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Pe SALT SOLUTION IN LOCOMOTOR. ATAXIA. 

By SAMUEL A. MATTHEWS aAnp ORVILLE H. BROWN. 

[From the Hull Physiological Laboratory of the University of Chicago.] 

| the pathological condition known as locomotor ataxia or tabes 

dorsalis, the anatomical changes are fairly well understood, but 

the physiology of the disease, notwithstanding the fact that it has 

been the subject of much study, is as yet very incompletely known. 
The chief symptoms result from nerve impairment, which may be 

evidenced by an increase or decrease of sensation in any part of the 

body. It is usually in the lower limbs, thus causing difficult walking 

or standing, and around the waist, causing the girdle sensation. 

During the early stages of the disease the affected parts show irregu- 

lar areas of both hyperzsthesia and partial anesthesia. As the dis- 

ease progresses, the areas and the degree of anesthesia increase. 

It is not within the scope of this paper to discuss the pathology of 
locomotor ataxia. Suffice it to say that the anatomical changes in 
the cord and in the peripheral processes of the spinal ganglia cells 

in advanced stages of the disease are of such a nature as to preclude 

any restoration of function. 

The treatment of the malady usually recommended is purely 

hygienic, and its results are unsatisfactory. It is well known that 

the condition of such patients apparently fluctuates, and that almost 
any treatment causes them to believe that an improvement has been 

effected. However, under favorable conditions, the course of the 

disease may be arrested, and occasionally an actual improvement 

may occur. 
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Under very peculiar circumstances, about a year ago, one case of 

tabes dorsalis was very hesitatingly and cautiously treated by an in- 

jection of the following solution of salts: 250 c.c. ¥ sodium chloride, 
125 c.c. % sodium sulphate, 120 c.c. 7 sodium citrate, and 5 c.c- 
” calcium chloride. Since that time nine patients suffering from 
the same malady have been similarly treated. The results, though 

quite void of therapeutic value, are interesting from a physiological 

standpoint. 

Case J, February 1, 1903. — Mr. P , age 56, medium height; poorly 

nourished. The typical symptoms of locomotor ataxia were present. 

According to the patient’s statement, the affliction had been well defined 

for fifteen years. The anesthesia was almost complete, and included the 

feet, ankles, legs, extending upwards to a line about one and a half inches 

above the condyles of the femur, and an area along the small of the back. 

The man had formerly suffered extremely from the pains which are so 

characteristic of the disease. ‘These pains were always confined to the 

areas which at the time of treatment were anesthetic. For the past five 

years the pains had been only occasional, and were not of great severity. 

The solution injected is mentioned above. Between 3 and 5 P.M. 400 

c.c. of the mixture were injected into the tissues of the upper lumbar 

region. At this time no uncomfortable feeling was observed by the 

patient. He noticed that his feet were warm, which was unusual. About 

8.30 in the evening, severe pains began in the legs. Concurrent with the 

beginning of the pains, was a general nervous shock, characterized by a 

muscular tremor which was particularly evidenced in the inferior maxilla, 

and which produced a chattering of the teeth similar to that of a chill. 

However, the patient was not cold, nor was there any rise of temperature 

observed by the patient. The general nervousness lasted for only a few 

hours, but the pains continued for about forty-eight hours, and then 

gradually subsided. These pains were confined practically to those areas 

which the physical examination showed to be anesthetic, and, according 

to the statement of the patient, the pains were not only substantially the 

same in character and intensity as those of previous years, but were 

confined to the same areas, and began in the area first affected by the 

disease. 

february 15.— A mixture of 250 c.c. 4% sodium chloride, 75 c.c. 3 

sodium sulphate, 75 c.c. % sodium citrate, 5 c.c. 4 calcium chloride, and 

95 c.c. distilled water, was injected as on February 1. No uncomfortable 

effects were apparent until four and a half hours after the injection, when 

the patient was again attacked by the lightning-like pains which had 

followed the injection on February 1. But the intensity of these pains 

was very much less, and they lasted only about fifteen hours. 
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February 22.— The patient was similarly treated as on the 15th. The 

pains began about four or five hours after the injection, and lasted for 

about twelve hours, being confined to the same areas. These pains were 

very much weaker than those occurring after the treatment on the 15th. 

March 14.— The solution used in the first treatment was injected. 

There was little or no reaction. 

, age 53, a large, well-nourished man. 

About five or six years ago symptoms developed which were characteristic 

of locomotor ataxia. The case was now well defined. Sensation was im- 

paired in the lower limbs, especially below the knees. ‘The pains which 

had troubled him for several years, and from which he still suffered, were 

-confined to the lower Jimbs, and were more marked in the places where 

the anzesthesia was the greatest. He also had abdominal pains (the so- 

called visceral crises). ‘The same salts used in Case I were similarly used 

in this case. 

In general, the effect of the injections was the same as in Case I, z. e., 

the characteristic ataxia pains were produced in the areas affected. 

There was a recurrence of gastro-intestinal disturbance, which consisted 

of severe pains and vomiting. These symptoms followed each injection, 

with lessened intensity, until about the fifth treatment, after which they 

were almost or entirely absent. Following the injection, and lasting for 

ten or fifteen hours, there was an increase of fifteen or twenty beats in the 

rate of the pulse, and a rise of about 2° F. in temperature. An injection 

was made each week, until eight had been given. The last three caused 

little or no pain, but the same pulse and temperature reactions were still 

present ; there was also a nervousness which prevented sleep for about 

fifteen hours following the injections. 

, age 35. Printer by trade. For the past four vears 

his eyes had been troubling him, and he finally had to give up his voca- 

tion. His case had not been diagnosed as locomotor ataxia until about 

January 1 of the present year. He had noticed for some time a numb- 

ness of the little and ring fingers, and of the corresponding portion of the 

hand and forearm of the left arm. No pains had been felt in arms, face, 

or abdomen, but he had been troubled with what he called ‘ rheumatic 

pains and a general ache” below the knees. On rising, his legs were 

stiff and slightly swelled. The physical examination showed that his 

sensation to touch was everywhere very good, except in his feet and 

ankles to about three inches above the prominence of the ankle joints. 

On being touched with cotton, a small area of each instep was found to 

be hypersensitive, otherwise sensation below the line above-mentioned 

was either absent or very slight. 

