large amounts of protein. 
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protein can be antagonised by whole milk. If some specific substance in milk 

is responsible for this, then such a substance might be found in animal tissues, 

and might, therefore, be present in the meat and fish dried proteins. 

SuMMARY. 

1. The observation published in an earlier paper, 7.e. that a diet con- 
taining 40 % protein (by dried weight) fed to nursing rats, is detrimental to 
the young, has been confirmed and extended to commercial edestin, blood 

and egg albumin, gelatin and home-made gluten. Such dietaries apparently 

render the milk poisonous and finally check its flow. 
2. Home-made fish and meat proteins do not always cause such harmful 

results as edestin, albumin and gelatin, but in some cases the litters die, 
having exhibited typical symptoms. In others the babies survive, , but only 

a few are normal. 
3. In spite of the ultimate ill effect of aun (and caseinogen) the im- 

mediate effect of its addition to bread is to produce a maximal growth curve 
of the young, 7.e. as good as when the mother’s diet is bread and milk [ Hartwell, 

1921]. Other proteins used produce slower growth. Toxicity is not shown 

till the 10th or 11th day. 
4. The toxicity of the mother’s milk is demonstrated by the spasms etc. 

The cessation of the flow of milk is shown by the litter’s loss of weight and 

the emptiness of their alimentary tracts, and this is not due to absence of 
suction power, because the babies are found sucking each day while they are 

losing weight. 
5. There is some correlation between increase in the weight of the mother 

and danger to the offspring; if the mother puts on weight, the suckling rats 

suffer; if she loses weight, she may be able to spare them some of the symptoms. 

Gelatin, however, is an exception, because the mother loses a considerable 

amount of weight and yet the babies all die. 
6. It is unlikely that the effect is due to an absence of vitamin, because 

a rat can bring up a healthy litter when she is eating white bread alone, but 
it is probable that it is rather due to an excess of protein in the diet. This 
is being worked out. 

Part of the cost of these experiments was borne by the Medical Research 
Council to whom my best thanks are due. | 

I have also to acknowledge my indebtedness to Professors E. Mellanby 
and Mottram for criticism and encouragement. 
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(Received June 14th, 1921.) 

DurIne@ an investigation into the blood sugar in atrophic infants, in which 

the modified Lewis-Benedict [1915] technique was used, criticism of this 
method was encountered. MacLean [1919] and de Wesselow [1919] state that 

there are other substances in the blood which cause colour changes with 

picric acid. Following these suggestions, Cowie and Parsons [1920] studied 

the effect of various blood constituents on the Lewis-Benedict method and 
came to the conclusion that under pathological conditions epinephrin, acetone 
and diacetic acid, as well as creatinine to a less marked degree, cause a colour 

change in the picrate solution. They find that the picric solution is 500 times 

as sensitive to acetone as to glucose. Normal blood may contain 0-001 to 
0-002 g. of ketones, calculated as acetone, per 100 cc. of blood. This would 

mean that in the ndfmal blood, as tested by this method, 0-5 % of the reading 
would be due to kétones,.while in diabetic bloods, in which the ketones are 

greatly increased, a very large percentage would be due to them. This in- 

crease in ketones added to the increase in sugar would result in observations 

very much higher than by other methods. This has not been the case in the 
hands of many competent observers. 

In the present investigation decreasing amounts of acetone and ethyl 

aceto-acetate were added to four different samples of blood and the modified 

Lewis-Benedict test carried out as usual. Data are summarised in Tables 
T and IT. 

An observable colour change occurs when 0-0001 g. of acetone is added 

to 2.cc. of blood in 2 cc. of a 0-005 % solution. With ethyl aceto-acetate, 
which is probably broken down to aceto-acetic acid and ethyl alcohol, and 

further to acetone and carbon dioxide, during the test, no change is noted 
with the same amounts. 

Much larger amounts of acetone and aceto-acetic acid may be added without 

producing any colour change if the solution is boiled before the addition of the 
carbonate solution. 
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Table I. Acetone added to blood. 

Aqueous solution of acetone 
A — Blood sugar L.-B. test 

Vol. of blood Amount g. per 100 ce. c A + 
sample added of water g. added No. 1 No. 2 

2 cc. control — — — 0-066 0-072 

ri 2 cc. 0-005 0-0001 0-074 0-078 

” ” 0-0025 0-00005 0-066 0-070 
” Pe 0-00125 0-000025 0-065 0-072 

” ” 0-0005 0-00001 0-066 0-072 

Table II. Ethyl aceto-acetate added to blood. 

Aqueous solution of ethyl aceto-acetate 
A. c ~ Blood sugar L.-B. test 

Vol. of blood Amount g. per 100 ce. c “4 > 
sample added of water g.added No. 3 / No. 4 

2 cc. control — = —- 0-070 0-079 

mi 2 cc. 0-005 00001 0-070 0-080 
” ” 0-0025 0:00005 0-070 0-078 
” ” 0-00125 0-000025 0-069 0-079 

” * 0-0005 0-00001 0-070 0-078 

This investigation was carried out under the auspices of the Child Life 
Investigation Committee of the Medical Research Council by whom the 

expenses were defrayed. 3 
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WITH OXYGEN AND CARBON MONOXIDE, 
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DIOXIDE. 

By ARCHIBALD VIVIAN HILL. 
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(Received August 8th, 1921.) 

A crucIAL test of any theory of the mode of combination of haemoglobin 
with oxygen and carbon monoxide, is to attempt to explain by means of it 
the remarkable relations discovered by Douglas, Haldane and Haldane [1912]. 

It is well known that the oxygen dissociation curve of blood follows the 

equation, — Ga ee 
(1 + Ka") 

where y is the relative degree of saturation of the haemoglobin, x the con- 

centration of oxygen, and K a constant. This represents a tilted S-shaped 
curve which—whether by chance or not—certainly fits the observed points 
with a high degree of accuracy, and under a wide variety of conditions. This 

curve is affected by the presence of acid or CO,: according to Henderson 
[1920] and Adair [1921] the value of 1/K is a linear function of the pressure | 

of the CO,, » remaining constant, the actual effect on the curve being to 
stretch it in the direction of x, without changing its shape. The first remarkable 
fact [Douglas, Haldane and Haldane, 1912, p. 287] is that the dissociation 

curve of CO is precisely similar to that of O,, being an S-shaped curve with 
the same value of », and showing qualitatively and quantitatively the same 

effect of CO,. These facts can be deduced from the laws of mass action, if we 

assume that the reactions are governed by the equations, 

Hb, +O, = Hb, O,, (equil. const. K), 

Hb, + nCO 2 Hb, (CO), (equil. const. K’). 

These equations however lead immediately to a paradox. If we supposed 
them to apply at the same time, viz. to haemoglobin in contact with a gas 
containing both O, and CO in sufficient quantities to saturate the haemoglobin 
completely, and if z be the proportion of the haemoglobin combined with CO, 

we should find, K’/K (CO/O,)" 
* = 1+K7K (CO/0,)" 

which, if the concentration of oxygen in the gas be kept constant, represents 
the CO-dissociation curve of blood in the presence of constant excess of oxygen, 
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and is an S-shaped curve exactly similar in all respects to those given by O. and 
CO separately. This however is contrary to the facts, as shown in the paper 
referred to (p. 278): the actual curve is a smooth rectangular hyperbola, with. 

no trace of an inflexion in it, and completely unaffected by the presence of CO,. 
Clearly there is something wrong with the simple theory. Again, from the 
formulae as written down above, it is obvious that decreasing the concentra- 
tion of oxygen will always liberate more haemoglobin to combine with CO, 
and so lead to a greater CO-saturation. This again is untrue: in the paper 

referred to [p. 291] it is clearly shown that below a certain limit decreasing 

the O, concentration decreases the amount of haemoglobin combined with CO, 
and indeed Haldane and Lorrain Smith [1897] observed the remarkable and 

paradoxical fact that the administration of CO might diminish the symptoms 
of anoxaemia in mice subjected to low oxygen pressures. 

The affinity of CO for the haemoglobin of human blood at body temperature 
is some 246 times that of oxygen, and if we suppose (i) that, as regards 
saturating the haemoglobin (without respect to the nature of the gas with 
which it is saturated), a mixture of a parts of O, and b parts of CO is precisely 

similar in allrespects to (a + 246b) parts of oxygen, and (ii) that in the resulting 

partly saturated and partly unsaturated mixture the saturated part is divided 

between O, Hb and CO Hb in the ratio of a : 2460, then all the facts established 
by Douglas, Haldane and Haldane can be explained. If y be the saturated 
fraction of the haemoglobin we then have 

y = _K (Q,+246C0)" | 
1+K (0, +246C0)" 

of which a quantity 

; _Y (Oo) —__ 
(0, +246 CO) 

is saturated with oxygen, and a quantity 

y246 (CO) 
(0, +246C0) 

is saturated with CO. If y = 1, i.e. if the haemoglobin be fully saturated, it 

is clear that the CO-dissociation curve under constant excess O,-concentration, 
is a rectangular hyperbola, and Douglas, Haldane and Haldane [1912, p. 291] 
showed that the paradoxical effect of diminished O,-concentration producing a 

diminished CO-saturation could be explained, quantitatively and qualitatively, 
by the same hypothesis. The following statement of the phenomenon may 
make plainer what appears to be a very crucial point in the theory of haemo- 

globin combinations. 

In Fig. 1 AB is the saturation of the haemoglobin with O, at O,-pressure 
OB. CO gas is added to the oxygen at constant volume. The “equivalent 
oxygen pressure” (O, + 246 CO), is thus raised by 4 (say) to OD by adding 

CO in pressure BD/246, thereby increasing the total saturation with gas to CD. 
Of this total saturation there are—according to the hypothesis—three parts 
of O, Hb corresponding to OB, and one part of COHb corresponding to BD, 
so that the oxygen saturation is now } of CD, which, since CA is the steep 
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part.of the curve, may be much larger than AB. Consequently, by adding an 
appropriate quantity of CO to the oxygen, the O,-saturation has been con- 

siderably increased. We will consider here only the theoretical bearings of this 
curious and paradoxical result. 

The hypothesis described above has not yet been put into physico-chemical 
terms. By a comparatively simple extension, however, of the physico-chemical 

theory which gives the S-shape to the O,-dissociation curve, and the so-called 
“Fills equation,” 

Ka 
Y = G4 Ke)’ 
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Fig. 1. 

it is possible to satisfy all the relations described above, and thus to include 
the behaviour of O, and CO, separately and together, in one simple physico- 

chemical scheme. Let us assume that haemoglobin is a slightly dissociated 
compound of the iron-containing and the protein molecules, according to 
the equation, 

Hb A+B, 
where A is the protein and B is the iron-containing part. This assumption 

is not new, since it was a central one in Bohr’s [1903] theory of the com- 
binations of haemoglobin. 

Bioch. xv 37 
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Let us assume further that in the presence of salts the osmotic pressure of 
the complex Hb, and of the simple protein A, is reduced to 1/n of its value 

calculated on the assumption that one molecule of haemoglobin contains one 
atom of iron. This assumption, a3 will be shown in a forthcoming paper, 
can be verified experimentally. It is not necessary to assume that this re- 
duction of osmotic pressure is due to aggregation of the molecules, as was 
previously done [Hill, 1910]. Any cause whatever which reduces the osmotic 

pressure will give an S-shaped dissociation curve, as can be shown by rigid 

thermodynamical reasoning. The iron-containing molecule B, being small, we 
should expect to be unaffected in this respect, so that in the presence of salts 

we may assume that the above equation runs, 

Bh; At eB. oe eee (I) 

Let us now assume that the combination of haemoglobin with a.gas X (either 
O, or CO) takes place only between molecules in the dissociated form, 7.e. not 
between Hb and the gas, but between free B and the gas, according to the 

scheme, 

Bae gas es cae oe (IT) 

_the gas-saturated iron-containing molecule then recombining with the protein 
molecule according to the scheme, 

nBX + A, 2 (HbX),. Cees (IIT) 
There would seem to be some evidence for this. Oxyhaemoglobin is known 
to be a stronger acid than reduced haemoglobin, which suggests that in reduced 

haemoglobin the protein molecule and the iron-containing molecule are com- 
bined by two separate linkages, while in oxyhaemoglobin the two molecules 

are combined by only one linkage, the spare linkage of the protein requiring 

sodium or some other positive ion and the spare linkage of the iron-containing 

molecule requiring a gas, for its saturation. Thus the combinations would 
appear to run as follows: 

(A=B) 22 (A=) + (B=) 
(—B)+X 2 (—BX) 

(A=) + (—BX) @ (—A—BX) 

(—A—BX) + Na 2 NaA—BX. 

Now if the process of combination of haemoglobin with a gas were as suggested, 

the recombination of the protein with the gas-saturated iron-containing parts 
might be expected to take place quite independently of the nature of the gas 

with which the latter was combined. In other words, in equation (III) the 
equilibrium constant is independent of the nature of the gas X, and is con- 
cerned only with the fact that one of the affinities of B has been satisfied. 
In equations (I) and (III), assuming the degree of dissociation of haemoglobin 

to be very small, if the proportion of saturated haemoglobin (HbX), be 
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called y, and the proportion of unsaturated haemoglobin Hb, be called 

Cory Gyr On. (V) 
Assume first that the gas X is O, only. Then equation (II) gives 

(BX) = Ko (B) (X), 
where Kg is the equilibrium constant of the O, reaction. Combining this with 

(IV) and (V) we find, 

y= x (Koy"(X)" = K(X)" say 
which is the ordinary equation to the O,-dissociation curve. Similarly, if the 
gas X be CO only, we obtain identically the same equation with another 
constant K. Furthermore, CO, may be assumed (see below) to act upon the 

combination by capturing some of the Na satisfying the spare linkage on the 
protein molecule, and so reducing the value of Ky. Its effect therefore would 

be identical in the two cases of O, and CO, as observed. 
Finally, if the gas X be a mixture of O, and CO, the equation (II) becomes, 

B+ 0, 7 BO, 

B + CO 7 BCO 

with the result, (BO,) = Ko (B) (O,) 

(BOO) = Koo (B) (CO) 
from which, 

(BX) = (BO,) + (BCO) = (B) [Ko(O.) + Keo (CO)). 
Combining this with (IV) and (V) we find, 

pny = KL Ko (02) + Keo (CO)P. 
Thus the total amount of haemoglobin saturated with gas is 

y= K;/K, [Ko(02) + Keo (CO)]" 

1+ K;/K, [Ko(02) + Kco(CO)}" 

of which a fraction, 

K(92)/[Ko(92) + Keo (CO)] 
will be saturated with O,, and a fraction, 

Keo (CO) /[Ko(92) + Keo (CO)], 
with CO. These relations are identical with those shown above (p. 578) to 
satisfy all the observed facts. Further, with regard to the action of COs, it 
the amount of O, and CO be sufficient to saturate the haemoglobin completely, 

it is clear that the rectangular hyperbola giving the distribution of the haemo- 
globin between CO and O, is affected only by the constants Ky and Kyo, and 
not at all by the constants K, and K,. But the action of COQ,, on this theory, 

lies in its tendency to seize upon the Na satisfying the spare linkage of the 
gas-saturated haemoglobin complex, 7.e. in its effect on the constant K,: thus 

the presence of CO, should have no effect on the relative distribution of 

37—2 
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saturated haemoglobin between CO and O,, which depends only upon the 
constants Ky and K,o. This again is in accordance with observation. : 

There are certain other facts which, although indirectly, provide indepen- 
dent confirmation of the theory. There is no doubt that the combination 
between the protein and the iron-containing part, is a very loose one, and it 
is known that chemical agents (e.g. potassium ferricyanide), or bacteria, or 
a high temperature, act much more readily on haemoglobin when uncombined 

with gas, than when combined, and much more readily on oxy- than on CO- 
haemoglobin [see e.g. Hartridge, 1912, 2]. One would expect the active agent 
to work more readily on dissociated molecules. But the presence of a large 
proportion of unsaturated Hb would lead (see equation (I)), by the laws of 

mass action, to a large proportion of free dissociated molecules. The presence 
of O, would eliminate these molecules by combination, as in equation (II). 

The presence of CO however, even at low pressures, would eliminate them 
much more effectively, since a small breakdown of the gas-combined compound 
would immediately and enormously raise the effective combining pressure of 

the CO, leading to an almost complete absence of the dissociated molecules 

of haemoglobin. 

_ A further point of interest arises in connection with the effect of tempera- 
ture. Hartridge [1912, 1] found a relatively small, but definite, effect of tem- 

perature upon the position of equilibrium of the reaction, 

Hb O, + CO 7 HbCO + 04. 

Taking his figures, and employing the equation 
K = Ket (2 2220 

to determine the heat of reaction, we find 

q = 5240 calories per g. molecule. 

This is some 19 % of the value found by Barcroft and Hill [1910], by the same 

method, for the heat of reaction of one gram-molecule of oxygen with dialysed 

haemoglobin, and about 50 % of the value similarly found in hitherto un- 
published experiments by Brown and Hill in the case of whole blood. Recent 
experiments however by Hartridge [1921] have shown that his earlier observa- 

tions were in error, by not allowing for a natural shift of the a-band with 
temperature, and suggest that the effect of temperature on the position of 
equilibrium of O, and CO with Hb is really nil, or practically nil, a conclusion 
which confirms an earlier observation of Haldane and Lorrain Smith. In that 
case the heat of reaction of 

Hb 0, + CO > Hb CO + O, 

is very small, or nothing. Thus, even though CO has hundreds of times the 
affinity for Hb that O, has, its heat of reaction is almost exactly the same: 

this makes all the more likely the hypothesis that in the recombination of 
the protein with the gas-satyrated iron-containing molecule no effect is 
exerted by the actual chemical nature of the gas, but only by the fact that a 
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free affinity is satisfied; combination with either gas has reduced the total 
energy of the molecule by identically the same amount, and the protein is 
indifferent as to which gas has done it. 

The effects of acids and CO, on the dissociation curve. 

It has been known for some time, chiefly as the result of the work of Barcroft, 
that the addition of acid to blood has a large effect on the dissociation curve, 
and recently Adair and Henderson have shown empirically that 1/K isa linear 
function of the CO, pressure. It is possible to deduce these interesting and 
important facts from the theory as follows: we suppose that the haemo- 

globin in blood is H.(Hb),,, a very weak acid, while the oxyhaemoglobin is 
H.(HbO,),,, a stronger acid (Christiansen, Douglas and Haldane, 1914]. The 

following equilibria then co-exist inside the ecorpuscle (small letters represent 
concentrations, and B represents alkali, Na or K, inside the corpuscle): 

H (Hb), + B’+ OH’ 2 B(Hb),+H,O (A) 

(l—y—z—-u) (6) (f) (y) | 
H (Hb), + nO, @ H(HbO,),, oneness) 

(lI—y-—z—u) (2) (2) 
BU th hOes DLO O De in a (C) 

(y) (2) (u) 
H (HbO,), + B’+ OH’ @ B(HbO,),+H,O~ ....... (D) 

(2) (o) (f) (u) 
From these equations we have, 

From (A), a . = k, fb. 

From (C), uly = kx”. 

From (D), ulz = k,fb, 

where k,, ky, kg, and k, are the equilibrium constants of the several reactions. 
From these we can deduce that, 

zZ+U 1+1/k,fb 

1-(@+u) tt ieg ; sae 
But (z + u) is the O,-saturated fraction of the haemoglobin, [1 — (z + u)] the 
unsaturated fraction, so that this equation is the same as the ordinary “ Hill’s 
equation” of thedissociation curve, witha K equal to k, (1+ 1/k,fb)/(1+1/k, fb). 

1 _ 1 (1+1/k, fb) Hence, 
fox i (1+ 1/k, fb)" 

Now oxyhaemoglobin is a much stronger acid than reduced haemoglobin, or 
in other words, k, is much greater than k,. But, if k, be large, 1/k,fb will be 
small, and we may neglect it in comparison with the other terms. Assuming 

that we may neglect it we obtain immediately, 

x= 4, (b+ Wh fo). 
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Let & be the dissociation constant of water: then f = (OH’) = k/C,: hence 

z= Zl + Cy/kkyb). 

Thus 1/K depends upon kg, k, k,, which are chemical constants, independent 
of everything presumably except temperature, and upon C,/b, the ratio of 
the hydrogen to the basic ion concentration. Thus 1/K will be increased, and 
the dissociation curve shifted to the right, by an increase in the hydrogen ion 
concentration of the contents of the red blood corpuscle. This agrees with 
the experimental facts. A study of the actual quantities involved shows that 

C,,/kk,b is usually so large compared with 1 that the equation may be written, 

without serious error, 

1/K = Cy/kkykgb. 

This also agrees with the facts. Barcroft and Peters [1914], and Donegan 
and Parsons [1919], have shown that the relation between log K and the 

P,, (— log Cy) of the plasma is a straight line (the so-called “P-B line”). 
This meansthat 1/K is proportional to some power of Cy, and since this straight 
line is usually inclined at 45° to the axes this power is usually the first: thus 

1/K is proportional to (C,)” where m is generally unity. This agrees with the 
above deduction. If we suppose the haemoglobin molecule to be capable of 

reacting with more than one molecule of base, e.g. according to the scheme, ~ 

H, (Hb), + 2B’ + 20H’ 2 B, (Hb), + 2H,O 
then 1/K will be found to depend not upon the first but upon some other 
power of the hydrogen ion concentration: this may account for “P-—B lines” 

inclined at an angle other than 45° to the axes. According to the equation 
1/K varies inversely with b the concentration of basic ions. Thus it is not 

the hydrogen ion concentration alone which determines the dissociation curve: 
it is the ratio, inside the corpuscle, of the hydrogen ion to the basic ion concen- 
tration. These two ions must be regarded as competing with one another for 
possession of the haemoglobin. One individual may have a higher Na’ or K* 

concentration inside his corpuscles than another, so that at a given Cy their 
dissociation curves will be different: this may explain certain well-known 

differences between individuals or species. 
In the presence of CO, the C,, outside the corpuscle is given by the relation 

Cy = « (H,COs)/(HCO,’), where (H,CO,) is the concentration of dissolved 

CO, in the plasma, (HCO,’) that of bicarbonate ions, and @ is the dissociation 
constant of carbonic acid. If we assume that the Cy, of the plasma is the 
same as, or is proportional to, the Cy, of the corpuscular contents, we may 
substitute this value of Cy, or a number proportional to it, in the above 
equation, so obtaining, 

_ i [1 + @ (H,CO,)/kkb (HCOs’)}. 

Thus, on the theory, 1/K is a linear function of the CO, pressure, in direct 

agreement with Adair’s [1921] experimental results. Moreover, this form of 
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the equation gives some meaning to the constants. The constant 1/k, (Adair’s 
constant 6) is the inverse of the equilibrium constant of the reaction 

| B (Hb), + 0, 7 B(HbO,),. 

Being the constant of a definite chemical reaction we should expect to find 
it invariable except for a change of temperature. Adair finds it practically 

unaffected, in general, by dyspnoea. On the other hand the constant 

a/kk,b (HCO,') 

(Adair’s a/b) is simply a certain constant divided by the product of the con- 
centrations (i) of basic ions inside the corpuscle and (ii) of bicarbonate ions 

outside. In dyspnoeic cases Adair found a much higher value of his a, and 
about the same value of his b, 2.e. a higher value of a/b. Thus, on the theory, 

a/kkyb (HCO3') 

is increased in dyspnoea. But a/kk, should be invariable (except for a change 
of temperature) being derived from the constants of definite chemical re- 

actions. Hence any increase in Adair’s a/b must be due to an increase in 
1/b(HCO,’'). But in dyspnoea we should expect HCO,’, the amount of free 

dissociated bicarbonate present, to be reduced, and 1/b(HCO,’) to be in- 
creased. This agrees therefore with Adair’s experimental results. Thus the 
increase, in dyspnoea, of the ratio a/b of Adair’s constants a and b may be 

credited simply to a reduction in the amount of bicarbonate in the plasma, or 

possibly to a reduction in the concentration of basic ions inside the corpuscle: 
while the linear relation between 1/K and the CO, pressure is due to the com- 
binations of reduced- and oxy-haemoglobin with the base which is being 

competed for simultaneously by the CO,. Thus the effects of CO, upon the 
dissociation curve of blood can be attributed simply to physico-chemical 

reactions between the haemoglobin regarded as an acid, the sodium bi- 

carbonate, and the CO,. It would be interesting to pursue the subject further 
by an experimental investigation of the effects of temperature, etc., upon 

the several reactions involved. 

SUMMARY. 

A theory is suggested to explain: 
(a) the S-shaped dissociation curve of oxy-haemoglobin in the presence 

of salts, and the similar curve of CO-haemoglobin; 

(b) the identical effects of CO, upon these curves; 
(c) the rectangular hyperbola relating CO-saturation to CO-pressure, or 

O,-saturation to O,-pressure, in blood or haemoglobin fully saturated with a 

mixture of O, and CO; 

(d) the absence of any effect of CO, upon these curves; 
(e) the paradoxical relationship between CO-saturation and O,-pressure, 

or between O,-saturation and CO-pressure, in blood or haemoglobin only 
partly saturated with a mixture of O, and CO. 
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It is shown also that the effects of acid, and of CO,, upon the dissociation 

curve of blood, can be deduced from the hypothesis that the available alkali 
inside the corpuscle is competed for by the oxy-haemoglobin, the reduced 
haemoglobin, and the acid or COg, the first being a far stronger acid than the 

second. The so-called ‘‘P-B” line (the relation between log K and Py), and 
the Adair-Henderson line (the relation between 1/K and CO, pressure) are 
thereby explained. The constant 1/K is shown to depend upon the ratio of 
the hydrogen to the basic ion concentration inside the corpuscle. This may 

explain the differences in the dissociation curves of different individuals. 
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Worster [1889] and Raciborski [1907] first showed that various quinones 

gave red colorations with proteins, proteoses, and amino-acids. Meunier and 

Seyewetz [1908] furthermore showed that hide could be tanned by quinol 
in the presence of oxygen and alkali or by benzoquinone itself, and suggested 
that the tanning process was due to the reaction between this quinone and 
the amino-groups of the tissue. Fischer and Schrader [1910] found that 
qiunones reacted with ethylglycine with the formation of quinol and a sub- 

stance analogous to di-anilinoquinone. 
One of us [Cooper, 1913] confirmed the observations of Wurster and 

Raciborski and investigated in more detail the relations of p-benzoquinone 

to proteins. It was found that not only were proteins coloured permanently 

red by treatment with solutions of this quinone, but other physical properties, 
e.g. solubility and precipitability, were also changed, and evidence was adduced 
that the quinone reacted as in the case of formaldehyde with the amino- 
groups of the proteins. Shortly afterwards Scharvin [1913] also observed that 
various proteins were dyed by benzoquinone and its homologues, and came 
to the same conclusion as the former workers in regard to the nature of the 

dyeing process. Anthraquinone and phenanthraquinone were without action. 
Suida [1913] also found that wool was dyed by solutions of benzoquinone, 

toluquinone and 3: 6-0-xyloquinone in acetic acid solution, but not by 
2:5-p- and 2:5-m-xyloquinones, thymoquinone, anthraquinone or phenan- 

thraquinone. He pointed out that the quinones active in dyeing all contained 
the —CO—CH =CH—CO— group and concluded that they reacted with the 

amino-constituents of the wool. 
These facts themselves suggest that quinones would be powerful germicides 

and Thalhimer and Palmer [1911] found (apart from these considerations) 

that benzoquinone greatly exceeded phenol, cresol, quinol, and other sub- 

stances in germicidal power, this being confirmed by Cooper [1912, 1]. 
A further study of the efficacy of the quinones and their derivatives as 

disinfectants has since been made with the object of discovering substances 
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suitable for use as germicides in the living organism, and the results so far 
obtained are set out in the present paper. First of all, however, reference 
should be made to certain observations of theoretical interest, bearing on 
the mechanism of the reaction which proceeds between quinones and proteins. 

I. THE RELATIONS OF QUINONE TO PROTEINS. 

(a) General Observations. 

As stated in a previous paper [Cooper, 1913] when gelatin was immersed 
in aqueous p-benzoquinone solutions, it became permanently red and in- 
soluble in water. Egg-albumin suspensions also gave a red coloration, but 
the protein was not precipitated. Subsequently, however, it was found that 

if the albumin solution were mixed with strong solutions of this quinone (0-5 to 
1 %) and the mixture left for several days, a red floceulent nitrogenous pre- 

cipitate separated. This product was insoluble even in large volumes of water 
and alcohol, and was not decolorised by boiling in either medium. Unlike 

albumin coagulated by heat, or phenol, the precipitate was insoluble in hot 
anhydrous phenol or m-cresol and in acid, and was only slowly dispersed by 
alkali. The dispersion was destroyed by the addition of acid and by dilute 

ammonium sulphate, saturated solution of magnesium sulphate and sodium 

chloride, as is the case with albumin denaturated by heat or phenol. | 
The effect of some of the homologues of benzoquinone has also been 

studied. Toluquinone also gave intense red colorations with gelatin, egg- 
albumin, and caseinogen; xyloquinone and thymoquinone gave however no 

colorations. | | 
Equal amounts of washed dry gelatin were immersed at room temperatures 

in equimolecular solutions of p-benzoquinone, toluquinone, xyloquinone, and 

thymoquinone (0-023, 0-037, 0-04, 0-05 °% respectively). Immersion for less 
than 24 hours in the benzoquinone solution was sufficient to render the gelatin 

intensely red and insoluble in water. The gelatin suspended in the toluquinone 

‘solution for the same length of time was coloured less intensely and even after 
six weeks was not rendered insoluble. The gelatin immersed in the solutions 
of the higher homologues was unaffected. From these observations it seems 

that as the homologous series is ascended the reactivity of the quinones 
towards proteins diminishes; in the case of the phenols and alcohols, on the 
other hand, it was found [Cooper, 1913] that their protein-precipitating power 

increased as successive homologues were considered, 

(b) The removal of quinone from solution by proteins, 

The experiments described in this section were carried out with the object 
of investigating the influence of concentration and other factors upon the 

amount of quinone removed by proteins from aqueous solution, 
Materials used. The proteins used were gelatin, egg-albumin and caseinogen, 
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Gelatin. The Swiss Gold Label brand was used. The gelatin was washed 
in running water for 24 hours, drained, air-dried and then cut into small 

slips and dried at 110°. 
Egg-albumin. Crystalline egg-albumin prepared by the method of Hopkins 

and Pinkus [1898] was used. The crystalline protein was dialysed in running 

_ water and employed as a colloidal suspension. 
Caseinogen, prepared according to Hammarsten, was employed. It was 

dried at 110° before use. 
Estimation of quinones. The method used, which was that devised by 

Valeur for p-benzoquinone, and its homologues and derivatives, depends on 
the fact that a quinone sets free iodine from a mixture of hydrochloric acid 

and potassium iodide. 

EXPERIMENTAL METHODS. 

Definite amounts of a protein were immersed in equal volumes of quinone 
solutions of known strength. At stated times the amounts of quinone left in 

the solutions were again estimated. 

(a) Experiments with precipitated caseinogen. 

The dialysing method of Moore and Bigland [1910] was employed, the 
protein being restricted to one region of the water-phase by means of parch- 

ment paper, so that the content of quinone in the aqueous solution could be 
accurately determined. 

It was found that the quinone dialysed rapidly and was not taken up by the 

parchment. With phenol under these circumstances equilibrium was attained 

at 20° within 40 hours [Cooper, 1913], but with quinone, the concentration 
in the water-phase continued to fall after a much longer period and equilibrium 
was not reached in 10 days. For this reason dispersed proteins were sub- 
sequently used. 

(b) Egg-albumin (colloidal solution). 

Ten cc. of a dialysed suspension (18 %) were placed within the dialysing 
bag at 20° and 25 ce. of benzoquinone solution outside. 

Table I. 

° Initial strengths of quinone solution 1. 0-284 % 

” ” ” 2 0-284 

” ” ” 3. 0-192 

” ” ” 4. 0-192 

The concentration of quinone continued to fall during four weeks, until 
by the 30th day no quinone could be detected. In the case of phenol, however, 
the maximum amount was absorbed by the protein within 24 hours [Cooper, 
1912, 1] in accordance with the partition-law. From the above results it is 
found that 1-8 g. of albumin removed 0-099 and 0-050 g. of quinone respectively 

from the solutions: of 0-284 and 0-192 %. The amounts of phenol absorbed by 
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the same weight of protein from the same initial concentrations were 0-012 
and 0-006 g. [Cooper, 1913], (calculated from partition-coefficients). Quinone 
was thus removed by egg-albumin in much greater amount than phenol from 

the same concentration. 

(c) Gelatin. 

As at 20° gelatin is not appreciably soluble in water, in the following 

experiments the dialyser was dispensed with. 

Table II. 

Weight of protein 2g. Volume of quinone solution 100 cc. 20°. 

Initial concentrations 1. 1-04 % 

” ” 2. 0-52 

” ” 3. 0-26 

A fall in quinone concentration was again observed to continue for several 
weeks, and at the end of 50 days no quinone was left in solution. The uptake 

of phenol by gelatin however was complete within two minutes [Cooper, 1913]. 
The results show that 2 g. of gelatin removed 1-04, 0-52, 0-26 g. of quinone 

respectively from the three solutions. The amounts of phenol removed by the 
same amount of protein from the same concentrations of phenol, on the other 

hand, were 0-06, 0-03, 0-015 g. respectively [Cooper, 1913], (calculated from 

partition-coefficients). As in the case of albumin, more quinone than phenol 
was thus removed by gelatin from the same concentration of these substances. 
Furthermore, while the absorption of phenol by gelatin and albumin was 

reversible, it was not possible to recover any quinone from the proteins even 
after boiling in water. 

Experiments were next carried out with smaller amounts of gelatin with 

the object of determining an equilibrium-point. 

Table III. 
(a) Weight of gelatin 0-5 g. Vol. of quinone solution 150 cc. Temp. 20°: 

Quinone concentration in Total amount of quinone 
Initial quinone water-phase after removed by the protein 
concentration 8 weeks after 8 weeks 

1. (a) 0-620 % 0-198 % 0-633 g. 
(6) 0-620 0-198 0-633 

2. (a) 0-310 0-106 0-306 
(6) 0-310 0:106 0-306 

3. (a) 0-124 0-033 0-136 
(6) 0-124 0-033 0:136 

4. 0-062 0-009 0-080 

(6) Weight of gelatin 0°25 g. 

1. 0620 %, 0320 % 0-450 g. 
2. (a) 0310 0-176 0-201 

(b) 0-310 0-176 0-201 
3. 0124 0-062 0-093 
4. 0-062 0-029 0-050 

From all the foregoing concentrations the gelatin continued to remove 

quinone for several weeks, and equilibrium was not even attained after 
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eight weeks. It is seen from the table that gelatin removed or reacted with 
very large amounts of quinone, 0-25 g. of the protein for example removing 
from an initial concentration of 0-62 % as much as 0-45 g. of quinone. The 
results in eight weeks also show that the amount of quinone disappearing 

depends upon the initial concentration, being in fact approximately propor- 
tional to the concentration. 

The observations so far strongly suggest that a slow chemical reaction 
proceeds between quinone and proteins, especially as Benedicenti [1897] found 

that formaldehyde, which reacts chemically with proteins, is gradually re- 
moved by the proteins from aqueous solutions for several weeks, until finally 

a maximum uptake is indicated. 
Some washed gelatin and dialysed egg-albumin were next added to aqueous 

solutions of quinone and when all the quinone had disappeared, the solutions 

were extracted with ether. It was possible in each case to detect quinol in 
the ethereal extract. This suggested that quinone was behaving as a peroxide 

and that substances were formed in the interaction of proteins and the quinone 
analogous in constitution to the anilino-derivatives in the case of ethylglycine. 
It does not exclude, however, the possibility of the alternative reaction in 
which quinone behaves as a diketone as formerly suggested [Cooper, 1913). 

The results show conclusively that quinone reacts with proteins, and that the 

interaction is of some complexity. 

II. THe BacrericipaL ACTION OF THE QUINONES. 

The remarkably high bactericidal power of quinone has already been 

referred to in previous communications [Cooper, 1912, 2, and 1913] and the 
evidence therein presented suggested that this reactivity was associated with 
a chemical action on certain constituents of the bacterial protoplasm. As 
benzoquinone exhibits dynamic isomerism and is capable of reacting as either 
a diketone or a peroxide, it was felt that a further study of this very reactive 

substance and its homologues from the point of view of their bactericidal 
power and relation with proteins would be of great interest. 

Table IV. Carbolic acid coefficients. Temp. 20°. 
B. typhosus Staphylococcus py. aur. 

: c Am cr — | 

Disinfectant 15min.  30mins. 15 mins. 30 mins 
p-Benzoquinone 190-0 — 12-6 21-0 

* 80-0 a 10-0 -— 
p-Toluquinone 20-0 70-0 <40 3°25 
Xyloquinone <19-0 <19-0 — — 
Thymoquinone <19-0 <19-0 — — 
Phenol 1-0 1-1 1-0 1-0 
o-Cresol 2-6 _ 2-1 _ 
m-Cresol 2-6 _— 2-0 — 
-p-Cresol 2-6 --= 2-4 — 
Thymol 25-0 _- — pals 
Quinol 1-0 — — — 

Formaldehyde 0-5 _— 0-3 — 
Benzaldehyde 10-0 
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For this purpose bactericidal power has been measured in terms of carbolic- 
coefficients, determined by the method of Chick and Martin [1908] in the 

absence of organic matter. 
[t was thought possible that the high germicidal power of the quinones 

was due to the inhibitory action of traces carried over to the broth-tubes 
during the process of sub-culturing. To ascertain if this were the case, the 
organisms were grown in broth at 37° in the presence of definite concentrations 

of the quinones. The following results were obtained: 

Table V. 

Benzoquinone Growth and Toluquinone Growth and 
concentration no growth concentration no growth 

1 in 10,000 - 1 in 10,000 - 

1 in 100,000 + 1 in 25,000 + 
1 in 1,000,000 + 1 in 100,000 “at 
1 in 10,000,000 + 1 in 1,000,000 + 

The results show that no marked inhibitory action took place, and it may 

be concluded that this factor did not interfere in the carbolic coefficient 

determinations. 
Several matters of interest arise from the results, set out in Table IV. In 

the first place, it is seen how extraordinarily selective benzoquinone was 
found to be in its bactericidal action. Not only were there wide differences 
in the carbolic coefficients determined with distinct organisms, but a con- 

siderable divergence also existed when different cultures of the same organism 
were employed. Although selective action is well known in disinfection, the 

differences observed are not usually so marked as found in the case of benzo- 
quinone. Whether these remarkable differences are due to specific action upon _ 

the bacterial protoplasm, or to selective permeability are matters for further 
investigation. The results also show that the bactericidal power of benzo- 

quinone was enormously greater than that of phenol, and quinol. The bacteri- 

cidal power of the quinones however diminished as the homologous series 
was ascended, while in the case of the phenols there was a marked increase. 

It is thus seen that while toluquinone was still superior to 0-cregol, the difference 
was not so great as in the case of the first members of the series. Furthermore, 

thymoquinone was actually inferior to thymol in germicidal efficiency. Morgan 
and Cooper [1912] previously found that there was a rise in bactericidal power 

in ascending an homologous series not only in the case of phenols, but also in 
the case of the monohydric alcohols and the aliphatic and aromatic amines; 

heptylamine, for example, possessing the very high carbolic coefficient of 27. 

The behaviour of the quinones is thus exceptional and calls for some 

special explanation. 
It is well known that benzoquinone exhibits dynamic isomerism, while 

the homologous quinones exist mainly in one (peroxide) form, The superiority 
of benzoquinone in bactericidal efficacy may therefore be due to the continual 

liberation of its molecules in the nascent reactive condition, 
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Determinations of the bacterial power of certain aliphatic ketones were 

next carried out, and the results are tabulated below. 

Table VI. Carbolic acid coefficients. 

Organism Organism 
Substance B. typhosus Substance Staphylococcus py, aur. 

Benzoquinone 190-0 Quinone 12-60 

Acetylacetone 0-20 Acetone 0-07 
Formaldehyde 0-50 Diacetyl 0-30 

Formaldehyde 0-30 
iso-Propyl alcohol 0-04 

It is seen that the three ketones: acetone, diacetyl, and acetylacetone, 

are remarkably feeble germicides, and are not only less efficacious than quinone, 
but even weaker than phenol and formaldehyde. 

Acetone, also, is not appreciably stronger than the secondary alcohol, iso- 

propyl! alcohol, from which it is derived. 
It is also seen that the aliphatic f-diketone acetylacetone which yields 

a tautomeric “enolic” form is much feebler in bactericidal power than benzo- 
quinone which forms a peroxide isomeride. 

SUMMARY. 

1. When proteins are added to solutions of p-benzoquinone, the latter 

slowly disappears, and equilibrium is not attained even after several weeks. 
Quinol can be detected in the course of the reaction. 

2. p-Benzoquinone thus appears to react chemically with proteins as a 

peroxide, and differs fundamentally from the phenols, which are distributed 
between water and proteins according to the partition-law and behave merely 
as protein precipitants. 

As previously pointed out, p-benzoquinone may possibly also react as a 
ketone with proteins, a simple condensation taking place as in the case of 
formaldehyde. 

3. Benzoquinone possesses a remarkably high bactericidal power, being 
from 80-190 times as efficacious in destroying B. typhosus as quinol and phenol. 

4. The bactericidal power of the quinones diminishes as the homologous 
series is ascended, while with the phenols, alcohols, and amines the opposite is 
the case. Consequently thymoquinone is less efficacious as a germicide than 
the corresponding phenol, thymol. 

5. The aliphatic ketones, acetone, diacetyl, and acetylacetone are much 
less efficient as germicides than benzoquinone, or even phenol and formal- 
dehyde. 

6. Acetylacetone exists in two tautomeric forms, ketonic and enolic, and 

it is thus seen that a diketone yielding an enolic form is much feebler in 

bactericidal efficacy than one, such as benzoquinone, giving a peroxide form. 
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CoNCLUSION. 

Further investigations must be carried out before the mechanism of the 
bactericidal action of benzoquinone is fully understood, but so far the results 
show that the extraordinarily high bactericidal power of this substance is 
associated with its property of exhibiting dynamic isomerism and is probably 

due to the chemical interaction of the nascent peroxide molecules with certain 

protein-constituents of the bacterial protoplasm. 
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Statement of the Problem. 

THOSE unicellular organisms which multiply by fission are, as Wassermann 
and others have pointed out, potentially immortal, since the protoplasm of 
the parent is contained in and shared between the daughter-cells. Further- 

more, in the presence of unlimited food and environmental conditions which 

are otherwise suitable they are possessed of conceivably unlimited capacity 

for reproduction. 
The actual conditions which attend the life of these organisms, however, 

never permit the full realisation of their capacity for multiplication, for even 
in the absence of any other check to unlimited reproduction, the ratio of 

population to food supply must sooner or later attain a point at which the 
further synthesis of protoplasm is an impossibility, and all obtainable food 
materials are requisite, or perhaps insufficient, to maintain the existing 

population. 
Notwithstanding the imaginable potentialities of a Protozoon, therefore, 

the actual phenomena which are displayed by a culture in a limited amount 
of culture medium are not unlike those which characterise the life-cycle of 
the interdependent cell-masses which compose the Metazoa. In the one case, 
as in the other, the synthesis of protoplasm, starting from a single cell, becomes 

more and more rapid as the number of cells increases, until a maximal repro- 
ductive rate, or rate of growth, is attained. From this point onwards, for 

reasons which are not as yet perfectly understood, the cellular reproductive 

capacity progressively wanes until the population has attained a maximum. 
It will subsequently be shown that a Protozoon culture exhibits youth, 

age, and the phenomenon of senescence, that is, not merely the slowing down 
of multiplication which is age, but that diminution of capacity to multiply, 
even under suitable conditions and in the presence of abundance of foodstuffs, 

which is senescence. The salient characteristics of the life-cycle of the higher 
animals are therefore also displayed by a culture of infusoria, and although 

the individual Protozoon is potentially immortal, the society comprised in a 
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given culture is subject to the law of mortality which sets a term to the 
existence of more complex cell societies. 

Those factors which are fundamental to and reside in the nature of proto- 
plasm itself must operate alike in a Protozoon culture and in the specialised 
cell-aggregates which form the Metazoa. A study has therefore been under- 
taken of the various factors which determine reproductive rate in cultures of 

infusoria, with a view to the application of information so obtained to the 
interpretation of the phenomena of growth in higher animals. 

There are especial advantages in approaching the problems of growth 
from this angle, because the units-which comprise a culture of infusoria are 

separable from one another without the slightest disturbance of the normality 
of their environment. The several units are alike, and their reproductive 
capacities may be directly ascertained by counting their descendants in a 
given period of time. Finally the entire cycle of development, from the single 

cell to the multitude of its descendants which are no longer able to increase, 
occupies a period of but a few days. 

Methods of Investigation. 

The species of infusorian employed in these experiments was Enchelys 

farcimen Ehr. It is an ovate or pyriform organism, finely ciliated throughout, 
the cilia being of uniform length over the greater part of the body, but some- 
what longer in the oral region. The mouth is at the narrowed anterior extremity, 
directed somewhat to one side. In old and “starved” cultures the organism 

is usually about 50» in length and one-third as broad, but in well-fed cultures 

which are only 24 hours old, or even 48 hours old when for any reason develop- 
ment has been delayed, the organisms are much broader and of a pear-shaped 

or even cubical outline. The pear-shaped organisms measure from 50 to 
70 pv in length and from 35, to 50 in breadth. Recently divided organisms 

are somewhat more than half the length of the fully grown individuals and 
globular or pear-shaped. Exactly similar changes of outline with abundance 

or scarcity of food have been noted by Jennings in cultures of Paramoecium 
[Jennings, 1910]. 