On January 31, 400 c.c. of a saline solution similar to that previously 

mentioned, was injected into the tissues of the upper lumbar region a 
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little to the left of the median line. Within about three hours after the 

conclusion of the injection uncomfortable sensations began, which were 

characterized by a peculiar diffused ache in the lower limbs, especially 

below the knees. He also experienced a very peculiar sensation, which 

he said was hardly a pain, in the area of the left forearm and hand. 

These peculiar sensations, bordering on pain, did not entirely leave him 

for about forty-eight hours. 

The other cases corroborate the results given here. The salt 

solution has been injected into persons who did not have locomotor 

ataxia, but without producing similar sensations. | 

SUMMARY AND CONCLUSIONS. 

1. The injection of a mixture of 250 c.c. 4% sodium chloride, 125 c.c. 
” sodium sulphate, 120 c.c. 7 sodium citrate, and 5 c.c. ¥ calcium 
chloride, into the subcutaneous tissues of a man suffering from 
locomotor ataxia, causes pains and other sensations similar to those 

experienced in the earlier stages of the disease. This occurs even 

though it has been years since such pains were first felt. The pains 

decrease successively after each injection, until about the fourth or 
fifth, after which they may not occur at all. 

2. We cannot state that such injections have any therapeutic value, 

though their effects are of physiological interest. 

3. It is possible that the remarkable localization reaction may be 

of diagnostic value. 

Our thanks are due to Professor Stewart and Dr. A. P. Mathews 

for criticisms, and to Mr. E. T. Hanley of the class of 1905 of Rush 

Medical College for his assistance in a number of the treatments. 



THE PATHS OF EXCRETION FOR INORGANIC COM- 

POUNDS. I.—THE EXCRETION OF STRONTIUM. 

BY LAFAYETTE B. MENDEL AND HENRY CLARKE THACHER. 

[From the Sheffield Laboratory of Physiological Chemistry, Yale University.] 

rE 

HE long-established custom of regarding the kidney as the only 

organ of importance involved in the elimination of either foreign 

or naturally occurring inorganic compounds from the body in the case 

of the higher animals, has repeatedly led physiologists into error. 

Various older theories of the absorption of iron derivatives afford a 

conspicuous illustration of this. The failure to recognize the intesti- 

nal epithelium as a factor concerned in the removal of iron from the 

system naturally allowed a false interpretation to be placed upon the 

occurrence of this element in the feces. To the earlier observers, 
iron in the stools was a direct indication of lack of iron-absorption, 

particularly in view of the extremely scanty elimination of ferric salts 
usually noted in the urine during the same period. But the estab- 

lishment of the fact that the gut may be directly concerned in the 

excretion as well as in the absorption of the iron compounds made 

possible a new interpretation of the earlier observations. Iron might 

now be present in the contents of the alimentary canal, either owing 

to the failure to be absorbed, or equally well because it had been dis- 

charged into this channel through the epithelial walls. It became 

necessary to follow the paths of elimination when the introduction of 
the element directly into the alimentary canal was avoided. And 
since it has been found that iron may be introduced either subcu- 
taneously or even directly into the blood-current, without producing 

any marked increase in the output in the urine, while the faeces may 
contain noticeable quantities of it, the significance of the intestine 
with reference to the elimination of this element becomes apparent. 

A more careful study of the excretory channels for other elements 
has revealed somewhat similar conditions, particularly in the case : 

5 
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calcium! and of phosphorus compounds.? Various organic poisons, 
including morphine and snake venoms, have long been known to be 

secreted into the stomach and other parts of the alimentary canal 
when they are introduced subcutaneously into the body.® Among 

inorganic substances, the salts of manganese appear to show a behav- 

ior entirely comparable with that of iron; magnesium, bismuth, zinc, 

lithium, and cesium also enter the intestine in noticeable quantities 
when they are introduced in ways other than per os; while under 
similar conditions nickel, cobalt, lead, arsenic, and mercury have been 

detected in the feces. In most cases, however, the quantitative data 

available are too meagre to afford any convincing conclusion regard- 

ing the relative importance of the gut as an excretory channel for 

these elements. Observations like those recently reported by Good, 
in which lithium was found to be excreted into the stomach and in- 

testine in larger quantity than through the kidneys, indicate the 

desirability of more extensive investigation carried out with this point 

in mind. Not only are we for the most part uninstructed regarding 
the relative participation of the gut as an excretory organ under con- 

ditions like those, for example, which pertain in renal insufficiency ; 

but we are also just beginning to appreciate the significance of such 

an excretory function in the local reaction and responses throughout 

the intestine, and the consequent therapeutic possibilities. Thus the 

treatment of certain intoxications by gastric lavage, and the more 

rational interpretation of the mode of action of the saline purgatives 

1 Cf. Rey: Archiv ftir experimentelle Pathologie und Pharmakologie, 1895, 

XXXV, Pp. 295. 

* Cf. NoEL Paton, DUNLOP and AITCHISON: Journal of physiology, 1900, 

XXV, Pp. 212; BERGMANN: Archiv fiir experimentelle Pathologie und Pharmakol- 

ogie, 1901, xlvii, p. 77; also unpublished experiments by Dr. F. P. UNDERHILL in 
this laboratory. 

® Cf. KUNKEL: Handbuch der Toxikologie, 1901, pp. 54-55. 

* Cf. HARNACK: Archiv fiir experimentelle Pathologie und Pharmakologie, 
1g01, xlvi, p. 372 (manganese); MEYER und STEINFELD: /d7d., 1885, xx, p. 40 

(bismuth); Lusk: American text-book of physiology (magnesium) ; SACHER: 

Arbeiten aus dem pharmakologischen Institut, Dorpat, 1893, ix, p. 88 (zinc) ; 

Goop: American journal of the medical sciences, 1903, cxxv, p. 273 (lithium) ; 

HANFORD: This journal, 1903, ix, p. 214 (cesium) ; STUART: Journal of anatomy 

and physiology, 1884, xviii, p. 89 (nickel and cobalt); MANN: British medical 

journal, 1893, Feb. 25 (lead); HEFFTER: Ergebnisse der Physiologie, 1903, ii, (1), 

pp- 116-117 (arsenic); SCHUSTER: Jahresbericht fiir Thierchemie, 1882, xii, 

p- 115 (mercury). The preceding list of references is not intended in any way to 
be exhaustive. 
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in the light of recent work are at once suggested.!. With considera- 

tions of this sort in view the writer has for some time had in progress 

a series of observations planned to extend our knowledge of the paths 

of excretion of various substances.?, The experimental work recorded 

in this paper on strontium-excretion has been undertaken almost 

entirely by Mr. Thacher. 