All of the organisms employed in these experiments arose, by repeated 
propagation of single individuals into fresh culture media, from two “wild” 
individuals originally isolated from a culture of chrysanthemums. The de- 
scendants from these two individuals have been separately propagated for 

over 200 generations, forming an “A” and a “ B” series of cultures. Throughout 
this period no uniform difference whatever has been observed in the rates of 
multiplication of the two strains, the few instances in which individuals 
simultaneously isolated from “A” and “B” cultures yielded decidedly differing 

numbers of descendants in 24 hours being in every case traceable to differences 
in the histories of the parent cultures or in the treatment of the subcultures. 

The culture medium employed was a hay infusion formed by heating five 

grams of chaffed hay in 100 cc. of tap water to boiling and then continuing 
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the heating on a boiling water-bath for 30 minutes. The infusion was filtered, 

0-4 cc. of N/10 Na, CO, was added to every 10 cc. of the filtrate, and the mixture 
usually employed as soon as it was cool, being made up afresh for each day’s 
subcultures. This is subsequently referred to as “Normal Hay Infusion.” 
In some experiments this fluid was allowed to stand at room temperature in 
a shallow covered layer, for from 24 to 72 hours, at the end of which period 
it is thickly populated by bacteria which have arisen from the spores which 
are not destroyed by boiling. This fluid was filtered through paper to free it 

from the zoogloeal masses floating upon its surface, the filtrate constituting 

what is subsequently referred to as “ Bacterised Hay Infusion.” 
Subcultures were prepared by removing from the parent culture a minute 

drop, averaging about 0-002 cc. by means of a pipette drawn out to a fairly 

wide capillary bore. This drop, usually containing from ten to thirty individuals, 
was placed in the centre of a depression in a microscope slide and diluted by 
the addition of a larger drop, averaging about 0-04 cc. of the fresh culture 
medium. Another minute drop was abstracted from this mixture and the 

process repeated until a single individual was obtained. Since it is possible 
to overlook an individual swimming close to the curved edge of a drop, and 
abnormal results in some of the earlier experiments were traced to this origin, 

._ the practice was adopted of invariably re-isolating the individual by diluting 
the drop in the manner indicated and abstracting small samples until one 
was found again to contain the single individual. This drop, measuring about 
0-002 cc. was then diluted by the addition of two large drops or 0-08 cc. of 

culture fluid, forming the final subculture. It will be observed that even if 
the first small drop isolated from the parent culture chanced to contain but 
a single individual, the final dilution of the parent culture fluid in the new 

subculture could not be less than | in 800 and, of course, it was usually much 

greater. 

The slide containing the culture was placed upon a pad of filter paper, 

soaked in water, in a petri dish, the edges of the dish being vaselined to prevent 

evaporation. 
The food of infusoria consists, not of the soluble substances which are 

present in the infusion, but of the bacteria which subsequently develop therein. 
Hence the factor which determines the food supply is the degree of bacterial 
infection in the culture fluid. For reasons which will be evident in the sequel, 

a culture heavily infected with bacteria may cause very rapid multiplication 
of infusoria. Herein lies one of the main difficulties in standardising the 
culture medium employed. For if the culture be too nearly sterile infusorial 
development is very slow, and if it be allowed to accumulate a large bacterial 
population before being employed the relative abundance of bacteria in 
different infusions may conceivably vary very greatly from time to time. It 
was felt that the nearest practicable approach to standardised conditions was 

afforded by employing for each day’s subcultures freshly-prepared “Normal 
Hay Infusion,” containing, presumably, comparable numbers of bacterial 
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spores. In the course of the experiments it was found necessary, however, 
to sterilise the glassware employed to contain the infusion, the pipettes 
employed for isolation and dilution and the slides upon which the cultures 

were grown. Otherwise a film of bacteria on the surface of the glass may 
occasionally lead-to irregular results. The technique employed was essentially 
similar to that described by Jennings [1913, 2]. Containers, measuring 
cylinders, etc., were rinsed with ether which was subsequently washed out 
with repeated jets of distilled water. 

No attempt was made, in the majority of the experiments, to maintain 
a constant temperature, because the thermal death-point for these infusoria 
is so low that for the greater part of the year in South Australia room tempera- 

tures represent approximately optimal conditions. 

The organisms were isolated and counted under a magnification of 64 
diameters, employing a moderately bright, artificially illuminated field, against 

which they appeared relatively opaque. 

The Influence of the Age of the Parent Culture upon the sical! sects 

in Subcultures. 

The rate of multiplication of individuals isolated from cultures over 48 

hours old is very much slower than the rate of multiplication of individuals 
which are isolated from younger cultures. This fact is displayed in Table I and 

in the curve (Fig. 1) which summarise the various results obtained during 
the period of eight months throughout which these cultures have been the sub- 
ject of experimentation. The temperatures were not uniform and for this reason 

there appears little utility in calculating the probable errors of the averages 
obtained, since the observed variation of the results depended, not merely 
upon the inherent variability of the reproductive power of the cells themselves, 

but also, in part, wpon varying extraneous factors. Nevertheless the results are 
sufficiently uniform to display the essential phenomena, and the conditions of 

propagation were alike for each age of parent culture, so that the averages 

obtained in each class are comparable with one another. 
The initial rapidity with which the reproductive capacity of isolated 

individuals falls off with the age of the parent culture is very remarkable. 
This rapid loss of reproductive power during the first 48 hours is sueceeded 

by a slow but definite further loss during the following 48 hours. The slight 
recovery indicated in the last column of Table I (parent cultures 5 to 9 days 
old) may be merely apparent and due to the variability of the individual 

results and an insufficient number of observations to establish a true average. 
I am inclined to believe, however, that this increase is not apparent but real, 

and that the starvation to which the organisms in these very old cultures 
have been subjected renders them exceptionally sensitive to certain chemical 
conditions which, as we shall see, favour rapid multiplication. Experimental 
data bearing upon this point are not as yet sufficiently numerous, however, 

to enable me to affirm this view with certainty. 
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Table I. Cultures in Normal Hay Infusion. 

599 

Number of individuals produced in 24 hours from a single individual isolated from parent 

cultures of the following ages: 

1 day old 2 days old 3daysold 4daysold 5 to 9 days old 

16 14 4 8 o,.:2 2 2 
1611 in. ae : ieee 2 2 
33.71 4 8 , he 2 4 
32 46 28 8 2 8 2 2 
64 31 10 24 eg a* 2 2 
93 «18 8 2 ie 3 1 

105 14 9 4 : ee | 1 4 
96 14 8 3 ska | 1 2 
40 18 2 2 ree 4 1 
62 21 2 8 4 2 4 2 
30 =—56 2 4 4 2 2 2 
24 «24 3 4 ae 2 + 
5616 2 4 2 2 1 2 
26 8 1 , ORE 2 1 

6 1 L-4 1 8 
q 3 eae 1 6 
4 1 3 
4 1... 3 

aie 
1 

Averages: 38-4 5-9 2-6 2-0 2-8 

45° 

40- 

35- 

30% 

255 

10- 

NUMBER PRODUCED IN 

TWENTY FOUR HOURS 

¥ NORMAL HAY INFUSION 

BACTERISED HAY INFUSION 

AGE OF PARENT CULTURE 
+ Ls ’ 

1 2 3 4 DAYS 
Fig. 1. Showing the decrease of the multiplication-rate of isolated infusoria 

with increasing age of the parent culture. 
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The loss of reproductive capacity in individuals isolated from old parent 
cultures is due to changes which have occurred in the organisms themselves, 

and not to any retardative substances associated with the organisms in the 
parent culture and introduced together with the isolated individuals into the 
subculture. This is shown by the fact that repeated washing of the isolated 
individual in freshly-prepared hay infusion or in tap water or in faintly 
alkaline distilled water (2 cc. of N/10 Na,CO, to every 100 cc. of water) does 
not restore its reproductive capacity. Moreover the parent culture fluid is 

abundantly capable of supporting and permitting reproduction of infusoria 

if those already inhabiting it are removed. 
It is not easy to remove these infusoria from a culture by mere filtration 

through paper, because Enchelys is able to pass through the pores of even 
hardened filter paper. It was not desired to remove them by filtration through 
a Berkefeld filter, because this procedure would also remove the bacteria 
which form the food of the infusoria. But by heating to 50°C. for a few 

moments the infusoria are all killed and, having been immobilised, they are 

readily removed from the fluid by filtration through paper. The bacteria, at 
least the majority of them, are not killed by exposure to this temperature, 

and they pass freely through rapid-filtering paper. Now on subculturing single 
individuals into this fluid normal reproductive rates are observed, comparable 

to those observed in simultaneously prepared subcultures into bacterised hay 
infusion which has never been tenanted by infusoria. The following experi- 

ment illustrates this fact: 

Bacterised hay infusion which had stood for two days at room temperatures was heated to 
50° C. and then immediately cooled and filtered. Infusorial “mass cultures,” two and five days 
old respectively, and densely inhabited by infusoria, were similarly heated to 50°C. and then 

filtered. Single individuals from the same parent cultures (A,and B series), 48 hours old, were 
isolated into each of these culture media: 

Number of individuals 
Culture number Culture medium after 24 hours 

197 A Bacterised hay infusion 8 
197 B os * 16 
200 A Filtrate from 2-day infusorial culture 8 

200 B ” ” ” ll 

201 A Filtrate from 5-day infusorial culture 8 

The origin of the loss of reproductive capacity in old cultures is therefore 
to be sought in the density of the population, and not in any failure of the 

culture fluid to supply necessary nutrients or in any accumulation of products 
adverse to the multiplication of infusoria, The most probable explanation of 
this fact would appear to be that the nutritive requirements for the maintenance 

of the numerous infusorial population in an old culture have overtaken the 
rate of the reproduction of bacteria, so that the bacterial population is con- 
sumed just as rapidly as it is produced and the infusoria are thereby maintained 
at a nutritive level but little above the level of starvation, When the infusoria 
are removed the bacteria are permitted an opportunity to multiply before the 
new infusorial population attains a sufficient density to check them. We may 



Pay 

MULTIPLICATION OF ISOLATED INFUSORIA 601 

infer, therefore, that a period of existence at a low nutritive level is the factor 
which is actually responsible for the loss of the reproductive capacity of 

infusoria in old cultures. | 
This interpretation of the phenomenon is supported by the direct observa- 

tion that the bacterial population of old infusorial cultures is very small and 

speedily increases after removal of the infusoria, and it is furthermore sup- 
ported by the frequently-repeated observation that it is the density of the 
infusorial population rather than the age of the culture in days which deter- 
mines the reproductive capacity of its members. If for any reason such as 

lowered temperature, or a low reproductive capacity of the parent culture, 
development of infusoria in a subculture is retarded, then at two days the 

individuals isolated from it may display the reproductive capacity normal to 

individuals isolated from a 24-hour culture. In this way, subculturing alter- 
nately from old and young cultures, a rhythm of reproductive energy is 
readily induced and subcultures alternately exhibit populations of two and 
of from 16 to 32 individuals respectively in 24 hours after isolation. It is 

mainly to this fact that the wide variations of reproductive capacity are due 
which are displayed by individuals isolated from different parent cultures 

~ of equal age (cf. Table I). — 

The Influence of Preliminary Bacterisation of the Culture Medium upon the 

Multiplication-rate of isolated Individuals. 

Bacterisation of the hay infusions by preliminary standing at room tempera- 
tures for from 24 to 72 hours remarkably stimulates the reproductive capacity 
of the isolated organisms, and it delays, but does not completely prevent, 

the loss of reproductive capacity which occurs with age of the parent culture 
(Table IT and Fig. 1). Even in the presence of superabundance of food, there- 
fore, the individuals isolated from old parent cultures suffer a definite loss 

of reproductive capacity which appears to be analogous to the senescence 

Table II. Cultures in Bacterised Hay Infusion. 

Number of individuals produced in 24 hours from a single individual isolated from parent 
cultures of the following ages: 

2 days old 3 days old 

34 «16 8 

29 8 8 

28-31 1 

34 60 2 

35 8 3 

17 8 2 

26 7 8 

17 4 3 

+ a 1 16 

ll 16 9 

:| for) Oo Averages: 19-9 
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which overtakes the tissue-cells of the higher Metazoa with advancing age. 
Here again, however, very old (i.e. starved) parent cultures may show a 
surprising recovery of reproductive capacity in bacterised infusions. Thus in 
one experiment individuals from cultures of the “A” and “B” strains which ~ 
were no less than 8 days old had produced 33 and 31 individuals pig aaeaigs 

24 hours after isolation into a bacterised infusion. 
It will be seen, on comparing the results enumerated in Tables I kee Il, 

that the reproductive capacities of individuals isolated into bacterised cultures 
are even more variable than the reproductive capacities of individuals isolated 
into normal hay infusion, initially sterile except for bacterial spores and the 
small contamination introduced together with the isolated infusorian, The 

same fact has previously been noticed by Jennings and it appears probable 
that the extent to which previous bacterisation of the infusion favours the 
multiplication of infusoria depends upon the ratio of bacterial to infusorial 

population and upon the period and temperature of the previous incubation. 
Experiments designed to ascertain the precise method of preliminary bacterisa- 
tion which produces maximal acceleration of multiplication are at present in 

progress. 
Heating the bacterised infusion to boiling-point, or even for 90 minutes 

on a boiling water-bath just before its employment, does not diminish the 
multiplication-rate of individuals isolated into it. The following is illustrative 

of many experiments: 

Culture numbers 150 and 151. The parent culture was two days old. The hay infusion had 

stood for two days at room temperature: , 

Number in subculture 
Culture number after 24 hours Culture fluid 

A B ‘ 

150 35 17 Bacterised hay infusion 
151 26 17 Same, boiled before using 

Evidently, therefore, living bacteria are not essential for the occurrence 

of the accelerated multiplication. Doubtless killed bacteria are not less avail- 
able than living ones as sources of food materials, but although the final 

number of infusoria produced in a given culture is sooner or later determined 
by the number of bacteria, dead or living, which are present, yet the initial 
accelerative action of bacterised culture media remains very pronounced even 
after passage through a Berkefeld filter, which deprives it of bacterial content. 

This is illustrated by the following, typical of a number of experiments: 

Cultures 234, 236 and 237. The parent culture was two days old. Cultures 234 (A and B) 
were isolated into normal hay infusion, 236 (A and B) into hay infusion which had been bacterised 
for two days and then filtered through a Berkefeld filter, 237 (A and B) into the same bacterised 
infusion, without filtration. The cultures were examined at frequent intervals and at the end of 
#ix hours division had occurred in each of the cultures 236 (A and B) while there was as yet no 
sign of division in the cultures 234 (A and B) or 237 (A and B). In 22 hours the numbers in 
cultures 234 and 236 were equal (4 in each) while the cultures 237 (A and B) were increasing 
more rapidly (8 and 5 respectively). In 28 hours the individuals in the unbacterised infusion 

numbered 8 and 14, in the filtered bacterised infusion 4 and 4, and in the unfiltered infusion 20 
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and 16. The acceleration due to bacterisation was not, in this instance, very pronounced, but 

it occurred first of all in the bacteria-free medium and only ceased to manifest itself when actual 
deprivation of nutriment compulsorily brought multiplication to a standstill. At 22 hours, when 
the numbers in the various cultures were approximately equal, the organisms inhabiting the 
filtered fluid were of the thin, actively-swimming, “starved” type, while those inhabiting cultures 

234 and 237 were of the “fat” type and very sluggish in movement. 

The interest of the above experiment lies especially in the observation of 
the moment at which the first division occurred, and the fact that it occurred 

earliest in the filtered bacterised medium. The following illustrates more 

strikingly the accelerative effect of soluble bacterial products, without con- 
fusion of the comparison by the secondary effects of unequal food supply: 

Cultures 259 and 263. The parent culture was three days old. The hay infusion was bacterised 
by standing for 48 hours at 23° C. and then filtered through a Berkefeld filter. The filtrate was 

mixed with an equal volume of normal hay infusion: 

Number of individuals in 
Culture number subcultures in 24 hours Culture fluid 

A B 

259 1 1 Normal hay infusion 
263 ll 16 Same plus an equal volume of bac- 

terised and filtered infusion 

The accelerative effect of the bacterised infusion is not therefore dependent 
upon the presence of bacteria, whether living or dead, but upon the presence 

of soluble products arising from the inhabitation of the medium by bacteria. 
It might be imagined that the change in the medium induced by an 

abundant population of bacteria consists in nothing more than an adjustment 
of the reaction to a more favourable hydrogen ion concentration. The quantity 
of Na,CO, added to the normal hay infusion was, however, that which was 
found by repeated trials to yield the optimal reaction for multiplication. 

Saturation of the normal hay infusion with carbon dioxide increases the 
reproductive rate a little, but not to any extent comparable with the accelera- 
tion which may be produced by bacterisation. Moreover the accelerative agent 
is not volatile; it is not discharged from the bacterised fluid by boiling, nor 

can it be conducted by distillation into normal hay infusion. 
Since the accelerative effect is independent of the supply of foodstuffs and 

may actually be evidenced by relatively starving organisms, the action of this 
substance presents analogies to the accessory rather than to the primary or 

calorific foodstuffs. The recent investigations of Williams [1919], Bachmann 
[1919], and of Funk and Dubin [1920] have shown that aqueous or acid 
alcoholic extracts of a variety of vegetable tissues, such as autolysed yeast 

or lucerne, contain a substance which has a marked accelerative effect upon 
the multiplication of yeast cells, and because of a rough parallelism which 
exists between the content of water-soluble accessory in such extracts and 
their stimulating effect upon the growth of yeast, it has been proposed to 
employ the increase in the rate of multiplication of yeast as a measure of the 
vitamin content of extracts. More extensive comparisons by Eddy, Heft, 
Stevenson and Johnson [1921], have shown, however, that the yeast tests 
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merely approximate the results of feeding tests on rats, the agreement being 
exact only within the range of dilutions between which the accelerative 
effect increases rapidly with concentration. Above this range the higher con- 
centrations of the extract do not produce a corresponding increase in the 
reproductive rate of yeast, and an optimum concentration exists beyond which 

the curve of stimulation falls. No such phenomena are exhibited in feeding 
experiments with rats, so that the substance which affects the reproductive 
rate of yeast would not appear to be identical with the water-soluble vitamin. 

Furthermore Emmett and Stockholm [1920] have recently shown that the 
yeast-stimulating substance is thermostable, resisting boiling temperature for 
90 minutes, while the water-soluble vitamin is destroyed under like conditions. 

The substance in bacterised infusions which accelerates the reproductive 

rate of infusoria is similarly thermostable and may possibly be identical with 

the substance in autolysed yeast extracts, etc., which accelerates the repro- 
ductive rate of yeast. In its thermostability this substance (if, indeed, it is 

identical with any of the hitherto identified classes of food accessories), 

resembles the fat-soluble accessory rather than the water-soluble accessory, 
but until we possess a more exact knowledge of the relationship of the stimula- 
tive substance in bacterised hay infusions to the known food accessories on 
the one hand, and the yeast-stimulating substance on the other, I prefer for 

brevity of reference to employ the designation “‘ X-substance.” 
Incidentally these results throw light upon the origin of an old mis- 

understanding. The original experiments of Engelmann [1876] and Maupas 
[1888, 1889] were held to have proved that asexual reproduction in infusoria 

could not continue indefinitely, because slide-cultures propagated repeatedly 
without conjugation died out, owing to total loss of reproductive capacity, 
in from 200 to 300 generations. On the other hand it was in some instances 
found that conjugation with a “wild” individual caused a remarkable access 

of vigour and reproductive capacity. Hence it was inferred that conjugation 
exerted a rejuvenating and invigorating effect upon the stock. Jennings 

[1913, 1], however, has demonstrated that if otherwise similar cultures be 

compared, those in which conjugation has occurred have actually an average 
reproductive capacity far lower than that of individuals which have never 

undergone conjugation. The offspring arising in conjugating cultures are, 
however, much more variable than those which arise by asexual reproduction, 

so that an occasional individual may chance to display a high reproductive 
rate. So far from exerting a rejuvenating effect upon the stock, conjugation 

brings about many abnormalities and greatly increases the death-rate among 

isolated individuals. 
The loss of vigour in asexually propagated slide-cultures does not arise, 

therefore, from the absence of conjugation. According to Woodruff [1911] it 

is due to monotony of the environment, and he has succeeded, owing, he 

believes, to the fact that he repeatedly varied the culture medium, in pro- 

pagating a culture of Paramoecium asexually, without any loss of reproductive 
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capacity, for over two thousand generations. In reading his description of 
the culture media employed, it appears very possible that the variation in 
the medium which, from time to time, resulted in re-invigoration of his 

cultures, may have been a favourable degree of preliminary bacterisation. 
He describes his culture media in the following words: “From May 1907, 
through January 1908 the culture medium consisted of infusions of hay and 
grass, but no particular care was taken to keep the medium the same from 
day to day....In some cases the liquid was used as soon after it had been 
boiled as it had attained the room temperature, in other cases it was allowed 
to stand in a stoppered flask for twenty-four hours or more. But from 

February 1908 to the present time a more varied culture medium has been 

used...materials for the infusions were taken practically at random, from 
laboratory aquaria, hay infusions, ponds, etc. The infusions were thoroughly 
boiled to prevent the contamination of the pure lines of the pedigree culture 

by wild individuals.” 
Since boiling does not diminish the stimulating effect of bacterised cultures 

and many of the infusions described by Woodruff must have been heavily 
infected with bacteria before boiling, intermittent stimulation of reproductive 

capacity through the presence of “X-substance” in the culture media must 

evidently have occurred. 
For over 200 generations my laboratory cultures of Enchelys, propagated 

asexually, have shown no consistent diminution of reproductive capacity. It 
is, however, very easy to cause a rapid loss of reproductive capacity by 

repeatedly subculturing from old and “starved” cultures into sterile hay 
infusions. In two or three generations a high mortality prevails among isolated 
individuals, and the reproductive rate of those which survive is very low. 

Immediate restoration of viability and reproductive rate is achieved by cultiva- 
tion into bacterised infusions, or, more slowly, by repeated propagation from 

young cultures. It is of very great interest in view of results which are about 
to be described, that whereas isolated individuals from cultures which have 

repeatedly been propagated from old parent cultures almost invariably die, 
“mass-cultures” propagated by introducing 20 or 30 individuals simul- 
taneously into the infusion invariably survive. Either some of the individuals 
retain sufficient viability to populate the culture, or the contiguity of numerous 

cells promotes the viability and multiplication-rate of each of them. In view 

of what follows the latter must be regarded as a probable explanation. 
It has been observed by Jennings, who employs freshly-extracted and 

boiled hay infusions and carefully sterilises all of the glassware employed, 
that “there are some stocks (of Paramoeciwm) which will not stand long 
continued cultivation on slides at all, although they live perfectly in mass- 
culture.” In my experience it makes no difference whether the culture inhabits 

a drop of infusion contained in a depression in a slide, or the same fluid con- 
tained in some larger vessel, provided only that a number of individuals are 
simultaneously introduced into the new culture liquid. 
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The Time-relations of Multiplication in Cultures of isolated Infusoria. 

It has been shown in a number of investigations [Robertson, 1908, 1913, 

1915, 1916; Ostwald, 1908; McKendrick, 1910] that the time-relations of 

growth, whether in bacterial cultures or in the tissues of the higher animals, 

are similar to those which obtain in chemical reactions which produce their own 
catalysors. The bacterial count in cultures of bacteria, or the total weight of 
the body in higher animals or plants, increases at first very slowly, but as 
the cells increase in number the velocity of multiplication increases propor- 
tionately until it attains a maximum, from which it falls off to the condition 

of stasis which marks the end of multiplication in the culture or of growth in 
the animal. In the Vertebrata periods or “cycles” of growth alternate with 
periods of relative stasis, but each of the growth-cycles, such as for instance 
that which initiates in utero and culminates towards the end of the first year 
of extra-uterine life in man [ Robertson, 1916], reproduces with truly surprising 

exactitude the quantitative characteristics of an autocatalysed chemical 
reaction, the weight of the animal or infant taking the place of the mass or 

concentration of the product in the chemical reaction-formula. 
Precisely similar quantitative relationships are exhibited during the growth 

of a culture of infusoria. There is a more or less prolonged “lag-period” during 
which multiplication is very slow or apparently arrested. This is succeeded 
by a progressively increasing rapidity of multiplication which, after passing 

through a maximum, subsequently sinks and ultimately falls to zero level. 
Hence multiplication is always much less rapid during the first 24 hours after 

isolation than it is during the second 24 hours, even in bacterised infusions. 
The following are illustrative results among a very large number recorded 

during the progress of these experiments: 

Normal Hay Infusions. 

Individuals in subculture after Number of divisions during 

Culture number 24 hours 48 hours 24 hours 48 hours - 

5LA 2 30 1 5 
51B 1 10 0 3 
215A 1 26 0 4-5 
217A 2 61 1 6 

The same relationships are exhibited when shorter time-intervals are 
employed in more rapidly multiplying cultures. The curves in Fig. 2 illustrate 

some such instances, and it will be seen that they correspond closely to the 
earlier or ascending part of the curve which displays the relationship between 
the mass of the product and the time in an autocatalysed chemical reaction. 
The positions of points on the further continuation of the curve are not easy 

to determine on account of the difficulty of counting so many actively moving 
individuals, and I have as yet made no attempts in this direction. The data 
set forth above, however, taken in conjunction with the readily ascertainable 
fact that reproduction ceases altogether after the population of the culture 
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has become very numerous, show that the reproduction of infusoria displays 
the general autocatalytic characteristics which are encountered in other types 

of growth. 
In the case of infusorial cultures, however, a special complication is intro- 

duced by the fact that the food of the organisms is supplied by bacteria which 
are simultaneously multiplying in the culture. The possibility is thus suggested 
that the autocatalytic character of the multiplication of infusoria may merely 
be the reflection of the autocatalytic relations governing the multiplication of 
bacteria, which have been evaluated by McKendrick [1910]. Part of the effect 

must doubtless be attributable to this source, but that it is not entirely 
attributable to the autocatalysed multiplication of food-materials is shown 
by the fact that the auto-acceleration is displayed to a pronounced degree 
in bacterised infusions. The “‘lag-period” is somewhat less in duration, but 
still very perceptible, and the reproductive rate, although more rapid in fresh 

hay infusions, undergoes progressive acceleration with the lapse of time and 
increase of the population. The following is an illustrative experiment, which 

is also depicted in curves 237 A and 237 B in Fig. 2. 

60; NUMBER IN 

» SUBCULTURE 

50- 

40- 

30- 

20+ 

4 8 “SS Ga ae ae ee 
Fig. 2. Showing the auto-acceleration of multiplication-rate in cultures 

arising from single isolated infusoria. 

Bacterised Hay Infusion, unfiltered. 

Number of divisions which had occurred after 
A. 

Culture number ‘ 6 hours 22 hours 24 hours 28 iain 

237A 0 3 3 4:5 

237 B 0 2 3 4-0 

Thus in the first six hours after isolation, and in the presence of abundance of food, no 

divisions occurred, but in the six hours between 22 and 28 hours after isolation one-and-a-half 
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divisions occurred in the culture 237 A, yielding a total population of 20 individuals, and two 
divisions occurred in the culture 237 B, yielding a total population of 16 individuals. In the first 
22 hours divisions occurred at the rate of one in seven hours in culture 237 A, and of one in 11 hours 

in culture 237 B, but in the succeeding six hours divisions occurred at the rate of one in four hours 

in culture 237 A and one in three hours in culture 237 B. Similar phenomena were exhibited, with- 
out any exception, by all of the cultures in which counts were made at several successive intervals 

of time. 

The multiplication of infusoria, therefore, partakes of the autocatalytic 
character which has been found to distinguish multiplication of cells and 
growth in all of the various forms of life which have hitherto been investigated 

from this point of view. It must-therefore. be regarded as the expression of 
a fundamental property of protoplasm. Obviously it depends upon the con- 
tiguity of the cells to one another in a limited space and establishes the existence 

of a mutual influence upon one another’s multiplication-rate whjeh will be 

discussed more fully in the succeeding article. 

The Influence of Temperature upon the Viability of Cultures and the Protective 

Effect of Mutual Contiquity. 

The temperature of 30° C. prevents subcultures from multiplying, and the 
isolated individual almost invariably dies. The following are illustrative 

experiments: 
Normal Hay Infusion. 

Age of parent Individuals in 
Culture number culture Temperature 24 hours 

112A 3 days 30° 0 
117A 5 fie 32°8 0 

117B en 32°-8 0 

125A ee 29°-5 0 
125 B 3.5 29°5 + 8 

152A 2s 30° 0 

152 B er 30° 4 

Control cultures from the same parent cultures and kept at lower tempera- 
tures displayed normal reproductive capacity. Exactly the same phenomena 

were exhibited in bacterised infusions: 

Bacterised Hay Infusion, unfiltered. 

Age of parent Individuals in 
Culture number culture Temperature 24 hours 

153 A 2 days 30° 0 
153 B ye 30° 0 
156A r ore 30°°5 0 
156 B Bares 30°°5 0 

157A Bi ies 30°5 0 
157 B ger 30°°5 0 

Hence paucity or abundance of food does not influence the result. That 

true thermal death has occurred and not merely encystment is shown by the 
fact that these cultures never recover or become inhabited by infusoria after 
removal to a lower temperature, 
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This high degree of thermal sensitivity is very remarkable because shade 
temperatures above 30° C. are very usual during the summer months in South 

Australia, so that these organisms must frequently be under necessity of 
withstanding temperatures which, under the laboratory conditions specified, 
are invariably fatal. It was at first thought that the high degree of thermal 
sensitivity might be due to repeated culturing for very many generations under 

laboratory conditions, and to test this point “wild” individuals were obtained 
and cultured under identical conditions. All of the cultures exposed to tempera- 
tures above 30°C. died, while cultures into the same infusion at lower 

temperatures showed reproductive capacity similar to that of the laboratory 
strains. 

It is possible that under conditions of simultaneous heat and desiccation 
viability at high temperatures may be increased by the assumption of a 

condition of arrested metabolism, 7.e. encystment. But another possible 
means whereby “wild” infusoria of this species may be able to survive 
summer conditions is indicated by the fact that well-populated cultures are 

able to withstand much higher temperatures than isolated individuals. During 
the summer months well populated slide-cultures of the laboratory strains 

have successfully withstood exposure to room temperatures of 33° to 34° C. 
for from five to seven days in succession without death or any apparent 
injury or abnormality. Moreover subcultures propagated on slides by the 
introduction of 20 or 30 individuals into fresh hay infusion invariably survive 

and multiply at these temperatures, whereas single individuals, isolated from 
the same parent culture and habituated to the high temperature, invariably 
perish. 

This result cannot be attributed to the introduction of greater numbers 

of bacteria together with the greater numbers of itifusoria into the fresh hay 
infusion, because the viability of isolated individuals at high temperatures 
is not in any way increased by previous bacterisation of the infusion. Again 
we are led to infer the existence of a mutual influence, arising from the con- 
tiguity of cells, which in this instance is protective, enabling the organisms 

to withstand some adverse condition arising out of the high temperature of 
the environment which is fatal to isolated individuals. 

The nature of the adverse agency at high temperatures is not yet ascer- 
tained. It is conceivable that it is a direct action of the temperature upon 
processes occurring in the organism itself, leading to the formation of toxic 
products of metabolism, to over-rapid metabolism, or destruction of essential 

enzymes, or, on the other hand, that the action of high temperatures is indirect, 
arising from the development of an adverse type of bacteria, or of an excess of 
certain bacterial products. The experimental evidence which is as yet available 
does not suffice to decide between these alternatives. But from whatever 
source the adverse effects of temperatures above 30°C. may arise, the protective 

effect of mutual contiguity of the organism remains unquestionable. 
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SUMMARY. 

1. The rate of multiplication of single infusoria (Hnchelys farcimen Ehr.) 
isolated from parent cultures of various ages falls off, at first very rapidly and 

later more slowly, with increasing age of the parent culture. 
2. This loss of reproductive capacity has been shown not to be attributable 

to the accumulation of any retarding substances in old cultures, but to a 

period of existence at a low nutritive level. 

3. Bacterisation of the hay infusions employed as culture media, by pre- 
liminary standing at room temperatures for from 24 to 72 hours, remarkably 
stimulates the reproductive capacity of the isolated organisms, and it delays, 

but does not prevent the loss of reproductive capacity which occurs with 
advancing age of the parent culture. 

4. Heating the bacterised infusion to boiling-point, or even for 90 minutes 
on a boiling water-bath just before its employment, does not diminish the 
multiplication-rate of individuals isolated into it. 

5. Although the final number of infusoria produced in a given culture 
is sooner or later determined by the number of bacteria available for food, 

yet the initial accelerative effect of bacterised infusions upon reproductive 

rate is not diminished by removal of the bacteria by filtration through a 
Berkefeld filter. 

6. The accelerative effect of the bacterised infusion is not, therefore, depen- 

dent upon the presence of food, i.e. of bacteria, living or dead, but upon the 

presence of a soluble, non-volatile, thermostable product arising from the 
inhabitation of the medium by bacteria. It is proposed to distinguish this 

substance by the provisional designation of “‘ X-substance.” 
7. The multiplication-rate undergoes a progressive increase with each 

successive division during the early stages of the development of a culture. 
Hence the multiplication of infusoria partakes of the autocatalytic character 

which has previously been shown to distinguish other types of growth, in 

higher plants and animals as well as in cultures of unicellular organisms. 
8. This autocatalysis of multiplication is due to the contiguity of the cells 

to one another in a limited space, and is not merely the expression of the 

increasing abundance of foodstuffs due to the simultaneous multiplication of 
bacteria in the culture. 

9. Temperatures above 30° C. prevent subcultures of single individuals of 
Enchelys farcimen from multiplying, and the isolated individual at this tempera- 

ture almost invariably dies. 

10. Cultures initially containing a large number of individuals, however, 
will multiply and survive continued exposure to considerably higher tempera- 

tures. Individuals isolated from such cultures and kept at the same temperature | 
invariably die. Hence the contiguity of many organisms affords mutual 

protection against the adverse effects of high temperatures. 

The expenses of this research were defrayed by the Animal Products 
Research Foundation of the University of Adelaide. 
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The Reproductive Rate in Cultures of two Individuals. 

WueEn two individuals from the same young parent culture of Hnchelys 

farcimen are separately isolated and re-isolated, in the manner described in 
the preceding article, and are then introduced together into the same large 

drop (0-08 cc.) of hay infusion, the result is usually that not twice but from 
four to six times as many individuals are produced in 24 hours as in cultures of 
but a single individual. The following are illustrative of numerous experiments: 

Normal Hay Infusion; Parent Culture 24 hours old. 
Number of Number of parent Number of individuals Number after 

culture culture originally introduced 24 hours Ratio 

15B 14B ‘ 12 
16B ah 2 60 1:50 

19 B 17B 1 16 
21 B io 2 90 1:56 

36 A 35 A 1 60 
37 A * 2 260 1:43 

64 B 63 B 1 24 
65 B = 2 102 1:42 

Normal Hay Infusion; Parent Culture 48 hours old. 
41 A 38 A 1 4 
42 A * 2 30 1:75 

41 8B 38 B l 5 
42B ” 2 22 1: 4:4 

47 A 45 A 1 2 
48 A *” 2 8 1:40 

62A 6LA 1 8 
63 A ue 2 20 1:25 

62 B 61 B 1 7 
63 B ” 2 20 1: 2:9 

188 A 184A 1 2 
ISA ” 2 8 1:40 

188 B 184 B 1 2 
189 B * 2 11 1: 55 
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Normal Hay I nfusion ; Parent Culture 72 hours old. 

Number of Number of parent Number of individuals Number after 
culture culture originally introduced 24 hours Ratio 

23 A 19A saree | 1 
24 A a S 6 1:6 

23 B 19B 1 2 
24 B ‘a 2 6 1:3 

191A 184A 1 2 
192 A aa 2 6 1:3 

191 B 184 B 1 1 
192 B A 2 6 1:6 

_ Pairs of individuals isolated from parent cultures older than three days 
either do not exhibit this phenomenon at all or only irregularly. The following 

is an illustrative experiment: 

Normal Hay Infusion ; Parent Culture in each instance Number 184. 

Number of Age of parent Number of Individuals after 
culture culture individuals 24 hours Ratio 

188 A 2 days 1 2 
189 A a 2 8 1:4 
191 A Bis 1 2 
192A a 2 fi 6 1:3 

— 207A Bs 1 8 
208 A Bie 2 16 1:2 

188 B 8, 1 2 
189 B , BP 2 ll 1:55 

191 B 1 1 
192 B 3° 2 6 1:6 
207 B tt 1 6 
208 B e, 2 16 1:27 

An individual isolated from an old culture and placed in the same drop 

of culture medium has no effect upon the reproductive rate of an individual 
isolated from a younger culture. The following experiment illustrates this: 

Normal Hay Infusion; Parent Culture 24 hours old, 

Number of Number of individuals Number of individuals 
culture originally introduced produced after 24 hours 

55 B l 14 

56B 2 48 

57B 1 from above culture plus 1 17 
from culture 5 days old 

The possibility that the mutually accelerative effect of two individuals is 
due to their conjugation may readily be dismissed. In the first place repeated 
observation of such cultures hour by hour up to the beginning of multiplication 
by fission has never revealed the occurrence of conjugation. In the second 
place, as Jennings has convincingly shown [Jennings, 1913], the actual effect 

of conjugation upon infusoria is not to accelerate but very greatly to retard 
their reproductive rate. Finally the only conjugants which I have ever 
obtained inthis species have been among individuals recently washed in distilled 

39—2 
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water, and individuals which have been so treated, as we shall see, actually 

fail to display the mutual accelerative effect. 
At first it appeared likely that the phenomenon was simply due to the more 

effective seeding of the fresh hay infusion with bacteria by contamination 
with the parent culture fluid associated with two individuals instead of one, 

the available food supply being thus increased in the cultures containing two 
individuals. Hence many experiments were carried out upon the effects of — 
repeated washing of the infusoria upon their ability thus mutually to influence 

each other’s reproductive rate. The results distinctly supported the above 
explanation, because it was found that repeated washing in faintly alkaline 

water (2 cc. of N/10 Na,CO, per 100 cc. of distilled water) completely abolished 

the effect. The following is one of many similar experiments: 

Normal Hay Infusion; Parent Cultures Number 223 (A and B). 

The washed individuals were suspended five successive times in 50 volumes of the faintly 
alkaline distilled water and recovered each time by gentle centrifugalisation which did not 

deform or injure them in any way. 

Number of Treatment of isolated Number of Individuals after 
culture individuals individuals 24 hours 

224 A Unwashed 1 8 

225 A Unwashed 2 24 

226 A Washed 1 4 

227A Washed y- 5 

This explanation completely broke down, however, when it was discovered 

that the mutual acceleration of reproductive rate by two associated individuals 
occurs, frequently in an even more pronounced degree, in previously bacterised 
infusions. The added infection carried into a bacterised hay infusion in associa- 

tion with the infusoria, the parent culture fluid having been diluted at least 
400 times and generally many multiples of this by the new infusion, must 
be insignificant in comparison with the overwhelming bacterial population 

already present. Furthermore in bacterised infusions washing the infusoria 

failed to abolish or even to modify the effect. The following experiment shows 
this. 

Normal hay infusion was bacterised by admixture with a small proportion of infusion which 
had been prepared 24 hours earlier and in hot weather. The parent culture was 3 days old, 

Number of Number of Treatment of Individuals after 
culture individuals individuals 24 hours 

202 A 1 Unwashed 31 

203 A 2 Unwashed 98 

204 A 2 Washed 89 

Quite convincing evidence that the accelerative effect of the second indi- 
vidual is not directly due to the heavier infection with associated bacteria 

was also afforded in another way. In the preceding article it has been pointed 
out that the thermal sensitivity of Hnchelys is very great, temperatures above 
35° ©, being usually, and temperatures above 40° C. invariably fatal even for 
cultures containing many individuals, The hay bacillus is, of course, not 
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adversely affected by brief exposures to such temperatures. Accordingly two 
individuals were separately isolated and re-isolated from the same parent 
culture. One was killed by heating the slide by placing it for three minutes 
in an incubator heated to 50° C. The two small drops, one containing the living 

and the other the killed infusorian, were then mixed, diluted with 0-08 ce. 

of fresh hay infusion, and allowed to stand at room temperature as usual. 
Control experiments with single individuals from the same parent culture 
were simultaneously performed. Out of several such experiments affording 

similar results the following is one: 

Normal Hay Infusion ; Parent Culture 2 days old. 

Number of culture Individuals introduced Number after 24 hours 

242 A 1 8 
243A CC 2 31 
244 A 1 living +1 killed 8 
242 B 1 10 
243 B 2 34 
244 B 1 living +1 killed 9 

Had the stimulative effect of the second individual in cultures 243 A and B 
been due to associated bacteria, then culttires 244 A and B should have econ- 

tained at least 16 individuals each. 

The question then arises why washing the infusoria cultured into fresh 
normal hay infusion abolishes the mutually accelerative effect. That the effect 
of washing is not upon the infusoria themselves, 7.e. due to direct injury to 

their reproductive capacity, is shown by the fact that the mutual acceleration 

occurs if the washed infusoria are cultured into bacterised infusions. Evidently 
the loss of ability mutually to accelerate reproduction is due to the removal 
by washing of some associated organisms or substances which are present in 

abundance in bacterised infusion, although, as we have seen, the acceleration 

itself is not directly due to the contamination. In other words, as more 
extended experimentation with relatively sterile infusions now showed, the 

mutual acceleration is never exhibited in the absence of a certain minimum of 

bacteria or their products, although the bacteria themselves, in the absence of 
the second infusorian, are not able to bring about an equal acceleration of 
reproductive rate. 

Before these facts had been ascertained, and the great importance of the 
bacterial population of the infusions had been established, it was not considered 
essential to sterilise every container used in the preparation of the hay infusions. 
In particular the small wide-mouthed stoppered bottle in which the infusion 
was placed after it was cooled and immediately before use was usually merely 
washed out with water between successive experiments. The occurrence of 

the mutually accelerative effect in “Normal Hay Infusions,” so frequently 
displayed in the experiments cited above, was ultimately traced to this source. 

If the infusion is thoroughly sterile, and the infusoria are re-isolated several 
times, a negative result, 7.e. absence of mutually accelerative effect, is invariably 
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obtained in cool weather. In hot weather, when bacteria multiply rapidly 
in the infusions, a negative result is less readily obtained, and in any case if 
the cultures be exposed to the air without a cover for some time, or any 
container used in preparing the medium has not been either boiled or else 
rinsed with ether, a positive result is usually obtained. 

In some instances negative results are obtained in heavily bacterised 

infusions. It is not certain that this may not be due to the presence of an 
unfavourable type of bacterial population, but the impression has been gained, 
although not as yet fully confirmed, that there exists an optimum density 
of bacterial population for the exhibition of the effect, above which the effect 
dwindles and ultimately disappears. 

The ability to cause mutual acceleration of reproductive rate is, as we have 
seen, lost with advancing age of the parent culture. It may be restored by 

re-culturing and sub-culturing from the young cultures. It is also gained with 
the growth of the individual infusoria, for a dividing individual, or two 

individuals which have only just completed division, when isolated into fresh 
hay infusion, behave like single individuals and not like pairs of individuals. 
The following are illustrative of a number of experiments: 

Normal Hay Infusion ; Parent Culture 24 hours old. 

Number of culture Individuals introduced Number after 24 hours 

55 A 1 14 
56 A 2 56 
57 A 1 (dividing) 16 

Normal Hay Infusion; Parent Culture 2 days old. 

Number of culture Individuals introduced Number after 24 hours 

188 A l 2 
189 A 2 8 
190 A 1 (dividing) 2 

These experiments clearly reveal the origin of the increase of reproductive 

rate with population which occurs in cultures of infusoria. Doubtless the 
individuals arising from the division of the single isolated cell, when mature, 
influence each other’s division-rate in just the same way as any two individuals 

isolated from the same parent culture. The next division multiplies the effect, 
and hence arise the peculiar time-relations of multiplication which have been 
dwelt upon in the preceding article. Since this autocatalytic increase of 
reproductive rate is characteristic of all congeries of living cells, we may 
presume that in all cases it arises out of an analogous mutual influence of 
contiguity. No effect of mutual contiguity can readily be imagined which is 
not transmitted from one cell to another, across the intervening fluid medium, 
through the agency of a soluble substance secreted from the cells. The existence 
of autogenous catalysors of cellular multiplication, therefore, must necessarily 

be inferred, at least in the case of infusoria, and the autocatalytic theory of 

growth, hitherto an hypothesis founded upon and supported by indirect evi- 

dence, has now, in a particular instance, been demonstrated to be true. 
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The Nature of the Substance in Bacterised Infusions which induces the 

Mutually Accelerative Effect. 

The mutually accelerative effect of pairs of infusoria upon their reproduc- 
tive rate occurs, as we have seen, only in media which contain or have contained 

bacteria. The actual presence of the bacteria is unnecessary, however, provided 
the soluble products of their metabolism are present. Filtration of the 
bacterised infusions through a Berkefeld filter does not abolish or even in the 

least diminish the accelerative effect. The following experiments show this: 

Normal hay infusion was made up with every precaution to prevent infection by bacteria. 
A portion of this was mixed with an equal volume of an infusion which had been allowed to 
stand for two days at room temperature and then filtered through a Berkefeld filter. Micro- 
scopic examination showed the filtrate to be free from bacteria. The parent culture employed 
was three days old. 

Number of Individuals Number after 
culture Culture medium introduced 24 hours Ratio 

249 A Normal hay infusion 1 8 
250 A ditto 2 13 1:16 

251 A Same plus equal volume of 1 14 
filtered, bacterised infusion 

252 A ditto 2 38 1:27 

249 B Normal hay infusion 1 8 
250 B ditto 2 16 1:20 

251 B Same plus equal volume of Pk 10 
filtered, bacterised infusion 

252 B ditto * 2 85 1:85 

The effect is also obtained in pure filtered bacterised infusion, unmixed 
with fresh infusion, but as in this case neither bacteria nor bacterial spores 
are present reproduction necessarily comes to a standstill after a few divisions 

for lack of food. These organisms display an extremely high reproductive 
rate when transferred to fresh hay infusion. 

The effect is not diminished by boiling the bacterised infusion, either before 

or after passage through a Berkefeld filter, nor is it appreciably diminished 
by heating the infusion for 90 minutes on a boiling water-bath. The substance 
which enables the effect to occur cannot be conducted by distillation from a 

bacterised infusion into a fresh hay infusion. In other words it resembles 
exactly the substance which, as shown in the preceding article, stimulates the 
reproductive rate of single, isolated individuals. There can be little doubt that 
the stimulation of reproductive rate by the “X-substance” in bacterised 

infusions is, in reality, not directly due to the substance itself, but to a 
substance produced from it, or through its agency, by the infusoria. Two 

infusoria’ produce a greater quantity than one, and the reproductive rate of 

each is proportionate to the concentration of this product in the medium. 
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DISCUSSION OF THE RESULTS. 

That in media which are most favourable to rapid multiplication, contiguous _ 

cells are able to catalyse each other’s reproductive rate, has been demonstrated 
in these experiments by direct observation of the effect. The existence of such 
an effect has previously been inferred from the quantitative time-relations 
of growth in the higher plants and animals and of multiplication in cultures 
of unicellular organisms, but the direct demonstration of its occurrence has 
also brought to light the fact that, at least in infusorial cultures, the effect is 

entirely dependent upon the presence of a soluble substance in the culture 
medium, which is produced by bacteria, and which is requisite for the manu- 
facture of the autocatalyst by the infusoria themselves. There is, of course, 

no evidence as yet to show that the autocatalytic character of growth in 

higher animals is similarly dependent upon the presence, in the nutrient media 
bathing the cells, of any analogous substance, but the possibility is certainly 
indicated that a food-accessory may exist which is not of itself essential to 

growth, but which constitutes a raw material for the manufacture of growth- 
catalysors by the animal cells. 

The “ X-substance” which enables the production of growth-catalysors by 
infusoria is not identical with the water-soluble Vitamin B, because it resists 

boiling [see Robertson, 1921, p. 604]. Whether or not it is related to the 

fat-soluble group of accessories, or to any hitherto undiscovered accessory, 
remains to be ascertained. 

On the other hand, given the presence of the X-substance, or raw-material, 

the ability of the infusoria to utilise it for the manufacture of the catalysor 
plainly varies with their physiological state. It diminishes during periods of 

starvation, or at any rate paucity of foodstuffs, and recovery is a matter 
of some time. The possibility may be suggested that in a densely inhabited 
culture, containing but few bacteria relatively to infusoria, the entire amount 

of catalysor produced is needed by the infusoria themselves, and remains 

“locked up” in their protoplasm, no excess being available for discharge into 
the surrounding medium. On restoration to a medium containing excess of 

X-substance, some time is required before a sufficient amount of catalysor 
can be synthesised to supply the infusoria with a sufficient content to leave | 

a surplus for secretion into the surrounding medium, Individuals isolated 
from young cultures, on the other hand, start discharging excess of catalysor 

directly after their isolation into a medium containing the necessary supply 
of X-substance. The rate of production of the catalysor appears, from the 

autocatalytic growth-formula, to be directly proportionate to the mass of 

protoplasm, and this is probably the reason why a dividing infusorian, con- 
taining as it does very little greater mass of protoplasm than any other mature 
individual in the same culture, is able to synthesise no more of the catalysor 
in a given time than a single undividing individual. 
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SUMMARY. 

1. When two individuals from the same parent culture are introduced 
together into the same drop of culture medium, not twice, but from four to 

six or eight times as many individuals are produced in 24 hours as in cultures 
which initially contained but a single individual. 

2. The mutually accelerative effect of pairs of infusoria upon reproductive 
rate has been demonstrated not to be due to the more effective seeding of the 

culture medium by the bacteria contaminating two individuals, since it occurs 
equally in media which are densely inhabited by bacteria. It is also not 
attributable to conjugation of the associated organisms. 

3. The autocatalytic theory of growth, hitherto an hypothesis founded 

upon and supported by indirect evidence, has thus, in a particular instance, 
been demonstrated to be true. 

4, The accelerative effect of mutual contiguity is never exhibited excepting 

in the presence of soluble products of bacterial metabolism, but bacteria 
themselves are not essential. 

5. The product which enables the effect to occur is non-volatile and 

thermostable. It appears to be identical with the X-substance in bacterised 
infusions which accelerates the multiplication of isolated single individuals. 

6. The X-substance is therefore not itself an accelerator of multiplication, 
but is converted by animal cells into an accelerative agent, or else enables 
animal cells to produce an accelerative agent from other sources. 

7. Ifthe autocatalytic character of growth in the higher animals originates 

in a similar phenomenon, then the possibility is indicated of the existence of 
an accessory foodstuff which is essential, not by reason of its own direct 
action upon growth, but because it enables the production of autogenous 
catalysors of cell-multiplication by the animal cells themselves. 

8. The relationship of the X-substance to the hitherto known classes of 

accessory foodstuffs has not yet been elucidated. It is distinguishable from 
the water-soluble Vitamin B, however, by its thermostability. 

The expenses of this research were defrayed by the Animal Products 
Research Foundation of the University of Adelaide. 
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INTRODUCTION. 

THE influence of the concentration of a gel on the rate of diffusion of salts 

through it is a question on which the most divergent opinions have been 
expressed. Whereas de Vries [1884], Hagenbach [1898], Bechhold and Ziegler 
[1906], and Oholm [1905, 1913] concluded that the presence of gelatin had a 

retarding effect on the rate of diffusion, the determinations of Morse and 
Pierce [1903] suggest the contrary, while Henri and Calugareanu [1903] came 
to the conclusion that if the gelatin had not set to a gel the rate of diffusion 

of organic dyes was the same as in water, but that if the gelatin had set the 

rate of diffusion was slower. Voigtlinder [1889] concluded that in agar-agar 
gels any differences observed in the coefficients of diffusion of a number of 
electrolytes in gels of different concentrations were within the limits of 

experimental error. Incidental observations recorded in previous papers of this 
series support the conclusion of the comparatively small influence of the gel 
on diffusion in agar-agar gels. [Stiles, 1920; Adair, 1920.] 

Since recent investigations on the structure of protoplasm all point to 
the conclusion that the living materials of cells may in some cases exist in 

the gel condition, it is of physiological as well as of chemical interest to obtain 
exact information with regard to the influence of the gel on the diffusion of 
electrolytes and other substances of importance in the life of the organism. | 

Meruop or Exprrimen’. 

Most of the determinations already made of coefficients of diffusion, have 
been made by the chemical analysis of different layers of the medium through 
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which diffusion is allowed to take place. While the indicator method used for 
the determinations described in this paper has found considerable employment 
in the past for observing the penetration of electrolytes, definite measurements 
of the coefficient of diffusion by its means have only become possible by the 

application of Fourier’s equations to this special case as worked out in the 
previous contribution in this series of studies [Adair, 1920]. The advantages 
of the indicator method are described in that paper and need no repetition here. 

Measurements were made with both gelatin and agar-agar gels containing 
silver nitrate as indicator. As experimental salt sodium chloride was employed 

as in the earlier work previously described. The concentrations of gel, indicator 
and diffusing salt employed are recorded in the section dealing with the 
experimental results. It speaks for the validity of the method that the values 
obtained with the stronger silver nitrate concentration in the gel are practically 

identical with those obtained with the weaker strength of silver nitrate. 
The diffusion was allowed to proceed from a large volume of salt solution 

into inverted narrow tubes containing the gel; care has to be taken in the 

performance of the experiments that evaporation does not take place either 

from the surface of the liquid or from the upper end of the gel. The formulae 
necessary for the calculation are to be found in the second paper [Adair, 

1920]. 
The experiments were carried out in thermostats maintained at 0° and 

20° in the case of gelatin and at 0°, 20° and 40° in the case of agar-agar. 

The last named temperature is too high for experiments with gelatin. During 
the time of the experiment the temperature of the bath rarely changed more 

than 1/10 of a Centigrade degree, and generally not nearly so much. 

EXPERIMENTAL RESULTS. 

l. Gelatin. 

Experiments were conducted on two samples of gelatin. In both cases the 

gelatin on analysis proved to contain chloride, although in the first sample 

the quantity of this was much greater than in the second sample. As the 
presence of any substance that will remove the silver nitrate from solution, 
apart from the experimental diffusing salt, will vitiate the results of the 
subsequent calculations, it was necessary to remove the chloride by successive 

washing with distilled water, until this gave no precipitate with silver nitrate 
after it had remained for some time in contact with the gelatin. This process 

was carried out in all cases. 
The experimental data are given in the tables below. Each determination 

is the mean of six or more readings, but it was not considered necessary to 

publish the results for each individual tube; in order to show the degree of 
variation between different tubes treated in the same way the results for the 

first set of readings in three experiments (Nos. 3-5) are given in full in Table I. 
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Table I. Penetration of sodium chloride from N solution into gelatin gels 

containing 0-01 WN silver nitrate at 0° C. 

Concentration of gel ... °  «.. ae 4% 8% 16% 
Time of diffusion See sae ie 22-63 hours 22-525 hours 22-71 hours 

Penetration incm. ., ... dea is 2-70 2-50 2°32 

2-71 2-53 2-28 
2-70 2-60 2-28 
2-71 2-53 2°30 
2-70 2-58 2-28 
2-70 2:54 2-28 
2-72 2-59 2-31 
2-70 2-52 2-31 
2-70 2-55 — 
2-72 2-59 — 

Mean penetration in cm. eRe aE 2-706 2-553 2295 
Probable error of mean... ete ase 0-002 0-007 0-004. 

Coefficient of diffusion in c.g.s. units... 0-675 x 107% 0-604 x10-> = 0-483 x 1075 

The numbers given above will give sufficient idea of the degree of con- 

cordance between different tubes in the same experiment. Similar agreement 

was obtained in all the results recorded in Table II, p. 623. 

2. Agar-agar. 

In determining coefficients of diffusion in gels of agar-agar the experimental 
difficulties are greater than in the case of gelatin. One fruitful source of error 

is evaporation from the upper end of the tube of gel especially in the case of 

low concentrations and at higher temperatures. In gels of high concentrations 
bubbles in the gel are often difficult to eliminate and the presence of these may 
lead to incorrect results. In the third place, any heating of the gel after addition 

of silver nitrate leads to a darkening of the gel. If this is to be interpreted 
as due to decomposition of some of the silver nitrate, its incidence will lead 
to values of the coefficient of diffusion which are higher than the true ones. 

The results given below are of experiments free from these sources of error. 
Experiments were conducted at three temperatures—0°, 20° and 40°. The 
values obtained for the coefficient of diffusion at these three temperatures 
in gels containing respectively 0-5, 1, 2 and 4 per cent. of agar-agar are sum- 

marised in Tables III and IV. 

Table III. Coefficient of diffusion of sodium chloride at different temperatures 

in agar-agar gels of different concentrations. (Shred agar-agar.) 

Coefficient of diffusion in c.g.s. units x 10° 
Concentration of A 
agar-agar in %, 0-0" 20:1° 40-2°° 

0-5 0-781 1-386 — 
10 0765 1-357 2-143 
20 0-738 1-328 2-084 
40 O71) 1-290 2-061 
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Table II. Penetration of sodium chloride from N solution into gelatin gels 
with silver nitrate as indicator. (Concentration of gelatin in percentage 

by weight, time in hours, penetration in centimetres of precipitate. 

Diffusion coefficient, k, in c.g.s. units « 10°.) 

Concentration Concentration Temperature 
Experiment of gelatin. % of AgNO, Oi Time _ Penetration k 

20-65 2-575 0-670 
! 5 0-01 V 0 43-58 3-735 0-668 
; 20-28 2.237 0-515 

” ” 43-15 3.258 0-513 
A . 22-63 2-706 0-675 

” ” 46-57 3-903 0-683 
, ; 22-525 «2-553 0-604 

” » 46-64 3-705 0-614 
‘ ‘3 22-71 2-295 0-483 

” ” 46-70 3-312 0-490 
17-775  —-26525~—Ss«-697 

6 2 0-005 7 ” 41-57 41025 0-713 
; , 17-85 2-630 06835 

” ” 41-625 4-034 0:688 
a mor 17-93 2-533 0-630 

” ” 41-69 3-880 0-636 
A 7) 17-99 2-289 0-513 

” ” 41-74 3-487 0-513 
10 2 ‘ Rs 17-905 2-708 0-719 
rs 4 4 2 17-98 2.605 0664 
12 8 a . 18-075 2-530 0-624 
13 16 = A 18-15 2-342 0-532 

aes 20-37 3-435 1-209 
4 6 0-01 N 20 43-43 5-040 1-221 
aa ‘ 20-00 3-043 0-967 

” ” 43-03 4-490 0-978 
in i 22-18 3-651 1-254 

” ” 48-075 5-385 1-260 
a . 22.29 3-507 1-152 

” ” 48-15 5120 1-137 
22-39 3-164 0-934 

ie 16 ” ” 48-29 4-666 0-943 
22-53 4-049 1-281 

19 2 0-005 NV ” 46-32 5-816 1-285 
os ; 22-61 4-0025 1-248 

” ” 46-40 5-710 1-237 
os ; 22-675  -3-864 1-160 

” ” 46-48 5-481 1-139 
22-76 3-500 0-950 

22 16 ” ” 46-55 4-974 0-936 
17-31 3-577 1-302 

23 2 ” 20:3 41-99 5-607 1-318 
: 17-41 3-504 1-243 

” ” 42-04 5-456 1-247 
aa : 17-51 3-334 L118 

” ” 41-93 5-209 1-140 

” ” 42-11 4-899 1-003 
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Table IV. Coefficient of diffusion of sodium chloride at different temperatures 

in agar-agar gels of different concentrations. (Powdered agar-agar.) 

Coefficient of diffusion in c.g.s. units x 10° 
Concentration of c A : 
agar-agar in % 0-0° 20-0° 40-0° 

0-5 0-782 1-382 2-205 

1-0 0-761 1-371 2-126 

The agreement between these two sets of results is very good; there is 
. evidently no difference between shred and powdered agar-agar in regard to 

the diffusivity of sodium chloride through gels made from these two kinds 

of agar-agar. 
Taken by themselves these results form a perfectly regular series indicating 

a progressive reduction in the diffusivity with increasing concentration of the 
gel. But when the values for diffusivity in a gel of concentration 0 are obtained 
by extrapolation they are found to differ both from those obtained in a similar 

way by the use of gelatin gels and those obtained by extrapolation from 
Oholm’s determinations for the diffusivity of sodium chloride. Some discussion 

of the results is obviously necessary. 

DIscuSSION OF EXPERIMENTAL RESULTS. 

In the preceding section of this paper we have recorded the values obtained 

by the indicator method for the coefficient of diffusion in gels of gelatin and 
agar-agar of various concentrations. From these data the following conclusions 

can be drawn: 
1. In gelatin the relation between the coefficient of diffusion (%) and the 

concentration of gelatin (c) can be expressed by the equation 

k = a(l1 — be) 

where a and b are arbitrary constants, and when c > 2 %. The values of a 

and b calculated from the data presented are as follows: 

At 0° for a gel containing 0-01 N silver nitrate, a=0-74; 6b =0-0207. 

Pre | ag a sy 0:005 NV ,, »  a@=0-734; b=0-018. 
20° * * OO1IN ,, » @=1-35; b=0-0185. 
| ad o ‘ 0-005 NV ,, » @=1:35; b=0-0185. 

20-3° 2 3 0-005 N ,, » @=1:36; b=0-017. 

2. The results for agar-agar indicate that the coefficient of diffusion does 
not decrease uniformly with increase in the concentration of the gel when the 
concentration is less than 2%. Between concentrations 0-5 and 2% the 

relation between coefficient of diffusion and concentration of the gel is roughly 
expressed. by the equation dk/de = — 0-04k. For concentrations of agar from 

2 %, upwards the curve approximates more closely to that for gelatin, but it 
appears to fall less steeply, that is, b is smaller, but the range of 2 to 4% is 

too short to admit of accurate determinations of this constant in the case of 
agar-agar. 

3. Despite the greater solidity of agar gels, the calculated coefficient of 
diffusion generally exceeds that of a gelatin gel of equal strength by about 0-03, 
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4, The extrapolated values for pure water, using the agar figures, are as 

follows: — 

0°, = 0-8 x 10-5; 20-1°, k= 1-41 x 10-5; 40-2°, k = 2-22 x 10-5. 
It may be noted that these extrapolated figures are all greater than the 

constant ain the gelatin results, this constant being the value for the coefficient 
of diffusion in gelatin of concentration zero. The reason for this divergence is 

found in the steeper slope of the curve in the case of agar when c is less than 2. 
The constant a in the equation for gelatin gels is only applicable when the 
concentration is greater than 2 %. The extrapolated value for k at 20° caleu- 

lated from Oholm’s results is 1-31 x 10-°. 
The ideal method of treating these results would be to compare the values 

here given for the coefficient of diffusion with those to be derived theoretically 

from a consideration of the various theories of gel structure. The present extent 
of our knowledge is however scarcely adequate for this and a first essential 
is to determine whether the indicator method gives accurate and reliable 
results. We shall therefore first consider the various possible sources of error 

in the method, and the magnitude of the errors. 

Errors of Measurement. 

Mathematical investigation shows that the maximum error due to errors 

in measurement is 1 % of k, and it is improbable that the error in k due to 

this cause would exceed 0-3 %, a figure which is trifling in comparison with 
the gap of 7-5 % between the interpolated values obtained by Oholm and by 

us for the coefficient of diffusion of sodium chloride in water at 20°. 

Errors arising from the conditions of experiment. 

In our experiments it is assumed that convection and diffusion keep the 
concentration of the sodium chloride at the surface of the gelatin constantly 
at normal concentration. It is also assumed that no evaporation is taking 

place. As with careful work the values of the coefficient of diffusion calculated 
from measurements made at different times are the same within the limits 
of experimental error, it would appear that no serious error arises from these 

assumptions. Error may also arise from imperfect temperature control. The 
maximum variation in our experiments was about 0-2°, but generally con- 
siderably less than this. An error of 0-2° brings about an error of about 0-5 % 

in the determination of the coefficient of diffusion. — 

Theoretical errors. 

In deducing the formula from which the coefficient of diffusion is calculated, 

a number of simplifying assumptions were made to which reference should 
here be made. The most important of these is that silver nitrate diffuses at 

the same rate as sodium chloride. It was shown in the second paper in this 
series [ Adair, 1920] that no appreciable error is introduced by this assumption; 
even doubling the rate of diffusion of silver nitrate has little effect on the 
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calculated value of the coefficient of diffusion of sodium chloride when the 
indicator is present in relatively low concentration. The errors arising from 
simplification of the formula are negligible when N sodium chloride is used 

and the concentration of the indicator in the gel is only 0-01 N or 0-005 N. 

Adsorption of silver nitrate. 

Reactions between the silver nitrate and the gel are sources of complica- 
tion in the phenomena we are investigating, rather than sources of error, 
but it will be convenient to consider the possibility and consequences of such 

reactions in this place. Two possible cases will be considered. 
1. The silver nitrate forms a reversible compound with the gelatin or 

agar-agar. 
Mathematical investigation [see Adair, 1920, formula IV] shows that if 

this suggestion is correct, the calculated coefficients are 2-3 % too high. 
2. A portion of the silver nitrate forms an irreversible compound with 

the gelatin. 
In this case the calculated coefficients will similarly be too high. The 

following numbers illustrate the magnitude of the effect produced on the 

calculated values of the coefficient: 

Per cent. of 0-005 N AgNO, adsorbed... 2 4 6 8 12 20 
Per cent. increase in calculated value of k... -0-49 0:94. 1-64 1:89 2-94 40 

The presented material does not enable us to come to a definite decision 
on the numerical error in the coefficient of diffusion resulting from adsorption, 

but some indirect evidence is available. 
A glance at the values for the constant b, the rate of decrease in k per 

unit increase in gelatin’ concentration, shows that b may be slightly different 

for gels containing 0-005 N and 0-01 N silver nitrate, though the difference 
at most is slight, and the recorded difference might be the result of small 

errors in temperature control or differences in the samples of gelatin used. 
With such small differences it would appear most improbable that there is 

any very appreciable removal of silver nitrate from the action of the diffusing 

sodium chloride. 

CONCLUSION. 

A survey of the various sources of error in the determination of the coeffi- 

cient of diffusion of sodium chloride in gels by the indicator method has yielded 

the following results: 

(1) Errors in measurement: 0-3 °% of the value of k. 
(2) Errors in temperature control: 0-5 % of the value of k. 
(3) Errors due to adsorption: of the order of 1-2 % of the value of k, 

These fail to account for the difference between Oholm’s extrapolated value 
for normal sodium chloride at 20°, namely k= 1:31 x 10-5, and that given 

by the indicator method, namely 1-41 x 10~, a difference of 7-5 %,. 
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Oholm’s value for the coefficient of diffusion of 0-05 N NaCl is about the 
same as the value given for a normal solution by the indicator method. Here 

we may have the explanation of the apparent discrepancy. 
Diffusion coefficients stated for a definite concentration are not strictly 

accurate. By the ordinary method of determining the coefficients chemical 
analyses are made of solutions of varying concentration, and for a set of 
experiments such as that of Oholm, all that can be said with justification is 

that the coefficients refer to some concentration between the initial value and 
zero. As the free ions diffuse about twice as fast as the undissociated molecules, 

the coefficient calculated by the indicator method which measures the rate 
of penetration of the ions, is bound to be greater than the coefficient calculated 
on the basis of chemical analyses in which the total quantity of salt, dissociated 

and undissociated, is considered. 
The differences between the values found for the coefficient of diffusion 

of sodium chloride by different methods could be utilised in an attempt to 
obtain a more complete description of the diffusion of that salt, but all that 

can be said at present is that the investigator has a choice of two values of 

the diffusion coefficient; one if he is rather concerned with the total quantity 

of salt, and the other if he is concerned with phenomena depending on diffusion 
gradients near the limit of salt penetration. 

Perhaps the most significant fact from the physiological point of view, 
brought out by work on the diffusion of sodium chloride in gelatin and agar- 

agar gels, is the smallness of the resistance which even a stiff jelly offers to 
the diffusing salt. The viscosity of a jelly is of course extremely great, yet the 
rate of diffusion is reduced by less than 2 % for each gram of gelatin added 
to 100 cc. when the concentration exceeds 2%. It has been shown by 

Einstein [1905, 1906], Sutherland [1905] and von Smolukowski [1906] that & 
is inversely proportional to 7 the viscosity, and so we must seek for some 
explanation of this discrepancy. Although a formula showing the effect of 

concentration of the gel cannot be deduced at present from the various theories 
of gel structure [see Lloyd, 1920] a tentative suggestion should perhaps be 
made with regard to the mechanism which retards diffusion, because this 

question will require consideration in certain types of diffusion experiments. 
The first additions of gelatin to distilled water will have a double effect. 

There will be (1) an increase in the concentration of ionised gelatin with 
increase in the gelatin concentration until a maximum value is reached, and 

(2) an increase in the solid phase. Subsequent additions of gelatin will merely 
increase the latter. Now it has been shown by Pauli and others that solutions 

with the greatest proportion of ionised protein have the greatest viscosity, 
therefore it is unlikely that the (k, c) curve will have the same slope throughout. 

The Arrhenius [1892] equation connecting viscosity with coefficient of 

diffusion, namely K = Ky (1 — 5 t)?, certainly does not agree with the results 

we have obtained. Oholm also found that the constant “a” of that formula 

Bioch, xv 40 
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diminished from 3-6 to 2:3 as the concentration increased. Over the range 

2 to 16 % concentration of gel the formula 

K, = Katerl0°965 (1 — 0-0186 c)] 

gives a much better representation of the facts. 
It is interesting to compare this result with the value calculated from 

Einstein’s theory [1906] of the viscosity of suspensions of small rigid spheres, 

n= (1+ 2-5f). 
If 1-4 is the specific gravity of the spheres, then a 10 % suspension would 

reduce k by 15 %. The observed reduction is 18-6 %, and considering that 
the particles of gelatin are probably arranged in some kind of structure, it is 
remarkable that the two numbers agree as well as they do, especially as the 

Einstein formula does not agree exactly with results obtained with the 
capillary viscometer. Bradford’s theory of gel structure [1918] is in agreement 

with the calculation given above, but the problem is so complicated that the 

agreement may be no more than a coincidence. 

SUMMARY. 

The coefficient of diffusion of sodium chloride from normal solution into 

gels of gelatin and agar-agar of a number of different concentrations has been 
measured by the indicator method previously described. 

The values obtained by extrapolation from these results for diffusion in 
water are higher than those obtained for the same temperatures by extrapola- 

tion from the results of Oholm. The probable reason for this apparent dis- 

crepancy is stated. 
With increasing concentration of gel, the coefficient of diffusion decreases 

at first rapidly according to an approximate exponential relation, but with 

concentrations above 2 % the curve connecting coefficient of diffusion and 
concentration is approximately a straight line, the rate of decrease of the 

diffusion coefficient with increasing concentration of the gel being less than 
with concentrations less than 2°. It isshown how this result can be harmonised 
with the relation between diffusion and viscosity found by Einstein, Sutherland 

and von Smolukowski. 
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INTRODUCTION. 

Ir is a curious fact relating to the nutrition of plants that plant tissue appears 

to absorb chlorides and nitrates to a considerably greater extent than sulphates. 

This phenomenon appears to be very general. Thus Wodehouse [1917] found ~ 
chloride abundant in the marine alga Valonia, whereas sulphate was absent 

from it, although abundant in the sea water in which the alga was growing. 
Stiles and Kidd [1919] found that sulphates were absorbed to a much less 

extent than chlorides and nitrates by potato tuber and carrot root. The 
investigations of Pantanelli [1915, 1918] on a large number of plants point 

to the same conclusion with regard to root absorption. This state of affairs 
is the more surprising as sulphur is an essential element for the plant, whereas 

many plants are able to thrive if unprovided with chlorine in any form. 
It would appear to be significant in regard to the apparent difficulty of 

absorption of sulphates by plants as compared with the absorption of chlorides, 

that a similar difference has been observed in the matter of the penetration 
of these salts through precipitation membranes [Traube, 1867; Tammann, 

1892; Walden, 1892] and membranes of collodion [ Brown, 1915]. 
_ It thus would seem possible that the small quantity of sulphate that enters 

living plant tissue as compared with the quantity of chloride and nitrate, 
might be due to the different degrees of difficulty of sulphates on the one 
hand, and chlorides and nitrates on the other, in passing through colloidal 
membranes, of the protoplast [see Stiles, 1921]. It becomes of interest, there- 

fore, to determine whether the diffusion of sulphates in gels presents any 
anomalous features similar to those presented in their diffusion through 

membranes, which might help to explain the unexpected phenomenon of their 

comparatively slight absorption by plant tissue. 
The only recorded observations on the diffusion of sulphates in gels appear 

to be those of von Fiirth and Bubanovié [1918] who used agar-agar containing 

barium nitrate as an indicator. They did not calculate coefficients of diffusion 

40—2 
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from their results, nor do they provide the data to enable this to be done 

absolutely, but instead they calculate a quantity called by them the “invasion 
factor,” which should be approximately proportional to the square root of 
the coefficient of diffusion. 

From the data of earlier workers von Fiirth and Bubanovié have calculated 

the coefficients of diffusion in water at 18° of the substances with which they 
worked. In Table I are collected the numbers they quote for sulphates 
together with the invasion factors they found for the same substances and 

the coefficients of diffusion obtained by taking the squares of the invasion 

factors, ; 

Table I. Coefficients of diffusion at 18° of some sulphates in water and in 
2 % agar-agar containing barium nitrate. (Calculated from the data of 
von Fiirth and Bubanovié, the coefficient of diffusion of sodium chloride 

being taken as unity.) 
Coefficient of Coefficient of 

Invasion factor diffusion diffusion 
Sulphate in gel in gel - in water 

Hydrogen sulphate 0-98 0-96 1-33 
Potassium sulphate -.. 106 1-12 0-74 
Zinc sulphate 0-74 0-55 0-48 
Magnesium sulphate 0-67 0-45 0-50 

* Ammonium sulphate 0-67 0-45 0-76 | 

These results exhibit no sort of relation between the coefficients of diffusion 
in the gel and in water. It has, however, already been pointed out in the first 
paper in this series [Stiles, 1920], that von Fiirth and Bubanovié neglect the 

influence of the concentration of the indicator in their experiments, although 
this influences very considerably the invasion factor, and consequently the 
coefficient of diffusion calculated from it. A fresh series of determinations of 

the coefficients of diffusion of a number of sulphates in gels of gelatin and 

agar-agar has therefore been made; the values obtained are recorded in a 
subsequent section of this paper. 

Mernop. 

The method employed was that outlined in the third paper in this series 
[Stiles and Adair, 1921]. Gels of 0:5 °% agar-agar and 10 % gelatin were 

employed, and barium chloride in 0-01 N concentration by weight was used 
as the indicator in the gel. The solutions of sulphates employed were in 

normal concentration, The experiments were carried out in thermostats main- 
tained at 0° and about 20-5°. 

In calculating the coefficients of diffusion from the experimental data, the 
more exact of the two formulae obtained by Adair [1920] was employed, 

For this purpose the coefficient of diffusion of barium chloride was assumed 
to be 0-76 x 10-° ¢.g.8. units under the experimental conditions. Although 

exact data of this constant do not exist, such values for the coefficient of 
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diffusion of barium chloride as have been obtained indicate the value used 
as approximately correct. Even a 50 % error in the value of the constant 

introduces only a very slight error in the calculated coefficient of diffusion, 
and it is safe to conclude that any error arising from an assumption of an 

incorrect value for the coefficient of diffusion of barium chloride is negligible. 

EXPERIMENTAL RESULTS. 

The sulphates employed were those of ammonium, potassium, sodium, 
magnesium and copper. The experimental data are summarised in Table II. 

Table II. Penetration of various sulphates from a N solution into gels of 

agar-agar and gelatin containing barium chloride as indicator. (Concentra- 
tion of barium chloride in the gel, 0-01 NV; time in hours; penetration in 

centimetres of precipitate; diffusion coefficient & in c.g.s. units x 10°.) 

Temperature 
Diffusing salt Gel C. Time Penetration k 

(NH,),S0O, 0-5 % agar 0 22-36 2-220 0-474 
Po = 20:3 23-45 3-202 0-920 

” ” ” 47-68 4-599 0-932 

ns 10 %, gelatin 20:5 22-66 2-748 0-706 
” 99 pa 46-87 3-955 0-706 

K,SO, 0-5 %, agar 0 22-28 2-218 0-475 
Be Ns 20°3 23-44 3-200 0-918 

pt 10 % gelatin 20-5 22-67 2-745 0-704 

” »» 9» 46-90 3-924 0-695 

Na,SO, 0-5 % agar 0 22-45 1-920 0-355 
a a 20-3 23-69 2-937 0-770 

2 ie Ee 47-60 4-213 0-787 

je 10 %, gelatin 20:5 22-70 2-515 0-593 
> ne ze 46-90 3-615 0-593 

MgSO, 0-5 % agar 0 22-12 1-657 0-269 
ra <4 20-0 20-39 2-192 0-502 

pal mr * 45-30 3-316 0-517 

e 10 % gelatin 20-5 22-60 2-002 0-384 
a3 - oe 46-80 2-872 0-382 

CuSO, 0:5 % agar 0 22-20 1-793 0-314 
»” ” 20-0 20-25 2-276 0-545 

” ” ” 45-23 3-439 0-557 

‘ 10 % gelatin 20-5 22-74 1-796 0-311 
” ” ”> 46-95 2-592 0-314 

A first glance at these results as they stand shows that the coefficient of 
diffusion is considerably raised with increase of temperature from 0° to 20°; 
that at the same temperature diffusion is much more rapid in 0-5 % agar 

than in 10 % gelatin, and that the coefficients of diffusion of different sub- 
stances in the gels are roughly parallel to the coefficients of diffusion in water. 
Each one of these questions will now be considered more in detail. 
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1. Influence of temperature. 

If we assume, as is usually done, that the coefficient of diffusion increases 

with rise of temperature according to a linear relation between diffusivity and 
temperature, we have the following equations for the coefficient of diffusion 

of the various salts examined at any temperature @ lying between 0° and 20°. 

Salt Coefficient of diffusion at 6° C. 

Ammonium sulphate 0-474 (1 +0-0463 @) 

Potassium sulphate 0-475 (1 +0-0463 @) 

Sodium sulphate 0-355 (1 +0-0592 @) 

Magnesium sulphate - 0-269 (1 +0-0446 @) 
Copper sulphate 0-314 (1 +. 0-0382 @) 

The increase in the rate of diffusion for rise of temperature of 1° relative 
to the coefficient of diffusion at 0° thus varies somewhat with different 

salts, being least for copper sulphate and greatest for sodium sulphate. The 
numbers are however all of the same order. The value of this quantity in 
the case of the diffusion of sodium chloride in 0-5 % agar at temperatures 

between 0° and 20° is however much the same, namely 0-0385, as that for copper 

sulphate. It is clear that the influence of temperature on the diffusion of 

sulphates in agar gels presents no unusual features. 

2. Influence of gel concentration. 

In the previous paper of this series the influence of the concentration of 

the gel on the diffusion of sodium chloride was investigated over a wide range 

of gel concentrations. In order to determine whether the effect is similar 
in the case of sulphates it was considered sufficient to carry out experiments 
with a thin gel of low concentration (0-5 % agar) and a stiff gel of moderately 

high concentration (10 % gelatin). The values previously obtained with sodium 
chloride indicate that with that salt the coefficient of diffusion in 0-5 per cent. 
agar is about 1:3 times that in 10 % gelatin at the same temperature. The 

ratios of the coefficients of diffusion of the sulphates examined 1 in 0-5 % agar 

and 10 % gelatin at 20-5° are as follows: 

Ammonium sulphate... 1:31 Magnesium sulphate ... . 1:34 
Potassium sulphate... 1°31 Copper sulphate pent ee 

Sodium sulphate ere 

With the exception of copper sulphate, the relation between the coefficients 
of diffusion in 0-5 % agar and in 10 % gelatin is much the same in all the 
sulphates examined, and in sodium chloride. Copper sulphate forms a very 
conspicuous exception to the rule in that the coefficient of diffusion is relatively 
much greater in 0-5 °%, agar than would be expected from the rate of diffusion 
in 10 % gelatin, 

3. Comparison of the coefficients of diffusion in gels and in water. 

The observations that have been made in the past on the diffusion of sul- 
phates in pure water have been made at a number of differing temperatures 
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and with very varied concentrations of diffusing salts. A comparison between 
the actually observed rates of diffusion in gels and water cannot therefore 

be made. However from the results obtained for the coefficient of diffusion 

of sulphates in 0-5 % agar at 0° and 20°, it is at once possible to obtain by 
interpolation the values for the coefficient of diffusion in this gel at the 
temperatures used in earlier investigations on diffusion in pure water. In 
the following Table are shown, for the sulphates examined in this investigation, 
the values of the coefficients of diffusion in pure water and in 0-5 % agar- 
agar at the same temperature. The concentrations of the diffusing salts are 

not always the same, but the coefficients of diffusion in pure water tabulated 
are those for the concentration of salt nearest to normal, that used in the 

experiments with gels. Observations made by Oholm [1905] on other salts 

suggest that generally decrease in concentration results in an increase in the 

coefficient of diffusion, but the influence of concentration is not very great 

over small ranges of concentration. 

Table III. Comparison of the coefficients of diffusion of various sulphates 

in water and in 0-5 % agar-agar. (Coefficient of diffusion, k, in ¢.g.s. 
units x 105; concentration of salt in diffusion, in gels N in all cases; 

concentration of salt in diffusion in water given in normalities in fifth 
column.) 

Concentration in 
normalities of 

Diffusing Temperature salt in diffusion Observer of k 
salt C. k in gel k in water in water in water 

pe era ac 
(NH,),SO, 18 0-869 0-880 2-0 von Fiirth and 

{ Bubanovié 
0-995 0-56 K,S0, 19-6 0-903 pve ce Thovert 

Na,S0, ~ 10-4 0-574 0567 . 258 Graham-Stefan 
5-5 0-335 © 0-37 1-08 a 

MgSO, 10 0-389 0-394 0-80 Bchefiee 
CuSO, 17 0-518 0-336 1-00 Thovert 

The numbers presented in this Table show conclusively that, with the 

exception of copper sulphate, the values for the coefficient of diffusion of the 
sulphates in 0-5 % agar are very close to those for diffusion of the same salts 

in pure water. The evidence is that the coefficient in agar is slightly less than in 
pure water, as would be expected from the increased viscosity in the gel. 

CONCLUSION. 

From the results of this study of the diffusion of a number of sulphates 
in gelatin and agar-agar gels, it appears evident that, with the single exception 
of copper sulphate, the diffusion of sulphates in gels presents the same features 

as that of sodium chloride. Diffusion proceeds almost as rapidly in 0-5 % agar- 
agar as in pure water, while in 10 % gelatin the diffusion coefficient is reduced 

about 25 %. The influence of temperature is similar to that on the coefficient 
of diffusion of sodium chloride. Copper sulphate, on the other hand, shows 
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an abnormally large coefficient of diffusion in 0-5 % agar-agar, although the 
coefficient of diffusion of this salt in 10 % gelatin bears more nearly, though 
not exactly, the same relation to the coefficient of diffusion in water as the 
other salts examined. This is a very curious phenomenon for which at present 
no explanation can be offered, but which certainly deserves further in- 

vestigation. 
A reference to Table I of this paper shows that the results of von Firth 

and Bubanovié indicate that the coefficients of diffusion of potassium sulphate 

and zine sulphate are greater, and that of ammonium sulphate considerably 
less, in a 2 %/, agar-agar gel than in pure water. The more exact determinations 
recorded in this paper show clearly that such a divergence between diffusion 

of these sulphates in water and in gels does not exist. 
The comparatively small intake of sulphates by plant tissue is therefore 

not to be explained on account of any abnormal behaviour of these salts in 

diffusing through colloidal systems. Further evidence in this direction is forth- 
coming from the observations of Stiles and Kidd [1919] in which it was shown 
that the plant tissue examined absorbs sulphates initially faster than either 

chlorides or nitrates, but that the rate of absorption of sulphate falls off 
very much more rapidly than that of chloride or nitrate. It would thus appear 
that it is a question of equilibrium in a chemical combination, or in adsorption, 

that limits the intake of sulphates, rather than any retardation owing to a 
particularly slow rate of diffusion, or to a change brought about by the 

sulphate on the colloidal system as such which renders it much more resistant 

to the passage of the ions. 

. SUMMARY. 

The coefficients of diffusion of a number of sulphates in 0-5 % agar-agar 

and 10 % gelatin have been determined by the indicator method. In the 

cases of the sulphates of ammonium, potassium, sodium and magnesium the 

coefficient of diffusion in 0:5 % agar-agar is very close to, though slightly 
less than, that in pure water at the same temperature and for the same 

concentration of diffusing salt, while the coefficient of diffusion in 10 % gelatin 

is about 25 °% less than in 0-5 % agar-agar. The diffusion coefficient of copper 
sulphate in 0-5 %, agar-agar is considerably greater than in water, but in 
10 %, gelatin it is smaller than in water but yet somewhat higher than the 

values obtained for other sulphates would indicate, Increase of temperature 
from 0° to 20° increases the diffusion coefficient about 1-76 to 2-2 times 
according to the salt. These effects are of the same order as in the case of 
sodium chloride, 

Except in the case of copper sulphate the diffusion of sulphates in the gels 
examined proceeds normally and the results of von Fiirth and Bubanovié 
indicating the contrary are not confirmed. 

The comparatively small uptake of sulphates by plant tissue is not to be 
explained on the basis of retarded diffusion through a gel, 
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In the course of investigations on the nitrogenous metabolism in green leaves, 
experiments were undertaken with the object of isolating the various nitro- 
genous substances contained in cabbages. It has already been shown by 

Chibnall and Schryver [1921] that nearly all the simpler nitrogenous products 

can be removed from the leaves when they are treated with water saturated 
with ether, and the liquid is then expressed in a tincture press. An opalescent 
solution is thereby obtained, which on warming to 40° deposits a flocculent 

precipitate, consisting for the most part of proteins. After filtration and 
warming further to 100° another fraction of proteins is precipitated. On 

adding an equal bulk of 95 % alcohol to the filtrate from this precipitate, 
a voluminous pale buff-coloured precipitate is produced, containing in addition 
to inorganic salts and other substances which account for only a relatively 

small percentage of the total nitrogen, an organic phosphate derivative which 
has not yet been further investigated. The filtrate from this phosphate fraction 
was concentrated under diminished pressure, acidified with sulphuric acid, 

and the requisite amount of phosphotungstic acid was added. 32-8 % of the 
nitrogen in the extract after removal of the protein and phosphate fractions 
was thereby precipitated; this extract contained also 11-4 % of its nitrogen 

in the form of ammonium salts. The filtrate and the washings from the phos- 
photungstate precipitate were treated with barium hydroxide (Congo red) to 

remove the greater part of the sulphuric acid and excess of phosphotungstic 
acid, and then evaporated in vacuo. The liquid thus obtained contained 53-55 % 
of its nitrogen in the amino form (Van Slyke), Experiments were then made 

to remove the dicarboxylic acids by barium hydroxide and alcohol. The first 
addition of the alkali produced a precipitate of phosphotungstate containing 

no nitrogen; this was filtered off, and a further addition of barium hydroxide 
in saturated solution was made, and then 1} the bulk of 95 % alcohol was 



TREATMENT OF PROTEIN HYDROLYSIS PRODUCTS 637 

added. A precipitate of the dicarboxylates was thereby produced. It is not 
advisable to add a larger bulk of alcohol, otherwise the precipitate tends to 

become slimy. 13-9 % of the nitrogen in the extract (after removal of proteins 

and phosphates) is thereby precipitated. 
After the separation of the barium dicarboxylates, carbon dioxide was 

passed into the liquid, without previous removal of the alcohol. A bulky precipi- 
tate was thereby produced, which contained appreciable quantities of nitrogen 
(1:66 % of the dry weight). This was filtered off, and the filtrate was saturated 
with barium hydroxide, and treated with carbon dioxide. Another precipitate 
was obtained, which was also relatively rich in nitrogen. These experiments 
were repeated with a larger bulk of the liquid. An extract freed from the 

dicarboxylic acids and alcohol was diluted -with an equal volume of 95 % 

alcohol, and saturated with solid barium hydroxide; somewhat more was 
required than would saturate the amount of water present. Carbon dioxide 

was then passed through the solution. The precipitate was filtered off, the 
filtrate was re-saturated with barium hydroxide, and again treated with 
carbon dioxide. This treatment was repeated altogether seven times, and 

the precipitates contained the following percentages of nitrogen: (i) 1-70, 
(ii) 1-67, (iii) 0-92, (iv) 0-81, (v) 0-55, (vi) 0-29, (vii) 0-09. Altogether, 68-83 % 
of the nitrogen contained in the liquid from which the bases and dicarboxylic 
acids had been separated by the methods given above were thus removed. 

Furthermore, the residual liquid contained in the amino form only 2-6 % of 
the total nitrogen present in the liquid after removal of the dicarboxylates. 

Determination of the optimal conditions of precipitation. 

Many years ago Siegfried prepared the barium salts of carboxylates of 
amino-acids, possessing the general formula 

oa ‘Coenen = 

by treating these acids with carbon dioxide and barium hydroxide. These 

barium salts readily decompose on warming, yielding barium carbonate and 
the free amino-acids. There is little doubt that the amino-acids have been 

_ precipitated in the form of the barium salts of their carboxylates by the 
method described above. Experiments were undertaken with the object of 
determining the optimal conditions of precipitation, a few of which are given 
in detail below. 