II. 

The salts of strontium have been selected for study in the present 

instance because of its chemical relationship to calcium, — an element 

involved in significant physiological reactions, — rather than in view 

of any demonstrated therapeutic properties. Furthermore, since it is 

never found normally in animals, and is readily detected in small 
quantities by its spectroscopic properties, strontium may readily be 

traced in the organism. Its compounds are usually stated to re- 

semble those of barium and calcium in their general physiological and 

toxicological action. Considerable doses have been given by way of 

the mouth without producing serioussymptoms. There are, however, 

almost no data at hand regarding the extent of its absorption and the 

paths of elimination.®? Strontium does not appear to induce chronic 
forms of intoxication, although it has been found stored up in the 

bones of growing animals, possibly replacing calcium under these 

conditions. After feeding dogs for many days with strontium salts, 
Laborde? found traces of the metal in the urine, while the faeces con- 

tained it in largeramounts. From the bones of a dog which had re- 

ceived strontium phosphate equivalent to 265 gms. of the metal in the 

course of 111 days, only 0.63 gm. could be recovered. The observa- 

tions suggest that strontium may leave the body in the urine, while 

they give little indication regarding the extent of actual absorption. 

The study of the distribution of strontium bromide carried out by 
Féré* and others offers no direct evidence. The experiments made 
on dogs by Raudnitz® to determine the place and conditions for the 

1 Cf. MacCALLum: This journal, 1903, x, p. lol and p. 259. 

2 Observations on the elimination of cesium have already been published from 

this laboratory by G. A. HANFORD in this journal, 1903, ix, p. 235. 

8 Cf. HEFFTER: Ergebnisse der Physiologie, 1903, ii, (1), p. 121. 

4 LABORDE: Comptes rendus de la société de biologie, 1890, xlii, p. 453 and 

p- 458; 1891, xliii, p. 562. 

5 FERE: /dzd., 1892, xliv, p. 513- 

6 RaupDNITz: Archiv fiir experimentelle Pathologie und Pharmakologie, 1893, 

=xu; P-- 343. 
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absorption of the alkali earth (calcium and strontium) salts showed 

that this process goes on largely in the duodenum, the soluble chlorides 

being absorbed far more rapidly than the phosphates and carbonates. 

This investigator was unable to detect strontium in the ligated ileum, 

czecum or large intestine, although traces were found in the liver and 

in the urine. In one case in which 0.62 gm. of strontium chloride 

was introduced into the jugular vein, the element could not be detected 

in the intestinal contents five hours later, although it had disappeared 

completely from the blood. In endeavoring to obtain some proof of 
the absorption of strontium, H. C. Wood, Jr.,! confirmed on man the 

observations of Laborde. He found traces of the metal in the urine 

of the first day, but none on the second day following the administra- 

tion of 3 gms. of the lactate (1.89 gms. strontium) per os. During the 

same time 10 per cent of the strontium ingested was recovered from 

the faeces. Wood writes: ‘“ This result is capable of several explana- 

tions; it is possible that the strontium is not absorbed and very slowly 

passes out from the alimentary canal, owing to its weight causing it 

to cling to the mucous membranes; or it is possible that being more 

largely absorbed than is apparent, it is eliminated with great slowness. 

The latter conclusion, however, is highly improbable in the face of the 

fact that the strontium disappeared from the urine within twenty-four 

hours. If absorption and retention were the case, certainly there 

should have been as much strontium in the urine on the second as on 

the first day. Itis, of course, possible that the discharge of strontium 

with the fasces may have depended upon an elimination of absorbed 

strontium by the intestinal mucous membrane.” In an experiment 

directed toward the determination of the latter possibility, a dog was 

given strontium lactate hypodermically, but no strontium was detected 
within seventy-two hours in either urine or faeces; on the other hand, 

H. C. Wood, Sr. and Arnold? recovered 0.2 gm. strontium sulphate 

from the faeces of a dog which had received 2 gms. strontium nitrate 

hypodermically, while the total urine of the subsequent ten days con- 

tained only a minimal quantity. The same investigators, experiment- 

ing on man, found that soluble salts of strontium taken by way of the 

mouth do not escape from the body in the urine to any extent. 

The few investigations just reviewed leave much to be ascertained 
regarding the fate of strontium in the body. They merely indicate 
that its salts may be absorbed in part at least and eliminated in 

+ H.C. Woon, Jr.: This journal, 1898, i, p. 83. 

* H.C. Woop and J. P. ARNOLD: Philadelphia medical journal, April, 1899. 
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traces in the urine; and unless there has been long-continued admin- 
istration, the strontium is reported to disappear from the latter within 

avery short time. No light is thrown upon other possible channels 

for the ultimate removal of the foreign salt, further than in the ex- 

periments already quoted. 

rit. 

The new observations to be recorded were made upon dogs, cats, 

and a rabbit. Since the experiments were designed especially to 

determine the function of the gastro-intestinal canal in excretion, it 

became desirable to introduce the strontium in some way other than 

per os. Sterile solutions containing about four per cent of strontium 

acetate were introduced subcutaneously with aseptic precautions, and 

their distribution was facilitated by gentle massage; intraperitoneal 

and intravenous injections were also tried. After the injections, the 

skin was always carefully cleansed to avoid the possibility of having 

traces of strontium licked off by the animals. The latter were kept 

in metallic cages, and the urine and fzces were separately collected, 

unless this was made impossible by diarrhoea (which added consid- 

erable difficulty to our earlier experiments). A mixed diet was found 

to prevent these disturbances to a considerable extent. 