After addition to the base-free extract of cabbage of the amount of barium 
hydroxide necessary to precipitate the barium salts of the dicarboxylic acids 
after addition of alcohol, the filtered liquid was concentrated in vacuo. To 

the liquid thus obtained varying quantities of alcohol and barium hydroxide 
were added before treatment with carbon dioxide. The gas was then passed 

0, 
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in and the amount of precipitate produced, and its percentage of nitrogen 

were determined. The results are given in the following table: 

(a) 1000 ce. alcohol; 1000 cc. extract: 

15g. Ba(OH),_... i ... Weight of precipitate 12-5 g.; N 1-61 %. 
(6) 500 ce. alcohol; 500 cc. extract: 

Baryta to saturation iy sha ‘ i 24:5 g.; N 1-70 %. 
(c) 200 cc. extract; 400 cc. water; 

and 600 ce. alcoho! 

(i) 35 g- Ba(OH), eee oes ” ” 31-5 g&-5 N 1-60 ie 

(ii) 30 g. Ba(OH), a see ss Pe — N0O77%. 
(d) 200 cc. extract; 400 cc. alcohol: : 

10 g. Ba(OH), °... ak iy s 9-5 g.; N 1-60 %. 
(e) 200 cc. extract; 0 ce. alcohol: 

30 g. Ba(OH), ... ot ie me ” 21:5 g.; N 0-35 %. 

As a result of the above experiments it will be seen that very little nitrogenous 

matter is precipitated by successive treatments with barium hydroxide and 
carbon dioxide in the absence of alcohol; on the other hand no advantage 

is obtained by diluting the solution from which the amino-acids are to be 
precipitated with more than an equal bulk of 95 % alcohol. By using there- 
fore an equal bulk of alcohol and adding the baryta to saturation before 

treatment of the liquid with carbon dioxide, the best results are to be obtained. 

Under these conditions the results recorded in the preceding section were 

obtained from the cabbage extract. 
The main disadvantage of the method lies in the fact that the alternate 

treatment of the liquid with barium hydroxide and carbon dioxide must be 

repeated several times before a nitrogen-free precipitate is obtained. To obviate 

the manipulations necessary for this process, an attempt was made to convert 
the amino-acids into their carboxylates by treatment with an excess of ethyl 
chloroformate in the presence of sufficient barium hydroxide to combine with 
the hydrochloric acid set free in the reaction, and the subsequent addition 

of a large excess of baryta.. Several experiments of this character were carried 

out, but in no case did the precipitate obtained contain more than small 
amounts of nitrogen, and, compared with the first methods tried, this alterna- 
tive method showed no advantages. Furthermore, it was found that after 

a little practice, when the amounts of reagents necessary were known, the 

successive operations of the earlier methods could be carried out without 
undue expenditure of time. 

Decomposition of the nitrogenous barium precipitate. 

150 g. of the precipitate containing 1-66 % of N (or 2-49 g. in all) were 
decomposed by boiling for 5-10 minutes with water; a Kjeldahl estimation 
on the filtrate showed that over 98 °, of the nitrogen present in the precipitate 
was dissolved by this method. The brown-coloured filtrate was found to con- 
tain considerable amounts of barium in solution; this was accordingly removed 
exactly with sulphuric acid, The filtrate was decolorised by means of a little 

animal charcoal, and evaporated in vacuo to syrup, of amber colour, On 
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shaking this syrup with absolute alcohol it became changed to a cream- 
coloured, granular solid, while the alcohol became light orange-brown in colour. 

The solid was removed, washed two or three times with absolute alcohol, and 

finally with ether, and dried by leaving for two or three hours in a vacuum 

desiccator. By this method, it dried to a light buff powder, easily soluble in 
water, and containing 5-25 % of nitrogen. (Unless the washing with alcohol 
was thorough, and the drying rapid, the substance tended to change back to 
an amber-coloured, sticky mass.) Evaporation of the alcoholic extract gave 

a brown, non-crystalline mass. Judging from the percentage of nitrogen in 
the solid: (i.e. 5-25 %), it appears that it contains about 40-50 % of amino- 
acid; the remainder consists probably of sugars and possibly oxy-acids. 

Further experiments to decide this point are to be made. 
From the results of the above experiments it was found that a relatively 

large fraction of the simpler substances from the cabbage leaves could be 
isolated in a crystalline and but slightly pigmented form, and almost com- 
pletely free from the resinous matters which hitherto have made the investiga- 

tion of the crystalline substances contained in leaves a problem of great 
difficulty. The investigation of these substances of which a large proportion 
are nitrogenous is reserved for the future. It is worthy of note that leaves 

of plants contain relatively large amounts of nitrogenous substances which are 
neither bases nor amino-acids, The discovery of a method which removes 

nearly all these acids should considerably simplify the investigation of these 
unknown constituents. 

In the meantime, it was thought advisable to ascertain whether the baryta- 
carbon dioxide method could be applied to the isolation in crystalline form of 
the amino-acids obtained by the hydrolysis of the proteins. 

The discovery by Dakin of the butyl aleohol method forms a great advance 
in the technique of the isolation of the amino-acids, but this is not always 

convenient, as Dakin’s recently published paper on the hydrolysis products 
of gelatin shows [Dakin, 1921]. It seemed that the method described in this 

communication might serve as an alternative one in such cases; it has the 
further advantage that it can be carried out much more rapidly than the butyl 
alcohol extraction method. The experiments described below on the isolation 

of the hydrolysis products of caseinogen and gelatin indicate that the method 

described in this paper is one of considerable promise. 

Experiments with hydrolysed caseinogen. 

The caseinogen was hydrolysed with sulphuric acid in the usual way; 
sulphuric acid was removed by means of baryta, and the liquid evaporated 

to small bulk to remove tyrosine. After removal of tyrosine, the amount of 
nitrogen present was 8-870 g. The concentrated liquid was diluted and pre- 
cipitated with phosphotungstic acid in the ordinary way; 2-50 g. of nitrogen 
were thus removed, leaving 6-37 g. in solution. Dicarboxylic acids were now 

removed by treating the solution (concentrated to 500 cc., after removal of 
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excess of phosphotungstic and sulphuric acids) with 35g. baryta, adding 
1000 ce. alcohol, and allowing to stand for 20 hours. The product which 

crystallised out was removed, washed with 70 % alcohol and dried; its weight 

was 27 g., and it contained 1-6 g. of nitrogen. 
The filtrate was concentrated to 250 cc. and contained 4-65 g. of nitrogen, 

of which 68-27 % (or 3-168 g.) was in the form of amino nitrogen. Of this 
solution, 125 cc., containing 2-325 g. of nitrogen and 1-584 g. amino nitrogen 

were used; baryta was added to saturation, then an equal bulk of 95 % 
alcohol, and CO, passed till precipitation was complete. The precipitate 
produced was of a gelatinous nature and gave some difficulty in washing and 
filtering; the gelatinous nature is less obvious in the fractions containing a 

lower percentage of nitrogen. Four such precipitations were made, and the 

amount of nitrogen brought down in each case was determined; the residual 
liquid was evaporated to a small bulk in vacuo, and the nitrogen remaining 
determined. The results are summarised in the Table below. A van Slyke 
determination on the residual solution gave 0-1175 g. amino nitrogen present, 

or 5-06 % of the total original nitrogen. 
Each of the above four fractions of the barium precipitate was decomposed 

separately by boiling up twice with three times its weight of water for 

5 minutes; after filtering and removing barium from the extract by means of 

the exact amount of sulphuric acid, the liquid was in each case examined for 

amino nitrogen. The results obtained are shown in the following table: 

Caseinogen : solution after removal of dicarboxylic acids. 

Total N Amino N Non-amino N 
(Kjeldahl) (van — (by difference) 

g. % % g- 
Original solution 2-325 100-00 1: a 68-27 0-741 

Fraction I 0-906 39-00 0-6786 29-19 0:2274 

ps II 0-545 23-47 0-3995 17-18 0:1455 

‘s Il 0-298 12-79 0-2095 9-01 0-0885 

Vk IV 0-275 11-85 0-1702 7:31 0-1048 

Residue 0-280 12-04 0-1175 5-06 0-1625 

Totals 2-304 99:15 157538 67-75. 07967 
(compare with top line, 

“ Original solution”) 

(N.B. In the above table, all percentages given are calculated as percentage of the total 
nitrogen present at the commencement of the series of experiments, 2-325 g.) 

The solutions from decomposition of the barium precipitates, after the 
above determinations had been carried out, were evaporated to small bulk 
in vacuo till quite syrapy. The syrups were then shaken with a large bulk 
of absolute alcohol, when they were converted to pinkish-white granular 
masses; complete solidification is difficult to obtain unless the syrups be 

practically anhydrous. (A small portion of the solid was removed from alcohol, 
dried at 110°, and the nitrogen estimated—N = 10-84 %. The balk of the 
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product was not dried down.) The nitrogen present in the solid product was 

entirely amino nitrogen; a portion of the alcohol was evaporated in vacuo and 
gave a semi-crystalline yellow mass. 

Experiments with hydrolysed gelatin. 

Precisely similar experiments to those carried out on caseinogen were also 

performed in the case of gelatin; the main object was to test the completeness 
of removal of amino nitrogen from solution, as the method of H. D. Dakin, 

using continuous extraction with butyl alcohol, breaks down when glycine is 
present in large quantity. Exact details of the method adopted need not be 
given here, as they were precisely the same as those described above. The 
main results ‘were as follows: 

Weight of nitrogen in hydrolysed liquid = 21-25 g. 
a Pe after phosphotungstate treatment = 13-65 g. 
5 er » removal of Ba dicarboxylates = 12-424 g. 

a as amino nitrogen = 9-792 g. 

=78. 81 % of total N present after removal of Ba 
dicarboxylates 

Only one-fourth of the solution at this stage (7.e. 100 cc. containing 3-106 g. 
of nitrogen) was worked up. The percentage of nitrogen contained in the first 

fractions of the barium precipitate was much higher than in the case of 
cabbage and caseinogen precipitates; the end point of the precipitation was, 

however, of the same order—87-73 % of the total nitrogen being removed 
(compared with 87-96 % in the caseinogen experiment). 

The percentages of nitrogen in the four successive fractions of the barium 

precipitate were: 5-61 %, 2-30 %, 0-66 %, 0-29 %. Fraction I was decomposed 
and the extract examined separately; fractions II and III were combined 

and decomposed, etc.; fraction IV was decomposed and examined separately 
as before, the residual liquid was evaporated to small bulk and examined for 
total and amino nitrogen. The results are summarised below. 

Gelatin: } of solution after removal of dicarboxylates. 

Total N Amino N Non-amino N 
g % g- % g- 

Original solution © 3-106 100-00 2-448 78-81 0-658 

Fraction I 1-814 58-40 1-702 54-79 0-102 

” yi 0-907 28-13 0-644 19-93 0-263 

» IV 0-015 0-48 — oa we 

Residual liquid 0-363 12-27 0-073 2-42 0-290 

Totals 3-099 99-28 2-419 77-14 0-655 

(cf. top line * Original 
solution”’) 

Tt will thus be seen that the removal of amino nitrogen by this method is 
almost complete in the case of gelatin. 
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The amino-acids themselves were obtained as before by evaporation of 

the solution from the decomposed barium precipitate in vacuo and treatment 
with absolute alcohol. The first fraction easily set to a white crystalline product, 
containing 12-96 % N, all in the form of amino nitrogen. The second fraction 
took much longer to granulate, being, after a week, still in a somewhat pasty 
form; this was due probably to incomplete drying in the vacuum desiccator. 

A small portion, dried at 105°, gave N = 11-56 %. 
No experiments were made on the nature of the substances extracted by 

alcohol from the amino-acids; probably they were proline substances, which 
Dakin has shown to be present in large amount among the hydrolysis products 

of gelatin. 
From the results given above, there can be little doubt that the baryta- 

carbon dioxide method can be applied to the isolation in crystalline form of 

the hydrolysis products of the proteins. In the above described experiments 
the separation of the amino-acids is not quite complete, but it is probable 
that it could be rendered more so by the addition of baryta and carbon dioxide 
to the filtrate from the four precipitations after this has been concentrated. 

It will be noticed that this residual fluid contains a relatively large amount 

of the nitrogen in the non-amino form. 
It is proposed to investigate the method in greater detail, and to determine, 

amongst other things, whether it can be applied to a partial separation of 
the amino-acids from one another. It is also possible that it may be used for 

separating the diamino-acids from other bases. In view of the amount of 
time the various subsidiary investigations mentioned in this paper will take 
to complete, it has been thought advisable to publish a short account of some 

of the results obtained up to the present date. 
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In a previous communication [Schryver and Haynes, 1916] it was shown that 
by treating the insoluble portions of plant tissues with warm ammonium 
oxalate solution, a substance was extracted which could be precipitated in the 

form of a voluminous gel on addition of alcohol. This was the salt of an acid to 

which the name “ pectinogen” was provisionally assigned. This acid was shown 
to be soluble in water and to give a soluble calcium salt, but was converted 
into another product on keeping for a short time with N NaOH, which was 
designated “pectin.” This is a product of acidic nature; the free acid is in- 

soluble in water, gives an insoluble calcium salt, and readily forms a jelly 
when treated with normal NaOH. Von Fellenberg [1918] subsequently showed 
that pectic substances when treated with caustic alkalis in the cold give rise 
to methyl alcohol. 

The present investigations were undertaken with the object of throwing 
some light on the relationship between pectinogen and pectin, and of ascer- 

taining the form in which the pectic substances are combined in the plant 
tissues. 

In the first instance it was proposed to repeat von Fellenberg’s work with 
the primary object of determining whether there is any quantitative relation- 
ship between the amount of alcohol set free by sodium hydroxide from the 
insoluble portion of the plant tissues, and the amount of pectic substances 
contained therein. In the second instance, in view of the fact that a primary 

substance, “pectinogen,” can be isolated from the tissues, which is changed 
by alkalis into “pectin,” experiments were undertaken to ascertain whether 
this latter substance could be extracted directly by means of cold caustic 
alkalis. 

1 The above work was commenced in conjunction with Mr C. C. Wood. Owing to his ac- 
ceptance of a new position he had to relinquish the work, and his place was taken by Mr D. H. F. 
Clayson. The authors are indebted to Mr Wood for the assistance given in this work.—S. B. 8. 

Bioch. xv 41 
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As a result of the experiments it was found, in all the tissues investigated, 
that N sodium hydroxide causes the elimination of methyl alcohol and also 
extracts another substance or mixture of substances in relatively small quanti- 
ties which have properties quite distinct from the pectic substances, and ‘are 

more closely allied to products which have been called by Schulze the “hemi- 
celluloses.” They can be precipitated from the alkaline solution by means of 
alcohol as bulky flocculent precipitates; they give a blue coloration with 

iodine, do not directly reduce Fehling’s solution, but are readily hydrolysed 
by quite dilute mineral acids giving solutions which readily reduce the 

above-mentioned reagent. On treatment with concentrated hydrochloric acid 
they give rise to furfural, and the amounts obtained from different sources 

vary within wide limits, the quantities corresponding to pentose contents 
ranging between about 40 % and 85%. It is proposed to designate these 

products, which are probably reserve carbohydrates of the tissues, as cyto- 
pentans. Although extracted from the tissues by alkaline solutions, in which 

they readily dissolve, they are not of distinct acidic nature, and are only 

in isolated cases precipitable in flocculent form on addition of acids. 
As already mentioned, the alkaline extract which contained methy] alcohol 

and the “cytopentans” did not hold in solution (provided carbonate was not 
present in the caustic solution in appreciable quantities) any pectic substance. 

This however could be extracted from the residues obtained after treatment 
with caustic alkalis by treatment with warm ammonium oxalate solution, On 
adding acid to the ammonium oxalate extract, a gelatinous precipitate was 

immediately thrown out which corresponded in all its properties with the pro- 

duct previously designated as “ pectin.” To avoid confusion in the nomenclature 
it is proposed to call this product, which appears to be a general constituent 

of the cell walls and is found in variable quantities, “cytopectic acid.” Such 
a special name seems desirable in view of the fact that the name pectin is 
generally given to the jelly-forming substance which is obtained in quantity 

from only a limited number of sources, and is utilised commercially in the 

manufacture of preserves. 
The cytopectic acid was prepared in the course of the present work from 

six different sources. The product obtained in all cases was so similar, alike 

in the optical rotation, the amount of furfural yielded on distillation with 

hydrochloric acid, and in the carbon and hydrogen content, that there is 
strong reason to believe that the acid obtained from all the sources hitherto 

examined is the same. Only in the case of the orange were the numbers 
obtained for the carbon percentage distinctly below the general average, and 

the optical rotation was about 20° lower than the average obtained for the 
cytopectic acid preparations from other materials. The oranges, however, 

differed from the other products in that the expressed juices were very rich 
in soluble pectic substances and set soon after they were obtained to a solid 
jelly. It is conceivable that the soluble pectins are derived from the pectic 

substances of the cell wall, and that the latter undergo some kind of change on 
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yielding the former. The investigation of the soluble pectic substances has, by 
arrangement with the authors, been left to Professor Barker and his colleagues, 
whose researches may throw further light on this question. The present work 
has been confined mainly to the ascertainment of the general distribution 

of the products described above in the insoluble portions of the plant tissues. 
There was not found to be any constant ratio between the methyl alcohol 

obtained by the treatment of the cell-wall substances with cold sodium 
hydroxide solutions, and the amount of cytopectic acid contained therein. 

After the elimination of methyl alcohol, the cytopentans, and cytopectic 
acids by the methods described above, a residue was obtained which was 

almost completely soluble in the ordinary reagents used for the solution of 
celluloses (such as zinc chloride and hydrochloric acid, or Schweitzer’s reagent). 
Four products have therefore been obtained from all the cell-wall substances 

* examined. The percentages of methyl alcohol, cytopentans and cytopectic 

acid are given in the following table: 

Methyl aleohol = Cytopentans = Cytopectie acid 

Turnips 0-23 2:8 18-3 
Onions 0-16 1-2 13-5 

Pea-pods 0-21 54 10-4 
Cabbage 0:27 0-9 18-0 
Oranges 0-42 18 26-0 
Apples 0:35 14 6-0 

The above numbers are calculated on the dry weights of all the substances. 

In this communication it has been possible to deal only with the outlines 

of the subject of the composition of cell-wall substances, and a number of 
problems are presented which call for further investigation. A few may be 

mentioned here. It would be of interest to ascertain whether the methyl 
alcohol, which is eliminated so readily from the tissues, is a product of the 

photochemical reduction of carbon dioxide. Materials for experiments on 
this question are in course of preparation. 

The exact form in which the cytopectic acid is contained in the tissues 

remains to be decided. It appears to be in some form of chemical combination 

with the cellulose, and is only extracted by warm solutions of salts, the anion 

of which gives insoluble calcium salts, such as sodium carbonate, ammonium 

oxalate and tartrates, but not by other salts such as sodium chloride. Further 
investigations are also necessary to ascertain definitely whether the cytopectic 

acid from all sources is the same chemical individual. The relative distribution 

of the four constituents of the cell-wall substances remains also to be determined. 
It will be of especial interest to discover whether the relative proportions 
vary during the different stages of the life histories of the tissues, such as 
for example, during the ripening of fruits, a subject of some practical im- 
portance in view of the work being carried out in the biological departments 
of the College on the cold-storage of fruits. 

41—2 
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EXPERIMENTAL. 

A. Preparation of the Materials. 

The material used for the elementary stages of the work was obtained 
from turnips. Owing to the difficulty experienced in dealing with the colloidal 
products, it became necessary to evolve a technique for their preparation, 

and a large quantity of the dried turnip residues was prepared for this purpose. 
The method of working up these residues from the fresh product and of 

the pectic substances from them may be described in some detail, as the 

method finally adopted is a general one, with but few modifications in special 
cases, which will be indicated. 

In the case of the turnips, 15 kilos represented one batch used. The fresh 

vegetable was cleaned free from any surface mould, etc., cut up into small 
pieces and passed through a mechanically driven mincer, using as fine a plate 

as possible. The minced product was thoroughly pressed in a tincture press 
as quickly as possible and then placed in clean enamelled basins with a large 
quantity of distilled water containing chloroform, which acted both as a 

cytolysing agent and antiseptic. It is essential to wash and press many times 
to ensure that all the liquid extracts are eliminated. After about ten alternate 

washings and pressings, the liquid came through almost clear and the residues 
were further subjected to a final pressing and then spread out and dried by 

a current of air from a fan, for two or three days. When dry, they may be 
ground if necessary, but most of the products used were in a sufficiently fine 

condition after mincing. First results seemed to indicate that the yield of 
cytopentans, for example, was affected by the state of division of the residues, 

but subsequently the main factor was seen to be that of imbibition. If the © 
residues are allowed to stand with water previous to the chemical action of 

soda or oxalate, they swell very considerably and become completely im- 
pregnated with water. The chemical is thus enabled to attack the whole of 

the fibre and irregular action is minimised. 
In the case of the turnips the residues are a light yellow in colour, resembling 

sawdust. They may however be ground down to an extremely fine dust. 

600 g. of dried residues were obtained from the 15,000 g. of the fresh product. 
Before extraction of the pectic bodies, the residues were boiled with alcohol 

which removes a quantity of pigment. Afterwards they were thoroughly 
washed with a large quantity of distilled water and again air-dried. 

The other fresh products were worked up in similar fashion and in the case 
of oranges, apples and onions the alcohol extraction is very necessary, as this 
removes besides pigments, essential oils, etc. This extraction and the very 

thorough washing with distilled water which should follow are particularly 
necessary from the point of view of the methyl alcohol determination, 

A modification was made in the case of cabbages. The high protein content 
is somewhat disturbing from the present point of view, and in order to eliminate 
as much nitrogenous material as possible, Chibnall and Schryver’s [1921] 
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method of extraction with ether water was employed. The minced product 
was allowed to stand with ether water for about 20 mins. and then pressed. 
This treatment was repeated and then the washings and pressings carried 

on as before. 
B. Estimation of the Methyl Alcohol. 

The methyl alcohol content of the dried fibre residues was determined by 

the method of Schryver and Wood [1920]. 
The dried residues, prepared as described, were boiled with alcohol, if 

in the course of the preparations this had not been done, and afterwards 
thoroughly washed and pressed with many changes of water to ensure com- 

plete elimination of alcohol, essential oils and colouring matter. 
A quantity of the thoroughly dried residues—from 2 to 3 g.—was weighed 

out and placed in a clean dry Erlenmeyer flask. 50 cc. of water were then 

added and allowed to stand for 14 hrs. The residues imbibed the water and 
thus were more readily attacked by 50 cc. of 2. N NaOH, which were then 
added and allowed to stand for 14-2 hrs. The soda extract was then rapidly 

filtered through filter paper (previously shown to be free from methy] alcohol) 
into another clean dry flask and 25 cc. of this were then placed in a distilling 
flask, and the methyl alcohol distilled off under diminished pressure. The 

caustic soda was first neutralised with phosphoric acid, and a dropping funnel 
and capillary tube were fitted to the flask. The flask was placed in a water-bath, 
and the side tube connected with a worm which was surrounded by crushed 

ice, and terminated in the flask, which was surrounded by a bath of ice and 
salt and thus kept at about — 10° C. Another flask, placed between the former 

flask and the pump, also surrounded by a freezing mixture, served as a trap 
for any of the distillate which escaped condensation. Finally connection was 
made with a pump and manometer. In practice, this apparatus was used in 
duplicate. The distillation was conducted at as low a temperature and pressure 
as possible. After some preliminary frothing, boiling proceeded quietly and 
when the original 25 cc. was almost all distilled over, 20 cc. of distilled water 

were added, and when this was evaporated a final 20 cc. were added. Finally 
the tubes were washed through with distilled water and the frozen distillate 

allowed to melt and then made up to 250 cc. with distilled water. The methy] 
alcohol was then estimated by the method of Schryver and Wood above 

mentioned. 

The following percentages of methyl alcohol were found in the dried 
residues : 

Turnips Onions Pea-pods Cabbages Oranges Apples 
0-22 0-17 0-205 0-278 0-424 0-365 
0-23 0-15 0-218 0-275 0-415 01344 
0-22 0-16 — — — — 
0-24 — — — -- _ 

0-23 0-16 0-21 0-27 0-42 0-35 Averages 

These results show no definite ratio between the methyl alcohol and the 

cytopectic acid. 
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C. Preparation and Properties of the Cytopentans. 

It has been noted that sodium carbonate or carbon dioxide was capable 
of extracting cytopectic acid from the residues. Hence when it was found 
that caustic soda extracted a substance which differed from cytopectic acid, 

precautions were adopted to prevent formation of carbonate and consequent 
extraction of the cytopectic acid. 

The procedure may be indicated in detail in the case of the turnip cyto- 

pentan. 300g. of the dried residues were placed in each of two jars fitted 
with stoppers and rubber washers to exclude air. 3000 cc. of air-free distilled 
water were added to each and allowed to stand for 1} hrs. At the end of this 

period all the water had been imbibed and a moist mass, swollen considerably, 

remained. To each then were added 3000 cc. of 8 % caustic soda made up 
from purest fresh sticks and air-free distilled water. This was allowed to stand 
for a further 14-2 hrs.; the soda extract was then rapidly filtered off through 
muslin on a large Buchner funnel and the residues pressed very thoroughly. 

It was found that no further cytopentan was extracted if the above treatment 
were repeated, and accordingly the residues were plunged in large quantities 
of distilled water to wash the remaining soda from the fibres. It is essential 

to eliminate all caustic soda, as otherwise the subsequent extraction of cyto- 
pectic acid with ammonium oxalate is rendered useless, as the colloid will 

come out contaminated and in a condition impossible to work up to a dry 

condition, — . 
The soda extract obtained above was filtered again through filter paper 

pulp and placed with an equal bulk of 95 % alcohol, in Winchester bottles. 
The yellow extract became cloudy on addition of the alcohol, and a white 

flocculent precipitate was gradually formed. Filtration was found to be 
tedious, wasteful and generally inefficient. The method finally adopted was 

as follows. If the extract and precipitate are thoroughly shaken, air bubbles 
are released from the precipitate, and on standing overnight this sinks to 
the bottom of the jar or bottle; the supernatant liquid may then be almost 

completely syphoned off, using a small muslin bag over one end of the syphon 

to prevent undue loss of cytopentan. The remaining liquid and precipitate 
was then centrifuged. The cytopentan at this stage was a slimy white product, 

It was allowed to stand in 50 °% alcohol for a day and then centrifuged ; 
the alternate treatment with 50 % alcohol and centrifugalisation was carried 
on until the alcoholic washings no longer showed alkaline to litmus. The 
strength of the aleohol was then increased after each separation until finally 
the cytopentan presented itself as a white granular substance in absolute 
alcohol, Washing with ether followed, and finally the product was allowed to 
dry in a vacuum desiccator. 

This method of preparation was adopted in every case and the resulting 
cytopentans were fine powders varying in colour from white or yellowish to 

grey. 
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Before carrying out any estimations, it was considered advisable to re- 
precipitate the product from solution, the object being to remove any cyto- 

pectic acid inadvertently carried down and also if possible to reduce the ash. 
To this end the product was dissolved, in the proportion of | g. to 50 cc., 

in 4 % caustic soda, a little water being added if necessary. Solution takes 
place slowly in the course of a day. Acetic acid was added until the mix- 
ture was just neutral, and a few drops of calcium chloride were then added 
to carry down the very small traces of cytopectic acid as a gel of calcium salt. 
On centrifuging, a small quantity of foreign matter and a gel came down. The 
supernatant liquid was decanted and filtered, the cytopentan precipitated by 

alcohol and worked up through graded strengths of alcohol as before. 

The cytopentans give a blue coloration with iodine, similar to that of starch. 
They do not reduce Fehling’s solution directly, but are readily hydrolysed 

1 % hydrochloric acid to give products which reduce Fehling’s solution. 

They contain large and varying quantities of pentose, as shown by Tollens’ 

phloroglucinol method. 

Estimation of Pentose in Cytopentans. 

The reprecipitated products were very carefully dried first in a current of 
air and then in vacuo over phosphorus pentoxide at 100°. About 0-2 g. of 
the dry cytopentan was weighed out into a small glass capsule and placed 
in a distilling flask together with 100 cc. 12 % hydrochloric acid, and the 

phloroglucinide obtained in the usual manner. The black precipitate was 

filtered through a clean weighed alundum crucible and washed with 150 cc. 
water; after drying at 105° for 4 hours it was weighed. 

It has been shown by Ellett and Mayer that methylpentose may be 

distinguished from pentose owing to the fact that the methylfurfural phloro- 
glucinide is soluble in hot alcohol, and the furfural compound is not. In 

accordance with this, the precipitate was extracted twice with hot alcohol and 
the crucibles finally weighed after two to three hours drying at 100°. It was 

found that a very small quantity was extracted by the alcohol, varying within 
wide limits, 0-6-6 °%% of the cytopentan as shown in the table. Further, the 

percentages of pentose calculated on the weight of precipitate before extraction 
varied within the same wide limits; after extraction, however, a much cleaner 

precipitate remained and the pentose values on this basis were much more 
concordant. 

Before discussing the results obtained it is necessary to point out that 

these cytopentans are probably mixtures or at least variable products of 
metabolism. Direct evidence of the composite nature of these products is 
obtained in the case of pea-pod cytopentan. 

The cytopentan when first prepared was shown to be nitrogen-free by 
Kjeldahl’s method, contained 28 % of ash (abnormally high) and gave a 
pentose value (on the ash-free weight) = 78 °% approx. 

On dissolving this in caustic soda, with a view to reprecipitation and 
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purification as described, the soda was inadvertently over-neutralised, and it 
was found that the acetic acid had precipitated most of the product. This on 

drying gave an ash value of 10-6 % and a pentose value of 85 °% (ash-free). 
The remaining liquid gave a very small quantity of a white solid when treated 
with alcohol, and this product contained 4-4 % ash and 43 % pentose. The 

majority of the pentans, however, were not precipitated from alkaline solution 
by che addition of excess of acetic acid; highly opalescent solutions only were 
obtained, and flocculation did not take place until after addition of alcohol. 

The Pentose Estimations on Cytopentans. 

Wt. of Wt. of Wt. of Pentose 
lst pre- soluble insoluble In- (on ash-free 

Source of Wt. cipitate portion portion Soluble soluble Ash product) 
cytopentans taken g. g. g. A % s/f o. 

Onions (i) 00-1198 0-0450 0-0041  0-0409 3°45 38:75 2:5 39-75 
(ii) 0-1277 0-0472 0-0032 0-0440 3-51 38-81 25 39-80 
(iii) 0-1191 0-0424 0-0037 0-0394 2:28 37-97 25 38-94 

.Turnips (i) 0-1808 0-1374 0-0046  0-1328 2-56 76-87 59 81-70 
(ii) 0-2011 0-1466 0-0049 00-1417 2-46 = 73-57 59 78-18 
(iii)  0-1303 0-0959 0-0040 0-0919 0-72 = 77-37 5-9 79:76 

Oranges (i) 0-1218 0-0618 0-0029 0-0589 2-41 53-01 44 55-45 
(ii)  0-1529 0-0813 0-0046  0-0767 3-03 53:96 ‘44 56-44 

Apples (i) 0-1227 0-0463 0-:0028 0-0435 2-31 39-96 3-1 41-25 
(ii) 00-1311 0-0484 0-0038 0-0446 3:19 38-25 3-1 39-48 

Cabbage (i) 90-1832 0-0899 0-0051 0-0848 2-81 49-46 143 57-73 
(ii) 0-1597 0-0750 0-0053 0-0697 334 47:24 143 55-13 

Pea-pod (i) 01186 0-0664 0:0046 0-0618 390 56:90 28:7 79-80 
(ii) 0-1900 0-1063 0-0069 0-0994 3-49 56:60 28-7 177-99 

(total cytopentans) 
A. Pea-pod (i) 0:1495 0-0658 0-0071  0-0587 479 43:84 44 45-02 

(ii) 0-1201 0-0494 0-0072 0-0422 604 39:76 44 41-59 
(alcohol precipitate 

fraction) 

B. Pea-pod (i) 0-1898 0-1467 0-0082 0-1385 4:38 76:23 10-6 85-29 
(ii) 0-1838 0:1389 0-0061  0-1328 3°34 75-62 10-6 84:59 

(acetic acid precipitate) 

In one or two cases results are slightly low owing to persistent frothing 

during the distillation of the furfural. The calculations in the last column 
represent furfural-yielding radicals calculated as pentose. 

In the case of the pea-pod cytopentan, the figures under (A) are for the. 

fraction precipitated by alcohol and under (B) for the fraction precipi by 
acetic acid. 

D. Preparation and Properties of Cytopectic Acid. 

After the residues had been washed very thoroughly to free them from 

the last traces of caustic soda, as much water as possible was expressed and 
then the material was placed in a bath containing 0-5 % ammonium oxalate 
in water brought just to boiling point. For the 600 g. of turnip residues, the 

first. extraction bath contained 6000 cc. of solution, The bath was allowed 
to cool slowly and when sufficiently cool the mass was filtered through muslin 
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on a large Buchner funnel. The extraction was repeated and the two extracts 

combined. In order to recover any small fibres that might have worked through 
the muslin, the liquid extract was filtered through glass wool or paper pulp, 
which clarified it considerably. Concentrated hydrochloric acid was then 
cautiously added with constant stirring and when only a little acid had been 
added, a white gel came down in almost solid condition. As the stirring was 
continued the whole mass became semi-solid owing to the very bulky nature 

of the gel. 
The residues were extracted five times altogether, using decreasing 

quantities of ammonium oxalate solution, and the extracts were precipitated 

by acid and the precipitates combined. The whole of the gel was then filtered 
through paperina wide funnel and pressed in large Buchner funnels. The essential 

point in the preparation of the dry material is the elimination of the excess 
of hydrochloric acid which is held very tenaciously by the colloid. It was 

found best to suspend the substance in muslin bags in large quantities of distilled 
water, and to express the liquid frequently from the gel. This must not be 
repeated very often however, as the gel tends to take up still larger quantities 

of water and becomes difficult to press on the filter, clogging the pores of the 
paper immediately. Most of the acid is eliminated in this way, by water, and 
the remainder comes out in washings of 50 % alcohol. Finally the mass was 

placed in graded strengths of alcohol as described for the cytopentans, and 

lastly in ether, when it was dried off as a white flaky solid. 

The cytopectic acid obtained in this way was further purified before 
carrying out estimations. 

The cytopectic acid from cabbages was found to contain 0-6 % nitrogen 

and was digested with pepsin in dilute HCl. After washing and drying by 

the method described above, the nitrogen content was reduced to 0-2-0-3 %, 
corresponding with a protein content of less than 2 %. 

For analysis, the cytopectic acid prepared by the above method was 
subjected to a further purification, which in certain cases was repeated. It 
was dissolved in about 50 times its weight of N/2 ammonia solution; complete 

solution required about 2 hours. The syrupy liquid was then placed in a tall 
cylinder and a rapid current of air passed through a scrubber protecting the 

solution from dust, etc. The object of this was the elimination of the excess 
of ammonia, thus preventing the formation of a large quantity of ammonium 
chloride on precipitating the gel with hydrochloric acid. Thus the minimum 

of acid could be used. The current of air was continued for several hours, and 

then the solution filtered through two thicknesses of filter paper on a small 
Buchner funnel. 

A small quantity of hydrochloric acid was added and the solution stirred ; 

after some time the solution was almost a solid gel of cytopectic acid. This 
was washed with water, pressed on a Buchner funnel and allowed to stand in 

several changes of water. This must not be left more than a day or two, as 

the substance tends to form a very syrupy gel which is difficult to filter. This 
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was avoided by allowing to stand in changes of 50 % alcohol and filtering and 
pressing between each change. This washing treatment was continued until 
silver nitrate gave only the slightest turbidity with the filtrate. The product 

was then allowed to stand in gradually increasing strengths of alcohol, 
60-75-80-95 °%, and finally in absolute alcohol. This was then washed out 
with ether and the product was air-dried in a current of air from a fan. The 
final drying of the product for estimation was carried out over P.O; in vacuo 
at 100° and frequently took from 3-4 days. 

The Pentose Estimations on Cytopectic Acid. 

The pure product was dried to constant weight at 100° in vacuo over 
phosphorus pentoxide and the pentose content was determined by the method 
previously described for the cytopentans. 

The values approximate between 40 and 42 %, which limits fairly represent 
the accuracy of the estimation and indicate the probability of the definite 
chemical nature of cytopectic acid. 

Yield of Wt. of Wt. of Pentose (on 
Ist pre- soluble insoluble Soluble ash-free 

Weight cipitate portion portion portion product) 
Source g. g. g. g. % % 

Pea-pod (i) 0-2628 0-1081 0-0067 0-1014 2-49 40-93 
; (ii) 0-3387 0-1347 0-0066 0-1281 1-96 39-65 

Turnip (i) 0-1830 0-0775 0-0062 0-0713 2:86 | 42-10 

(ii) 0-1859 00777 0-0053 0-0724 3-41 42-05 
Onion (i) 0-0990 0-0364 0-0011 0-0353 0-15 41-21 

(ii) 0:1872 0-0716 00032 0-0684 1-93 39-60 
Orange (i) 0-1710 0-0677 0-0016 0-0661 0-52 42-00 

(ii) 0-1849 0-0744 0-0033 0-0711 1:79 41-57 
Cabbage (i) 0-0968 0-0359 00024 0:0335 2-50 40-26* 

(ii) 0-1079 0-0397 0-0034 0-0363 3:17 38°73* 
Apple (i) 01447 0-0587 0-0027 0-0560 1-87 42-61 

(ii) 0-1786 0-0711 0-0024 0-0687 1-35 41-67 

* Contains 0-3 % nitrogen, 

Analysis of Cytopectic Acid. 

The modified furnace due to Dennstedt was used for all the combustions. 
The results (Table, p. 653) are calculated on the ash-free substance and it will 

be seen that each analysis differs very little from the average of the whole, 

except in the case of the orange cytopectic acid, which gives a lower carbon 
content and corresponding increase in oxygen percentage. 

The Optical Rotation of Cytopectic Acid. 

In order to obtain a further indication of the purity of the preparations, 

the values for the specific rotation for each product were determined, 
Solutions in half-normal ammonia were prepared, but owing to the very 

viscous and, in some cases, cloudy solutions obtained the use of a very small 
concentration was unavoidable, Hence, a very slight error in the readings 
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Source Carbon Hydrogen Oxygen Ash 
% % % % 

Turnips (i) 41-81 5-86 52-33 0-15 
(ii) 42-08 5-57 52-37 0-15 

Average 41-95 5-71 52-34 0-15 

Onions (i) 42-59 5-71 51-70 0-24 
(ii) 43-15 5-59 51-26 0-24 
(iii) 42-91 5-60 51-49 0-24 

Average 42-88 5-63 51-49 0-24 

Pea-pods (i) 42-76 5-20 52-04 0-78 
(ii) 42-37 5-61 52-02 0:78 
(iii) 42-62 5-11 52:27 0-78 

Average 42-58 5:31 52-11 0-78 

Apples 42-41 5°70 51-89 0-85 
Cabbages* (i) 41-76 5-33 52-91 0-48 

(ii) 41-89 5-34 52-77 0-48 
Average 41-82 5:34 52-84 0-48 

Average for the above products 42-33 5-54 52-13 — 

Orange (i) 41-22 5-43 53°35 0-33 
(ii) 41-30 5-59 53-11 0:33 
(iii) 4113 5-53 53-34 0-33 

Average 41-22 5-52 53-26 0°33 

* The cabbage cytopectic acid contained also 0-3 % nitrogen. 

was considerably magnified in the final result. However, even in the case of 
the pea-pod and onion products, where solutions of only 0-13 % were used, 

results within 5 % of each other were obtained and all the values obtained 
are within the rough limits [a] = -+ 260° to + 280°. There was no doubt 

that the orange product gave a slightly lower value, as in this case 1-0 °% 

solutions were obtainable, and two different solutions gave very definite 
readings and a final result [a]5” = + 240°. 

Average Specific 
Source G. per 100 ce. rotation rotation la}? 

Turnip 0-4741 +1°-28 +272° 
Pea-pod 0-1327 +0°:35 + 263° 
Onion* 0-1463 +0°-41 + 280° 
Cabbage _ 0-3882 +1°-02 + 263° 
Apple 0:1336 +0°:38 + 284° 
Onion} 0-4478 +1%17 + 262° 

Orange (i) 1-018 + 2°45 + 240° 
(ii) 1-1206 + 2°-68 +239° 

_ * Purified from ammonia solution. 

+ Purified from caustic soda solution. 
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Tue technique hitherto employed in the estimation of the fat-soluble factor 
has been of a more or less qualitative nature. The substance to be tested has 

usually been incorporated in a basal diet free from the factor and the potency 
determined by the tendency of the animal to grow. As the work on the fat- 

soluble factor progressed it became evident that a quantitative method was 
desirable for the estimation of the principle in natural products as well as in 
various fractions obtained in chemical manipulations. No chemical method 

for establishing the presence of the accessory factors is at present available 
and we therefore had recourse to the study of suitable conditions under which 
results of a quantitative nature could be obtained with the biological method 

now in use. 
In the case of the antiscorbutic and the antineuritic factors, quantitative 

methods have been employed in this Institute for some time. The technique 
used in the estimation of these factors lends itself more to quantitative work, 
since the animals employed for the purpose, namely guinea pigs, monkeys, 

and pigeons can be fed by hand without difficulty, thus affording the oppor- 

tunity of administering definite quantities of the tested material. Moreover, 
since the dietetic deficiency in these cases manifests itself by symptoms of 
well-defined diseases such as scurvy and polyneuritis, the minimum dose 
necessary to prevent the onset of the disease can be determined and used as 

a standard of comparison. The deficiency of the fat-soluble factor in the diet 
of rats, however, does not manifest itself by clinical symptoms with such 

regularity as could be utilised for comparative purposes. It is well known 
that the occurrence of keratomalacia in rats subsisting on a fat-soluble-free 
diet is irregular and consequently it cannot be employed as a standard. We 
were, therefore, obliged to restrict ourselves to observations on the growth. 

This, although somewhat vitiated by individual variations, has nevertheless 

the advantage of being a regular manifestation; rats which have ceased to 

grow owing to a deficiency of the fat-soluble factor seldom fail to respond to 

the addition of the active principle. 
We do not intend to describe all the numerous experiments which were 

performed in connection with this inquiry and shall only discuss the conditions 
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under which we find that quantitative results can be obtained in the estimation 

of the fat-soluble factor. 
At the outset it is essential to point out that a healthy stock of rats must 

be employed in order to ensure good results. It is evident that any restriction 

in growth produced by factors other than the deficiency of the fat-soluble 
factor will lead to erroneous conclusions. Animals weighing 50-60 g. are 
placed on the usual basal diet, and, if the diet is properly purified, the majority 

of them show only little growth during the first 10-15 days after which time 
they cease to grow altogether. Some vigorous rats in spite of the deficiency 
grow to a marked extent during the first few weeks. Such animals which form 
only a small percentage of the total number employed are useless for quantita- 
tive work, although they can be employed for the ordinary detection tests of 
the fat-soluble factor. The animals are kept for three to four weeks on the 

basal diet before the actual testing commences. By the end of this period the 
rats have not been gaining in weight for some time and any addition of the 

factor produces a definite response in increase of weight. No rats which have 

at this stage attained a weight higher than 70 g. are suitable for testing purposes. 
In estimating the potency of a substance it is administered in known 

quantities separately without being incorporated in the diet, the mode of 

administration varying with the character of the substance to be tested. Our 
work was confined mainly to oils which are liquid at ordinary temperature 

such as fish oils, and fats which are solid at ordinary temperature such as 
butter, margarine, etc. 

In the case of liquid oils the following procedure is adopted. The oil is 

delivered in drops of known weight from a pipette into a small pellet of the 
basal diet containing a depression and is then covered with a little more of 
the powdered diet. These pellets are given with the aid of a spatula to the 
animals which have ceased growing. The rats soon become used to take the 

dose without difficulty and consume it at once. The daily dose of the basal 
ration can then be served out. The desired quantity of oil can also be delivered 
directly into the mouth of the animal. This procedure although quicker requires 
a certain skill and is unsuitable for routine work when delegated to laboratory 

assistants. In the case of very potent oils such as cod liver oil, when less than 
a drop is required, the oil is previously diluted to the desired strength with 

an inactive oil such as oxidised olive oil and a drop of the diluted oil is employed. 
Solid fats are previously melted at a low temperature and the requisite 

number of drops of known weight are allowed to solidify and are fed with 
a spatula before the animals receive the basal diet. This procedure is decidedly 

quicker than weighing each dose separately. 
As a standard of comparison we take the least dose which induces definite 

growth after the animals have ceased to grow owing to the deficient basal 
diet. This of course has the disadvantage of being a relative standard which 
might vary with the individual observer, but our experience leads us to believe 
that it is the only reliable standard under the circumstances and that it is 
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possible to obtain fairly accurate results with it. Our original intention was 
to take the minimum dose required to produce normal growth but it was found 
that the magnitude of such a dose could not be sharply defined from the 

weight curves. When the dose was gradually reduced a point was reached at 

eat i 60 mgm. Cod Liver Oil 7 

10 mgin. Coil Liver Oil 

22 mgm. Cod Liver Oi) 

which definite growth was still obtained, but any further reduction made the 
dose inadequate to promote appreciable growth in the majority of the animals. 
This is illustrated by Figs. 1 and 2 which represent the growth curves of rats 

- which received doses of various magnitudes of a very potent cod-liver oil. 
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Normal growth was obtained with about 20 mgms. of the oil and the diminu- 
.tion in the rate of growth brought about by reducing the dose was gradual. 