Methods of analysis. — [In the examination of the feces and tissues 

for strontium, a slight modification of the method used by H. C. 
Wood, Jr.,! was followed. The dried materials were incinerated with 

the aid of ammonium nitrate, and then fused in a nickel or silver 

dish with potassium hydrate and sodium carbonate. The fusion mass 
containing the insoluble carbonates of strontium and calcium, etc., 

was extracted with hot water, the residue dissolved in dilute nitric acid 

and almost neutralized with ammonium hydroxide. Ferric chloride 

was then added in excess, followed by sufficient sodium carbonate 
to cause incipient precipitation, and finally just enough acetic acid 

to produce a clear solution. When this was poured into a large 

volume of hot water containing an excess of neutral ammonium ace- 

tate, a separation was effected, depending upon the insolubility of 

ferric phosphate in dilute acetic acid, and the tendency of dilute 

ferric acetate to form basic acetates in dilute hot solutions. As long 

as the reaction is acid, the alkali earth cannot be lost. The filtrates 

and washings were boiled with ammonium chloride, ammonium hy- 

droxide, and ammonium carbonate; the washed precipitate of calcium 

1 See H. C. Woop, Jr.: This journal, 1898, i, pp. 83, 84. 



10 Lafayette B. Mendel and Henry Clarke Thacher. 

and strontium carbonates was dissolved in weak nitric acid, concen- 

trated and then examined spectroscopically. When a quantitative 

estimation was desired, the resulting syrup was evaporated several 

times to dryness: with nitric acid, and the nitrates were separated by 

treatment with amyl alcohol (in which calcium nitrate alone is sol- 

uble). The residue of nitrate of strontium was dissolved in water, 

precipitated with sulphuric acid in the presence of 25 to 35 per cent 

alcohol, filtered on a Gooch crucible, washed, dried, and weighed. 

The above procedure differs from that employed by Wood in two 

points: (1) the fusion of the ash with sodium carbonate, —a process 

which was introduced at the suggestion of Professor H. L. Wells 

to eliminate the possibility of the loss of any strontium as sulphate; 

(2) the use of the more satisfactory separation with amy] alcohol in the 
final operation. In the examination of the urines it was found easier 

and equally satisfactory to precipitate the alkali earths directly by 

boiling with ammonium hydroxide and carbonate, and then to treat 

the precipitated salts alone. 

In testing the delicacy of these methods for qualitative purposes, 

10 mgm. of strontium in 300 c.c. of urine could easily be detected by 
any process. With smaller quantities, however, the fusion method 
seemed to give better results. In no case could 3 mgm. strontium 

be detected in 300 c.c. of urine. A quantitative test with the faeces 
was not made; the detection of small amounts of the metal in them 
must, however, be rendered less certain by the character of the mate- 
rials present. 

PROTOCOLS OF SOME EXPERIMENTS. 

I. A rabbit received a subcutaneous injection of 50 c.c. of approximately 4 per 

cent strontium acetate solution (containing 0.78 gm. metallic strontium 

by analysis). The urine and feeces were examined for strontium, with the 

results indicated in the table on page rr. 

The results obtained with the urine correspond with those noted 

in man by H. C. Wood, Jr. The negative test recorded in one 

case with the faces may have been due to the small amount of the 
latter collected at that period (34 hrs.), readily permitting a trace of 

strontium to escape notice. 

Six days after the injection was made, the animal received a second one 

of 75 c.c. (containing 1.16 grams strontium). The urine was collected 

in three daily periods, and the rabbit then killed. A slight inflammation 

ee 

2 « 
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was noted at the points of injection. The urine of the 7st day only gave 

a test for strontium. The element was, however, readily detected‘in the 

feces of the second day. Post mortem, the stomach contents contained 

no strontium ; the zwtestina/ contents gave a very strong test for it. 

Period after the first Steer ae. Jrine. 
injection. U 

1 hour. Faint spectroscopic trace. 

4 hours.! | Strong test. 

6 hours.! Strong test. Strontium detected. 

6-21 hours. Faint trace. Strong test. 

21-25 hours. No strontium. 

25-34 hours. ae Negative test. 

34+48 hours. 

56-70 hours. Strong test. 

70-94 hours. 
| 

1 The urine was removed by catheter to prevent any contamination of the faces. 

II. A dog of 15 kilos, anesthetized with A. C. E. mixture, received a sub- 

cutaneous injection of too c.c. of 4 per cent strontium acetate solution 

(containing 1.55 grams strontium). The animal was strongly affected 

by the injection; the urine contained increasing quantities of blood, and 

death occurred at the end of the fourth day. The subcutaneous tissue at 

the site of the injection was greatly inflamed.’ Strontium was searched 

for as follows : 

Urine. Feces. 

Strong test. No strontium. 

“ “ec 

Trace of strontium. Strong test. 

i “ce 

1 The irritation at the seat of injection, in this and other experiments, corre- 
sponds with the local effects described by Woop and ARNOLD (Joc. cit.) after 

hypodermic injections in man and animals. They observed considerable local 
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III. 

After 4-hour. No strontium. 

“ 

IV. 

Lafayette B. Mendel and Henry Clarke Thacher. 

The entire alimentary canal was examined, and strontium was found in 

the contents of the large intestine alone. The presence of strontium in 

the urine after the first day was not demonstrated in other experiments, 

—a fact possibly connected with the pathological conditions in the 

kidneys in this case. 

A cat received an intraperitoneal injection of 41 c.c. of 4 per cent stron- 

tium acetate solution (containing 0.64 gram strontium). The excretions 

were separately examined, in daily periods when possible, with the follow- 

ing results : 

Period. Urine. Mixed urine and feces. 

1 day. Strontium in traces. 

2 days. No strontium. 

4 days. a Ur BAGe Strong test for strontium, 

5 days. 

6 days. 

7 days. erie Strontium present. 

8 days. No strontium. 

16 days.’ 

17 days. - 

18 days. } 

Although a persistent diarrhoea rendered the separate collection of urine 

and faces impracticable for several days, the failure to detect strontium 

in the urine of the second day and later indicates that the bowel formed 

the chief channel of excretion after that time. The slow elimination of 

the metal indicated by this experiment readily accounts for the small 

amounts present from day to day. 

A dog of g kilos received (during A. C. E. anesthesia) a subcutaneous 

injection of 25 c.c. 4 per cent strontium acetate solution (containing 0.38 

pain and sloughing in one case, and were forced to discontinue this method of 
administration in man. Under such conditions, it is questionable whether the salt 

is completely, or even in part, absorbed. Unfavorable effects were avoided by us 
in our later experiments by the method of diffused injections described in Experi- 
ment VIII. 
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gram strontium). The animal was under observation for six days. 

Owing to recurrent diarrhceas uncontaminated urine was obtained (by 

catheter). on the second day only. It was free from strontium. Feces 

collected free from any urine on the last four days gave strong tests for 

strontium ; on the first day traces were observed in the faeces. 