With 1-7 mgm., 7.e. 1/12 of a drop (obtained by diluting the original oil), 
definite growth was still obtained. On reducing the dose to 1-4 mgm. no 
appreciable growth was recorded. The line of demarcation at this stage is 
well marked. We therefore take the minimum dose which induces definite 
growth for four weeks as our standard. Quite consistent results can thus be 

obtained and the relative potency of various active substances can be estab- 
lished with fair accuracy. This method has also been utilised lately in another 
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Fig. 2. 

laboratory in connection with a joint investigation and equally consistent 
results were obtained there independently. 

In the course of this investigation we had the opportunity of observing 
the exceptional potency of cod-liver oil. We examined various oils and found 
that the minimum dose varied from 1-7-5mgms. The butters which were tested, 
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on the other hand, were found to be in comparison very much less potent. 
As will be seen from Fig. 3, the weight curves of animals fed on one of our 
samples of butter, the minimum dose lies between 200 and 400 mgms. Some 
butters were even less potent. We [1921] have already expressed the opinion 
elsewhere that the striking therapeutic value of cod-liver oil is no doubt due 
to this high vitamin content. In this connection it is interesting to point 
out that the superiority of cod-liver oil over butter in the treatment of rickets 
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was not unknown to some clinicians, Trousseau [1872] in his lecture on rickets, 

discussing the value of cod-liver oil in the treatment of the disease, refers to 

butter as follows: “there is one substitute (for cod-liver oil), butter, within the 
reach of all, from which excellent results are obtained; but to obtain such 

results it is necessary that a large quantity, sixty grams, at least, be taken 

in the 24 hours.” We consider that the difference in the activity of the two 
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substances is due not to the presence of two different principles as has recently 

been suggested but to the higher content of the fat-soluble factor in one of 
them. 

The expenses of this research were defrayed from a grant made by the 
Medical Research Council, to whom our thanks are due. 

SUMMARY. 

A quantitative method for the estimation of the fat-soluble factor is 
described. 

The exceptionally high potency of cod-liver oil is demonstrated. 
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INTRODUCTION. 

By employing the same subject under varying daily routines it was thought 
that some information might be obtained regarding the problems of nitrogen 

metabolism and urinary excretion, if close attention were directed to the 
composition of the day and night urine. The present results were obtained 

during three 5-day periods: (i) complete rest in bed, (ii) 6} hours’ ordinary 
laboratory routine, (iii) 1} hours’ ordinary laboratory routine plus 5 hours’ 
work—13,500 kgm. per hr.—on Schuster’s [1921] modification of Martin’s 

bicycle ergometer. For brevity these perieds will be called “rest routine,” 
“ordinary routine,’ and “ergometer routine” respectively. During the 

“ergometer routine” the subject may be considered to have carried out 

half-a-day’s work of a labourer. 
The subject, 28 years of age, 161-2 cm. in height, and 52-4 kgm. in weight, 

was a skilled laboratory assistant, and accustomed to this type of research. 
During six months of observation his total nitrogen excretion averaged 9 g. 
His usual diet was taken, but was controlled mainly to exclude articles which | 
are known to influence greatly the composition of the urine. The average 

daily diet for each of the 5-day periods was similar in substance. Breakfast 
was taken about 7.30 a.m., dinner at 1 p.m., light tea at 4 p.m., and supper 
at 7.30 p.m. 

Well-known standard methods were used for the analyses and the average 
results are given in the appended table. 

Composition of average day and night wrines under “rest routine,” “ 
routine” and “ergometer routine.” 

ordinary 

The urine was collected in two samples, day urine between 7 a.m.—5 p.m., 
night urine between 5 p.m.—7 a.m. in most cases, On a few occasions the day 
urine included the hours 7 a.m.—10 p.m, and the night urine 10 p.m.-7 a.m. 
with no important effect on the results, We can find very few experiments 
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of a like nature in the literature. Osterberg and Wolf [1907] carried out a few 

days’ observations using two different diets, and collecting the urine between 
lla.m.—l1l p.m. for the day and 11 p.m—Ila.m. for the night, allowing 
3 hours for “lag in excretion,” so that they considered the night urine belonged 
to 8 p.m.-8 a.m. The largest meal in their case was taken at 7 p.m. In our 
case the largest meal was taken at 1 p.m. In only a few points can their 
results be compared with ours owing to the different conditions of experiment. 

Water and chloride. Much less water and much less chloride were excreted 
during the night than during the day. Both were reduced in proportion. 

Total nitrogen. Under our conditions of experiment and arrangements for 
meals, we always noted during all routines a much higher excretion of nitrogen 

per hour during the day than during the night. Lusk [1917, p. 110] records 
a similar result for a fasting subject. Osterberg and Wolf [1907] found no 
regularity as regards the day and night nitrogen under their conditions. 

Average hourly day and night results. 

“Rest routine” “Ordinary routine” “Ergometer routine” 
eer natalie my Pega a,  eromemaamredars = gser, 

Day Night Day Night Day Night 

Amount ce. 67-2 31:3 61-2 27-0 58-5 27-6 
Acidity % 20-6 70-2 44-8 64-6 50-0 64-0 
Titratable acidit 54 18-2 10-4 16-8 11-6 15-4 

(Folin), ec. N/10 

Total acidity, cc. N/10 18-8 36-7 25-4 33-0 28-1 31-6 
Total N g. 386 (100)* +296 (100) -428 (100) = -332 (100) -447 (100) +357 (100) 
Urea N g. -319 (82-70) -199 (67-20)  -346 (80-90) +254 (76-60) — -369 (82-50) -283 (79-30) 
Ammonia N (A) g. 014 (3-63) — -022 (7-43) ‘O15 (3-50) — -019 (5-72) ‘017 (3°80) -019 (5-32) 
Ammonia N (B) g. ‘019 026 020 022 023 023 
Amino-acid N g. -005 (130)  -004 (1-35) -005 (1-17) . -003 (0-90) -006 (1-34) — -004 (1-12) 
Creatinine N g. -032 (8-29) -029 (9-80) 032 (7-48) — -031 (9-34) -030 (6-71) 028 (7-86) 

Uric acid N g. 008 (2:07) 005 (1-69) 007 (1-63) — -005 (1-51) -007 (1:56) — -005 (1-40) 
Undetermined N g. 007 (2-01) = 035 (12-53) 023 (5-32) —-018 (5-96) 018 (4:09) —-018 (5-00) 

Chloride (NaCl) g. 596 246 417 ‘171 531 249 
Phosphate (P,0;) g. 043 080 065 080 066 075 
Total S(SO,) g. 066 (100) — -066 (100) -078 (100)  -069 (100) 073 (100)  -074 (100) 
Inorganic §(SO,) g. 042 (63-6) -048 (74-1) 058 (75-3)  -058 (84-1) -060 (82-2)  -059 (79-7) 
Ethereal S(SO,) g. ‘O11 (18-2) — -006 (10-5) 005 (6-4) 006 (8-7) -006 (8-2)  -006 (8-1) 
Neutral S(SO,) g. ‘O11 (18-2) 009 (15-4) ‘O14 (18-2) — -005 (7-2) 007 (95) -009 (12-1) 
Lactic acid per 100 ce. trace trace trace trace trace trace 
Calcium (CaO) g. — --- 015 -007 014 -008 
Magnesium (Mg0) g. —_— _ 007 006 006 007 
Purine N g. O01L 0017 -- — — —_— 

(A) Van Slyke’s method. 

Total acidity is ammonia (B) + titratable acidity, 
* Figures in brackets are percentages. 

(B) Malfatti’s method. 

Nitrogen partition. The main difference between the nitrogen partition for 
the day and for the night under all routines was the greater excretion—both 
relative and absolute—of ammonia. Other slight differences for all routines 
were noted; creatinine was excreted in greater amount during the day than at 
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night; urea, uric acid and amino-acids were excreted in greater amount—usually 
absolutely and relatively—during the day, than at night. The undetermined 

nitrogen was excreted in much greater amount at night than during the day 
under the “rest routine’; under the “ordinary routine” and the “ergometer 

routine” it was more or less equally distributed, so that it was increased during 
the day by activity. Osterberg and Wolf [1907] found that it was increased 
during work. They also found that the ammonia was higher during sleep, and 
that uric acid was increased during the day. Leathes [1907] previously pointed 
out that uric acid excretion is most active in the early working hours and 

very much less at night. Our results, as already shown, support this statement. 
We also found that under all routines the urea was, relatively and absolutely, 
excreted in greater amount during the day. 

Sulphur excretion. Total sulphur, total sulphates, and inorganic sulphates | 

were excreted in larger quantity per hour per g. nitrogen at night than during 

the day, because whilst the total nitrogen was decreased at night, the sulphur 
and sulphates were evenly distributed between the day and night under all 

routines. This appears to differ from the general idea recorded by Lusk [1917, 
p. 169] that excretion of sulphur precedes the excretion of nitrogen when a 

protein containing known quantities of these elements is ingested; but the 
conditions of our experiments were not quite identical. 

The excretion of inorganic sulphate in relatively greater amount at night 

under all routines indicates probably a special excretion of fixed acid. 
For the whole 24 hours, inorganic sulphate was increased whilst ethereal 

sulphate was decreased by activity. 

Phosphate excretion. Phosphates were excreted, under all routines, in 

greater quantity during the night. 

Acidity. Lactic acid was present in traces both during the day and at 
night under all routines. The acidity per cent. [Leathes, 1919] and titratable 
acidity were distinctly higher during the night than during the day under 

all routines, the difference being most marked during the “rest routine,” so 

that activity out-of-bed hastened the excretion of acid. 

Purine bodies were excreted in greater amount at night. 

Calevum and Magnesium. Calcium was excreted in greater quantity during 
the day than during the night, whereas magnesium was evenly distributed. 

Calcium and magnesium obviously followed different courses. 

Discussion, 

Phosphate tide. Broadhurst and Leathes [1920] and others have shown 

that there is a phosphate tide, the phosphate being excreted in larger amount 
during the evening than during the day. Leathes and Broadhurst have en- 
deavoured to discover what is the cause of this tide, and consider that it is 

independent of the food and not wholly dependent on the acidity. They 
suggest that it may be due to some special tissue metabolism—nerve or muscle. 
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It is well known that the curve of phosphate excretion runs more or less parallel 
to the nitrogen curve but behind it; according to Cathcart [1921] the phosphate 
or the greater part of it is associated with special nucleoprotein of the food 
and tissues and may undergo a special form of catabolism. We have obtained 
some support to this opinion since we found that the purine bodies were 
excreted in greater amount at night than during the day; at the same time 

it should be mentioned that we found the uric acid to be excreted in greater 
amount during the day. We estimated the calcium and magnesium during 
the “ordinary routine” and “ergometer routine” with the idea that phosphate 

might show close connection with these substances. However, this was not 
found to be the case. We could find no connection with muscle or nerve activity 

in particular, as suggested by Leathes and Broadhurst, since the tide was best 

marked during the “rest routine.” 
We observed a close relationship between acidity, ammonia and phosphate 

excretion. Why is there an increase of acidity at night? It is not sufficient 
to state that the kidney is more active at night because respiration is depressed. 

The depression of respiration is no greater than the depression of activity, 
and the CO, excretion by the lungs possibly accounts for the contraction of 
heart and respiratory muscle which are working at a minimum. Again it will 

be remembered that the inorganic sulphate was excreted in relatively greater 
amount at night, indicating some special excretion of acid. It is reasonable 
to connect this with sleep. One of the well-known theories regarding sleep 
recorded by Howell [1911] offers an explanation. In this theory sleep is said 

to be due to accumulation of acid products in cells, these acids being excreted 
more slowly than they are formed during the day, and thus collecting in the 

cells with a resulting diminution of activity of the cells, particularly of the 
brain cortex. We suggest that the cells of the body may not excrete certain 
fixed acids into the blood until certain amounts are formed in each cell. When 
this is the case these acids are excreted into the blood and fatigue or sleep is 
produced. There is presumably a threshold value for excretion, by the cells, 

of these acids. 
Alkaline tide. The so-called alkaline tide is considered here because some 

text-books state that the urine is more acid at night as there are alkaline tides 
during the day. We have made numerous observations on our subject during 
the past six months and find that without exception the urine was more acid 

just after a meal—probably due to removal of alkaline phosphate in saliva— 
and less acid about two or three hours after a meal—probably due to removal 
of HCl in gastric secretion—becoming, in some cases, actually alkaline as 
estimated by P,,. We find that the alkaline tide was often well marked after 
the mid-day meal, in more than half the cases being better marked than the 
tide following breakfast. This is contrary to Leathes’ [1919] statement that 
so-called alkaline tides do not exist except in the morning, and that they are 
not connected with digestion. 

We do not consider that in our experiments the presence of alkaline tide 



664 J. A. CAMPBELL AND T. A. WEBSTER 

alone made the urine more alkaline during the day than at night. Two possible 
tides fell within the day urine and two within the night urine. In some experi- 
ments it was arranged that all four meals fell within the day’s urine, which 
thus included all possible tides. This did not increase the acidity at night. 

One of us [Campbell, 1920] has shown that a tide may follow any meal. 

Influence of administration of 35-40 per cent. oxygen on urinary excretion. 

35-40 per cent. oxygen was administered for 37$ hours spread out over 
58 hours’ time. We were led to try the effect on urinary excretion, by a case 

in which oxygen was given in Leonard Hill’s [1921] tent to reduce oedema 
and improve chronic ulcers of the leg. Marked improvement was obtained 
in the condition of the leg and at the same time the nitrogen, acid and ammonia 
were doubled in the patient’s urine. The cause of this was obscure. It was 

thought that the absorption of inflammatory products might explain it. ~ 
We failed to obtain any marked difference in the urinary composition of 

our normal subject, the results being much the same under oxygen administra- 
tion as under ordinary conditions. 

SUMMARY. 

1. Total nitrogen was decreased at night under all routines specified. 
Ammonia was increased at night. Creatinine, urea, uric acid and amino-acids 
were excreted in greater amounts during the day than during the night. 

2. Acidity of the urine was distinctly higher during the night under all 
routines. Activity out-of-bed hastened the excretion of acid. 

3. The phosphate tide at night is considered to be due to the increased 
acidity of the urine. It did not appear to be connected with muscle or nerve 
metabolism in particular. 

4. The sulphur was evenly distributed between day and night. 

5. The increase of acidity at night is considered to be due to delayed 

excretion of certain fixed acids formed in the cells during the day. 
6. Administration of 35-40 per cent. of oxygen did not affect the com- 

position of the urine. 
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LXXXI. NOTE ON THE FERMENTATION 
OF z-INOSITOL. 

By JAMES ARTHUR HEWITT anp DOROTHY BEATTY STEABBEN. 

From the Department of Physiology, University of London, King’s College. 

(Received October 20th, 1921.) 

In the course of other work on the metabolism of carbohydrates it was found 
desirable to know whether there was any inter-relationship, under normal 

conditions, between inositol and glucose. Under pathological conditions, 
such as in phloridzinised dogs, Greenwald and Weiss [1917] have shown 
that inositol administered is quantitatively excreted as glucose, while in 
diabetes insipidus it has been found by Strauss [1870], Kiilz ‘[187 5] and 

Mellraith [1892] in considerable quantity in the urine. 
As a preliminary to the investigation referred to, the literature was 

searched for work on the decomposition of inositol by micro-organisms, as it 
was thought that this might throw light on some of the possible reactions 
concerned. Despite the common use in bacteriology of this substance as a test 

medium, no information could be obtained other than “acid and gas.” The 
general impression appears to be however that lactic acid is the principal 

product formed. 
On carrying out on a small scale some preliminary fermentations of inositol, 

employing Bacillus lactis aerogenes, we were somewhat surprised to be unable 
to obtain evidence of the presence of this acid, though the reaction mixture 

was markedly acid and the organism active. Another and larger experiment 
was planned, but before this was carried out we became aware of some previous 

_ unpublished work of Professor Harden in this connection. As our experiment 

would of necessity have been on a smaller scale than Professor Harden’s, it 

was likely that our analysis would have been less accurate, and it was con- 
sidered needless to repeat it. Professor Harden has kindly consented to his 
figures being quoted here, attention being drawn to the fact that, owing to no 

good method being available, any residual inositol was not determined. 
10 g. inositol gave:— 

Alcohol _... ee fe ie 2-33 g. 
Acetic acid Sa aes =e 1-43 ,, 

Formic _,, oye Afi pet 0-10 ,, 

Lactic ,, ° re a Fe 0-54 ,, 

SuedmMie — eS i iad ie: 2-22. >. 

CO, A ke ARO ene 1-92 ,, 
Hydrogen also evolved. 

Total weight of products =: 8-54 ,, 

Bioch. xv 43 
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In view of the apparent lack of definite information on eis point it is 
thought that the figures are worthy of record. 

Regarding the formation of glucose as an intermediate product in the 

fermentation of inositol, it may at once be said that all observations have 
yielded negative results. Fermentations of inositol by this bacillus, alone, in 

peptone broth, and in asparagine-salt mixtures have failed to give products 
among which glucose could be detected. Polarimetric observations also 
showed, in the reaction mixtures, no greater optical activity than in the 
controls. By the employment of the “fixation” method of Neuberg [1920], 
we have failed to obtain any product which could be isolated as a hydrazone 

by the use of p-nitrophenylhydrazine, or phenylhydrazine, and it is concluded 
that acetaldehyde is not formed. This observation, together with that of 

Neuberg [1920] that succinic acid is not formed from glucose by Bacillus lactis 
aerogenes, would appear to be evidence against the opening of the reduced 
hydroxybenzene ring with the formation of glucose as an intermediate 
product. . 

The work is incomplete, but, as we are unable to continue it in the 
immediate future, it is communicated in this note. 

The expenses of this research have been defrayed by a grant to one of the 
authors from the Government Grant Committee of the Royal Society. 
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LXXXII. THE METABOLISM OF CARBO- 
HYDRATES. PART II. 

ON THE POSSIBLE OCCURRENCE OF STEREOCHEMICAL 

CHANGES IN EQUILIBRATED SOLUTIONS OF REDUCING 

SUGARS INTRODUCED INTO THE CIRCULATION. 

By JAMES ARTHUR HEWITT ann DAVID HENRIQUES DE SOUZA. 

From the Department of Physiology, University of London, King’s College. 

(Received October 20th, 1921.) 

In view of the existence of stereoisomerides of glucose [Fischer 1914, Irvine, 

Fyffe and Hogg 1915], fructose [Irvine and Robertson 1916] and galactose 
[Hudson 1915] much more reactive than the crystalline a- or B-modifications, 

and the recognition of the formation of certain of these substances under the 
influence of the living intact intestinal wall either prior to or during absorption 
[Hewitt and Pryde 1920], it became a matter of interest to determine whether 
any similar isomeric change occurred in these hexoses when introduced into 
the circulation by routes other than the alimentary canal’. It was thought 

that by investigating this point information might be obtained on such 
questions as the condition of glucose in the blood and on the function of 

y-sugars in carbohydrate metabolism. It may be presumed on a priori grounds 
that a structural change of the nature referred to has some fundamental 
reason and the relation of glucose to glycogen has therefore also to be 

considered. 
The scheme of research formulated included:—(1) Observations on the 

stereochemical condition of certain hexoses as soon as possible after removal 
from the circulating blood of anaesthetised, but otherwise normal animals; 
(2) similar observations on the condition of glucose formed in vivo by hydro- 

lysis of glycogen. It is the first part of the work which is now communicated. 
In view of the rapidity of the change from the y- form to the equilibrium 

mixture of a- and f-glucoses, and further owing to the necessity for avoiding 
as far as possible chemica] manipulations, the only method suitable for the 
purpose seemed to be the removal of the sugar from the blood by the animal’s 

own kidneys and its collection in the urine secreted. By simple filtration, 
material could be obtained sufficiently clear for the determination of optical 

activity in a 2 dem. tube if amount permitted, or otherwise in a 1 dem. tube. 

The general technique consisted in intravenous injection into rabbits or dogs 

1 Tt may be recalled that the last authors could find no evidence for assuming such a change 

to take place in glucose introduced into the peritoneal cavity 

43—2 



668 J. A. HEWITT AND D. H. DE SOUZA 

of glucose, fructose or galactose, collection of the urine secreted in the following 

five minutes and examination of its optical behaviour. In each case the 
constant optical value was subsequently determined after addition of a trace 
of caustic alkali. As further controls the reducing powers of the same samples 
were obtained by Bertrand’s method and from the same material also the 
phenylosazones were isolated, their crystalline appearances examined and, 

when any doubt existed, the melting point recorded, alone and when mixed 
with an osazone prepared from pure specimens of the sugar in question. Since 
anaesthesia is commonly considered to cause glucosuria, as a preliminary to 

most experiments observations were made on the amount of reducing sub- 
stances in the urine prior to the injection of diuretics. It may be said that 
without indueed diuresis the amount of sugar or other reducing substance 
found in the urine as the result of ether anaesthesia in the rabbits used was 

so small as to be considered negligible. Urea, sodium chloride and sodium 
sulphate have been employed as diuretics. Of the three the last has with 
rabbits given by far the best results. The diuresis is rapid and sufficiently 

prolonged to enable an adequate quantity of urine to be collected in the 
arbitrary time chosen, five minutes. The urine secreted under the action of 

these diuretics invariably contained reducing substances, usually in small 
amount, and these were submitted to the same examination as the urine after 
injection of sugar, that is optical activity, reducing power and the isolation 
of the osazone. This investigation is the second part of the research and will 

be communicated subsequently. We do not propose to discuss this point, but 

we may note that the observations made show, with some certainty, that 
reducing substances other than glucose are excreted under the action of 

diuretics. Some of these substances have a lower initial specific rotation than 
that accepted in the literature for glucose, and the quantitative estimations 

by polarimetry and by reduction methods frequently yield conflicting results. 
A certain amount of evidence is in our possession to enable the conclusion to 

be drawn tentatively that in the rapid excretion of glucose, formed presumably 
by hydrolysis of glycogen, part, if not all, of the glucose excreted has a much 
lower optical value than either of the butylene oxide modifications. The 

evidence does not permit us to say that the ethylene oxide modification is 
formed, though the optical behaviour is significant. The definite establishment 
of this fact would lead to important conclusions as to the constitution of 

glycogen. The work is being continued. 

Under the influence of concentrated sugar solutions intravenously injected 
temporary diuresis is produced and the administered sugar is excreted rapidly 

and in great part into the urine, According to Croftan [1909], but denied by 
Grube [1909], part is excreted into the intestine and subsequently reabsorbed 
into the circulation, In view of the previous work quoted above, this point 
may be of considerable importance. We became aware of these communica- 
tions, however, after the completion of the experiments recorded below, but 
it is thought that, under the conditions of the present research, even if the 
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results of Croftan are accepted, only an inappreciable amount would have 
traversed this route in the time between the injection and the excretion of the 

sugar. Any sugar which took this route would presumably undergo stereo- 
chemical changes. We think that a complication from this possibility is 
remote. We assume therefore that the reducing sugar of the urines examined 
is composed of (a) hexose injected, (b) sugar formed from glycogen under the 

influence of the diuretic. 
As subjects dogs and rabbits were employed, the latter in by far the larger 

number. The sugars investigated were d-glucose, d-fructose and d-galactose. 
The glucose and fructose were the same as used by Hewitt and Pryde in the 

research quoted and gave permanent optical values corresponding with those 
accepted as standard; the galactose was not so pure and gave in 5-6% solution 

[a]> + 77°. The Bertrand solutions were standardised against pure glucose 

and gave results within the limits of experimental error. Copper values for 

fructose were taken from Bertrand’s tables for invert sugar. The general 
technique has been indicated above. The sodium sulphate and sodium chloride 

were 20 % solutions in tap water and the quantity injected at a time usually 
was 5 cc. of the former or 10 cc. of the latter. The sugar solutions were in 
the cases of glucose and fructose 10 %, galactose 20 %, and were made up in 
tap water at least 24 hours before required to ensure that equilibrium was 

attained and a constant optical value reached. In rabbits 10 ec. were usually 
injected at once, occasionally 20 cc. Polarimetric observations were made 

immediately and, when a constant value was reached, the solution was treated 
with a trace of caustic alkali, filtered and again examined. Subsequently the 
phenylosazone was isolated. In view of the similarity of the results obtained 

with all three sugars it is proposed to give in detail only one typical experiment 

in which glucose was employed. 

23. ix. 21. Rabbit, male, weight 2 kilos, ether anaesthesia. 

Cannulae in right jugular vein and in bladder. Neck of bladder ligatured. 

Bladder washed out with warm 0-9 % NaCl. 

11.25 a.m. 5 ec. 20 % Na,SO, in tap water injected. 
11.25-11.33 a.m. Urine 5.cc. Labelled No. 1. Freely reducing. 

11.33 a.m. 5 ec. 20 % Na,SO, in tap water injected. 

11.33-11.38 a.m. Urine 11-5 cc. Polarimeter specimen A. 
11.38-11.58 ,, »» 14-0cc. 

12.3 p.m. 10 cc. 10 % glucose injected. 
12,6:°;, % ‘ ‘s 

12.3-12.8 p.m. Urine 8-3 cc. Polarimeter specimen B. 

12.8-12.32 p.m. » 14:0cc. Labelled No. 2. 

12.45 p.m. Animal died. 
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ANALYTICAL NOTES. 

Polarimeter A. 1 dem. tube, sodium light, examined at once, } minute 
readings. ee 

11.42a.m. — 0-08° “0-17 OTT OTT Oe OS. O-20r 
0-19° = 0-23° 023° 0-25". 0-380°.. | O83" 0-27" 
033° 033° 0-30“ : O-30°. —: 0-32; O30" ~— «OO 5:2”. 

Average final rotation as sis ws eae xe 0-31° 
Reducing material, estimated as she seine ee ak = 0:59 % 

After addition of a trace of alkali and filtration, mean of nine concordant 

readings :— 

Permanent rotation... Sen 3g in A: 0-25° 
Reducing material, satinen ted as shinee Pec ne. ah OGTR 
Bertrand estimation gave concentration, ‘eleiatek. as glucose :.. 0:36 % 

Polarimeter B. 1 dem. tube, sodium light, examined at once, $ minute 

readings. (Readings not so sharp as in A above.) | 
12.23 p.m. =1-32° 1-28° 1-20° 1-18° 1-18° 1-20° 1-23° 

1-28° 1-28°. ~ 1-27° 1-27° 1-30° 1-30° 1-28° 

1-27° 1-28° 1-27° 1-27° 1-32° 

Average rotation ba ne ey us a} Se 1-26° 

Concentration, estimated as ghusoes 4 -. Aa) 2-40 % 

After addition of a trace of alkali, filtering and Hncivig up to twice original 

volume, mean of nine concordant one a 

Permanent rotation... es as 0-58° 
Concentration, estimated as pilbicke i in s wndilutelce urine... i 2:22.% 

Bertrand estimation gave concentration for undiluted urine, , 
estimated as glucose __... € es ies Tee 2:18 % 

Characteristic phenylosazones isolated from Nos. 1 and 2. 

The one experiment given in detail above is typical of the results obtained 
generally ; it shows a considerably better agreement between polarimetric and 

reduction estimations of “glucose” excreted under the influence of the 
diuretic than was sometimes found; with this proviso the figures are repre- 
sentative and the following can be noted:— 

In A. (1) The slight but marked mutarotation from a low to a permanent 

higher optical value. 
(2) A large change in observed rotation on addition of alkali. 
(3) The variation in amount of reducing substance (calculated as 

glucose only) determined by optical and reduction methods. 

In B. (4) The absence of any evidence of mutarotation. 
(5) The small change in observed rotation on addition of alkali. 
(6) The relatively good agreement between polarimetric and 

reduction methods of estimation. 
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It is probably legitimate to assume that the factors causing the variations 
noted in (2) are due to injection of diuretic and would thus continue to be 
operative in (5), and it is seen that the absolute percentage difference in (2) 

and (5) is, within experimental error, the same, viz. 0-12 % and 0-18 % 
(estimated as glucose). If this assumption is granted, it must be concluded 
that the glucose (or other reducing sugar) excreted in these experiments is an 
equilibrated mixture of the a- and f-isomerides and that no stereochemical 
changes of the nature found by Hewitt and Pryde have occurred. Although 
no explanation can as yet be given of the discrepancies in the estimations of 

reducing substances under the action of diuretics it can be stated that errors 
are not introduced by substances interfering with the accuracy of the esti- 

mations since glucose added to such urines can be recovered quantitatively. 
It may also be concluded that polarimetric estimation of glucose in urine, 
uncontrolled by other methods, may lead to fallacious results. 

SuMMARY. 

1. Equilibrated solutions of d-glucose, d-fructose and d-galactose on in- 

jection intravenously into rabbits or dogs undergo no stereochemical changes 
and the equilibrium is unaltered in the urine excreted. 

2. Polarimetric estimation of reducing sugar in urine may give fallacious 
results unless controlled by other methods. 

The expenses of this research have been defrayed by a grant from the 
Government Grant Committee of the Royal Society. 
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LXXXIII. A CONTRIBUTION TO THE STUDY OF 

THE INTERCONVERSION OF CARBOHYDRATE 

AND LACTIC ACID IN MUSCLE. 

By DOROTHY LILIAN FOSTER anp DOROTHY MARY MOYLE. 

From the Biochemical Laboratory, Cambridge. Report to the 

Food Investigation Board. 

(Received October 21st, 1921.) 

‘T. Tue Fate or Lactic Actp on OXIDATIVE RECOVERY. 

Some months ago an attempt was made to confirm some recent work by 
Parnas [1920] on a vexed question of the utmost theoretical interest—that 

of the fate, during recovery in oxygen, of the lactic acid formed in une 
muscle during fatigue or survival. 

Until the recent series of papers by Meyerhof [1920] there have existed 

two views as to the explanation of the facts known concerning this recovery. 
The work of Fletcher and Hopkins [1907] and Parnas [1915] supplied the 

chemical data, and that of Hill [1911, 1914] and Peters [1913] the thermo- 
dynamic data, on which these theories were based. 

The facts may briefly be stated thus: The contraction of muscle is a 

strictly anaerobic process, and is accompanied by the production of lactic 
acid. The recovery process is dependent on the presence of oxygen, and is 
accompanied by the removal of lactic acid. 

Hill [1914] stated from calculations based on work by himself and also 

on that of the others mentioned above, that the heat of recovery per grm. 

of lactic acid removed is 450 calories, while the combustion of the same 

amount of lactic acid would yield about 3700 calories. From this Hill argued 

that the lactic acid cannot be oxidised away, but must be rebuilt into the 
precursor from which it arose. As the breaking down of this precursor was 

associated with the liberation of energy (the energy of contraction) it is 

obvious that a supply of energy will be needed for the reverse process. 
Presumably this energy is supplied by a simultaneous combustion of carbo- 

hydrate, which is responsible for the gaseous exchange during recovery. 
The views held by the other school will be found in the Croonian lecture 

by Fletcher and Hopkins [1917]. The lactic acid was believed to be removed 

by being completely burnt, with the production of carbon dioxide and the 
consumption of oxygen, the greater part of the energy not being given out as 
heat, but being retained in the muscle for the restoration of the initial physico- 
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chemical state. Evidence for this theory was obtained by Parnas [1915], who 
found that more heat was given out than was found by Hill, and that the 
amount of oxygen absorbed was equivalent to the lactic acid which dis- 
appeared!, 

It should be noted that in the combustion of either glucose or lactic acid, 
the ratio of carbon dioxide evolved to oxygen absorbed is equal to unity; 

moreover the combustion of equivalent amounts of glucose and lactic acid 
yields precisely the same amount of carbon dioxide, and nearly the same 
quantity of heat. Hence although it has been shown [Meyerhof, 1919] that 

the respiratory quotient during recovery after fatigue is 1, it is quite impossible 
to gather from a study of the gaseous exchange and heat production alone, 

which of these two substances is the “fuel” of the muscle. 
Parnas in a communication to the Physiological Congress at Paris [1920] 

describes what he considers a crucial test for distinguishing between these 
two hypotheses. Consider an isolated muscle whose reserve is exhausted by 

prolonged contractions in oxygen. Parnas states that according to the first 

hypothesis (that of reconstitution) the resulting non-irritable muscle should 
have a maximum lactic acid content, as there is no fuel present to supply 

the energy necessary for the rebuilding process. On the other hand, on the 

alternative hypothesis, the lactic acid formed will be removed by oxidation up to 

the last, and the muscle in its final state will contain a minimum of lactic acid. 
Parnas used sartorii suspended in Ringer’s solution, and stimulated at 

long intervals for two days. When the muscles ceased to contract, he found 

that the carbohydrate content had been reduced to 0-05 °%, and that no lactic 
acid was present. No lactic acid was formed when the muscles were removed 
to an atmosphere of hydrogen, and under these conditions rigor mortis did 

not appear. 
Believing that this argument was valid, we repeated these experiments on 

a larger scale and in a modified form, and, though the results have led to no 

definite conclusions and are in some degree incomplete, we give them in detail 
below as they show in a very interesting way the equilibrium between lactic 
acid and carbohydrate, and the extraordinary duration of irritability in 
amphibian muscle. 

It is clear now, however, that such an experiment could not form the 
crucial test between the two hypotheses. Meyerhof [1920] established that on 
oxidative recovery one-third of the lactic acid is burnt to carbon dioxide and 

water, and the remaining two-thirds is rebuilt into glycogen. He showed that 
the oxygen absorbed is equivalent only to one-third of the lactic acid which 
disappears, and the heat given out during recovery is approximately equal to 
the heat of combustion of one-third of the lactic acid disappearing, less the 

heat of contraction. 
It is obvious that the results obtained in Parnas’ experiment are explicable 

just as easily on this view as on the total combustion of the lactic acid. For, 

1 Meyerhof has not been able to confirm these figures. See below. 
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since there is an abundant supply of oxygen, one-third of the lactic acid will 
always be burnt away and the energy so obtained will serve to reconstitute 
the precursor from the remaining two-thirds. Hence when all carbohydrate 
supplies are exhausted there must be a minimum of lactic acid present. 

Experimental Details. 

Instead of sartorii we used whole limb pairs, which were suspended in 
moist oxygen instead of Ringer’s solution. The apparatus used was a modi- 
fication of one used by Parnas [1914] for a different purpose. 

The frogs used (in the two experiments described there were 60 in each 

case) were pithed, the hind limbs severed well above the pelvic girdle and 
the limb pairs immediately placed in Ringer’s solution until all were ready. 
They were then hung by the anal apertures on aluminium hooks, which were 
attached to a ring of aluminium about six inches in diameter. Each ring 

carried thirty hooks and was provided with an aluminium stem, which passed 
through a hole in the rubber stopper of a large bell jar. The jar stood in a 
dish containing five litres of Ringer’s solution, and the height of the aluminium 

ring was so adjusted that the limbs dipped into the solution up to the ankles. 
Two such bell jars were used to support the 60 frogs. An atmosphere of 
oxygen was maintained inside the bell jar by leading a steady, slow current 

of the gas from a cylinder through a glass tube which passed through the 
cork, and opened by means of a four-way piece below the surface of the 

solution. The oxygen escaped through an opening in the stopper. 
The limbs were stimulated with tetanising currents, the induction coil 

being at 2 cms, The primary circuit contained a battery of 1-4 volts and a key. 

In the secondary circuit, one copper wire passed from the coil. to the alu- 
minium stem, around which it was twisted; the other wire, also of copper, 

was fastened to a platinum wire, carrying a platinum electrode, which dipped 

in the Ringer’s solution. The limbs themselves completed the circuit. 
The limbs were stimulated for ten minutes every hour. During the earlier 

periods the muscles responded actively the whole time, though signs of the 

onset of fatigue were visible towards the end of the periods. With the later 
stimulations response was obtained at the beginning of the period, but failed 
before the end. In two experiments the muscles remained irritable for 
72 hours, 7.e. after 720 minutes of stimulation; in the third experiment, in 

which midsummer frogs were used, irritability only lasted for 48 hours under 
these conditions. The Ringer was changed daily. Some hours before the 
experiment was stopped a putrefactive smell was noticed, and was believed 
to arise from the injured muscles of the pelvic girdle, as it is well known that 
muscle resists infection as long as it is excitable. At the close of the experiment 
the muscles were almost all non-irritable, but a few responded feebly. The 
difficulty of deciding the right moment for stopping the experiment is increased 
by this fact, that the leg muscles lose irritability at different rates. 
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The limbs, on removal from the apparatus, were placed in ice and shuffled. 
Groups of ten were selected for the various estimations, set out in detail 
below. In the case of those brought to heat rigor, they were placed on the 
bottom of thin-walled beakers, sunk in a thermostat at 45°, and kept at this 
temperature for 14 hours. The lactic acid estimations were carried out exactly 
according to the routine method of Fletcher and Hopkins [1907] and the 

carbohydrate estimations by the method described by Meyerhof [1920]. 
Owing to individual variations in the carbohydrate content, comparable 

estimations were made on the single limbs of the same frogs whenever possible; 
e.g. for one estimation 20 left legs were used, and for the estimation to be 
compared with it, the 20 right legs. 

Exp. 17. 13. iv. 21. (See Table I.) 60 frogs used; 72 stimulations made. 

The following estimations were made: 

1. Initial carbohydrate ; 
2. Heat rigor leche, of half Kira peizs. 

3. Final resting lactic acid —-10 limb pairs. 
4. Final resting carbohydrate) , 
5. Heat rigor carbohydrate 20 Weal Dane 
6. Heat rigor lactic acid 10 limb pairs. 

Exp. 18. 20. v.21. (See Table I.) 60 frogs were used; these were very stale 
summer frogs, some of which had been kept a month or more, the others a 
shorter time, but all were very thin. Care was taken that the limbs were well 
shuffled. 48 stimulations were made. 

The following estimations were made: 

1. Initial carbohydrate 

Final resting aS oe pate 
Rigor carbohydrate 10 pairs. 

Rigor lactic acid 
Final resting carbohydrate so fare accu 
Final resting lactic acid .10 pairs. ee ae 

Table I. Eaps. 17 and 18. 

Initial Final resting Differ- Rigor . Differ- Final Heat 
carbohydrate carbohydrate ence carbohydrate ence mae gem 

Se a: " ic 

Glycogen Sugar Total Glycogen Sugar Total Glycogen Sugar Total acid acid 

(20 half limb pairs) (20 half limb pairs) _ (20 half limb pairs) (10 limb pairs) 
~~. — A ee 

Exp. 17 0-416. 0-117 0-533 0:271 0-007 0-278 0-255 0-017 0-009 0-026 0-259 0-036 0-108 

5 0-016 0-003 0-019 
(10 limb (20 half 

(20 half limb pairs) _(20 half limb pairs) (10 limb pairs) pairs) limb 

Exp. 18 0-433 0-108 0-541 0-049 0-013 0-062 0-479 0-014 0-019 0-033 0-029 0-055 

0-037 0-015 0-052 ‘ 0-032 + 
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Discussion of Results. 

Our results agree with those of Parnas, in that the final lactic acid value 
was found to be a minimum. In one experiment we succeeded in reducing 
the total carbohydrate to the value mentioned by Parnas, about 0-05 %. On 

keeping the muscle at 45° for 14 hours the carbohydrate content was reduced 
to 0-03 %; it was intended to estimate the lactic acid formed under the same 
conditions, but, owing to an accident, the result is only approximate— 

about 0-03 %. 
In the other experiment the carbohydrate was only reduced to 0-277 %. 

In this case two lots of limbs were put under conditions of heat rigor, and the 
carbohydrates afterwards estimated; the low values of 0-026 % and 0-019% 

were obtained. The rigor lactic acid in this case was 0-108 %—a nigh value, 

corresponding to the high final content of carbohydrate. 

A CONFIRMATION OF SOME OTHER RECENT WoRK ON THIS SUBJECT. 

As mentioned above, Meyerhof has recently published a series of papers in 
which he brings forward a great mass of evidence in favour of the recon- 
stitution of the greater part (two-thirds to three-quarters) of the lactic acid 

into its carbohydrate precursor. His arguments are based on a large number 
of experimental results, which are different from those of Parnas, and are 
most convincing if these results are to be accepted. A large amount of con- 
firmatory data is given, but all estimations were done by micro-methods, and 

in a matter of such fundamental importance it seemed worth while to repeat 
the more crucial of these experiments on a larger scale, and by different 
methods. Accordingly we selected two problems—the conversion of lactic 
acid into glycogen on recovery in oxygen and the conversion of glycogen into 

lactic acid on chopping—and investigated these by Fletcher and Hopkins’ 
method for the lactic acid, Pfliiger’s method for glycogen and Meyerhof’s 

modification of Parnas’ method for the soluble sugars, using ten limb pairs 
for each estimation. We may say at once that our results were in entire 
agreement with those of Meyerhof. 

Exp. 15. The recovery process in fatigued muscle. 

Method. 40 limb pairs were, immediately after pithing, fatigued for 45 
minutes in an atmosphere of nitrogen. The limbs were suspended from the 
aluminium rings as in previous experiments. A single cell of the battery was 

used for stimulation, and the coil was gradually pushed in as the muscle 
showed signs of fatigue, till finally it was at zero. After the stimulation, 

20 limb pairs were removed and placed in a covered beaker sunk in ice; the 
whole was weighed as quickly as possible. The muscles were then dissected 
from one leg of each limb pair, with all the usual precautions against injury. 

During this time nitrogen was passed into the beaker sunk in ice. The lactic 
acid was extracted in the usual way. The muscles from one leg of the remaining 
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twenty limb pairs were then similarly treated for carbohydrate estimation. The 
weight of muscle was in each case determined by difference. 

For the recovery, the legs with the remaining muscles were re-suspended 

in the bell-jars in a current of oxygen, which was maintained for 23 hours. At 
the end of this time the lactic acid and carbohydrate were extracted again, 
care being taken that corresponding legs were used, 7.e. of the muscles of one 

limb pair those of one leg were used for fatigue carbohydrate and those of 

the other leg for the recovery value. This is necessary in view of the great 
individual variations in carbohydrate content. 

Table IT. 
Total 

carbohydrate 
Soluble Total Lactic and lactic 

Glycogen sugars carbohydrate acid acid 
Fatigue 0-750 0-042 0-792 0-166 0-958 
Recovery 0-936 0-073 1-009 0-037 1-046 
Difference + bat 0-217 0-129 

Discussion of Results. 

It can be seen from these figures that, contrary to the statement of Parnas 

and Wagner [1914], an increase in carbohydrate content accompanies recovery 
in oxygen. The ratio of lactic acid lost to carbohydrate gained is, indeed, not 
that found by Meyerhof, but the discrepancy in our figures is no doubt to be 

explained by the individual variations in the limb pairs. Meyerhof, using a 

micro-method, was able to estimate lactic acid in the gastrocnemii of the same 
limb pairs used for the carbohydrate estimations, 

Exp. 14. The change of glycogen into lactic acid in chopped muscle. 

Method. The resting carbohydrate and lactic acid were determined on 
twenty limb pairs—twenty single legs being used for each. 

60 more frogs were pithed, cooled in ice, and then skinned; the limbs were 

placed in beakers sunk in ice. The muscle was dissected off the limbs and 
chopped with cold knives, on plates resting on ice. The chopped muscle was 
also cooled as it accumulated. When all the muscle from the 60 frogs had 
been chopped, it was thoroughly mixed to obtain representative samples, and 
then divided into six approximately equal portions, which were weighed in 
tared, cooled beakers. 

Table III. 

Exp. 14. The formation of lactic acid in chopped muscle. 

Lactic acid é Carbohydrate 
C “iy ‘ on A— = 

Soluble 
No. Time Total Difference No. sugar Glycogen Total Difference 

Tnitial 0-044 6 0-037 0-902 0-939 

Onehour 0-134 0-09 2 0-112 0-745 0-857 0-08 
4hours 0-326 0-192 4 0-158 0-527 0-685 0-172 
Resting 0-015 B 0-05 1-18 1-23 >wm a 
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Four of the beakers were then’sunk in a thermostat at 20°; the remaining 

two samples were used for the estimation of initial lactic acid and carbo- 

hydrate respectively. 
The other samples were removed Edi the thermostat after one and four 

hours respectively, being placed in ice at once. 

Discussion of Results. 

The results obtained are again in agreement with those of Meyerhof, 

showing absolute parallelism between the loss of carbohydrate and increase 

in lactic acid, and contrary to those of Parnas, who found that the carbo- 

hydrate decrease lagged behind the lactic acid increase. 
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Fig. 1. Experiment 14. The conversion of carbohydrate into lactic acid 
in chopped muscle. 

The values for the resting carbohydrate and lactic acid cannot strictly be 
compared with the other values, as they were obtained from distinct limb 
pairs. (See Table III and Fig. 1.) 

Furtruer Evipence ror HeExosSEPHOSPHATE AS THE PRECURSOR © 

or Lactic Actp. 