V. A to kilo dog (anesthetized with A. C. E. mixture) received 25 c.c. 4 per 

cent strontium acetate solution (containing 0.39 gram strontium) szd- 

cutaneously. The animal was killed at the end of thirty hours. The 

stomach contents contained no strontium ; the intestinal contents gave a 

fair test ; feeces collected after twenty-four hours yielded a good reaction. 

VI. A cat was given a subcutaneous injection of 20 c.c. strontium acetate 

solution (containing 0.31 gram strontium) during anesthesia. The urine 

and faeces, obtained entirely separate, were analyzed quantitatively at 

intervals. Diarrhoea was largely avoided by a restricted diet of meat. 

OUTPUT OF STRONTIUM. 

Urine. 

Unweighable trace. 

0.0164 gm. SrSO, = 0.0076 gm. 5 

0.0012 ; =( ss 

0.0637 ; =); re 

0 0366 

1 The figures for these two days are toc low, owing to the inaccurate method 

followed, viz., precipitation of the sulphate in aqueous instead of alcoholic solution. 

Their only value consists in indicating the relative importance of the gut as an 

excretory channel for the strontium. 

VII. A dog of 10 kilos received subcutaneously 50 c.c. of the strontium 

acetate solution (containing 0.78 gram strontium) during anesthesia.” 

The animal was somewhat prostrated for a day or two; in view of the 

inflammation at the points of injection, it is by no means certain that all of 

the material injected was ever absorbed. During fourteen days the feces 

were collected at intervals free from urine, and analyzed with the following 

results : 
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SrSOy,. Sr. 

0.0314 gm. 0.0150 gm. 

0.0507 “ 0.0242 

0.0331 “ 0.0158 

0.2847 “ 0.1359 

0.0990 “ 0.0473 

1 Here also the results are too low, owing to pre- 

cipitation of the sulphate in aqueous solution, as ex- 

plained under Experiment VI. 

VIII. A dog of 6 kilos received subcutaneously during anesthesia 15 c.c. of 

the strontium acetate solution, followed four days later by 20 c.c. of the 

same solution, —a total of 0.543 gram strontium. By introducing the 

solution in several (5) places, the local irritating action was avoided and 

no inflammation resulted.!| A restricted diet of meat and lard was fed. 

The urine and feces were collected separately, with practically no loss, for 

twenty-one days. ‘The total urine during this period contained an un- 

weighable trace of strontium ; the total feeces contained 

0.2092 gram SrSO, = 0.0998 gram Sr. 

Unusually small amounts of calcium were found in both urine and feces, 

an observation which suggested a possible explanation for the relatively 

small quantity of strontium recovered. Accordingly the next experiment 

was made. 

A dog of 14 kilos was given subcutaneously 18 c.c. of the strontium 

acetate solution (containing 0.28 gram strontium), the injection (during 

anesthesia) being scattered at several places, as in Experiment VIII. 

The same diet also was fed, with the addition of one or two small bones. 

During seventeen days all faeces and urine were separately collected and 

examined. Strontium could not be detected in the urine. In addition 

to a very large amount of calcium, the feeces contained 

0.498 gram SrSO,4 = 0.237 gram Sr. 

1 Compare the remarks in footnote 1, p. II. 
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IV. 

The complete elimination of strontium takes place with such slow- 

ness that considerable interest is attached to the detection of the 

localization of this element in the tissues. Despite the earlier con- 

troversy on the subject,! it seems to be well established by the more 
recent observations of Cremer,?and Weiske ® that after prolonged feed- 
ing of strontium salts, especially when added to a diet poor in calcium, 

strontium may accumulate in the bones. Under such conditions, 

Weiske found over four per cent of strontium oxide; like Raudnitz 

and Laborde, he also found traces of it in the liver and some other 

tissues. We have made an examination of parts of a few animals, 

with results as follows: 

Animal. Dose. Time elapsed. Strontium tests. 

Cat. 0.39 gm. intraven- | 2 days. Strong reaction with bone ; 
ously. test with muscle; none 

in blood. 

0.39 gm. subcutane- Strong reaction with bone; 
ously. none obtained from 

blood, muscle, liver, or 
brain. 

Dog (II). 1.55 gms. subcutane- | | Trace in the entire liver. 
ously. 

Rabbit (I). | 1.16 gms. subcutane- | None in the liver. 
ously. 

J. B. MacCallum * has demonstrated that the so-called saline pur- 
gatives are effective after intravenous or subcutaneous injection, as 

well as when they are introduced directly into the intestinal tract. 

Barium chloride is particularly active and, like the others, gives rise 

to an increased secretion of fluid into the intestine. The peristaltic 
movements produced can be suppressed by the application of solu- 

tions of calcium, magnesium or strontium chloride. Since all these 

salts are most efficient when they reach the intestinal wall by way 

1 Cf. Jahresbericht fiir Thierchemie, 1874, iv, p. 317, for references to the 

literature. 

2 CREMER: Sitzungs-Berichte der Gesellschaft fiir Morphologie und Physiol- 

ogie in Miinchen, 1891, vii, p. 124. 
8 WEISKE: Zeitschrift fiir Biologie, 1894, xxxi, p. 421. 

4 MacCatuum: This journal, 1903, x, p. IOI; 1904, x, p. 263. 
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of the circulation, it seems reasonable to assume a functional connec- 

tion between the physiological action of the salts on the gut, and their 

elimination by passage (secretion) through the walls of the intestinal 
tract. For calcium, magnesium and strontium salts, this path of 

elimination has now been demonstrated. Whether, as seems prob- 

able, barium salts are likewise excreted by the bowel, we hope soon 

to ascertain definitely ; their presence in the saliva has been shown 

by Neumann.! 

V. SUMMARY OF THE MorRE IMPORTANT OBSERVATIONS. 

Strontium salts are eliminated to a relatively small extent only by 

the kidneys, even after direct introduction into the circulation. The 
excretion in the urine begins soon, and ceases usually within twenty- 

four hours. 
The larger portion of the strontium eliminated is found in the 

feeces, whether the introduction of the element be per os, subcutane- 

ously, intravenously, or intraperitoneally. 
The place of excretion is apparently restricted to the region of the 

alimentary tract beyond the stomach. A functional relation to cer- 

tain phenomena of intestinal peristalsis, etc., is suggested. 