In this section we describe an experiment which is of some interest as it 

indicates that chopped muscle not only possesses the power, as shown by - 
Embden and his co-workers [1915] for muscle juice, of breaking down added 
hexosephosphate to lactic acid, but that it is also capable of synthesising the 
hexosephosphate from added glucose and phosphoric acid, 
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Exp. 16. The muscle from the hind limbs of 80 frogs was dissected off and 
put through a mincer, being cooled the whole time in a freezing mixture. 
Approximately equal quantities of the mixed muscle were placed in each of 

four tared beakers, and weighed. Each portion was then transferred quantita- 
tively to a 500 ce. filtrate jar, covered with a glass plate. Each lot of muscle 
was treated with 200 cc. of 2% NaHCO, solution. The jars were. labelled 
A, 1, 2, 3, and their contents were :— 

A. Muscle + 200 cc. 2 % NaHCO, + 35 ec. HO. 

1. Muscle + 200 ce, 2 % NaHCO, + 35 cc. hexosephosphate solution. 
2. Muscle + 200 ec. 2 % NaHCO, + 35 ce. glucose solution. 
3. Muscle + 200 ce. 2 % NaHCO, + 35 cc. glucose solution 

+ 2 grms. NaH,PQ,. 

The jars were incubated at 37° for three hours, then removed and placed 
in a freezing mixture. The liquid in each case was strained through muslin 

into a beaker which was sunk in boiling water (to coagulate the protein and 
inactivate any enzyme) and allowed to remain there for an hour. In each 

case the liquid was neutralised with HCl, and to the control (A) 35 ce. of the 

hexosephosphate solution were added. The residues were extracted with ice- 
cold alcohol in the usual way. After standing overnight the coagula were 
filtered from the watery extracts, and united with those to be extracted with 
alcohol. The watery extracts were taken to dryness on the water bath, and 
the residues also extracted. The alcoholic extracts were acidified with phos- 

phoric acid to prevent destruction of the lactic acid. From this point the 
routine method was followed, except that twice the usual quantity of charcoal 
was added. In the case of 2 and 3 the solutions were coloured, probably 

owing to the action of the alkali on the sugar; each of these was treated with 
charcoal a second time with about 1 g. and the lead carbonate treatment was 
also introduced. The glucose present in the moist lead hexosephosphate was 

estimated after hydrolysis so that the amount added was known approxi- 

mately. The moist hexosephosphate was equivalent to 25% glucose. A 
weighed amount of the Pb hexosephosphate was decomposed by H,S, the 
gas removed by a current of air, and the volume made up to 80 cc. 80 cc. 

correspond with 11-43 g. hexosephosphate, or 0-285 g. glucose, so that 35 cc. 
correspond with 0-125 g. glucose. The glucose solution was made up so that 
35 cc. contained 1-3 g. The results obtained are set forth in Table IV. 

, 

Discussion of Results. 

‘These figures show conclusively that not only has the intact muscle the 
power of breaking down hexosephosphate. in vivo, but that the chopped 
muscle apparently possesses the same power. But more interesting still is 
the evidence for the presence of a mechanism for synthesising this precursor 
from its ingredients. 
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Table IV. 

Exp. 16. Hexosephosphate as a precursor of lactic acid. 

Weight 
Weight Weight of % of 

of of zine muscle lactic 
No. Treatment muscle lactate as100 ‘Treatment acid Difference 

A. Control 84-00 +542 100 Control -469 

1 0-125 g. 84-54 “742 100 0-149 g. 652 -183 
glucose. added glucose as 

as hexose- hexose- 
phosphate phosphate 

2 1-3 g. 79-781 -426 100 1-63 g. -397* 
glucose added glucose 

3 1-3 g. 81-24 *782 100 1-63 g. ‘715 +246 
glucose added glucose + 

+ equiv. equiv. 
NaH,PO, NaH,PO, 

* This result was unreliable owing to experimental difficulties due to the excess of glucose. 

Since this experiment was performed Meyerhof [1921] has published the 
account of an experiment in which chopped muscle, suspended in a buffer 

solution containing phosphates, converted added glucose into lactic acid. 

SuMMARY. 

I. Experiments are described showing the conversion of carbohydrate into 

lactic acid in the muscles. 
II. The conversion of lactic acid into carbohydrate in the intact muscle 

is demonstrated, as well as the breakdown of carbohydrate in chopped 

muscle. 
III. The breakdown and synthesis of hexosephosphate in chopped muscle 

are shown. 

We are indebted to Professor Harden for the specimen of hexosephosphate 
used, and to Professor Hopkins for invaluable help and criticism throughout 

the work. 
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WHILE studying the enzyme content of the blood of certain higher animals, 

I have frequently had occasion to observe that the ferment maltase in the 
blood of mammals is not a constant feature, but appears to be rather a 

function of the animal species. Present in the blood of one mammal, the 
ferment may be absent from that of another; for instance, while dog’s blood 
serum, when tested in vitro under suitable experimental conditions, always 

shows hydrolytic activity on maltase, the serum of man, under similar con- 
ditions, I have never found to be active. As this is an observation which does 

not appear hitherto to have been recorded or to have attracted attention’, 
I propose in thé present paper to give a brief account of the experimental 

evidence on which it is based. 
The experiments related are taken from certain general studies on blood 

enzymes, which have occupied me over a period of several years [Compton 
1915, 1]. This explains why in what follows the experimental conditions are 

not uniform throughout, the activity in maltase of the different blood sera 
studied being determined under conditions of temperature and concentration 
in maltose (see accompanying Table) fixed by the main investigations in hand. 
From the qualitative point of view, however, in which sense the present 

communication is mainly put forward, these varying conditions do not in the 

least detract from the general results arrived at. 

EXPERIMENTAL. 

Blood was withdrawn as aseptically as possible by venous puncture (man, 
cat, dog, goat, horse, rabbit), by heart puncture (guinea-pig, rat), by bleeding 

at the slaughterhouse (ox, pig, sheep), and rapidly centrifuged so as to obtain 
a clear serum. The latter was pipetted off into a clean sterile test-tube, toluene 

added—one drop per cc. of serum—to ensure sterility, the tube closed with a 
clean sterile cork to prevent evaporation, and the mixture vigorously shaken 
for a few seconds. Conserved under these circumstances the serum remained 
as a rule sterile during subsequent weeks and months, and that whether in 

1 The idea indeed exists in the literature that in a general way maltase is to be met with 
in the blood, side by side with amylase and glycogenase [compare Gley 1920}. 

Bioch. xv 44 
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the ice-box or at room temperature: a matter of great convenience in pro- 
tracted studies. The serum is referred to in the Table as “fresh” when used 
immediately, or at most within 2 hours of its separation from the clot; 
while, when used after standing a few days the age is stated. After shaking, 
the serum was allowed to stand a short time at the temperature of the 
laboratory before use, then suitable quantities were withdrawn by pipette and 
measured off into already prepared test-tubes containing 90 mg. of pure 
maltose (hydrated) dissolved in sufficient pure water to make, with the 
serum added, 5 cc. total solution, The tubes thus prepared had 5 drops of 

toluene added to each, after which they were plunged into a water thermostat 
regulated at a constant temperature!. Closed at once with clean sterile corks 

they were incubated for 16 hours; they were then withdrawn, uncorked, and 
the enzyme action stopped by heating for 6 minutes in boiling water. On 
cooling, the contents of each tube were diluted to 50 cc. and the proportion of 

maltose hydrolysed determined by Bertrand’s method on 20 cc. of the diluted 

mixture. 
The following Table gives a résumé of the experimental findings: 

Maltose % of Information relating to 
concentra- Tempera- maltose the age of the serum 

Vol. of tion of ture of hydro- when used, how 
serum reaction experi- lysed in it was conserved, 

Animal No. employed mixture ment 16 hrs. ete. 
ce. ids 

Pig 1 0-1 M/20 46-0 83-8 3 days, in presence of 
0-4 92:5 toluene, at Lab. temp. 
0:8 94-3 

1 0-02 M/20 46-5 28-2 8 days, Lab. temp. 
0-05 76:8 
0-1 75-1 
0-2 85-5 

Dog 1 0-05 M/20 47-0 25-4 Fresh, after centrifuga- 
0-1 39-1 tion. Male, in fasting 
0-2 50-9 condition 48 hours 
0-4 63-5 
0-8 78-5 

2 0-1 M/20 47-0 47-9 1 day, in presence of 
0-2 68-4 toluene, at Lab. temp. 
0-4 78-5 Male, under 2 years, 
0-8 80-3 fasting 24 hours 

3 0-05 M/20 50-0 225 6 hours, in _ ice-chest. 
0-1 25-4 Male, state of diges- 
0-2 39-1 tion unknown 
0-4 52-5 

4 0-05 M/20 50-0 37-5 6 hours, in ice-chest. 
0-1 57-1 Pregnant female, state 
0-2 65-2 of digestion unknown 
0-4 71-7 

5 O01 M/20 50-0 70-0 1} days, in ice-chest. 
0-2 82-0 Non-pregnant female, 
0-3 89-0 state of digestion un- 
0-6 96:1 known 

* In the absence of information, at this stage, regarding the optimum temperature of maltase 
of animal origin, the temperature employed in these experiments has been mostly one in or 

around 47°, that being the optimum temperature of the vegetable maltase met with in Aspergillus 
oryzae in an action of 16 hours’ duration and Py 7-2 (Compton 1914; 1915, 2). 
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Table (continued) 

Maltose % of Information relating to 
concentra- Tempera- maltose the age of the serum 

Vol. of tion of ture of  hydro- when used, how 
serum reaction experi- — in it was conserved, 

Animal No. employed mixture nor etc. 
ce. 

Goat 1 0-06 M/50 42-5 11-4 1} days, in ice-chest 

Sheep 1 0-1 M/50 47-0 16-9 Fresh 

Horse 1 0-2 M/20 46-0 15-5 4 days, at Lab. temp. 
\o4 24-0 
0-8 45-0 

2 0-1 M/20 47-0 11-4 6 days, at Lab. temp. 
0-2 19-7 
0-4 . 35-9 
0-8 58-7 

Ox 1 0-8 M/20 45-5 26-8 4 days, at Lab. temp. 

Rat 1 { 0-12 M/20 50-0 45 11 hours, ice-chest 
0-24 16-9 

Cat 1 0-05 M/50 45-0 0 Fresh 
2 0-2 M/50 46-0 0 1 day, at Lab. temp. 

Guinea-pig 1 0-25 M/20 40-0 0 20 hours in ice-chest in 
- 0-5 0 resence of chloro- 

1-0 0 orm 
2-0 0 

2 0-06 M/50 47-0 0 6 hours, in ice-chest 

Rabbit 1 and 2 0-1 M/20 32-0 0 Fresh 
0-4 0 
0-8 0 
15 0 

3 0-5 M/20 32-0 0 Fresh 
| 1-0 0 
1-5 0 

4 and 5 0-8 M/20 46-5 0 1 day, at Lab. temp. 
Male and female 
(“ pooled” specimen) 

6 0-06 M/50 47-0 0 Fresh, slightly haemo- 
lysed 

7 0-5 M/50 46-0 0 2 days, in ice-chest 

Man 1 and 2 0-08 M/50 32-5 0 Fresh 
3 0:08 M/50 42-0 0 Fresh 
4 0-36 M/20 42-0 0 3 days, at Lab. temp. 

(positive Wassermann 
serum) 

0 9 days, at Lab. temp. 5,6,7,8and9 08 M/36 54-5 
(“ pooled” positive 
Wassermann sera) 

It will be seen by an analysis of the foregoing Table that the enzyme 

appeal is present in the blood of the following animals: 

Dog, Pig, 

Goat, Rat, 
Horse, Sheep; 

while it is found to be lacking i in the blood of the 

Cat, Rabbit, 

Guinea-pig, Man, 
442 
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The great variation in enzymic activity which may be met with from dog 
to dog, under the influence of various modifying factors, is noteworthy. As to 

the relative richness in maltase of the specimens of serum from the 5 dogs, 
it is seen that in the ease of the dogs (3), (4) and (5)—comparable together as 
to the temperature employed in testing—to produce in 16 hours at 50° a 

hydrolysis of 50 %, for instance, approximately 0-06 cc. of serum is required 
for dogs (4) and (5), and 0-35 cc. is required for dog (3); that is, in a general 
way the serum (3) may be said to be 5 times less active than either serum 
(4) or (5). Judged in a like manner, the serum of dog (2) is twice as rich in 

maltase as that of dog (1), 50 % hydrolysis being produced by 0-1 cc. of the 
former serum in 16 hours at 47°, while under the same experimental 

conditions 0-2 ce. of the latter serum is required to produce the same effect. 

It is not our intention to enter here into the factors responsible for the 
variations observed from dog to dog, but merely to signalise the fact in passing. 

The question constitutes in itself a subject of sufficient interest and importance 

to be treated separately. 
It is further to be noted that the serum of the pig is extraordinarily rich 

in the ferment maltase. To produce a 50 % hydrolysis of maltose under the 

experimental conditions here involved, only 0-03 cc. of serum is required, a 
dose considerably less than that for any of the other animals examined. This 

outstanding comparative richness of pig’s serum in maltase was first pointed 
out by Doxiades [1911], although the presence of the enzyme in the blood 

serum of the pig has been known since the work of Tebb [1894]. 
Consider now the animals in the preceding Table in whose blood the enzyme 

has failed to be revealed: cat, guinea-pig, rabbit and man. It appeared to us 

necessary, before definitely concluding the ferment to be absent from the 

blood of these mammals, to investigate: 
(1) Whether the enzyme might not be retained in the clot and cellular 

elements during the process of coagulation and ultimate separation of the 
serum; in which case by provoking a plasmolysis of the cells the enzyme 
might reasonably be expected to be liberated, if it were present, and thereby 

become evident. 
(2) Whether the enzyme might not be present in some masked or latent 

state, such as the alkalinity of the serum might possibly produce; in which 
case one would expect the enzyme to be liberated, or activated, by acid 
neutralisation. 

To test (1), the following experiments were undertaken with the blood of 
the guinea-pig and the rabbit: 

(a) Guinea~pig. A guinea-pig was etherised, and after having the jugular 
cut, was bled into a dry clean centrifuge tube. The blood, on centrifugation, 
yielded about 6 cc. of serum, which was pipetted off as completely as possible 
from the clot. To the latter were added 6 cc. of pure water, and about 20 drops 
of chloroform, and, after mixing, it was set aside in the ice-chest for 24 hours; 

then centrifuged and the resulting supernatant dark red solution examined for 
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activity on maltose. Quantities of the haemolysed solution ranging from 
0-25-ec. to 1-5 cc. were added to tubes containing 90 mg. of maltose and water 
to 5 cc. and the tubes incubated at 39° for 16 hours. No activity in maltase 

was exhibited under these conditions. 
(b) Rabbit. Blood was withdrawn from the ear-vein, and centrifuged 

immediately to separate serum from clot. To the latter, after decanting off 

the serum, was added a volume of chloroform water equal to that of the 
serum removed, and after thorough admixture it was allowed to macerate 

overnight in the ice-chest. The haemolysed liquid of maceration was tested 
in quantities ranging from 0-5 to 1-0 ce. for activity in maltase, and was found 

to be quite inactive. 
These two experiments show that maltase failed to be extracted from the 

blood cells of the clot, and, one is justified in assuming its absence as such. 
To test (2), a pooled specimen of fresh human serum from three healthy 

persons was added in volumes of 0-15 ce. to test-tubes containing 90 mg. of 

. maltose dissolved in 5 cc. of pure water which had previously been acidified 
by the addition of progressive volumes of N/H,SO,: 0-1, 0-3, 0-6 cc.; and after 

16 hours’ incubation at 36°, a determination of the maltose hydrolysed was 
made by Bertrand’s method. No hydrolysis was found to have occurred in 

any of the tubes. 
This experiment seems to show that if a serum in the natural state does 

not indicate the presence of maltase, the enzyme may be taken as absent, 

since alteration of hydrogen ion concentration fails to bring it into evidence. 

CoNCLUSION. 

Mammals can, therefore, be divided into two groups: according to whether 
they have, or have not, maltase in their blood. To the former group belongs 
the dog, to the latter the rabbit; the two laboratory animals which have 
hitherto been mostly used in connection with the experimental study of sugar 

transformations in the blood. The fact that man belongs to the non-maltase 
or “rabbit group” makes the observation of rather more than passing interest: 

and that whether viewed from the physiological, the pathological, or the 

medico-legal point of view. 
The conception is illuminating in the explanation it affords of various 

contradictory statements met with in the literature. Thus, when it is stated— 

as the result of injecting maltose into the blood stream and studying its 
elimination by the urine—that the sugar of the blood cannot be maltose [see 
footnote p. 681], it is obvious the animal worked with must have belonged to the 
maltase or “dog group.” In effect, this is so; for Dastre and Bourquelot [1884], 

1 In this connection it may be stated that according to certain of our experiments, to form 
the object of a subsequent communication, by alteration of the hydrogen ion concentration of 
dog’s serum—which as we have seen is normally rich in maltase—by the addition of 0-15 cc. 
N/100 H,SO, to a reaction mixture similar to the above, containing 0-1 cc. of serum, the activity 

of the maltase present is increased by 15% in an action of 16 hours’ duration at 50°. 
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on whose work this statement is probably founded, working with the dog, 
found that most of the maltose injected was not voided by the kidneys but 
was utilised, with much the same facility as glucose. On the other hand, 
Philips [1881] is reported by Green [1899] to have found that when maltose 
is injected into the blood of an animal—species not stated, and I have been 
unable to trace the original publication—it is mostly excreted unchanged 
in the urine, much as the cane-sugar in a certain famous experiment on 
carbohydrate assimilation of Claude Bernard [1849]. There appears to me little 
doubt that in this case the animal worked with belonged to the non-maltase 

group. 
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OF CHLOROPHYLL. 
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(Received November 16th, 1921.) 

In a series of papers Palmer and his co-workers have shown that many 

animal pigments are derived from carotene and xanthophyll [Palmer and 
Eckles 1914; Palmer and Kempster 1919], therefore it was thought desirable 

to find out if urochrome also is derived from plant pigments. 
Preliminary experiments were performed with human urine. The urine 

was collected in twenty-four hour samples, preserved with chloroform and the 
urochrome was extracted by the method of Garrod [1874] from one tenth of 
each daily quantity and the alcohol extracts were compared by a colorimeter. 

By restricting the amount of plant pigments in the diet the colour extracted 

by the above method was reduced by about one fifth. This led to experiments 
being carried out using guinea-pigs, as it is possible to give them diets with 

greater variation in plant pigments. The urochrome was extracted as above 
by Garrod’s method and the amount of colour was estimated from the volume 

of the extract and its depth of colour. 
The experiments show that a diet deficient in plant pigments is associated 

with a urine deficient in yellow pigment. As the chemical composition of 
urochrome indicates that it is an acid substance giving reactions for pyrrole 
[Dombrowski, 1907], and might be a derivative of chlorophyll [Willstatter and 
Stoll, 1913], further experiments were carried out contrasting a diet containing 

carrots with one containing green pigments (carrot tops) with the result that 
the green parts of plants caused a marked increase in the amount of colour 
in the urine whilst the yellow pigments did not show any appreciable effects. 

The experiments are so easy of repetition that full experimental details 
need not be given. One experiment on a guinea-pig is included to show the 
extent of variations in colour produced by changes in diet. 

Guinea-pig weight 335 g. 
Date Volume of urine Relative colour 
1921 Diet c.c. of extract 

30. v. Bread and greens discarded 
31. v.-2. vi. ‘s me 69 127 
2-4. vi. os Me 72 216 
4-6. vi. Bread and apple discarded 
6-8. vi. A a 32 60 
8-10. vi. a a 45 41 

11-13. vi. Bread and carrots discarded 
13-15. vi re as 53 48 
15-17. vi. = a 95 39 
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This experiment shows the striking effect of greens in the diet on the 
colour of the urine. The averages are: diet containing carotene 44, diet without 
obvious pigments 51, diet with chlorophyll in addition to carotene 172. 

If urochrome is a derivative of chlorophyll one ought to expect to obtain 
similar pigments, for instance during digestion, from parts of plants which 
contain chlorophyll. Pigments agreeing with urochrome in colour, in absence 
of absorption bands in the visible portion of the spectrum and in solubilities 
have been obtained by direct extraction from hay and tea leaves; and from 
cabbage and spinach on treatment with dilute acid followed by alkali. 

Pelkan [1920] states that urochrome is related to the protein in the diet. 

His results may be due to plant derivatives associated with the proteins used. 
In this connection it should be noted that the colour of milk whey is due to 
a pigment similar to urochrome. [Palmer and Cooledge, 1914.] 

SuMMARY. 

Green parts of plants increase the output of urochrome in the urine 
whereas carotene does not. In view of the chemical similarity of chlorophyll 

derivatives and urochrome it seems probable that urochrome is a derivative 
of chlorophyll. 

The apparatus for this research was obtained by means of a grant from the 

London Hospital Medical College Research Fund. 
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LXXXVI. THE ESTIMATION OF CARNOSINE 

IN MUSCLE EXTRACT. 

(PRELIMINARY NOTE) 

By GEORGE HUNTER, Strang-Steel Scholar, 

Institute of Physiology, University of Glasgow. 

(Received October 19th, 1921.) 

Wir a view to the study of the physiological significance of carnosine, it 

was first necessary to devise a method of estimation applicable to small 
quantities of material, which, at the same time, would give more accurate 

results than have hitherto been obtained with this substance [vide von Fiirth 
and Hryntschak, 1914]. A general method of estimation of iminazole deriva- 

tives by a modification of the diazo reaction described by Koessler and Hanke 
[1919]—but not applied by those workers to carnosine—has here been tried 
as a likely means of affording a reliable indication of the carnosine content of 

muscle!, Before the method could be satisfactorily tested, it was first neces- 
sary to prepare pure carnosine and for comparative purposes also histidine. 

Histidine monohydrochloride was prepared from ox-blood by the method 
of Frankel [1907]. m.pr. 253°, with softening and loss of water at 175-180°. 

Kjeldahl. Nitrogen. Found 19-79 %. Calculated 20-05 %. 
Preparation of Carnosine. This was obtained from Lemco. The most suc- 

cessful method found for the preparation was that adopted by Baumann and 

Ingwaldsen [1918] with the use of mercury acetate followed by the usual 
silver-baryta precipitation. A very readily crystallisable product is obtained 

if, after the addition of excess silver nitrate solution and before filtration of 

the purine fraction, barium hydroxide solution is added to more than neu- 
tralise the nitric acid set free by the use of the silver nitrate reagent. Other- 
wise, part of the purine group remains dissolved and escapes precipitation. 
This incomplete separation of the purine fraction from the carnosine fraction 

probably accounts for much of the difficulty workers have experienced in the 
isolation of pure carnosine [vide Gulewitsch, 1913; Smorodinez, 1913]. On 

first attempting the preparation this difficulty was met with. On precipitating 
the carnosine fraction, which refused to crystallise from alcohol, with the 

above precaution the product was readily purified. The purine part which 

1 Clifford [1921], since the commencement of this research, has applied a modified Koessler 
and Hanke procedure to the estimation of carnosine. As to both treatment of material and 
results found, the writer is so much at variance with the above worker that a publication at the 
present stage of this research has been deemed desirable. 
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separated here was treated with hydrogen sulphide, concentrated, and a syrup 

separated on treatment with alcohol. This appears at least presumptive 
evidence for the validity of the foregoing suggestion of the cause of the diffi- 

culty. The substance was first isolated as carnosine nitrate. This agreed in 
properties with those described by Gulewitsch and others [wde Gulewitsch 

and AmiradzZibi, 1900; Gulewitsch, 1913]. m.pr. 220°. 
The free base was prepared from part of the above product by reprecipita- 

tion with silver nitrate and barium hydroxide, and concentrated without 
neutralisation. The carnosine thus obtained was similar to that of Gulewitsch; 

M.PT. 260° with decomposition. 
Part of the carnosine was used to prepare the copper-salt according to the 

directions of Mauthner [vide von Fiirth and Hryntschak, 1914]. Deep-blue 

hexagonal crystals about 1 mm. in greatest length were obtained. 
Solutions of 0-1 °% carnosine were made from the free base and from the 

carnosine nitrate-after these had been dried in desiccator to constant weight. 
Equal quantities of these tested colorimetrically agreed almost perfectly. 

It was further intended to make a standard solution from the copper salt 
but the difficulty of getting this to constant weight, along with the rapidity 

with which it took up moisture when dry, led to the acceptance of the value 

as confirmed by the free base and its nitrate. 

THE CoLORIMETRIC METHOD. 

Working mainly from certain theoretical considerations of the properties 

of diazonium compounds and their mode of coupling, Koessler and Hanke 
have, undoubtedly, greatly enhanced the value of the diazo reaction as a 

method of estimating iminazole derivatives. The use of a relatively stable 
colour-standard is only a small part of the improvement they have effected 

on the previously somewhat haphazard way of performing the diazo test. 
As a quantitative method for the estimation of histidine the diazo reaction 

had been used by Weisz and Ssobolew [1914] and their method was adopted 
for the estimation of carnosine in mammalian muscle by von Fiirth and 
Hryntschak. The much more consistent results obtainable by the Koessler 

and Hanke procedure testify to its superiority over any previous method. 
The method has been adopted here almost in toto for the estimation of 

carnosine and found to give very satisfactory results in pure solutions of that 

substance. Different proportions of methyl-orange and Congo red had of course 
to be employed to get a match for the carnosine solutions. A very suitable 
match for pure carnosine solutions was obtained with 0-10 ce. methyl-orange 
and 0-25.cc, Congo red per 100 cc, water, These amounts were taken from 
0-1 %, stock methyl-orange and from 0-5 % stock Congo red, 

Molecular colour values. To test the purity of the above-mentioned histidine 
compound and at the same time to verify the accuracy of the method, the 
molecular colour value of histidine was determined according to the (CR-MO) 
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colour-standard employed by Koessler and Hanke. This was found to be 

approximately 117,000,000 mm. as compared with 114,000,000 mm. found by 
those workers. The slight discrepancy between these results can be accounted 
for by experimental error, along with the possibility that there might be slight 
differences in the quality of the methyl-orange and Congo red employed. 

The molecular colour value of carnosine was found to be 152,000,000 mm. 

against the same indicator. 
Question as to the linearity of colour production. Clifford [1921] questions 

the direct proportionality between colour-production and the amount of 
iminazole in solution. The linear relationship, as set forth in the ideal tables 
of Koessler and Hanke, was tested for both histidine and carnosine by the 

writer and accepted within the limits of experimental error before the publica- 
tion of the paper above referred to. It was very carefully retested on Clifford’s 
figures coming to his notice, but the conclusion reached was merely a re- 
confirmation of Koessler and Hanke’s results. Histidine was tested only 

within the limits of 0-01 mg. and 0-05 mg. histidine monohydrochloride in the 
test cylinder, whilst carnosine was tested between 0-005 mg. and 0-2 mg. The 

following table shows the results for carnosine, using a difference of 0-005 mg. 
carnosine between each reading up to 0-05 mg. 

Carnosine in test cylinder mg. 

0-005 0-010 0-015 0-020 0-025 0-030 0-035 0-040 0-045 0-050 0-1 0-2 

Reading of standard cylinder mm. 

3-2 5:7 89 118 148 175 208 238 269 30-0 59-7 120 

Calculated reading of standard cylinder mm. 

3 6 9 12 15 18 21 24 27 30 60 120 

When 0-1 mg. and 0-2 mg. carnosine were present in the test cylinder, the 
plunger was set at 10 mm. and 5 mm. respectively, and the reading of the 

standard cylinder multiplied by 2 or 4 gave the value equivalent to the test 
cylinder set at 20 mm. | 

The results for histidine within the limits tested were similar in their 
linearity. 

Clifford finds colour values greater than those given by calculation on the 

linearity basis, in the more concentrated iminazole solutions. Exactly the 
opposite results were found by the writer, when the usual concentration of 
diazonium sulphonate reagent was used for widely differing concentrations of 
carnosine. Experiments here showed that the time required for maximum 

colour development increased with the amount of carnosine present so long as 
that maximum was the theoretical value. This was especially marked when 
more than 0-045 mg. carnosine was used. To give a few practical examples, it 

may be noted that with 0-045 mg. the theoretical value was reached only after 
standing for 12 to 14 minutes; with 0-05 mg. it was almost reached after 
20. minutes; with 0-1 mg. and 0-2 mg. the highest readings were obtained only 
after 15 and 10 minutes respectively, but both of these were short of the 
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theoretical. With 0-1 mg. this shortage was 7 mm., 7.e. approximately 12 %. 
With 0-2 mg. the reading was 24 mm. low, 7.e. 20%. If, however, a more 
concentrated diazonium reagent is used, the time necessary for maximum 
colour development is decreased, and the actual maximum is then approxi- 
mately theoretical as shown in the foregoing table. 

These results are quite in accordance with the mass action law. In presence 
of a relatively large amount of carnosine the diazonium sulphonate is in great 

measure used up, with the result that the speed of coupling under these con- 
ditions becomes low, and at a certain point practically nil. All the diazonium 

compound is not, however, used up with 0-1 mg. carnosine as the behaviour 

with 0-2 mg. shows. Here, the presence of a higher concentration of carnosine 
accounts for a greater amount of coupling, yet a similar equilibrium becomes 
established before complete coupling of the carnosine has taken place. 

These facts merely indicate that a definite excess of diazonium sulphonate 
is necessary to complete the chemical reaction in one direction. They do not 
at all affect the validity of the linear relationship. 

It is difficult to account for the deviation found by Clifford. 

The best results were obtained when the test cylinder contained 
0-02 mg.—0-04 mg. carnosine. The maximum is reached in 8-12 minutes after 

mixing, and is stable at those concentrations for approximately another 
8 minutes. 

No appreciable colour was developed by the interaction of the sodium 
carbonate used (Merck’s) with the diazo reagent alone, even after 20 minutes. 

CERTAIN CONSIDERATIONS PRELIMINARY TO THE ESTIMATION 

oF CARNOSINE IN Muscie Extract. 

Filter paper adsorbs carnosine. Koessler and Hanke [1919] show that 

iminazoles are adsorbed by animal charcoal. This fact suggested that the use of 
filter paper might vitiate the results in such a microchemical method as that 
here employed. The adsorptive effect of filter paper was shown in the following 

way. 
20 cc. of a cold solution of carnosine with a colour value of 13-9 mm. 

per cc. were run from a pipette through a 15 cm. diam. dry filter paper into 
a dry measuring cylinder. 1 cc. of this filtrate was then tested and found to 

have a colour value of only 11-5 mm. This process was thrice repeated, through 
three papers, and 1ce, of the filtrate gave successively colour values of 
10-0 mm., 8*5 mm., and 7-7 mm. That is, the total loss in colour value was 
6-2 mm. per cc., or approximately 44 %,. 

In order to determine to what extent this loss was recoverable by washing, 
10 ce. solution of carnosine with colour value of 18-0 mm. per cc. were added 
to four dry filter papers as above but folded into one funnel. The results are 
expressed in the following table: 
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Colour value 
Volume of of filtrate Total colour 

Added to filter filtrate per ce. value of filtrate 
ce. mm. mm. 

10 ce, carnosine solution 3-2 8-5 27-2 

10 cc. water 9-2 5-5 50-6 

20cc. 5, 19-8 2-5 49-5 

40 cc. ,, evaporated to 1-0 27-0 

27-0 

The loss as shown in the first filtrate is 9-5 mm. per cc., t.e. approximately 
53 %. The sum total of colour values of filtrates is 154-3 mm. The total colour 
value of the original solution is 180 mm. so that, after washing with water to 

the extent of seven times the volume of the original carnosine solution, there 

yet remains 14 % of the original carnosine held by the filter paper. 
For these reasons, glass wool, which shows no adsorptive properties, has 

been adopted for filtration purposes. 
The effect of heat on the colour value of pure carnosine solutions. Several 

clean, dry duroglass test-tubes were constricted to a neck of about 3 mm. 
diameter about 3 cm. from the bottom. A horizontal mark was made with a 
file at the constriction. (The object of constricting the tubes was to obtain 

more accurate measurement.) The tubes were filled to the mark with solutions 
of carnosine of known colour value and set on a boiling water-bath for 1 hour. ~ 

They were then removed, cooled, and made up to the mark with water. A 
number of solutions of carnosine with an original colour value of 19-5 mm. 

per cc; showed after this treatment an average loss in colour value of 1 mm. 
per cc. Similarly a number of solutions of carnosine nitrate with an original 
colour value of 18-5 mm. per cc. showed after the same treatment an average 
loss of 0-5 mm. No change of tint in the colour developed was observable in 

these tests. 
It is probable from these results that a process of extraction which involves 

prolonged boiling may be harmful to the carnosine. 

METHOD OF EXTRACTION EMPLOYED. 

The most consistent results have been obtained by the following procedure. 

A small quantity of muscle, say 1-5 g., is extracted with about 20 cc. water on 
a bath at 70°. After 30 minutes the solution is filtered through glass wool 

into a small Buchner flask. The meat residue is transferred to a mortar, and 

ground with glass to a fine pulp. This is again extracted with 20 cc. water 
for 15 minutes, poured through the same filter and sucked as dry as possible. The 
top layer of wool and meat residue is re-transferred to beaker, stirred up with 
a further 20 cc. water and heated another 15 minutes. It is then re-filtered 

and washed twice with 10 cc. warm water, sucking as dry as possible between 
washings. After this treatment the final filtrate should give no diazo reaction. 

One extraction, found by Clifford [1921] to be sufficient, has never given 
satisfactory results in the writer’s hands. After extracting the finely ground 
tissue once with a large volume of water, followed by copious washing, the 
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colour value has shown a loss of 6 to 10 % reckoned as carnosine, as compared 
with that from the same meat extracted as directed above. 

The total milky filtrate—representing about 50 cc. per g. of meat used— 
is poured into a suitable beaker. The reaction is made slightly acid with dilute 
acetic acid and the beaker set on the water-bath at 70° for a few minutes. 

Under these conditions the proteins are very effectively precipitated. The 
coagulum settles quickly and is readily caught in the glass wool filter. The 
contents of the filter are washed thrice with a little warm water. The final 

filtrate should be quite clear and entirely negative to all protein tests. 
The results are practically unaltered if instead of the above method excess 

of lead acetate followed by excess of disodium phosphate is used to pre- 
cipitate the protein. Thus three samples from a piece of lean muscle, extracted 

as above, showed on reckoning the total colour value as carnosine 0-355 %, 

0-369 % and 0-380 %. In the first two samples the proteins were precipitated 
with lead acetate and sodium phosphate; in the last by the acetic acid method. 

The acetic acid method was finally adopted because it is more simple and 

gives a smaller precipitate by which less carnosine is likely to be adsorbed. 
(Further it would appear that there are no substances in muscle extract as 

prepared above which inhibit the diazo colour production; thus 1 cc. meat 
extract with colour value 22-0 mm. per cc. was mixed with 1 cc. carnosine 

solution 18 mm. per cc., and 1 cc. of the mixture tested. This was found to 

have a colour value of 20 mm. which is the theoretical number. 
The total colour value of muscle extract as obtained by the methods out- 

lined above, is consistent for the same material to within 3-4 % of the colour 

value reckoned as carnosine in meat. Thus three pieces of ox muscle yielded 

0-388 %, 0-378 % and 0-379 %. Another sample of ox muscle gave 0-614 %, 
0-606 % and 0-620 °%. These materials were purchased from a butcher. A cat 
muscle in three portions showed 0-280 %, 0-287 % and 0-293 %. 

As yet, however, the method does not appear to be entirely satisfactory 

for the estimation of carnosine in muscle extract. Carnosine is, undoubtedly, 
responsible for the production of the great bulk of the colour in these muscle 

extracts, but the writer has good reason to believe that certain other sub- 
stances contribute to a considerable degree to the yielding of the total diazo 

value. Further investigation is in progress on this point. 
My thanks are due to Prof. Cathcart for suggesting this research, and for 

his help throughout it. The expenses were in part defrayed by a grant made 

by the Carnegie Trust to Prof. Cathcart. 
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INTRODUCTORY. 

THE experiments to be described were devised to determine whether raw 
cow’s milk can replace orange-juice quantitatively as an antiscorbutic sub- 

stance. If this proved to be the case it was proposed to utilise the results to 
estimate the antiscorbutic value of human milk. 

It has been shown by Chick, Hume and Skelton [1918, 1] that raw cow’s 

milk has a low antiscorbutic value. In the case of guinea-pigs, when less than 

50 cc. were consumed daily, the animals showed no protection from scurvy. 
If 50-85 cc. were taken weight was better maintained. When 100-150 cc. 
formed the daily ration the animals grew normally and showed no symptoms 

of scurvy. 
When such large quantities of milk have to be administered daily, the 

conditions of the experiment become difficult, as unless the animal co-operates 

heartily, it is impossible to obtain a daily consumption of more than about 

80 ce. 
It follows that if human milk has a comparable antiscorbutic potency, its 

direct quantitative estimation would not be easy to carry out. 
Orange-juice, on the other hand, is very rich in antiscorbutic substance. 

Davey [1921] has carried out careful experiments to determine within narrow 

limits what is the minimum ration which will prevent scurvy. It was found 
that the animals receiving only 0-5 cc. of orange-juice developed scurvy. Of 

eleven animals receiving 1-5 cc., six were protected, three died of intercurrent 

disease, while only two succumbed to scurvy. The minimum ration which will 
allow of normal life is therefore 1-5 cc., though a certain proportion of animals 
employed will not show complete protection when receiving this amount. 

If raw cow’s milk and orange-juice could replace one another in direct 
proportion to their respective antiscorbutic values, by using both these sub- 

stances at one time as the source of the antiscorbutic factor, much smaller 

quantities of milk would have to be administered. The conditions of the 

experiment would be facilitated, and by carrying out parallel experiments 
with human and cow’s milk, it would be possible to obtain comparable values 

for cow’s milk and human milk in terms of orange-juice. 
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The ration of cow’s milk to be employed had first to be decided on. It 
was thought most convenient to administer about one-quarter of the minimum 
milk ration, 2.e. about 35 cc. daily. It will be shown in the subsequent dis- 
cussion that this ration has an adequate amount of the fat-soluble vitamin 

and will permit of quite satisfactory growth, though it is less than the amount 

necessary for optimum development. 
The orange-juice ration was likewise divided into quarters, 7.e. 0-5 cc., 

1-0 ec., 1-5 ec., 2-0 ec., etce., and combinations of 35 cc. of cow’s milk with 

varying amounts of orange-juice were tested on a series of animals. 

TECHNIQUE. 

Young guinea-pigs of about 250-350 g. were employed. The basal ration 

consisted of oats and bran moistened and rubbed together, and water ad lib. 
Measured amounts were presented daily and the amount actually consumed 
was carefully noted. The animals were divided into three groups. 

A. The first group received 40 g. of cabbage in addition to the basal ration 

and thus served as normal controls. 

B. The animals in the second group received 35 cc. of milk which had 

been heated to 120° for one hour in the autoclave. In addition, varying 
amounts of orange-juice from 0-5 cc.-2-5 ec. were given (see Table I). 

C. The third group received 35 cc. of raw cow’s milk and varying amounts 
of orange-juice (see Table II). 

Table I. 
Addition of 
orange-juice 
to basal diet 
+35 cc. auto- Duration of 

Animal claved milk expt. (days) Remarks Post-mortem 
ce. 

Bl 0-5 72 Left hind limb Haemorrhages. Widening of costo- 
raised off ground chondral junctions. Left knee 
and tender. joint ankylosed. 

B2 1 68 seh betes right hind Haemorrhages. Costal junctions 
blurred. Lymph glands con- 
gested, 

B3 15 68 — Normal. 
B4 2 54 — Normal. 
B5 2-5 52 — Normal. 

Table IT. 
Addition of 
orange-juice 
to basal diet 

Animal +35 ce, raw Length of 
milk expt. (days) . Remarks 
co. 

O1 0-5 76 

C2 1 60 No So a of sourvy. 
C3 15 54 normal post- 
C4 2 56 mortem, 

C5 25 50 
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The results obtained are summarised in the accompanying tables and 

diagram (Tables I and II and Fig. 1). 

Grms. 

500 

450 

400 

Weights 

350 

300 

Days 
Fig. 1. Weight curves of C 1-5 (raw milk 35 cc. and orange-juice 0-5 cc.—2-5 cc.) and B 3 (auto- 

claved milk 35 cc. + orange-juice 1-5 cc.). 

Discussion. 

It was thus found that of the animals fed on autoclaved milk only those 
receiving 0-5 cc. and 1-0cc. orange-juice (B 1 and B 2) developed scurvy. 

B 3, which received 1-5 cc. daily, showed no abnormal signs. B 4 and B5, 
receiving 2:0 cc. and 2-5 ce. of orange-juice daily, developed quite normally 

and no suggestive signs were found on post-mortem examination. These 
results are in agreement with those of Davey [1921] already quoted. 

Bioch, xv 45 
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None of the guinea-pigs in the series C receiving raw milk showed any signs 
of scurvy during life, or any characteristic changes post-mortem. It thus 

appears that 0-5 cc. of orange-juice when combined with 35 cc. of raw milk 

was sufficient to prevent the onset of the disease. 
A second confirmatory set of experiments was then performed. The basal 

ration consisted of oats and bran and water ad lib. 0-5 cc. of juice was ad- 
ministered to all the animals. In addition, small quantities of raw cow’s 

milk, varying from 15 cc.—40 ce. were given. In the case of animals receiving 
less than 40 cc. of raw cow’s milk, their total milk ration was made up to 

40 cc. with autoclaved milk. 

Grms. 

400F- 

350 

300 

Weights 

Days 

Fig. 2. Weight curves of D 1, 4, 5, 6, 8, 9. For details see discussion in text, 

The results obtained are summarised in the accompanying table and 

diagram (Table III and Fig. 2). 



Animal 

D1 

D2 

D3 

D4 

D5 

D6 

D7 

D8 

D9 

D10 

COMBINED ACTION OF ANTISCORBUTICS 

Table IIT. 

Addition of | Length 
milk to basal of 

ration +orange- expt. 
juice 0-5cc. (days) Remarks 

Raw milk 0 ce. 46 Face-ache position very 
Autoclaved milk definite 
40 cc. 

Raw milk 0 ec. 39 Tender limbs, looking ill 
Autoclaved milk (died) 
40 ce. 

Raw milk 15cc. 46 Lies crouched up. Looks 
Autoclaved milk ill 
25 ce. 

Raw milk l5cc. 86 
Autoclaved milk 
25 cc. 

Raw milk 25cc. 66 
Autoclaved milk 
15 ce. 

Fit 

Limping slightly. Thin 

Raw milk 25ce. 81 
Autoclaved milk 
15 ce. 

Died suddenly while being hand-fed 

Raw milk 35cc. 93 Condition good. Appears 
Autoclaved milk healthy 
5 ce. 

Normal 

Raw milk 35cc. 81 Nosymptoms of scurvy. 
gr htieai milk Not looking well 

ce. 
Raw milk 40 cc. 60 Normal 
Autoclaved milk 
0 ce. 

699 

Post-mortem 

Emaciated. Definite haemorrhages 
into muscles. Costo-chondral 
junctions thickened. Lungs and 
intestines normal (scurvy pre- 
sent) 

Emaciated. Pneumonia. Haemor- 
rhages. Thickened and congested 
costo-chondral junctions (scurvy 
present) 

Emaciated. Intense congestion of 
costo-chondral junctions. Gastro- 
enteritis and Pneumonia (scurvy 
present) 

Costo-chondral junctions normal. 
Intestines normal (no scurvy) 

Well-marked haemorrhages. In- 
testine healthy. Slight pneu- 
monia. Costo-chondral junctions 
obscure. Two or three ribs matted 
together. Spontaneous fracture 
of rib and excessive callus for- 
mation (scurvy present) 

Normal (no scurvy) 

Intestine and lungs healthy. Slight 
haemorrhages. Most of rib junc- 
tions on both sides show marked 
deformity from chronic over- 
growth. Appearance resembles 
“rickety rosary” (? scurvy pre- 
sent) 

Lungs and intestine healthy. Nil 
abnormal found (no scurvy) 

Nil abnormal found (no scurvy) 

D 1 and D 2, which received no raw milk at all, developed definite symp- 

toms of scurvy. 
In the case of the remaining animals, D 3-D 10, owing to the general 

vagueness of the signs shown during life, a definite diagnosis could only be 

arrived at after a careful consideration of the weight charts taken in con- 
junction with the findings after death. Great stress was laid on the presence 
or absence of haemorrhages, but due attention was also paid to the bony 
changes. Histological bone lesions were not taken as evidence of scurvy in 
the absence of haemorrhages, as Tozer [Delf and Tozer, 1918] has shown that 

such lesions frequently occur in animals on non-scorbutic diets, and are prob- 

ably due to deficiency of vitamin A. 

45—2 
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Since the early days of the work on scurvy, it has been known that the 
weight curves did not vary solely with the antiscorbutic substances present 
in the diet. Chick, Hume and Skelton [1918] found it necessary to administer 

60 cc. of autoclaved milk daily to obtain normal growth curves in the case of 
guinea-pigs which were receiving an adequate ration of the antiscorbutic sub- 
stance. Hume [1921] has recently made an extensive investigation into the 
power of various natural foodstuffs to promote growth in guinea-pigs. In 
the case of cow’s milk, only a limited number of experiments were performed. 
Guinea-pigs receiving 60 cc. of raw cow’s milk daily showed an average gain 
of 46-9 % in weight, which closely approximates to the increase in the con- 
trols of 55-8 %. Two animals were also placed on 20 cc. of raw milk daily. 
At the end of 25 days one showed a slight loss and the other a slight increase 

in weight. After 30 days both were put on 40 cc. daily and subsequently 
showed a slow recovery. 2 

In the case of autoclaved milk, 60 cc. daily resulted in an increase of 

44-8 %. : 
On analysis of the results obtained in the first series of experiments 

(Table IV), it is found that the average increase in weight obtained at the 
end of 45 days was 33-5 %. This may be compared with the results of Hume 
and shows that 35 ce. of cow’s milk daily contains appreciably less than the 

optimum amount of vitamin A. Quite good growth, however, occurs on such 

a diet. 