The rate of elimination is slow, and is apparently influenced by the 

calcium-content of the food. 
Strontium is found deposited in the body chiefly in the bones; 

traces may be met with in the liver and muscles. 

1 J. NEUMANN: Archiv fiir die gesammte Physiologie, 1885, xxxvi, p. 576. 
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I. INTRODUCTORY. 

URING the course of a series of experiments undertaken to de- 

termine whether the serum of rabbits which had been rendered 

tolerant to nicotine, would protect guinea-pigs against an ordinarily 

fatal dose of nicotine, some interesting facts in regard to toxicity were 
observed. The primary object of the research was not attained, how- 

ever, owing in part to the difficulty of rendering rabbits sufficiently 

tolerant, and in part to the inability to fix the fatal dose of nicotine in 

guinea-pigs with sufficient exactness. 

In the earlier experiments upon both rabbits and guinea-pigs pure 

nicotine in one per cent solution was used, but, as this is strongly 
alkaline and its injection painful in nearly all the experiments, the 

. alkaloid was converted into the sulphate by the addition of deci-nor- 
mal sulphuric acid. In every case the dose is calculated in pure 
nicotine, and is expressed in milligrams per kilogram of body 

weight, one per cent solutions being employed by hypodermic 

injection." 

1 BLYTH (‘ Poisons, Their Effects and Detection,’ 1885, i, p. 243) states that 

forty-nine parts of sulphuric acid correspond to one hundred and sixty-two parts 

of nicotine; HAGER (** Pharmaceutische Praxis,” 1900, ii, p. 477) gives half this 

17 
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II. PicruRE OF POISONING. 

The first symptoms following the hypodermic injection of a fatal 
dose of nicotine in the rabbit usually appear within five minutes. 
There are swaying movements of the body, caused by loss of co-ordi- 
nation. The ear-vessels are dilated, but may be caused to contract 

TABLE I. 

RECORD OF NICOTINE 

The black figures at the head of columns indicate the day of 

R and S were used merely to observe 

'e6!7|9 |10/11!| 12 | 13 |14 

D |10|.. 115.0] ..|17.5| -.|20| 22.5)... 1251300)... 135] ..135,0|35|..)seanem 

25|...127.5| 4 

| 26.5 | 

95.0 |..1e01) see 

20| .. |..|20 

1201 .. |.:|20 

}27 | «. {30 

Stet Mera bts ee 

16 | 17.0}18| 19.0 20) 46 
| 

instantly by slight stimulation, such as blowing upon the body. This 

reaction is lost when the poisoning is more advanced, the vessels re- 

maining dilated. The animal rests upon the belly, the legs out- 

stretched, the nose gradually approaching the floor, and then the head 

amount of acid. According to the figures of Blyth, the nicotine used in my ex- 

periments, the purest obtainable in ordinary commercial channels, was ninety- 

seven per cent of absolute nicotine. 

| 
| 
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tending to rest upon the cheek; about this time clonic convulsions 

occur, affecting the fore or hind limbs, or general in character. The 

respiration becomes slower, and ceases before the heart stops. 

The pupil-effects are not constant; the pupils may be dilated or 

very much contracted. Defecation does not usually occur when 

death is early, and the same may be said of urination; violent peris- 

TABLE I. 

INJECTIONS INTO RABBITS. 

observation ; the figures in the columns the dose (mg. per kg.).. 

symptoms and effect of heat and cold. 

| ; | 

26 27 28 29 33 37 39.43 44/50 55 61 85 87 89 91 92 93 94 95 96 

ns | 4 

ZO rele | 20]* 

POV ce es 120) 

32.5 

eesti 130\: | 

taltic movements of the intestines may nearly always be seen through 
the intact skin after death. After doses just fatal, death commonly 
results within an hour and a half; in nearly fatal cases the animal 

becomes practically normal in from two to three hours. 
Artificial respiration was tried in a number of cases where death 

was evidently imminent, but in no case did it save the animal. 
Marked improvement was seen in several cases where artificial heat 

was applied. This was strikingly shown in the cases of rabbits 
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Rand S. The room-temperature being about five degrees C. they 

were kept warm by placing them near a large can filled with hot 

water. During the first forty minutes of the experiment S did not 
exhibit symptoms of éxtreme intoxication, whereas R did so almost 

from the beginning. Owing to a slight delay in refilling the can 

when it became cooled, both rabbits were somewhat chilled, and im- 

mediately showed signs of great depression ; upon reapplying heat, R 

began to improve at once, but S died about twenty minutes later, just 

an hour from the beginning of the experiment; but for this chilling 

there is but little doubt that recovery would have followed. 
When the animal rests with wide-stretched legs, nose to the floor, 

and head inclined toward the side, with the respiration slowed, it 

may be taken as certain that the dose is not-very far from the fatal 
amount. 

In guinea-pigs the symptoms do not vary so much with the size of 

the dose, and it is, therefore, frequently impossible to state whether the 
dose was very nearly fatal or not. 

After the hypodermic injection of a fatal or nearly fatal dose of 
nicotine in the guinea-pig, salivation and rapid chewing are noticed 

within one minute, convulsions occur in from one-half to three min- 

utes, the animal falling upon its side and executing rapid pawing 

movements of the forelegs for half a minute or more. There is ex- 

treme opisthotonos. A greenish mucus is commonly forced from the 

mouth. The respiration ceases during the convulsion, or permanently 

in some cases, suggesting the thought that the mucus might cause 

closure of the epiglottis, none being found in the trachea, however, in 

such fatal cases. The frequency with which comparatively small doses 
caused death at this stage suggests some such cause. 

Almost invariably after the rotary movements of the forelegs cease, 
the animal rolls over a number of times, sometimes for a distance of 

two feet. Death results from failure of respiration, the heart contin- 

uing to beat for an hour or more after respiration ceases, the heart 

being exposed. The fatal dose for an adult guinea-pig is from forty 

to forty-five milligrams per kilogram; that for the rabbit being 

approximately twenty milligrams per kilogram. 

III. AcguireD TOLERANCE TO NorRMALLY FaTAL DosEs IN 
RABBITS (SEE TABLES I anp IT), 

Rabbits acquire a limited tolerance, but very slowly. D acquired a 
tolerance amounting to about fifteen milligrams per kilogram of body 



Nicotine Tolerance in Rabétts. 21 

weight in thirty-three days, during which time fourteen doses were 

given. This animal showed less effects from the second dose, fifteen 
‘ milligrams per kilogram, than any of the other rabbits of the series; 
but twenty-five milligrams per kilogram on the eleventh day was not 

very far from fatal. 
TABLE II. 

FATAL DOSE OF NICOTINE FOR TOLERANT RABBITS. 

Under ob-| No. of | 
arg Remarks. 

servation. | doses. 
Fatal dose. 

mg. per kg. days. 

20.0 7 

25.0 

20.0 

40.0 

27. 

24.0 

A 

B 

ce 

D 

E 

F 

G 

H 

K survived 33. Bled to death after surviving 33 days ; 
30 days elapsed between 13th and 
14th doses. 

31.0 30 days elapsed between 11th and 12th 
doses ; alternate days thereafter. 

20.0 

survived 324 

19.0 

30.0 

survived 20.0 46 mg. per kg. administered by mistake. 

20.0 

A single dose confers very little tolerance, even after some time: 

nineteen milligrams per kilogram proved fatal to O, four days after 

having had the first dose of fifteen milligrams per kilogram. 

Tolerance, when once established, is retained for some time. 

Thirty milligrams per kilogram in K, and twenty-five milligrams per 

kilogram in L, were not very nearly fatal after an interval of a month. 

Tolerance appears to remain nearly stationary when the drug is 

withdrawn ; L withstood twenty-five milligrams per kilogram, the same 
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dose given a month previously, very well, but died some days later 

when the dose was raised to thirty-one milligrams per kilogram. 

Table I gives the dose, the days of administration, and the results. » 

Table II gives: the fatal dose, the number of days under observation 

and the total number of doses given. 

IV. THe Best MeEtHop oF INDUCING TOLERANCE. 

Cushny' states: “If a quantity (of nicotine) just smaller than 
the lethal dose be injected into an animal, and two or three days after 

its recovery a second injection of the same amount be made, death 
will follow, but some of the symptoms, such as convulsions, may be 

entirely absent.” This does not seem to apply to rabbits. Rabbit 
F received twenty milligrams per kilogram on the seventh day, and 

the following note occurs in the record —“ Evidently, very nearly 

fatal,” yet, upon the ninth, tenth, eleventh, and twelfth days doses 

of twenty and twenty-five milligrams per kilogram were survived. 

Rabbit D received twenty-five milligrams per kilogram on the 

eleventh, as previously noted, this dose being not very far from 

lethal; but this rabbit survived thirty milligrams per kilogram the 
next day, a dose very nearly fatal. Rabbits H and Q similarly sur- 
vived daily doses near the lethal for three and five days respectively, 

while rabbit K received nearly fatal doses for five days and was 

finally bled to death. 
When doses approaching the fatal are given at shorter intervals 

than three days, the rabbits usually lose weight after about three 
weeks. The weight increases again if the drug is discontinued for a 

time, and, as previously stated, the acquired tolerance is retained. 

In two instances, rabbits K and N, ulcers appeared, not at the site 

of injection, but three to four inches distant, near the base of the 

spinal column. In one case this disappeared when the drug was 

withdrawn and reappeared when it was resumed. 

From these experiments we may conclude that tolerance is best 
established by giving large doses at intervals of about three days with 

occasional intermissions of a week or ten days; rather than by the 

frequent repetition of moderately large doses. Rabbits K, L, and M 
had doses of fifteen to twenty milligrams per kilogram for a month, at 

intervals of three to four days, without acquiring any considerable de- 

gree of tolerance, much less than that acquired by D in thirty-three 

1 CusHny’s Pharmacology, 1899, p. 266. 
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days by large doses, K barely surviving thirty, while L succumbed to 
thirty-one milligrams per kilogram (M is disregarded since it died 

during the night after apparent recovery from a small dose). 

Dr. Torald Sollmann, in a series of observations upon similar lines, 

observed that rabbits are less affected by a given dose after it has 

been repeated a number of times, showing an acquired tolerance to 

doses just under the lethal. My own observations confirm this, but 

my experiments did not afford so good an opportunity for observing 
this effect. 

V. Tue INFLUENCE OF AGE UPON SUSCEPTIBILITY IN THE 

GUINEA-PIG. 

The attempt to fix the fatal dose of nicotine in guinea-pigs gave 

results varying widely, particularly in those cases in which largely 

increased doses were given after an intermission of three weeks. 

That the lessened susceptibility in these cases was not due to toler- 

ance acquired from a single dose is shown by experiments upon 

Nos. 36 and 37 (see Table III). 

The suggestion naturally presents itself that age has some influence 

upon susceptibility, and in order to investigate the matter further, a 

number of very young guinea-pigs, weighing from one hundred and 

ten to two hundred grams each, were injected with doses varying 

from ten to twenty-five milligrams per kilogram. From a study of 

the table and the symptoms recorded, it may be stated that the aver- 
age fatal dose for a guinea-pig of one hundred and fifty grams weight 
is from eighteen to twenty milligrams per kilogram (about the same 
proportion to weight as for adult rabbits); while adult guinea-pigs, 

weighing four hundred grams, require about twice that proportion, or 

about forty milligrams per kilogram. 

The smallest fatal dose was fourteen milligrams per kilogram, for a 

two-hundred-gram guinea-pig (No. g) ; while twelve milligrams per kilo- 

gram proved all but fatal to No. 25, weighing one hundred and eleven 

grams, and to No. 37, weighing a hundred and fifty grams. ‘The largest 

dose survived by one of two hundred grams or under was twenty-five 

milligrams per kilogram (No. 30). As the weight increases, we find the 

smallest fatal dose, where the weight is three hundred grams or over, is 

more than thirty milligrams per kilogram, if we except No. 12, weighing 

three hundred and seventy grams, which died from a dose of nineteen 

milligrams per kilogram, while No. 20 (four hundred grams) survived a 
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TABLE III. 

EXPERIMENTS WITH NICOTINE UPON GUINEA-PIGS. 

Weight in 
grams. 

Experiment. Dose. | Remarks. 

Not nearly fatal. : A 
: = 5 cc. of serum of tolerant rabbit mixed 

40? 150 18 ? | with dose. 

8 200 = 10 Zz | 

Nearly fatal. 

eran ee ae, 
26 | 135 | 10 | 

37 150 12 | 

30 160 25 

27 170 14 

2 173 20 

38 175 18 mer ycria pee ras au of tolerant rabbit 

39 190 20 er Cen a of tolerant rabbit 

36 200 15 

33 | 210 18 
28 220 20 

14 267 28 SB ace as No. 5, used 20 days pre- 

17 275 18 Used 20 days previously. 