Table IV. 

Original After % 
Animal weight 45 days increase 

Cl 299 320 75 
C2 398 475 19-6 
C3 380 285 33-7 
C4 390 340 14-7 
C5 445 326 36-5 
B3 420 238 76:5 
B4 380 258 47:3 
B5 380 230 65-4 

Average: 33-5 % 

It is now possible to discuss the history of each of the animals receiving 
raw milk. From examination of the details given in Table III, it will be seen 
that D3 and D5 alone (receiving 15 cc. and 25 ce. of raw milk respectively) 
developed definite signs of scurvy. D4, D6, D9 and D 10 all grew well, 
putting on from 50-100 % in weight, and no signs of scurvy could be detected. 

D 8 maintained very steady progress for 65 days, putting on over 100 % 
in weight. During the last month of the experiment he fell off a little. He 
was killed on the 93rd day when the condition was quite good. As stated in 

the protocols, a definite diagnosis of scurvy could not be made. 
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Taking the above facts into consideration, the experimental findings may 

be summarised thus: 

Definite scurvy D3 (15 cc. raw milk) 
D5 (25 ce. : 

Doubtful scurvy D8 (35 ce. 

No scurvy D4 (15ce. - 

D6 (25 ce. Me 

D9 (35 ce. ze 

D 10 (40 ce. ” 

It is, therefore, possible to conclude that, when such small quantities of 
raw cow’s milk as 15-35 ec. are added to a basal ration already containing 

0-5 ce. of orange-juice, protection from scurvy may be obtained. This figure 
is considerably less than what one would expect if raw cow’s milk and orange- 

juice interchanged in direct proportion to their respective antiscorbutic values. 
On a quantitative basis the ration of antiscorbutic substance administered 
amounted to half or less than half the minimum requirements of the animals. 
It thus appears that when a mixture of antiscorbutic substances are ad- 

ministered, the combination is somewhat more potent than when proportion- 
ate amounts of the same substances are administered separately. 

It must be remembered, however, that different samples of cow’s milk 
may show considerable variation in their antiscorbutic content. No direct 
determination was made of the minimum dose of the milk employed, the 

figure obtained by Chick, Hume and Skelton [1918] being adopted. Any 
such-determination is liable to a probable error of 25-50 %. In view of these 

facts the results obtained need not necessarily involve any very marked 
difference between the combined and separate actions of cow’s milk and 
orange-juice. 

The opportunity was taken during the course of the present research to 
investigate the condition of the lymphoid tissue in scurvy. Cramer, Drew 

and Mottram [1921, 1] have shown that in rats fed on diets deficient in 
vitamins A and B, the only constant and characteristic change found is marked 

hypoplasia of the lymphoid tissues. The thymus almost entirely disappears, 
and the spleen, lymphatic glands and lymph nodules in the intestine show 
definite atrophy. 

These changes were not found to be present to any degree in guinea-pig 
scurvy. The thymus showed little change. The spleen was so variable in weight 
that no definite conclusions could be drawn. The lymphatic glands were 

smaller than on the control animals and frequently showed congestion. 
On histological examination the lymph paths were normal. The endo- 

thelial cells, however, frequently showed pigment granules. These were prob- 
ably granules of haemoglobin which had been absorbed from areas where 

blood had been extravasated. 
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In a communication which appeared while this paper was passing through 
the press, Cramer and his co-workers [1921, 2] announce that the atrophy of 
the lymphoid tissues which they have described can occur when vitamin B 
alone is withheld from the diet, and that it is associated with a diminution 

of the lymphocytes of the circulating blood, the polymorpho-nuclear leuco- 
cytes being unaffected. The absence of vitamin A alone does not produce any 

of these changes. 
Bedson [1921] has recently described the condition of the blood in scurvy. 

He finds no constant or striking changes in the total or differential leucocyte 

count. 

It would, therefore, appear that in guinea-pig scurvy (as in vitamin A 
deficiency) no changes are found in the lymphoid tissues analogous to those 

which occur when vitamin B is withheld. 

SUMMARY. 

1. Experiments on guinea-pigs are described to determine whether raw 
cow’s milk and orange-juice replace one another in direct proportion to their 
respective antiscorbutic values. 

2. The question is discussed whether the minimum dose which can afford 
protection from scurvy is reduced when both the above substances are ad- 
ministered simultaneously. 

3. The condition of the lymphoid tissues in scurvy is described. 

The expenses of this research have been partly defrayed by a Government 

grant made through the Royal Society. 
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LXXXVIII. THE ORIGIN OF MILK FAT, AND 

ITS RELATION TO THE METABOLISM OF 

PHOSPHORUS. 

By EDMOND JOHN SHEEHY. 

From the Biochemical Laboratory, Department of Agriculture 

and Technical Instruction for Ireland, Dublin. 

(Received November 25th, 1921.) 

AN outstanding feature of the variation appearing in the yield of milk from 
individual cows for successive days, as shown by the work of Crowther [1905], 

Hammond and Hawk [1917], and Gowen [1919], is the want of proportion 

between the weight of the fat and that of the other constituents of milk. 
Sheehy [1919] has demonstrated that the fat varies from day to day inde- 

pendently of the solids not fat and water. 
To explain this phenomenon it is assumed that 
(1) Fat is not derived from the same source as the other constituents of 

milk, or that 

(2) It has the same origin but is secreted in quantity independent of the 
other components of milk through the peculiarity of mammary gland meta- 

bolism. 
An experiment to elucidate this matter was conducted at the Albert Agri- 

cultural College, Dublin. It was sought to compare the secretion of the mam- 
mary gland when supplied with blood rich in absorbed fat with that produced 

when carbohydrate was assimilated. A good milking cow, No. 71, in moderate 
condition, receiving the usual daily ration of the herd, 7.e. roots 80 lbs., con- 

centrates 5 lbs. (fed in three equal portions at 6a.m., 11 a.m., and 3 p.m.) 

and hay given ad lib., was milked five times a day—at 6 a.m., 9 a.m., noon, 

3 p.m., and 6 p.m., for seven days. She was fasted for the last eighteen hours 
of the seventh day, and on the following morning—6 a.m.—was given a feed 

consisting of 
Mangels ... = ... 36 lbs. 

Hay i is ee 45 
Oil (linseed) ae ... 1 pint 

and got nothing except water for the remainder of the day. She was milked 
as during the previous week, and the weight of milk and the percentage and 

weight of fat determined as before. The yield at 9 a.m., 12 noon, 3 p.m., and 

6 p.m., of the eighth day was taken as representing the manufactured product 

of the mammary gland when supplied with blood containing a large quantity 
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of absorbed fat. The cow got her usual feed on the ninth day and up to and 

including her noon meal on the tenth day. At 6 a.m. on the eleventh day, 
after an eighteen hours’ fast, she was given the following feed: 

Mangels ... a ... 36 lbs. 
Hay ae ve aes Gas 

Molasses ... ‘s So ee 

The milking, five times a day, was continued up to the twelfth day. 

The results obtained are tabulated in Table I and plotted in Fig. 1. The 
graphs on Fig. 1 enable a comparison to be made between the milk-fat pro- 

duced from blood containing much neutral fat in suspension and that from 

blood not so enriched. The heavy lines join the milk-fat yields, percentage and 
total, given at 9a.m., noon, 3 p.m., and 6 p.m., on the eighth and eleventh 

days when the possible effects of the fat and carbohydrate fed’ would be 

respectively shown. The character of the graphs for these two days is similar, 
showing that the absorption of fat from the intestine affects the percentage 

and the total quantity of fat in the milk produced in the same way as the 
absorption of equidynamical proportions of carbohydrate. If the production 
of milk-fat were to depend on the proportion of neutral fat floating in the 

blood the percentage fat in the milk yielded on the eighth day should be 
higher than that of the eleventh day unless it is assumed that all the carbo- 
hydrate absorbed on the eleventh day is directly converted into neutral fat 

and delivered into the blood as quickly as fat is poured into it from the 
thoracic duct on the eighth day, an assumption which is in contradiction 

to our knowledge of general metabolism. But even the adoption of this 
premise would not explain why, in a repeated experiment, when double the 

dose of fat was given on the eighth day there was no higher percentage of 
fat in the milk than on the days when the cow was normally fed or fasted 
from noon, in which case the fat fed on the eighth day was greater than the 

fat equivalent of the ration of the other days. Presumably the immediate 
source of milk-fat is some other chemical compound of the blood, and for the 

production of this compound fat and sugar can replace one another. Evidence 
from another experiment conducted by the writer, not yet published, shows 
that fat and carbohydrate can replace one another for the production of 
milk-fat over protracted periods. 

The experiment was repeated on two other cows, Nos. 68 and 70. On the 

eighth day at 6 a.m., after an eighteen hours’ fast, they were fed as follows: 

Cow No, 68. Cow No. 70. 

Mangels ... ... 36 Ibs, Mangels... .». 36 lbs. 
Hay ey jie aera Hay see Fever ree 

Linseed oil Pea Molasses ... ag) SD oe 

The yields were recorded as before and on the eleventh day at 6 a.m., after 
a similar fast, they were again fed the special diets this time as follows: 
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Cow No. 68. Cow No. 70. 

Mangels ... ... 36 Ibs. Mangels... ... 36 lbs. 
Hay Bin MLEENT. Gans Hay pe Seis eo 

Molasses ... ied? MD as Linseed oil ... 1 pint 

The relative effects of carbohydrate and fat could thus be compared for one 
cow on different days and for two cows on the same day. The results from these 
two cattle led to the same conclusion as those from No. 71. The experiment 
was repeated with cows Nos. 68 and 70 with margarine instead of oil and this 

gave a similar result. Lest the amount of fat fed in these instances was in- 
sufficient the experiment was again repeated this time on cows 52 and 76; the 
procedure was similar to that with 68 and 70 except that the quantities of 

fat and carbohydrate given with the special feeds on the eighth and eleventh 
days were increased. On the eighth day the cows were fed as follows: 

Cow No. 52. Cow No. 76. 

(Mangels... 25 Ibs. Mangels... 25 lbs. 
6 a.m./ Hay ... oie a 6 a.m.\ Hay ea Wea 

eo eer ... IL pint a soe BES 

Mangels toe SO -Tbe. Mangels... 15 ,, 

9 a.m.{ Hay ... tie 9 a.m.{ Hay ent EID: 
Margarine ... 1 ,, Starch orga’ gin 

and on the eleventh day the feeds were reversed, ¢.e. 76 got the ration previously 
fed to 52 and vice versa. The results led to the same conclusion as those from 

the previous experiments. 
In the case of sugar it has been shown that the glucose of the blood 

[Réhmann, 1919] diffuses into the mammary gland cells where it is converted 
into the less diffusible lactose of milk. It is highly probable that, in like 

manner, the non-diffusible fat of milk is made from some diffusible fatty 
compound, The phosphatides of the blood are soluble compounds containing 

complex groupings of fatty acids, carbohydrate, phosphorus and nitrogen. 
In fact, Meigs, Blatherwick and Cary [1919, 1920] have shown that the phos- 
phatide content of the blood of the mammary vein in a lactating cow is less 

than that of the jugular vein, and conclude that the mammary gland utilises 
some of the phosphatides of the blood as it passes through it. 

Since the phosphatides contain definite proportions of phosphorus, nitrogen 

and fatty acid groupings in their constitution, their metabolism in the mam- 
mary gland should give rise to constant proportions of phosphorus and fat in 
milk. It must be remembered, however, that the inorganic phosphorus is 

diffusible whilst fat and some of the nitrogen compounds of milk are not, and 
it is conceivable that part of the phosphorus might diffuse back into the 

blood leaving fat and other non-diffusible compounds imprisoned in the 
gland. Possibly some of the phosphorus liberated is utilised in the synthesis 
of caseinogen, but in any case if all the inorganic phosphorus derived from the 
disintegration of phosphatides in the gland cells were secreted in the milk 



708 KE. J. SHEEHY 

there should be some definite relationship between the content of either the 

total or inorganic phosphorus and the content of fat or caseinogen. 
To investigate this matter the following percentage determinations were 

made in milk from individual cows over successive days: fat, caseinogen, 

total and inorganic phosphoric acid. Table II gives a few of the results: 

Table IT. 
0, 

phosphoric 
acid in 

caseinogen 
(calculated 

gs from % 
WA total Richmond’s _ inorganic 

A caseinogen phosphoric formulafor phosphoric 
fat (Van Slyke) acid caseinogen) acid 

Cow 15 {May 4 2-7 2-88 0-208 0-108 0-100 
wes ae 3-1 2-90 0-218 0-109 0-109 

Cow las ij 2-0 2-16 0-214 0-081 0-133 
sae 7: BEL ee 2-76 0-215 0-104 0-111 

Ose hk oS 3-2 2-59 0-236 0-097 0-139 
stad ee 5-2 2-53 0-225 0-095 0-130 

ae) | 2-8 2-93 0-194 0-110 0-084 
Cow 76 { os 2:8 2-55 0-162 0-096 0-066 

( » 8 3-4 _ —_ _ — 
ae 3-4 = = = eck 
» 10 3-4 — 0-217 = — 
ay | 3-3 ie 0-212 = — 

Cow 73 + 4, 12 3-4 aS xis es ee 
aig T 3-5 2-53 0-216 0-095 0-121 
L 14 3-3 — 0-210 ume — 
» 15 31 2-41 0-214 0-090 0-124 

Sey 3-5 sts a re — 

ey 3-8 oe bees ‘ kee 
se 3-5 —< oat we Pies 
ae 3-2 2-83 0-177 0-106 0-071 
» Il co — i pass es 

Cow52 4 |, 12 =. 38 ae 0-175 = — 
” 13 3-4 oes 0-197 ee pace 

” 14 3-5 a — — nee, 

» 15 3-8 2-44 0-187 0-092 0-095 
Yi 28 3-4 rae uy ave i 

* Selected because of marked difference in the percentage of fat on two consecutive days. 

There certainly is no constant relationship between the percentage of 

phosphorus secreted in milk and the quantity of either fat or caseinogen. An 
increased secretion of fat or caseinogen or both is not always accompanied 
by an increased amount of phosphorus, the secretion of which appears to be 

influenced by some other conditions. Since a large increase in the fat secreted 
is not accompanied by a corresponding increase in the phosphorus, evidently 
some of the inorganic phosphorus must be reabsorbed from the mammary 

gland into the blood, and possibly variation in the permeability of the gland 
cells regulates the secretion of inorganic phosphorus in the milk. 
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The two experiments quoted lead to the following conclusion regarding 
the metabolism of the mammary gland: soluble phosphatides diffuse from the 

circulating blood into the gland cells, are disintegrated there to produce 

phosphorus, fat, and other products. The non-diffusible products remain in 
the gland and are afterwards secreted as milk with part of the soluble phos- 
phorus, some of which meanwhile diffuses back into the blood. This view is 

supported by the work of Meigs, Blatherwick and Cary [1919, 1920] who on 
comparing the blood of the mammary vein with that of the jugular found 
that the inorganic phosphorus content of the former was greater than that 

of the latter. Evidently the mammary gland had elaborated part of the 
phosphatide of the blood and had returned to the mammary vein inorganic 
phosphorus. 

SUMMARY. 

1. For the manufacture of milk-fat, carbohydrate and fat can replace one 

another in the food. Presumably the immediate source of milk-fat is a dif- 
fusible compound to be found in the blood, and there is evidence that the 
precursor is phosphatide. 

2. The phosphatides diffuse from the blood into the mammary gland cells, 
are there elaborated, and phosphorus, fat and other substances are produced; 

the non-diffusible products, fat, etc., are all secreted into the lactiferous 

tubules; the diffusible inorganic phosphorus is partly secreted into the milk 
and partly diffused back into the blood. 
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Poss1BLy no better example could be given of nomenclature being in advance 

of actual knowledge, than the literature of blood coagulation; but despite the 

multiplicity of alleged substances invoked and considered essential, it will be 

agreed, it is thought, that a complete explanation is still wanting. The purpose 
of this communication is to investigate how far the mechanism of blood 

clotting is susceptible to some of the current concepts of physical chemistry. 
For convenience we can group modern theories on coagulation under four 

headings: 
(1) Wooldridge’s theory. Here coagulation is thought to be a reaction 

between the constituents of the plasma; the extra-vascular coagulant fibrin- 
ferment (thrombin) being a subsidiary reaction product. Wooldridge con- 

sidered “lecithin” to be of great importance, but he also regarded the plasma 
as a unity in its behaviour in coagulation, which process he believed to be 
allied closely to crystallisation. 

(2) “Thrombin” theories. Prothrombin is assumed to exist in, and to be 

liberated from leucocytes; on activation by calcium, thrombin is formed and 
is the immediate cause of coagulation [Schmidt and others, 1875]. The term 
thrombogen is employed by Morawitz [1904] and Fuld and Spiro [1904] in 

place of prothrombin; this under the combined action of thrombokinase (from 

tissue detritus) and calcium salts, yields thrombin. Fuld and Spiro regarded 
coagulation essentially as a proteoclastic digestion. To account for the normal 
fluidity of blood it was found necessary to postulate the existence of anti- 
thrombin {Howell, 1911]. Even then the recognised facts cannnot be ex- 
plained and the aid has been sought of further hypothetical substances, viz. 
prothrombokinase, antithrombokinase, antiprothrombin [Collingwood and 
Macmahon, 1912], proantithrombin [Howell and Holt, 1918], and in serum 

an inactive compound of thrombin and antithrombin termed by Morawitz 
[1904] metathrombin. Emphasis should be laid on the fact that thrombin 
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has not been found in normal circulating blood, but exists only in shed blood. 
Further, as shown by Wooldridge [1893], on massive injection it fails to 
induce intravascular coagulation. This latter is a crucial experiment, and 
unless an instantaneous production and liberation of antithrombin (so far 

unproved) is admitted, it is thought that doubt is cast on the theories grouped 
under this heading. 

(3) Theory of Nolf. Broadly speaking, the views of Nolf [1906, 1908, 1909] 
may be described as based on the brilliant deductions of Wooldridge. They 
were fundamentally influenced, however, by his adherence to the “thrombin” 

theories, particularly in this author’s later work. In his earlier papers, Nolf 

described coagulation as being essentially a mutual precipitation of colloids. 
He considered that this process involved a proteoclastic enzyme termed leuco- 
thrombin derived from the leucocytes and the endothelial cells of the vascular 

system as well as two proteins formed in the liver, hepatothrombin and 
fibrinogen. In the presence of calcium salts leucothrombin and hepatothrombin 

unite to give thrombin which in turn precipitates fibrinogen as fibrin. Excess 
of hepatothrombin he claimed, leads to the fluidity of normal circulating 

blood and of “peptone” plasma. He identified hepatothrombin with anti- 

thrombin. Nolf also maintained the existence of two forms of coagulation, 
that produced by thrombin in solution yielding a gel, and that caused by 
finely divided solid thrombin forming agglutinations. Later, to bring his work 

into line with that of Morawitz, he termed leucothrombin thrombozyme and 

hepatothrombin thrombogen. He changed his opinions also regarding the 
fluidity of both “peptone” plasma and normal circulating blood. The former 

phenomenon he ascribed to another hypothetical substance claimed to be 

secreted by the liver, which he called “liver antithrombin.” Normal fluidity 
he described as due to the living cells of the blood and those lining the vascular 

and lymphatic systems being covered with a film of “fibrin” containing 
thrombozyme, thrombogen and fibrinogen. Thrombin, he stated, acts only 

through the medium of thromboplastic substances. The protective film having 

no thromboplastic action, the blood remains fluid. The preliminary act of 
coagulation is said to arise from the contact of either thrombogen or thrombo- 
zyme with fibrinogen. Enzyme action is claimed subsequently to occur and 

is termed fibrinolysis; this causing stable clotting. To round off this now some- 
what complex theory one last anticoagulant substance termed antifibrino- 

lysin is introduced. It is assumed to be formed by the liver. 
(4) The theory of Hekma. This hypothesis is based on the close similarity 

of the precipitate of fibrin alkali hydrosol to fibrinogen, from which Hekma 
[1916, 1, 2, 3] concluded that fibrin exists in the blood and that coagulation is 
a colloidal precipitation occurring in two phases, (a) a change from emulsoid 
to suspensoid state with the appearance of ultramicroscopic crystalline-like 
needles (as observed by Stiibel [1914]), and (6) the formation of fibrin threads 
by apposition of these formed elements. One may remark that Hekma does 
not account for the formation of thrombin in shed blood, the occurrence of 



712 J. W. PICKERING AND J. A. HEWITT 

which indicates, with some precision, a chemical as well as a purely physical 

reaction. Further, he does not take into account the “negative phase” of 
blood coagulation and other seemingly anomalous phenomena. 

The Negative Phase. 

The delay in coagulation following slow injection of tissue extracts, first 
noted by Wooldridge, is one of the strongest arguments for the occurrence 
of antithrombin. It has been shown, however, by one of us (J. W. P.) that on 
injection into dogs, cats or rabbits, synthesised colloids free from phosphorus 

behave similarly to animal extracts. Mills [1921] has recently shown that in 
blood withdrawn during the “negative phase” there are no substances present 
which inhibit the coagulation of normal blood; this author and Gutmann [1914] 
suggest that the “negative phase” is due to the removal of fibrinogen from the 

plasma, as a diminished content of fibrinogen is found in fluid blood after 
establishment of the “negative phase.” Mills also noted that during the 
“negative phase” the alkali reserve is substantially diminished. There is 

therefore, if this is correct, after the injection of small amounts of tissue 

extracts (a) a diminution of fibrinogen, (b) a lowering of alkali reserve, (c) a 
loss of power to clot. Bearing in mind the action of CO, on peptone plasma 

(vide infra), we suggest that union occurs between tissue extracts or colloids 
injected, those substances forming the alkali reserve, and finally with fibrino- 

gen. The deductions of Henderson [1921] that blood is a single physico- 
chemical system tend rather to support this conception. 

We have investigated some of the physical conditions governing the pre- 

cipitation of two typical colloids, gelatin and soluble starch, by alcohol and 
ammonium sulphate. The amount of precipitate of either colloid depends not 

only on the volume of alcohol or salt added, but also on the rate at which it 
is added. When the precipitating agent is added slowly, drop by drop, over 

a long period of time (2-3 hours), the amount of precipitate formed is much 
less than if the same volume of the solution is added rapidly. To quote from 
one series of experiments: To each of two flasks containing 50 cc. of 1% 
gelatin, were added 60 cc. alcohol as follows: 

A. Drop by drop, time taken 2 hours. 

B. As rapidly as the burette would permit. 

The precipitates were collected, washed and the nitrogen content determined. 
The precipitates contained the following amounts: 

A. 0-043 g. N. 
B. 0-086 g. N. 

It may be remarked that the less precipitation following the slow addition of 
the alcohol may be due to the colloid remaining in a high state of dispersion. 
Similar results were obtained with the precipitation of soluble starch by 
ammonium sulphate, a result in which electrical phenomena probably play 
a part (cf. Mines’ observations referred to below). Attention may be drawn 
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to the fact that temperature plays an important part in this result. At rela- 
tively high room temperatures (18-22°) the difference is most marked, at low 
temperatures (0°) little or no difference can be detected even when the reaction 
is spread over long periods. Apart from the actual amount of the precipitates 
formed in the two cases their appearance differs. When the precipitating re- 

agent is added slowly the precipitate is in a very fine state of aggregation, 
whereas when added rapidly the precipitate formed is much coarser. In this 
experiment we have established a condition analogous to the production of 
the “negative phase” under conditions which preclude the formation of an 
antibody. We have found also that if filtered tissue extract is added slowly, 

drop by drop, over a period of from 20-30 minutes to unsalted birds’ blood 

in vitro a temporary “negative phase” (or retarded positive phase) occurs in 
its coagulation; while an equal volume of the same tissue extract added rapidly 
causes rapid coagulation. The clots formed after the appearance of this 

temporary “negative phase” and resulting from the slow addition of tissue 
extract are looser and more gelatinous than those formed by its rapid addition. 
When the concentration of tissue extract was twice as strong we failed to 
obtain evidence of a negative phase even though the extract was added very 
slowly in small drops (vide protocols). These results are not without parallel 

in the work of other investigators. Experimenting with inorganic sols Spring 
[1900], Héber and Gordon [1904], Paine [1911], Galecki [1912] and others 

have shown that the question “as to whether a given concentration of an 

electrolyte will produce coagulation or not, depends, within a certain range, 
on how the electrolyte is added, e.g. slowly, drop by drop, or rapidly, with 
very gentle stirring or violent stirring, etc.” [Burton, 1916]. Apparently the 

precipitation of gelatin (due to the hydrophile action of the alcohol) obeys 
the same law. Dansyz [1902] noted that when ricin or diphtheria toxin was 
brought into contact with the corresponding antibody, the degree of neu- 

tralisation depended upon the method of preparing the mixture, in the sense 
that when the toxin was added to the antitoxin in two fractions with a time 
interval between, the resultant mixture contained a much greater amount of 

free toxin than if the total toxin had been added at once to the antitoxin. 

These results were confirmed as to diphtheria toxin by v. Dungern [1904], 

and were attributed by him to the formation of a supposed substance “epi- 

toxonoid.” Similarly, if arsenious acid is added in just sublethal amounts to 
ferric hydroxide it is found [Hewlett, 1921] that to render the mixture toxic, 
arsenious acid must be added in amounts greater than the toxic dose of the 
arsenious acid alone. We submit that these phenomena are of one class and 

are explicable in the same manner. The precipitation of gelatin or starch and 
the neutralisation of arsenious acid by ferric hydroxide do not admit of any 
explanation other than physico-chemical, and it is improbable that any anti- 
body is formed in birds’ blood. in vitro by the slow addition of thrombo- 
plastic material. If this view is accepted, the necessity disappears for assuming 

the existence of antithrombin, antifibrinolysin, antiprothrombin, proanti- 

Bioch, xv 46 
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thrombin, prothrombokinase and metathrombin, and thus a purely physico- 
chemical explanation of the coagulation of the blood must be sought. 

So far as we are aware, all previous attempts to produce a ‘‘negative phase”’ 
in vitro have failed. The failures are explicable by the fact that salted plasmas 

were used and the salts inhibited coagulation; that attention was not paid 
either to the speed of delivery of the tissue extract, its concentration or to the 
temperature at which the reaction was carried out. Unfortunately no exact 

method is available for determining the actual concentration of thrombo- 
plastic material in a given solution of tissue extract, so that to obtain the 

negative phase referred to above, observations must be made with varying 

concentrations, until the correct strength is obtained. 

The effect of rise of Temperature on Birds’ Blood in vitro. 

In the course of our experiments on birds’ blood in clean glass vessels we 
raised the temperature to 37° thinking from our experience in the formation 
of a “negative phase” in the precipitation of gelatin that this phenomenon 

might be modified in comparison with experiments at laboratory temperatures. 
We found, however, that at 37° birds’ blood clotted rapidly without the 
addition of any tissue extract. Control experiments with blood from the same 

animal in vessels cleaned in the same manner, but maintained at room tempera- 
ture, showed the blood to remain fluid for several hours. It is well known 

that mammalian blood will remain fluid in vitro at 0° and it appears that the 
cooling of birds’ blood to room temperatures is an essential factor in its 
fluidity in vitro. The difference in the behaviour of mammalian and birds’ 

blood in vitro appears to be one of degree and to be a function of temperature. 

The Fluidity of normal circulating Blood. 

Much ingenuity has been expended by those who maintain the existence 
of platelets in circulating blood in explaining why the disintegration of these, 

and other formed elements, does not cause thrombosis, since in their break- 

down thrombokinase is liberated into the blood stream. We suggest that 
parallels exist with the phenomena seen in the slow injection of tissue extracts 

into an animal, in the slow addition of alcohol or ammonium sulphate to a 
precipitable colloid and the slow addition of tissue extract to birds’ blood 
in vitro, for it can be assumed justifiably that normally there never is massive 

disintegration of formed elements in the blood stream. We think, therefore, 
that this disintegration in vivo being equivalent to a slow injection of tissue 
extracts, the action would be the reverse of coagulant, and to the physical 
properties of these substances and of those of the plasma we may look for the 
protection of the plasma from intravascular coagulation. If the liberation of 
thromboplastic material is rapid its hydrophile properties overcome the initial 
inhibition produced by the introduction of small amounts of tissue extract 

and thrombosis occurs, We have again a parallel to the precipitation of gelatin 
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and starch by alcohol, for it is found that after adding slowly a small quantity 
of the precipitant, when a larger amount is added subsequently a precipitate 

is formed immediately. 

The Liver and Antithrombin. 

The réle played by the liver in the production of antithrombin has been 
deduced largely from experiments wherein “peptone” has been employed. 
Gley and Pachon [1895] with impaired liver, and Hédon and Delezenne [1896] 

with an Eck’s fistula showed that on injection peptone is without action. In 
this connection one can recall the experiments of Lahousse [1889] in which 
removal of or damage to the liver diminishes greatly the carbon dioxide con- 

tent of the blood. The experiments of Wright [1894] and of Mathieu and 
Urbain [1874] demonstrate that a decrease of carbon dioxide tends to lessen 
coagulability, while an increase produces an exalted tendency to clot. The 

classical experiment of Wooldridge on the effect of passing carbon dioxide 
through peptone plasma can also be quoted, when coagulation at once takes 

place. From the results of these workers clearly it is evident that carbon 
dioxide is of utmost importance in the clotting or otherwise of plasma, and 
we suggest that the action of the liver in promoting the fluidity of the blood 
depends on the variations in the carbon dioxide content of blood arising under 
various conditions, normal or otherwise. Further, it would seem a simpler 
conception to assume a union of peptone with plasma components to take 
place, rather than the production of an antibody the existence of which is 

unproven. Regarding work directed specifically to the demonstration of 

the formation of antithrombin by the liver, the researches of Doyon [1912] 
may be quoted as typical. From this author’s protocols it is evident that the 

clotting time of perfused blood varies with the state of the liver. When the 
liver is nearly normal, the coagulation time is shorter, and as the liver becomes 

abnormal the time is lengthened. Further, Doyon obtained antithrombin by 
such methods as freezing and thawing the liver, and then heating to 100° prior 

to extraction, and in the case of one animal (the rabbit) only by autoclaving 
at 120°. This technique appears to be in the highest degree unphysiological, 

and as evidence for the secretion of antithrombin by the normal liver, may 
be dismissed. The deduction the present authors make from Doyon’s experi- 
ments is that the normal liver is less effective than the dying or dead organ in 
producing an anticoagulant. Attention should be drawn also to the recent 
work of Menten [1920], where the perfusion apparatus was maintained at 38°, 

but where the liver itself was at a lower temperature. The salient features of 
these experiments are: 

(a) Perfusion of the liver with 0-85 °%% NaCl yielded no anticoagulant. 
(6) Continuous perfusion of large amounts of Witte’s peptone (9 % in 

0-85 % NaCl) failed to produce a substance capable of diminishing the time 
of coagulation. 

(c) Perfusion of small amounts of peptone, separately and slowly, through 

- 46—2 
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the liver gave, at first, perfusates producing immediate clotting; subsequent 

perfusates delayed coagulation and finally the later perfusates caused ac- 
celerated rate until coagulation was again immediate. 

(d) During perfusion with peptone the acidity steadily increased through- 

out the experiment. 
An analogy may once more be drawn between the results recorded above 

on the precipitation of gelatin by alcohol, and the continuous perfusion of 
peptone in large quantities, and when perfused in small amounts; these experi- 

ments in no way militate against the suggestion made above that the action 
in the liver is on the peptone rather than the formation of a specific anti- 

coagulant. We are at present carrying out experiments on this point. 

Experiments with Blood surrounded by Oil. 

It is well known that if blood is withdrawn directly into oil the length of 
time elapsing before coagulation is increased. In the course of observations 
on the thromboplastic properties of various substances obtained by extracting 
fibrin, this method was employed, and in some of the initial experiments what 

appeared to be a reversible stage in the formation of the clot was manifest. 
The point was investigated in some detail. Using as the test of reversibility 
the solubility or otherwise of the coagulating blood in tap-water, it was evident, 

that prior to the production of the typical clot in both mammalian (cat and 

rabbit) and frog’s blood, there is formed a reversible gel. The duration of this 
phase is very short in mammalian blood, but persists for a relatively con- 

siderable time in that of the frog; the latter animal is best suited for ohne 

tions on the point in question. The following are examples: 
(1) Anaesthetised brown rabbit. A. C. E., paraffined cannula in carotid. 

Coagulation time of blood on clean glass; commencement of clot 4 minutes, 
clot complete 5-5 minutes. Blood received into oil in paraffined vessels; 

formation of gel observed after 2 hours 27 minutes, typical clot in 2 hours 

37 minutes. Room temperature 15°. 
(2) Anaesthetised cat. A. C. E., pithed, artificial respiration. Coagulation 

time on clean glass through paraffined cannula 6 minutes. Blood received 
into oil in paraffined vessels; formation of gel 41 minutes, typical clot in 
54 minutes. Room temperature 15°. 

(3) Frog pithed. Paraffined cannula in aorta. Coagulation time of blood 

on clean glass 15 minutes. 
April 12th. Blood withdrawn into oil in paraffined vessels at 3 p.m. 

, 13th. Formation of gel noted at 3 p.m. 
,, 14th, Microscopic examination at 3 p.m. showed corpuscles mobile 

on slight pressure of cover glass. No rouleaux. 
», 15th. Typical clot formed with entangled corpuscles and imperfect 

rouleaux, 
When in the intermediate stage, blood transferred to oil in which thrombo- 

plastic material was dissolved clotted completely in 10 minutes, 
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The gel stage is soluble in tap-water and the solution after rapid centri- 
fuging shows, in mammalian blood, usually a few fibrin filaments with the 
débris of corpuscles; in frog’s blood no filaments are visible. Microscopic 
examination of this reversible stage reveals the corpuscles freely movable on 
slight pressure on the cover glass. There is neither formation of rouleaux nor 

appearance of crenation, and in good specimens the leucocytes exhibit 
amoeboid movement. Pari-passu with the formation of fibrin filaments the 
production of rouleaux occurs. It appears therefore that the coagulation of 
blood surrounded by oil is a progressive change, in which the formation of a 
reversible gel precedes that of a true clot. In view of the length of time for 

which this stage persists in shed blood of the frog it is thought that there is 
evidence for believing thrombin to be formed after this stage, and that co- 
agulation commences by gelation of the colloidal aggregates of the plasma 
(a physical reaction), and ends in a chemical reaction in which fibrin and 
thrombin are formed. In this connection one may recall the fact that blood 

shed directly into alcohol does not yield thrombin, and that the experiments 
of Howell [1916] indicate that the coagulation of fibrinogen by thrombin can- 

not be referred to an electrical reaction between oppositely charged particles. 
Further, from observations on the cataphoresis of oxalated plasma, Howell 

has suggested that fibrinogen adsorbs both hydroxyl and hydrogen ions, the 
adsorption of the former leading to a structureless gel, of the latter to pre- 

cipitation by aggregation. If we can regard the adsorptive changes in shed 

blood as similar to those occurring in oxalated plasma, it would appear that 
the first stage in coagulation is the adsorption of hydroxy] ions. 

COMMENTS ON SOME PHENOMENA OF COAGULATION. 

(1) The action of a thread introduced into blood. As is known this produces 
thrombosis in circulating blood and also starts coagulative changes in shed 

blood. A wetted thread becomes electro-negative; the presence of the nega- 
tive charge implies the existence of an equal positive charge in the liquid in 
contact with it, as the other component of the Helmholtz double layer. Some 
of the colloidal aggregates of the plasma are electro-negative, Lusk [1912] 
having shown that coagulation of circulating blood takes place at the pole 
which accumulates negative charges, while serum is electrically inactive 

[Robertson, 1918]. Ions of the opposite sign to the substance precipitated 
act as the precipitating agent, as well as diminishing osmotic pressure and 

viscosity [Loeb, 1921]. The thread wetted by blood produces electrical con- 
ditions similar to those which induce precipitation, and coagulation results. 

(2) The action of some organic intravascular coagulants. The proteins of the 
plasma are hydrophile and although the surface tension of hydrophile emul- 
soids may be lower than that of suspensoids, enormous surface tensions 

remain. The proteins of the plasma are also very susceptible to the action of 
neutral salts, the concentration of electrolytes determining their physical 
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state. Tissue extracts, snake venom, and such synthesised colloids as produce 
intravascular coagulation [Pickering, 1895, 1896], exhibit like properties in 
varying degrees. Their coagulant action may be explained as due to the altera- 

tion of the distribution of the electrolytes (following their injection) modifying 
the adsorptive unions of the salts of the plasma with the proteins of the plasma. 
The hydrophile qualities of those coagulants also probably play a part in the 

disturbance of the colloidal aggregates of the plasma and may be accompanied 
by the process termed by Hardy [1899] “denaturation.” Tissue extracts 

as shown by Halliburton and Brodie [1894] and synthesised colloids [ Pickering, 
1896], lose their coagulant action if“ purified” by repeated separation and 

re-solution or if kept too long in either acid or alkaline solution. The explana- 
tion of their inactivity may lie in the satisfaction of their adsorptive demands 

leading to more stable unions with the electrolytes, or by hydrolysis when 
“purified”’ by the acetic acid method. The viscosity of these solutions does not 

appear to be the coagulant factor, as they retain their opalescence and vis- 
cosity in their inactive state. Delezenne [1897] showed that tissue extracts 

produced coagulation in vitro in the unsalted plasma of birds and certain 
teleostean fishes, which indicates that the incoagulability of salted plasmas 
[ Halliburton and Brodie, 1894],is due to the added electrolytes forming a stable: 

union with the plasma and not to any intrinsic difference between circulating 
and shed blood. Rettger [1909] found that repeatedly washed tissue extracts 
failed to induce coagulation in birds’ plasma in vitro but that the addition of 

either dust or feathers caused this process to take place. This investigator 

concluded that the so-called “kinase effect” was purely mechanical. The 
inactivity of washed tissue extracts observed by Rettger appears to us to be 
similar to the inactivity of tissue extracts and colloids when they have re- 

mained for a considerable period in solution or have been ‘‘purified.” We 

have found that if a bird’s feather be washed thoroughly and subsequently 
introduced into birds’ blood in clean glass vessels, its coagulant action is much 
less than when the feather has tissue detritus and dust adhering to it. With 
a washed feather we have observed birds’ blood to remain fluid for 14 hours 

in vitro at ordinary room temperature, whereas with a contaminated feather 
coagulation may set in in a very few minutes, A feather provides large surfaces 
which disturb the surface tensions of the colloids of the plasma, leading to 
the formation of those larger colloidal aggregates which are the precursors 

of coagulation. Feathers or other substances which are wetted by blood 

probably also behave in a similar manner to a cotton fibre introduced into the 
circulation, so that ions of the opposite sign to the electro-negative aggregates 
of the plasma aid the change from the emulsoid to the suspensoid state, The 
fact that a clean feather is not so potent a coagulant as thrombokinase is 
explicable as due to the hydrophile qualities of the latter substance accelerating 

the change. The relatively slow action of a clean feather in producing coagula- 
tion in vitro compared with the more rapid action following introduction into 
the circulation of material capable of being wetted by blood is explicable by 
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the fact that laboratory temperatures inhibit to some considerable extent the 

coagulation of birds’ blood. 
(3) Salted plasmas. In salted plasmas inhibition of coagulation is due 

to the relatively stable unions of the proteins with the added electrolytes; 
the withdrawal of water from active participation may be also another in- 

hibitory factor. Directly blood is shed it tends to change towards the condition 
of coagulation. Both sodium chloride and sodium sulphate plasmas clot on 
dilution, that is, owing to a reduction in the concentration of electrolytes, a 

resumption of the coagulative process occurs. If excess of salt is added to 
these diluted plasmas precipitation takes place. We suggest that the change 
of state from fluid to precipitate or coagulum is a function of the concentration 
of the electrolytes and that the difference between the precipitate and co- 
agulum is due to the difference in rapidity of action of the electrolytes modify- 

ing the adsorptive unions. It will be recalled that attention was drawn to the 
differences in aggregation of colloidal precipitates according to the rate of 
addition of the precipitating reagent. Magnesium sulphate plasma does not 
clot on dilution, as presumably the adsorptive union of this salt and the plasma 

is more stable than in sodium chloride or sulphate plasmas. The addition of 
calcium chloride to dilute sodium sulphate plasma hastens clotting and, as 
shown by Halliburton and Brodie [1894], this salt evokes coagulation in 

magnesium sulphate plasma. The injection of calcium chloride into the normal 
circulation increases the tendency of the blood to clot though it does not pro- 

duce thrombosis. In each of the three cases the disruptive force of the ions 

from the kation calcium may be the coagulative factor. 
Working with oxalate plasma Vines [1921] has shown that increasing 

amounts of calcium must be added in proportion to the period of exposure to 
the oxalate. This work falls into line with the fact that tissue extracts and 
synthesised colloids become inactive by prolonged contact with dilute neutral 

salts, and also with the fact that slow addition of alcohol to gelatin (which 
gives a relatively long exposure to the precipitant) increases, at certain tem- 

peratures and concentrations, the resistance of the colloid to precipitating 
action. 

Cramer and Pringle [1913] found that if oxalate plasma is filtered through 
a Berkefeld filter it fails to clot on the addition of calcium chloride, but if the 

blood is withdrawn at the height of digestion, oxalated and then similarly 
treated, it does clot. In these and in other experiments with salted plasmas, 

so far as we can ascertain, the blood was not withdrawn through a paraffined 
or similarly treated cannula, and consequently in its passage from the animal 
to the oxalate coagulative changes had already commenced. The first stage 
in coagulation appears to be the formation of colloidal aggregates which are 
larger than those existing in circulating blood. The explanation of the observa- 

tions of Cramer and Pringle may therefore be found in the fact that the 
Berkefeld filter removes these larger aggregates; this eliminates the foci from 

which coagulation starts under the influence of the ions arising from the 
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calcium chloride. In blood withdrawn at the height of digestion we have a 
marked increase of carbon dioxide, an accelerator of coagulation, as Wright 
[1894] has shown that injection of calcium chloride into an animal breathing 
an atmosphere surcharged with carbon dioxide produces universal intra- 
vascular coagulation. Moreover, in blood withdrawn at the height of digestion 

there occurs “blood-dust” (probably ultramicroscopic fat particles); these 
also may provide foci which aggregate under the influence of ions arising from 

the carbon dioxide and added calcium chloride. 
(4) The action of addition of small and of large volumes of water to blood. 

The addition of small quantities of water to blood hastens coagulation. 

Howell [1912] found that while dilution with water increases the coagulability 
of the blood of the terrapin, dilution with an isotonic solution of sodium 
chloride does not alter it. Howell concluded that dilution with water weakens. 

the action of the antithrombin. It seems to us to be more probable that dilu- 

tion with small quantities of water disturbs the surface tensions of the colloidal 
aggregates and thus starts the change from the emulsoid to the suspensoid. 

state, a conclusion which is borne out by the non-coagulative action of the 
isotonic salt solution. Dilution with large quantities of water inhibits co- 

agulation. The mass action of excess of water not only retains the colloids of 
the plasma in an emulsoid form, but, we have found, so far stabilises them that 
on evaporation at atmospheric temperature in a desiccator to the original or 

even a smaller volume the property of clotting is destroyed. On evaporation 
to complete dryness the residuum is not in fibrillar form. The power to clot is 

apparently a function of the water content of the colloidal aggregates, a fact. 
not to be lost sight of in discussing the action of inhibitors of coagulation. 

(5) Dilution with excess of calcium chloride. Dilution with a considerable 

excess of this salt inhibits coagulation. Employing a 2 % solution we have 
found that evaporation at atmospheric temperature does not produce clotting, 

so far as can be observed, at any stage in the concentration of the liquid. The 
calcium ions appear to be unable to overcome the initial hydrolysis of the 

colloidal aggregates occasioned by the mass action of excess of water. 
(6) The réle of blood platelets. These are regarded by many physiologists 

as playing an important part in coagulation. Their very existence in normal 
circulating blood, however, has been denied. Buckmaster [1906] has pointed 

out that they may be produced by fixing fluids, by contact with foreign bodies 
and by lowering the- temperature from 37° to 18° or 20°. They accumulate 
round a cotton fibre introduced into the circulation, and if blood is received 

into a glass vessel the platelets are found adherent to the glass, coagulation 
commencing from the walls of the vessel and spreading from without to the 
centre. Both the fibre and the glass are electro-negative occasioning free - 
positive ions, and these latter being of opposite sign to at least some of the 
colloidal constituents of the plasma, disturb its condition, The formation of 

platelets appears to be analogous to the formation of spherules round a thread 
immersed in a solution of calcium chloride and placed in a boiled egg-white 

solution as observed by Hardy [1899]. 
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Cramer and Pringle state that if mammalian blood is received into 
paraffined vessels, intact platelets are found and account for the fact thatino 

coagulation is produced, by assuming that thrombokinase is not liberated. 
As was suggested above, even in blood remaining in a fluid condition, changes 
towards coagulation are already in progress. In mammalian blood the plate- 
lets appear to be the first visible sign of change and their aggregation when 
in contact with glass or a thread may be explained by the disturbing effect 
of altered surface tensions and by the disruptive activity of positive ions. We 

have no need to assume the liberation of any thromboplastic substance, as 

the physical forces at work supply a sufficient explanation. The observations 
of Mines [1912] on the adherence of the positively charged corpuscles to those 

negatively charged, when the blood of Scyllium canicula is mixed with certain 
concentrations of cerium chloride, afford an interesting comparison. When 
platelets are influenced by positive ions arising from the contact of the blood 
with glass or string, their aggregation may be due to a similar cause. We 

have observed in the first stages of the coagulation of frogs’ blood in oil, that 
the corpuscles move freely in the surrounding gel on slight pressure, later, 
rouleaux appear, followed rapidly by complete coagulation. In the light of 
Mines’ work, the formation of rouleaux indicates electrical change and it 

seems it is to electrical phenomena rather than to the liberation of thrombo- 

plastic substances that we must look for the initial development of coagula- 
tion. The divergence of opinion as to the existence or absence of platelets in 
normal circulating blood may possibly be explained by their formation when 

the formed elements of the blood are disintegrating and their absence when 
this process is not taking place. We have seen that a colloid may be partly 
precipitated by the addition of a small quantity of an electrolyte and that this 
precipitate may dissolve rapidly on diffusion of the electrolyte; the solution, 
moreover, exhibits some resistance to further precipitation. In a similar 

manner may not platelets dissolve under normal conditions and thus interact 
with the salts of the plasma to form a substance with anticoagulative pro- 
perties? 

(7) The action of peptone and of lung extract. It has been assumed that 
peptone or some impurity therein activates the formation of antithrombin by 
the liver. This organ is not, however, an essential factor in the production of 

fluidity in shed blood, as Pavloff [1887] found that the circulation of a mixture 

of defibrinated and living blood through a heart lung preparation yielded a 
fluid which remained uncoagulated for several days. In the following simple 
experiment the action of the liver was eliminated: 

The aorta of a pithed cat was clamped near the heart so that blood passed 
only through the pulmonary and coronary circuits. Blood from the carotid 
prior to occlusion of the aorta withdrawn through a paraffined cannula com- 

menced to clot in 3 minutes and was completely clotted in 5 minutes. Seven 
minutes after clamping the aorta blood withdrawn in the same manner com- 

menced to clot in 9% minutes and was completely clotted in 14} minutes, 
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Under the conditions of this experiment therefore a short “negative phase” 

was produced. 
Mason [1921] has recently drawn attention to the fact that a number of 

electro-negative substances accelerate. coagulation, citing a considerable list 
which included carbonic acid, while Mills [1921] has stated that lung extract, 
a powerful intravascular coagulant, is also electro-negative in neutral solution. 
The experiments of Wright [1894] on the coagulability of blood during the 

breathing of various mixtures of carbon dioxide and oxygen, tend to show 
that the latter diminishes coagulability, while the former in certain concentra- 
tions increases it. In the experiment detailed above it seems probable that 
the great increase of oxygen and oxyhaemoglobin was the cause of the retarded 
coagulation. Oxygen and oxyhaemoglobin are electro-positive and presumably 

the free ions in the adjacent field are electro-negative, that is, of the same sign 
as the coagulable constituents of the plasma. We have again an apparent 
similarity to the phenomena of precipitation, as the presence of free ions of 

the same sign as that of the substances in solution tends to stability, while 
free ions of the opposite sign tend to change from the emulsoid to the suspen- 

soid state. 

SUMMARY. 

(1) In the slow precipitation of gelatin by alcohol a condition has been 
found closely analogous to the “negative phase” of blood coagulation and to 

the “ Dansyz reaction.” 
(2) If dilute filtered tissue extract be added drop by drop to birds’ blood 

in vitro a temporary “negative phase” (or “retarded positive phase’’) in its 

coagulation is obtained. An equal volume of tissue extract added rapidly 
to the same volume of blood, under otherwise similar conditions, causes 

rapid coagulation. 
(3) The concentration of tissue extract, the speed of its addition and the 

temperature of the reaction are factors which determine the occurrence of 

either a “negative phase” or rapid coagulation. 
(4) In view of these in vitro reactions it is submitted that the necessity is 

obviated for assuming the existence of the following substances in discussing 

blood coagulation: antithrombin, proantithrombin, antiprothrombin, anti- 

fibrinolysin, prothrombokinase, and metathrombin. 

(5) The non-occurrence of thrombosis in normal circulating plasma owing 

to disintegration of formed elements in the blood is a similar phenomenon 
to the “negative phase” following the slow injection of tissue extracts and is 

probably a physical process. 
(6) The fluidity of birds’ blood in clean glass vessels is a function of its 

temperature, 

(7) In shed mammalian blood and in frogs’ blood, the formation of a re- 
versible gel precedes the formation of the true clot. This observation confirms 

the view of Wooldridge as to the formation of thrombin in coagulation. 
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(8) Many of the recognised facts of blood coagulation are explicable as 

physical phenomena. 
© (9) Attention is directed to the respective electrical charges of accelerators 

and inhibitors of blood coagulation, also to the similarity of their electrical 

condition to those associated respectively with precipitation and with main- 
tenance of solution. It is suggested that coagulation of blood commences as 
a physical and reversible process and ends in a chemical reaction in which 

there are at least two products, viz. fibrin and thrombin. 

The authors are indebted to Professor Halliburton, F.R.S., for advice and 

criticism during the progress of this work, and to Professor Bayliss, F.R.S., 
for some suggestions made after reading the original draft of this paper. 

_ Protocols of experiments with birds’ blood. 

In all these experiments the blood was withdrawn through a glass cannula 
into glass vessels treated successively with hot alkali, hot acid, water, alcohol 

and ether. The tissue extract was prepared from kidney by the sodium 

chloride method. 
(1) Pithed fowl. Blood in contact with tissue commenced to clot in 

3 minutes 50 seconds; completely clotted in 6 minutes. 
To a certain volume of blood 2:8 cc. tissue extract were added as rapidly 

as the burette would permit at 4.1 p.m. At 4.10 p.m. clots were observed to 

form. At 4.20 p.m. clotting complete. 
To an equal volume of blood 2:8 ec. of the same tissue extract were added 

slowly from 4.5 p.m. to 4.25 p.m. At 5 p.m. the first signs of clotting were 

observed. Only at 5.40 p.m. was clotting complete. 
An equal volume of blood without the addition of tissue extract remained 

fluid till observations ceased. Temperature 17°. | 
'.(2) Pithed fowl. Blood in contact with tissues commenced to clot in 

3 minutes 50 seconds, completely clotted in 6 minutes. 
To a certain volume of blood 7-3 cc. of tissue extract were added as rapidly 

as possible at 5.1 p.m. At 5.8 p.m. slight clots appeared. At 5.23 p.m. the 

clots firm and contracting. 
To an equal volume of blood 7:3 cc. of: tissue extract were added slowly 

from 3.58 p.m. to 4.17 p.m. At 4.49 p.m. first signs of clotting observed. At 

5.40 p.m. clotting apparently complete: 
To blood from the same animal was added a feather. Clotting appeared to 

commence in 35 minutes and to be complete in 45 minutes. 
Blood from the same animal in clean glass had not clotted when observa- 

tions were abandoned. Temperature 17°. 
Repetition of these observations with tissue extract of double the con- 

centration gave no difference between “slow” and “fast” addition of equal 
volumes to equal volumes of blood. The time of clotting in each case was 
43 minutes. 
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(3) Pithed fowl. Blood in contact with tissue clotted in 7 minutes. 
To acertain volume of blood 3 cc. tissue extract were added as rapidly as 

possible at 3.5 p.m. Clotting first observed at 3.17 p.m., apparently complete 

at 3.25 p.m. 
To an equal volume of blood 3 cc. tissue extract were added from 2.57 p.m. 

to 3.27 p.m. At 3.52 p.m. first sign of clotting was observed, at 4.2 p.m. the 
clot was apparently complete. 

Blood from the same animal remained fluid in contact with glass until 

observations were abandoned. 
Other experiments of precisely the same nature as above have given the 

same results in each case. 
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CaRNOSINE, which was first isolated by Gulewitsch [1900], has now been proved 

to be f-alanylhistidine in two independent investigations [Baumann and 
Ingvaldsen, 1918; and Barger and Tutin, 1918). 

This dipeptide is to be found in all mammalian skeletal muscle and also 

to a less extent in mammalian cardiac muscle. E. Mellanby [1908] found that 
creatine is present in vertebrate muscle whilst absent from that of inverte- 
brates, and he suggested that the distribution of carnosine might follow along 

similar lines. Accordingly a research was made into the distribution of the 
base in the muscles of various animals. It has been possible to extend the 

enquiry amongst some of the rarer species, owing to the kindness of Dr Sonntag 

of the Zoological Gardens. 

METHODS USED IN THE RESEARCH. 

1. Colorimetric method. The quantitative estimation of carnosine in the 

muscles of the animals investigated was carried out according to the method 

described by Clifford [1921]. 
Essentially this consists in making a watery extract of muscle, removing 

soluble proteins with metaphosphoric acid, and diazotising the resultant _ 
protein-free solution. The depth of colour is then matched against a standard 
in a Duboscq colorimeter. 

This method has advantages over the older precipitation methods in that 
it is rapid and obviates loss of the base by repeated precipitations. Conse- 

quently results far higher than those previously given for the carnosine content 
of muscles have been obtained. This is to be expected since, at every stage of 
preparation of the pure base, either according to the method of Dietrich [1914] 

or Gulewitsch [1900], the diazo-reaction shows incomplete precipitation of the 
base by the reagents used in the final stage. Also part of it is left behind in 
every one of the huge and numerous precipitates formed in the removal of 
proteins and inorganic salts. 

Therefore, for the estimation of carnosine in a given muscle, the colori- 
_ metric method appears preferable to the isolation method. A further advantage 

1 Part of this paper was incorporated in a Thesis for the M.Se., London. 
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lies in the fact that small amounts of tissue are sufficient for an estimation. 
For quantitative isolation of the base, it is useless to work with less than 

1000 g. of muscle, whilst colorimetrically 1 g. or even less has been used with 

success. ; 
2. Precipitation methods. Whenever necessary to confirm or supplement 

the colorimetric readings, a precipitation method has been used. 

The necessity for such a procedure was realised on diazotising salmon 
extract. Since this fish belongs to a carnosine containing family, the Physos- 
tomi, it was expected that a positive reaction would be given by the protein- 

free filtrate. 
However, the extract from 12-7 g. of salmon muscle when diazotised 

gave only a fleeting pink tinge and rapidly turned yellow. On increasing the 
amount of the extract a red-orange colour resulted which again in a few seconds 
changed to a deep yellow. When a stronger solution of diazo reagent was added 

to this yellow liquid fleeting red streaks appeared, which faded almost as soon 
as they were formed. The presence of carnosine was thus indicated in the solu- 

tion, but at the same time accompanied by some other substance masking the 

diazo reaction. 
Accordingly, an endeavour was made to obtain pure carnosine from 4 lbs. 

muscle treated according to the method of Dietrich [1914]. No red colour was 
- obtained on diazotisation until after removal of excess of lead by means of 

sulphuric acid, when the carnosine reaction became strongly positive in the 
filtrate. The final re-crystallisation gave a small amount of 95 % pure carnosine. 

Pike, salmon-trout, and whitebait gave a similar result to that given by 
salmon and, therefore, in these four fishes it is impossible to state the amount 

of carnosine in the muscles, though the base is present, as seen on diazotisation 

of the lead-free filtrate. 
This suggested that other negative results were also due to the presence 

of an inhibitory substance and therefore 2—4 lbs. of every apparently carnosine- 
free fish muscle and as much as possible of all other negative muscles was 
treated according to the precipitation method. The colorimetric findings with 

the Anacanthini were thus confirmed. Cod, haddock, hake, whiting, brill, 

halibut, plaice, sole and turbot gave as an end product a sticky. mass which 
on diazotisation gave an intense yellow colour with no trace of red. A similar 
lack of the base was found with extracts from 100 g. each of oyster and mussel, 

30 g. of house-fly and 60 g. of common sparrow. 

The actual precipitation method used was as follows. 
The tissue was extracted with distilled water at 80—-90° for three periods 

of 1} hours each. The three extracts were united and the tissue pulp squeezed 
dry through muslin. A slight excess of lead acetate was added to the hot 
solution, and the resultant precipitate filtered off..The filtrate was neutralised 
with 20 %, caustic soda at about 45° when another precipitate formed. This | 
was removed, and the filtrate heated to about 60°. It was then freed from: 

excess lead by the addition of sulphuric acid, (At this stage, if carnosine were 
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present, the diazo reaction of the filtrate became positive even if negative in 
the original muscle extract.) After filtration the acid solution was neutralised 
with baryta, re-filtered, and the filtrate evaporated to 50-100 cc. over a water- 
bath. Absolute alcohol was added till a faint permanent cloudiness appeared. 
Approximately twice as much alcohol as filtrate was used. A small amount 

of ethyl ether was added followed by 10 % mercuric sulphate in 5 % sulphuric 
acid as long as a mercury precipitate formed. After 24 hours the solution was 
filtered and the precipitate well washed with 5 °% sulphuric acid. It was then 

suspended in water and decomposed by hydrogen sulphide. The mercuric 
sulphide was filtered off, and the solution neutralised with baryta, excess of 
this being removed by carbon dioxide. The new filtrate was concentrated on 
a water-bath to a thick syrup which became crystalline on cooling. This was 

ground in a mortar with a mixture of four parts of ethyl alcohol and one part 
of water. The filtrate from this process was evaporated and gave a yield of 
impure carnosine. The grinding with alcohol and evaporation were repeated 

twice and in this manner a small amount of 97 °% pure carnosine was obtained. 

PossIBILITY OF PUTREFACTIVE CHANGE. 

A further suggestion to account for the absence of carnosine from the white 
fishes was that post-mortem changes had set in and had led to the disappearance 

of the base. In order to test this, ten sticklebacks were obtained and killed. 

Five were ground up at once (after removal of the head and intestines) and 

were extracted with water. The resultant solution when diazotised and ex- 
amined colorimetrically gave 0-14 °% of carnosine for stickleback muscle and 

bone. 
The other five fishes were left for four days exposed to the air at room tem- 

perature in the summer. They were then extracted and treated in the same 

way as the freshly killed ones. Again the yield of carnosine was 0-14 %, 
showing that keeping fish for four days after death caused no alteration of 

carnosine content. 
One sample of plaice analysed and found carnosine-free had not been dead 

more than 24 hours when extracted. This estimation was carried out in the 
winter and extensive bacterial action would hardly have set in in such a short 
time. 

The crayfish, sea anemones, oysters, mussels, scallops, snails, flies and fly 

maggots were killed immediately before extraction and, therefore, putrefactive 
changes can be excluded as the cause of the negative diazo reaction in these 

experiments. With rabbit muscle from (1) a freshly killed animal; (2) a sample 
sent by post from Cambridge; and (3) a rabbit bought from a poulterer’s shop, 

the yields of carnosine varied from 0-13-—0-15 % only. Therefore, it may be said 
that in fresh muscle with no definite signs of putrefaction the carnosine content 
remains unchanged at any rate up to four days after death. On the other hand 

meat kept. till definitely putrid gave less carnosine when extracted than the 
fresh sample. 
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From these results it was decided to use any sample of muscle from the 
Zoological Gardens as representing the normal animal unless a smell of putre- 
faction could be detected. The animals had never been dead more than two 
days before extraction, but if definite putrefaction had set in the sample was 

rejected as useless, and no carnosine estimations were made on it. 

ConsTANCY OF CARNOSINE CONTENT IN THE SPECIES. 

The amount of carnosine in the muscles of any animal species is constant 
in every case where it has been possible to make several different extractions. 

In this it resembles creatine [Myers and Fine 1913]. Owing to this fact, it has 
seemed legitimate to take a single estimation in the case of rare animals as 

truly representing the carnosine content of that species. 
Actual experiments performed to test this carnosine constancy are as 

follows. 
(1) Rabbit. 

3 rabbits, 2 days old, 0-135, 0-14, 0-14 % 

3 ry 4 “A 0:13, 0-14, 0-15 % 

2 BBs i Os, OEY, 
2 awe: 5!) mM 0-14, 0:16% 

> adults 0:15, 0:15, 0-14, 0-15 % ° 
(2) Rats. 

2 rats, 30 minutes old, 0:10 % 

4 ,, 2 weeks old 0-11, 0-12, 0-10, 0-10 %, 

page es 0-11, 0-12, 0-11 % 
coe ke ” 0-12 % 

22 ,, adults 0-10, 0-125 % 
(3) Beef. 

English beef, 6 different samples: 1-1, 1-0, 1-1, 0-98, 1-0, 1:0 % 
English veal, 2 different samples: 1-12, 1-05 % 

(4) Sheep. 
English mutton, 3 samples: 0-38, 0-37, 0:38 % 
English lamb, 2 samples: 0-40, 0-42 % 

(5) Fish. 
In every case of non-carnosine-containing white fish at least two separate samples 

were taken and each proved negative on applying the diazo reaction. With cod 
seven different samples have been tested by two separate methods, always with 

a negative finding. 

CARNOSINE IN SKELETAL AND CARDIAC MUSCLE. 

When possible the carnosine content of cardiac, as well as of skeletal muscle, 
was investigated. The unexpected result obtained was that in every case the 

cardiac content was very much lower than the skeletal. 

Actual findings were: 
Carnosine in Carnosine in 

skeletal muscle cardiac muscle 

% % 
Cockatoo 0:07 0-009 

Rhesus monkey 0:34 0-03 
Rat 0-11 0-02 

Rattlesnake 0:045 Faint trace 

Testaceous snake 0-06 

Sheep 0:38 : 0-017 
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This is in contradiction to the findings of Bubanovié [1918] who stated 
that human cardiac and skeletal muscle gave the same carnosine content. 
However, although he carried out the estimations on human cardiac muscle 
himself, those on skeletal muscle with which he compares them are those of 

v. Fiirth and Hryntschak [1914] on horse flesh, and the carnosine content of 
muscle varies enormously in different species. 

- CARNOSINE IN RED AND WHITE MUSCLE. 

With the rat, rabbit and domestic fowl, separate estimations were carried 

out on samples of red and white skeletal muscle. In no case was any difference 

of carnosine content obtained. 

DISTRIBUTION OF CARNOSINE IN THE ANIMAL KINGDOM. 

(1) Invertebrates. 

All invertebrate muscle, so far examined, has been free from carnosine. 

The distribution thus resembles that of creatine which has been shown by 
various observers to be absent from invertebrates. 

A crayfish was killed and 10 g. of its muscle extracted with water, and 

diazotised after precipitation with metaphosphoric acid as previously de- 
scribed [Clifford, 1921]. No pink coloration resulted, but a yellow was produced. 
Since a minute trace of carnosine (0-00001 g.) gives rise to a definite pink colour 

when treated with diazobenzenesulphanilic acid and sodium carbonate, the 
negative result showed absence of the base from crayfish muscle. This experi- 

ment was repeated on two other occasions with similar results. 
The following invertebrates have been examined: 

Carnosine in muscle 
(1) Actinozoa. 

Sea anemone (7'aelia, 2 varieties) Absent 

(2) Arthropoda, 
i, Crustacea, 

Crayfish (Astacus fluviatilis) Absent (2 methods) 
ii. Insecta. 

Honey bee (Apis mellifica) Absent 
Blue bottle fly (Calliphora) » (2 methods) 

Blue bottle larvae » ” 

House spider (Tegenaria domestica) Absent 

(3) Mollusca, 

i. Gastropoda, 

Land snail (Helix) Absent 

Sea ” ” ” 

ii. Pelecypoda. 
Oyster (Ostrea) Absent (2 methods) 
Mussel (Mytilus edulis) o 9 

Scallop (Pecten) » 

Bioch. xv 47 
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It may, therefore, be concluded that carnosine is absent from the muscles 
of invertebrates, since neither by direct diazotisation of muscle extracts, nor 

by an isolation method could a trace of the base be found in any invertebrate 

examined!. 
(2) Vertebrates. 

A. TELEOSTEI. 

(i) Non-fatty fishes. Anacanthina. 

Cod muscle was extracted as typifying the teleostean fishes. There was 
every expectation of a good colour reaction since Suzuki and his co-workers 
[1909] claimed to have isolated 0-2 °% of the base from the bonito, a Japanese 

fish belonging to the Acanthopteri. However, when the cod extract was 

diazotised there was no trace of pink in the solution but merely a clear pure 
yellow. The Japanese observers in their paper state that their “carnosine” 
prepared from the bonito by precipitation with silver nitrate and baryta gave 
a negative Pauly reaction. Since pure carnosine when diazotised gives an 

intense red colour, their final product must have consisted of some other 
substance. 

This negative finding with cod led to the investigation of other Anacanthini 

with the following results: 
Anacanthini Carnosine in muscle 

Cod (Gadus morrhua) Absent (2 methods) 

Brill (Psetta laevis) ” ”? 

Haddock (Gadus aeglefinus) ” ”» 

Hake (Merluccius vulgaris) > ”» 
Halibut (Hippoglossus vulgaris) i cs 

Plaice (Pleuronectes platessa) & 99 

Sole (Solea vulgaris) Pr ” 

(ii) Fatty fishes. Acanthoptert and Physostomi. 

The results previously described point to the absence of carnosine from 

fishes, but when the dark muscled members of two other sub-orders of the 

Teleostei, viz. the Acanthopteri and Physostomi were examined, they were 
found to contain considerable amounts of carnosine in their muscles. 

With Acanthopteri the results were: 

Mackerel (Scomber scomber)  ... oie <a «+  0:50% carnosine 
Mullet (grey) (Mugil capito) ... wep sis sos) GS “ 

» (red) (Mullus barbatus) ni aus ove 2 O18 * 
Sea bream (Abramis brama) ... 0-14 rs 
Stickleback (muscle and bone) (Gasiroolencs ongitibals 0:14 ” 

1 This suggested a possible means of identifying the source of commercial fish and meat 
pastes. On testing it was found that there was a difference between fish and meat paste, for 
“crab,” “anchovy” and “bloater”’ pastes gave negative reactions, whilst “wild duck” and “ham 
and tongue” gave 0°50 %,. Hence, contrary to general opinion there probably is a true distinction 
between the two classes of paste, though since “crab” and “ bloater” give similar negative results 
and “wild duck” and “ham and tongue” both gave 0:5 %, there are probably but two basal 
pastes and no more, for bloaters would be expected to give a positive reaction; and wild duck 
less than ham and tongue. 
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With Physostomi: 
Barbel (Barbus vulgaris) a ‘ta a ... 0-18 % carnosine 

Eel (Anguilla vulgaris) ... aie hi os viet rad ” 
Gold fish (Carassius auratus) ... i! - Piao sD! Se 

Grayling (Thymallus vulgaris) ae see Sook gl ey 7 
Herring (Clupea harengus) ... : eRe SNE | 1 + 
Minnow (muscle and bone) (Suabaaies) $i soe 0°09 
Pike (Hsox lucius) site Akg aie dee ... Present (nescipitetion method) 
Roach (Leuciscus rutilus) EF Sa ae ...  0-18% carnosine 

Salmon (Salmo salar) ... rey ihe sa3 ... Present (precipitation method) 
Salmon trout (Salmo trutto) ... io he a ne fs 

Smelt (Osmerus eperlanus) ... 358 ar ... 018% carnosine 
Sprat (Clupea sprattus) 53 +H i fe OOF ih 
River trout (Salmo fario) he ca a er abet ot & | i 
Tench (Tinea vulgaris)... +e 0-11 * 

Hence, it seems that the Sata er carnosine in teleostean muscle 
follows the morphological classification, being absent from the Anacanthini 
and present in the Acanthopteri and Physostomi. It was also present in the 

one member examined of the 

(iii) Chondrostet: 
Sturgeon (Acipenser sturio) ... oy .-» 0°23 % carnosine 

The classification of these fishes is s that of the older zoologists led by 
Gunther, who put the flat fishes with the other white fishes, e.g. the cod and 

haddock, but in the modern classification they are placed with the Acanthop- 
teri for morphological reasons, the whole system being based on the anatomy 
of the skull. On chemical grounds, however, the older classification is sup- 

ported since the flat fishes (Pleuronectidae) lack carnosine in their muscles 

like the other Anacanthini. 

B. REPTILES AND AMPHIBIANS. 

Muscle from several of these animals gave the following results: 
(i) Amphibia, 

Axolotl (Amblystoma tigrinum) ere Ses 0-19 % carnosine 
Frog (Rana temporaria) Rie is Per 0-25 e 
Frog, young tadpole stage... sa ue Present (too little for quan- 

titative estimation) 

Newt (Triton vulgaris) se e ay 0-19 % carnosine 

(ii) Reptilia. 

Green lizard (Lacerta viridis)... a Ss 0-10 % carnosine 

Ophidia. 
American black snake (Zamenis constrictor) Present (too little for quan- 

titative estimation) 

Cape Bucephalus (Dipsas bucephala) at 0-03 % carnosine 
Corais snake (Coluber corais) .. Ka a 0-32 Re 
English grass snake icieidonetis arian ne 0-20 ‘i 
Indian python (Python molurus)  ... ai 0-13 Re 
Rattlesnake (Crotalus horridus) na he 0-045 ‘ 
Testaceous snake (Zamenis flagelliformis) ... 0-06 es 

Chelonia. 
Speckled terrapin (Malacoclemmys terrapin) Carnosine absent 

47—2 
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From these results it seems that carnosine is present in the reptiles and 
amphibians, but the reptiles, like the fishes, may contain a carnosine-free 
family. Only one member of the Chelonia, the speckled terrapin, has been 
examined, and it is carnosine free. However, there was insufficient muscle 

for the precipitation method to be carried out, and therefore it may be that 

a substance masking the diazo-reaction, similar to that found in the salmon, 

was present and prevented the development of the red colour of diazotised 

carnosine. 

C. Brrps. 

Extracts of bird muscle gave the following results: 

(a) Sphenisct. 

Black-footed penguin (Spheniscus demereus) ... .- 0-055 % carnosine 
(6) Falconidae. 

Sparrow hawk (Accipiter nisus) bss Siti le Tae Fg 

(c) Columbae. 
Common pigeon (Columba livia) aS as ... Trace of carnosine 
Southern triangular spotted pigeon... <% ... 0:033 % carnosine 

(d) Paradiseidae. 

King Bird of Paradise (Cicinnurus regius)  ... .»  0°059 5 

(e) Corvidae 

Blue jay (Garralus cyanocitta) ... Bey es -»  0°043 9 

Common jay (Garralus glandarius) ... ay ... 0°04 a9 

(f) Phasianidae. 

Domestic fowl (Gallus domesticus) ... Ls Ben sak ta Wf 3 
Hybrid pheasant fowl ... i wae sean Ore i 

Golden pheasant (Chegaitetinen ihe ) bike asa OO € 
Partridge, English (Perdix) ... se se Aba ty ik 5 

‘3 French (Caccabis rufa) bas he Soe. 23: OLE ‘ 
Quail (Coturnix communis) uss Rie ss . ~=—-008 

(g) Psittacidae. 

Blue-fronted Amazon (Chrysolis aestiva) est .- 0:03 A 
Budgerigar (Melopsittacus undulatus) ... ste ... Absent by diazo-reaction, 

insufficient for precipita- 
tion method 

Greater sulphur crested cockatoo (Cacatua galerita) .. 0-07 % carnosine 

Lesser sulphur crested cockatoo (Cacatua rulphurea) 0-10 Hf 
Illiger’s macaw (Ara maracana) sts , 0-04 > 

(h) Fringillidae. 

Bicheno’s finch (Stictoptera bichenovia) gs ... Carnosine absent 

Indigo bunting (Passerina cyanoa) ... a ts i 
Long-tailed finch (Poéphila acuticauda) cas or He 

Siskin (Chrysomitris apinus) ... ay ‘a “ae ” 
Red-crested cardinal (Carduelis) ve “is qu ° 
Sparrow (Passer domesticus) Petey 

{ (Two methods) 
Tanager (Rhamphocelus brasilius) 

Eagle owl (Bubo ignavus) iss ae aye .» Carnosine absent 

| Carnosine absent 

The birds here, as the fishes, fall into two classes, one carnosine-free and 

the other with carnosine in the muscles, The finches and possibly the owls 
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resemble the Anacanthini in being carnosine-free, whilst the penguins, birds 

of prey, pigeons, birds of paradise, jays, game birds and parrots are like the 
Physostomi, Acanthopteri and Chondrostei in having the base in their muscles. 

D. MAMMALS. 

The mammals examined differ from the other big classes in the animal 

kingdom in that no member of the group has yet been found to be carnosine- 
free. Estimations were carried out on the following of the mammalia: 

(1) Rodentia. 
Capybara (Hydrochaerus) 0-20 % carnosine 
Common marmot (Arctomys) 0-06 He 
Crested porcupine (Hystrix cristata) 0:05 mk 

Jerboa (Dipus) Present (not enough for quan 
titative estimation) 

Mouse (Mus domestica) 0-09 % carnosine 
_ Oak doormouse (Muscardinus) 0-09 eat 

14 specimens rabbit (Lepus cuniculus) 0-15 re 
32 specimens rat (Muridae) 0-11 ‘s 

(2) Ungulata, 
Antelope (Anoa) 0-16 a 

6 specimens bull (Bos) 1-11 i 

2 és » (calf) 1-12 re 
Horse (Equus caballus) 0-90 ae 

Kashmir deer (Cervidae)  - 0-05 om 

Pig (Sus) 0-64 ” 

3 specimens sheep (Ovis) 0:38 vas 
2 ae lamb 0-41 2 

(3) Carnivora. 

Common fox (Canis vulpes) 0-09 a 

Leopard (Felis pardus) 0-12 pe 

(4) Primates. 
Rhesus monkey (Macacus rhesus) 0-34 pak 

Discussion OF RESULTS. 

It is difficult to believe that carnosine has little or no significance though 

it cannot be an absolute necessity since large families of animals exist without 
it. It is a dipeptide and until recently was the only one known in the body. 

Another, glutathione, consisting of cystein and glutamic acid was recently 
isolated by Hopkins [1921] and shown to be a factor in cell respiration. 

There are several indications of the importance of carnosine to the organism. 
It is constant in amount in any given species and is often found in a high 

percentage. Thus in beef there is 1 % carnosine in the fresh muscle, and since 
beef is about 66 % water, carnosine is present in the solids to the extent of 
3% whilst even in the pheasant with the low carnosine content of 0-04 % in 
fresh muscle, the percentage of carnosine in the solids is as high as 0-17 %. 

It is difficult to believe that a muscle substance of this high concentration 

should be useless to the organism. 
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Again carnosine is not found in the urine and therefore the ingested sub- 
stance must be metabolised as also must that of the muscles. Carnosine is 
said to be stable to pepsin and trypsin but to be split up by the action of erepsin. 
This splitting up and subsequent conversion of the f-alanine and histidine to 

their end products will liberate a definite amount of energy which can be 
utilised by the organism. In this case, contrary to general opinion, meat 
extracts which contain from 7-11 % of carnosine are not without any food 

value to the organism. 
Carnosine is the only known substance containing a f-amino-acid in the 

body and this may be of great importance, but so far the significance of this 

fact is unknown. 

It was hoped that an investigation into the distribution of the base in 
the animal kingdom would give a clue as to its physiological function, pe this | 

has not been the case. 
It seemed possible that carnosine might be correlated with muscular 

activity, but the active cod and the sluggish plaice are alike in lacking it, and 
the mackerel with similar activities and environment to the cod has a plentiful 
supply. With birds also the active finches are carnosine-free and the equally 

active game birds possess the base. 

There is again no difference in the carnosine content of red and white 
muscle though their rate of contraction differs greatly and the heart contains 
very little of the extractive in comparison with either red or white skeletal 

muscle. This suggests that carnosine has no functions concerned with oxida- 

tions. If it were of importance in this connection it would be expected that the 

heart, as the most constantly active organ of the body, would contain at pense 
as much, and probably more, than the rest of the musculature. 

No connection between diet and carnosine has been found, though it 
seemed probable that there should be a definite relationship. The carnivorous 

leopard and the herbivorous antelope have almost the same percentage of 

carnosine in their muscles, whilst the bull and the sheep, with their practically 
identical dietaries, show a great difference, the bull containing almost three 

times more in its muscles than the sheep. 

The only relation brought out by this investigation is a morphological one. 
If the base is absent from one member of a zoological family, it appears to be 

absent from all. This is well seen in birds where no examined finch has been 
found to have carnosine. 

A similar thing is seen in the fishes under the old classification (with the 
flat fish in the Anacanthini) where no member of the Anacanthini is found with 

carnosine, though all the others have a definite amount in their muscles. 
It is possible that other extractives such as creatine: may also show a 

selective distribution in the animal kingdom, and if so, generalisations as to 
the presence of a substance in all muscles, based on estimations of one kind 

of animal, are unsound. 
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XCI. A NOTE ON THE PHYSIOLOGY OF THE 

SHIP-WORM (7TEREDO NORVEGICA). 

By CHARLES ROBERT HARINGTON. 

From the Laboratory of the Marine Biological Association, Plymouth. 

(Received November 25th, 1921.) 

CHEMOTAXIS. 

TuE duration of the free-swimming larval stage of the wood-boring mollusc, 
Teredo, is a point of some importance in connection with the problem of the 

protection of timber against its attacks, since it is only during this free- 
swimming period that infection can be conveyed from one piece of timber to 

another. 
In the course of some experiments with a view to the determination of the 

maximum length of the larval life of the animal, the larvae were kept in large 
dishes of sea water in which were placed pieces of wood; it was hoped that 

some of the larvae might settle on the wood and commence to bore into it. 
Although the object was not attained it was noticed constantly during 

these experiments that there was an aggregation of the larvae upon the surface 
of the wood. This aggregation took place even when the wood was in the less 

strongly illuminated part of the dish, although the larvae are normally positively 
phototropic. 

This observation of the apparent tendency of the larvae to aggregate upon 

the surface of wood, suggested the possibility that a definite chemical attraction - 
for the larvae might be exercised by some normal constituent of wood. The 
following experiments were undertaken in the attempt to elucidate this point. 

In the first place some ordinary deal sawdust was extracted in a Soxhlet 
apparatus with ether for four hours and then with alcohol for a further four 

hours. Both the solutions on evaporation left a gummy residue, which was 
thoroughly freed from all traces of solvent. Small patches of these residues 
were then introduced into dishes of sea water containing some of the larvae, 

the latter being evenly distributed throughout the dish. After 24 hours the 
vast majority of the larvae in both cases were closely aggregated around the 
wood-extracts (see photograph). 

In order to determine whether this were only a mechanical effect, the 

experiments were repeated, substituting in one case small stones, and in 
another glass beads, for the wood-extracts. In neither of these cases was any 
attraction to be observed. The further possibility of the extracts exerting a 
paralytic effect upon the larvae and hence acting as a trap was discounted 
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by the fact that movement could still be observed even among those larvae 
which were closely packed around the substance in question. 

The results of the experiments were so striking that it was decided to extend 
them to a number of other substances—both those which might be expected 
to be toxic and those which might conceivably be present in the wood. Where 
possible the more dependable method used by Pfeffer for fern spermatozoids 

was used, which consists in placing a capillary tube filled with a solution of 
the substance under investigation in a dish with some of the larvae and 
observing the effect upon the distribution of the latter. The results of experi- 

ments with various solvents are shown in the accompanying table and Fig. 1. 

Experiments on Attraction of Larvae—Direct Method. 

Substance employed. Effect upon distribution of larvae Condition of larvae 

A Small pieces of stone None Living 

B_ Glass beads None Living 
C Alcoholic sawdust extract Very marked aggregation oflarvaein Living 

the course of 24 hours 

D_ Ethereal extract of sawdust Same as C Living 
E Crystal of dinitro- Pronounced aggregation around cry- Living except immedi 

naphthalene stal in 24 hours ately around crystal 
F Crystal of chloro- No aggregation after 24 hours Dead 

dinitrobenzene 
G_ Crystal of T.N.T. Very slight aggregation Dead 
H_ Drop of creosote Some aggregation Dead 
K Crystal of calcium malate) Apparent aggregation in both cases, (Living 

i but effect difficult to observe on ac- 
L_ Crystal of calcium succinate} count of rapidity of diffusion ( Living 

Fig. 1. Photograph showing distribution of larvae in dish about patch of alcoholic extract of wood 
(x80). After 24 hours. 

47—5 
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Experiments on Attraction of Larvae—Capillary Tube Method. 

Condition 
Contents of tube Resulting distribution of larvae of larvae 

I. Sea water No larvae in tube after 48 hours Living 
Il. Distilled water A few larvae in tube after 48 hours Living, except 

: those in tube 

Ill. Sea water saturated with After 48 hours numerous larvae have Living 
alcoholic sawdust extract _ entered the tube 

IV. Sea water saturated with After 48 hours the mouth of the tube is Living 
ethereal sawdust extract blocked with a mass of the larvae 

V. Sea water which has been Similar result to IV Living 
boiled with sawdust 

VI. Sea water containing 0-1% Very few larvae in tube after 48 hours; Living 
sodium acetate after 72 hours some have entered 

VII. Sea water containing 0-1 % Similar result to VI Living 
sodium citrate 

VIII. Sea water containing 0-1% Large number of larvae enter tube Living 
acetic acid ae 

IX. Sea water containing 0-1% Similar result to VIIT Living 
hydrochloric acid 

X. Sea water containing 1%) There is a rapid re-arrangement of the Living except 
malic acid larvae on introducing the tube into the for those which 

dish; in a few hours many larvae have have actually 
XI. 1% malic acid in distilled) entered the tube and many more are entered the 

water gathered about its mouth tube in XI 
XII. 0:1% malic acid in sea Similar to XI and X, but to a less Living 

water marked degree 
XIII. 1 % tartaric acid in distilled No perceptible aggregation of larvae Living 

water 

XIV. 1% citric acid in distilled Very slight attraction Living 
water 

XV. 1 % succinic acidindistilled No attraction Living 
water 

XVI. 0-1 % vanillin in sea water No attraction Living 
XVII. 1 % glucose in distilled water No attraction Living 
XVIII. Saturated picric acid in dis- No attraction Dead 

tilled water 

From these it will be seen that a number of the substances experimented 

with show a certain power of attraction for the larvae, but that by far the most 
rapid and intense effect was obtained with malic acid; this acid is one which 

is very widely distributed in the plant kingdom, and may conceivably be 
present in the wood; but, without more evidence, it is impossible to express 
an opinion as to whether this is the substance which is responsible for the 

apparent attraction exercised by the wood. It is a noteworthy fact that both 
the alcoholic and ethereal extracts of wood are distinctly acid in reaction, the 

latter being the more markedly so. The toxic substances used behaved as would 
be expected, with the exception of dinitronaphthalene; the aggregation which 

took place around this substance is difficult to explain; probably the substance, 
which is very slightly soluble in water, acts as a trap for the larvae, those 
which happen to come within the small area of water in which the concentration 
of the dinitronaphthalene is toxic, being at once paralysed, and, by making 
a close ring round the erystal, causing the diffusion of the poison to be still 
slower, so that the larvae in the other parts of the dish remain unaffected, 
The aggregation around the drop of creosote may be partly accounted for 
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in the same way, but in this case vigorous diffusion currents are set up on 
introducing the oil into the dish, which may also help to account for the 

phenomenon. 
The general conclusions to be drawn from these experiments seem to be 

as follows: 
There is some substance present in wood, and extracted therefrom by water, 

alcohol and ether, to which Teredo larvae are positively chemo-tropic; it is just 
possible that this substance may be malic acid, but further work is required 

in order to establish its identity. 
Since this positive chemo-tropism exists, the question arises as to what 

part it plays in the life of the animal. 
In view of the natural conditions which prevail in the sea it is not possible 

to imagine that the larvae can be attracted towards wood by a chemical 
mechanism, since they must be at the mercy of the wash of the water. It 
would, however, obviously be of advantage to them if they possessed some 

‘means of recognising wood when they came into contact with it. 
It would appear from the experiments described above that such recog- 

nition is rendered possible by chemical means, and that the larvae are dependent 
upon this chemical stimulus to enable them to distinguish between wood and 

stone or other surfaces into contact with which they may chance to be brought. 
In connection with this phenomenon it is interesting to compare the work of 

Dakin [1910] on the larvae of Pecten. 

Tue ENZYMEs OF 7'£REDO. 

The question of the source from which Teredo derives its nourishment is 
an interesting one. The fact that all the wood borings pass through the ali- 

mentary canal would naturally lead one to expect that some nutriment would 
be derived therefrom. On the other hand it has been held that the sole source 
of food is the plankton which is drawn in through the inhalant siphon and that 
the wood is passed out of the body chemically unchanged. In order to try 

and elucidate this point it was decided to make some experiments with a view 
to the detection, in the digestive gland of Teredo, of any ferments which might 
be capable of attacking wood; more particularly of one which could hydrolyse 

the celluloses or hemi-celluloses of wood with the production of glucose. 
The difficulty in these experiments was to obtain sufficient material. The 

“liver” of Teredo is a thin skin of tissue extending over the surface of the 
gonad and is difficult to free completely from the latter; moreover, a very 

large number of individuals are necessary in order to provide sufficient liver 
substance for a satisfactory experiment. 

The first experiment tried in this direction was as follows. The livers of 

six Teredo were excised, and freed as completely as possible from intermixed 
gonad; the tissue was then quickly and thoroughly minced up and mixed with 

distilled water to which toluene was added to inhibit bacterial action. The 
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mixture was allowed to stand for 24 hours and then filtered through muslin; 
the extract of the liver thus obtained was used for the following experiments: 

(1) Tube containing 0-16 g. filter paper (pure cellulose) + 8 ce. water + 

2-5 ec. extract. 
(2) The same boiled in order to destroy enzymes. 

. 2-5 ce. starch solution + 2-5 ce. water + 2-5 cc. extract. 
(4) Same, boiled. 

{0 0-2 g. fibrin + 5 cc. water + 2-5 cc. extract. 
(6) Same, boiled. 

In all cases toluene was added as an antiseptic. 

The contents of tubes 1-4 were examined at intervals of 24 hours for 

reducing substances. At the end of 72 hours the contents of tube 3 gave a 
marked reduction with Benedict’s reagent, and the iodine reaction had com- 
pletely disappeared; on treatment with phenylhydrazine hydrochloride in 

presence of acetic acid, a plentiful crop of glucosazone crystals was obtained. 
The contents of tube 4 at the end of the same period gave no reduction with 
Benedict’s sclution and still gave an intense iodine reaction. 

The contents of tubes 1 and 2 gave no reduction with Benedict’s solution 
even after a fortnight. No evidence of the digestion of the fibrin could be 
obtained from the contents of tubes 5 and 6. A second experiment was carried 

out in which the livers of 12 Teredo were excised and extracted as before, and 

the resulting extract (10 cc.) was divided into two equal portions, to each of 
which was added 5 cc. of water and 0-5 g. of finely sifted sawdust. One of 

these tubes was then boiled in order to destroy any enzymes which might be 
present. After keeping for a week, with toluene as an antiseptic, the contents 

of the unboiled tube gave a distinct reduction with Benedict’s reagent, while 
those of the boiled tube gave a very slight reduction. Both solutions were 

then treated under the same conditions with phenylhydrazine hydrochloride 
and acetic acid, with the result that the contents of the unboiled tube gave a 
fairly large amount of glucosazone crystals, whereas those of the boiled tube 

only gave a few crystals of this substance. 

Owing to the shortage of material and the consequent impossibility of 

running rigorous controls, it can hardly be claimed that the results are con- 
clusive, except in the case of the starch digestion; here at least we have a clear 
demonstration of the fact that the liver contains an enzyme or enzymes which 
can hydrolyse starch completely to glucose. 

In the case of the experiment with sawdust it might be argued that the 

possibility of the glucose having originated from the liver itself was not ex- 
cluded. Any formation of glucose from the liver would probably, however, 
have taken place during the process of extraction, and this may account for 

the small quantity of glucose which was found in the control experiment. It 
seems difficult to account for the very much larger amount of glucose which 
was present in the unboiled tube, unless we assume it to have been formed 
from the wood by the action of an enzyme. 
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The failure, in the first experiment, to obtain any evidence of hydrolysis 
of cellulose is not such a contradiction of this hypothesis as at first appears. 

In the first place the liver extract used was very much less concentrated than 
that used on the wood and, secondly, there are present in wood hemi-celluloses 

which one would expect to be more readily hydrolysed than pure cellulose. 
Moreover, there is the further possibility that there may be other substances 
present in wood which are necessary as co-enzymes to the ferment in question. 

Without more data it is impossible to draw definite conclusions, but the 
balance of evidence so far obtained is certainly in favour of the view that 

Teredo has in its liver an enzyme capable of producing glucose from some con- 
stituent of wood, and hence one may suppose that the wood, at least to this 

extent, is made use of as a source of nourishment. 

It is hoped, by further experiments, to obtain more definite evidence upon 

this point. 
The experiments described above form part of a research under the auspices 

of the Scientific and Industrial Research Department, undertaken on behalf 
of the Sea-Action Committee of the Institution of Civil Engineers, to whom | 
am indebted for permission to publish the results. I also wish to express my 

gratitude to Dr E. J. Allen, F.R.S., for assistance and advice, and to Dr J. 8. 

Dunkerley for taking the photograph. 
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