19 330 30 Seay 5 

20 340 30 pitt m 5 

22 410 40 ee is \ 

21 425 33 io rs 
: Fatal. ; 

; 31 110 :: 25 4 Used 3 days previously (No. 25). 

32 | 140 20 “3  & (No. 26). 
29 | 150 22.5 

37 | 170 18 Second dose 7 days after first. 

1 The animals in each class are arranged in the order of their weights. 
2 See text for explanation of apparent protection. 
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TABLE III.—Continued. 

Weight in 
Dose. cS. grams. ose Remarks Experiment. 

Fatal. 

197 

Second dose 7 days after first. 

5 c.c. of serum of tolerant rabbit mixed 
with dose. 

Third dose in 70 days. 

1 180 

34 200 

Not classified. 

195 

Used 20 days previously. 

| Used 20 days previously (No. 11). 

dose of forty-five milligrams per kilogram for sixteen minutes, and No. 22 

(four hundred and two grams) recovered from a dose of forty milligrams 

per kilogram. 

From this we must conclude that the toxicity of nicotine is fully 
twice as great for very young guinea-pigs as it is for adults. 

Table III gives the results of forty experiments upon guinea-pigs. 
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VI. Has THE SERUM OF TOLERANT RABBITS ANY PROTECTIVE 

POWER FOR GUINEA-PIGs ? 

When the work in this laboratory had been brought to the present 
stage, it was learned that Prof. J. McFarland, whose work was un- 

published, had obtained negative results in the effort to obtain an 

antitoxic serum for nicotine. 
While the results of the present series of experiments are not con- 

clusive, they cannot be said to be very encouraging. 
Hirschlaff’s ! report of the brilliant results obtained by the use of an 

antitoxic serum obtained in an analogous manner for morphine has 

been completely disproved by J. Morgenroth.? 

The failure to produce such antitoxic serum with morphine, while, 

of course, not conclusive, nevertheless points to a similar result with 

nicotine. The results in guinea-pigs Nos. 40 and 41 can be ac- 

counted for by the fact that the nicotine was given in much less 
concentration (Meltzer® having shown that strychnine is much less 

toxic in very dilute solutions), and by the lessened rate of absorp- 

tion due to proteids, which also lessens toxicity, as shown by the 

author* in the case of strychnine. 
In the cases of Nos. 38 and 39, which had 5 c.c. of the serum 

twenty-four hours earlier, while both recovered from doses of nicotine 

which might reasonably be expected to prove fatal, we find that No. 

2 and No. 30 received twenty and twenty-five milligrams per kilogram, 

respectively, and, further, the serum did not prevent convulsions; 

hence the protection, if any, was slight. 

VII. ConcLusions. 

Nicotine is very uncertain in its action. While death is due to 
failure of respiration, artificial respiration, if effective at all, must be 

begun before the centres show evidence of marked depression. The 
stimulating effects of heat are undoubtedly useful in combating the 

toxic effects. 

No cumulative effects can be seen when nicotine is given daily for 

several days. Nutritional disturbances follow its prolonged use, as is 

HIRSCHLAFF, L.: Berliner klinische Wochenschrift, 1902, xxxix, p. 1174. 

MORGENROTH, J.: Berliner klinische Wochenschrift, 1903, xl, p. 471. 

MELTZER, S. J.: Journal of experimental medicine, tg00-1901, v, p. 643. 

1 

3 

* HaTCHER, R. A.: American journal of pharmacy, 1902, Ixxiv, p. 283. 



Nicotine Tolerance in Rabbits. 27 

indicated by the constant loss of weight after a time, and by the ap- 
pearance of ulcers at a point some distance from the seat of injection, 
disappearing with the cessation of its use, and reappearing upon 

resumption. 
The preparation of an antitoxic serum for nicotine is not practical, 

if possible, with our present knowledge. 
The average fatal dose of nicotine for an adult rabbit is approxi- 

mately twenty milligrams per kilogram; for the adult guinea-pig the 

average fatal dose is approximately forty milligrams per kilogram, the 
very young guinea-pig being much more susceptible, the average 

fatal dose for one of a hundred and fifty grams or less being about 
fifteen milligrams per kilogram. 

I am greatly indebted to Dr. Torald Sollmann for suggestions and 

assistance in carrying out this research. 



STUDIES ON THE “PARADOXICAL” PUPIL-DILATA-— 

TION CAUSED BY ADRENALIN. I.—THE EFFECT 

OF SUBCUTANEOUS INJECTIONS AND INSTILLA- 

TIONS OF ADRENALIN UPON THE PUFICS 9@2 

RABBITS. 

By S. J. MELTZER anp CLARA MELTZER AUER? 

[From the Rockefeller Institute for Medical Research.] 

N our studies of the effect of intravenous injections of adrenalin 

upon the blood-vessels of rabbits’ ears,? we made the observation 

that section of the cervical sympathetic nerve changes this effect in 
some respects: the constriction of the vessels of the corresponding ear 

sets in later, develops gradually, reaches the maximum later, and lasts 

incomparably longer than in the ear of a normal animal. In further 
studies upon subcutaneous injections,® the influence of the section of 
the sympathetic nerve was still more marked. While in a normal 

animal a moderate dose of adrenalin has either no effect, or the effect 

is rather a marked dilatation of the blood-vessels, a subcutaneous in- 

jection of such a dose of adrenalin into a rabbit in which the sympa- 

thetic nerve is cut or resected, effects invariably a long-lasting 

constriction of the blood-vessels of the ears. 

Section of the sympathetic nerve, then, has a distinctly modifying 
influence upon the vasomotor effect of the extract of the suprarenal 

gland, at least as far as the ear-vessels are concerned. The question 

presented itself, whether section of the sympathetic nerve could also 
influence the effects of the suprarenal extract upon other organs which 

stand under its control. Suchan organ isthe pupil. LLewandowsky 4 

discovered that intravenous injection of suprarenal extract causes a 
dilatation of the pupil. This was confirmed by Boruttau® and by 

! Research scholar of the Rockefeller Institute for medical research. 

* MELTZER and MELTZER: This journal, 1903, ix, p. 147. 

* MELTZER and MELTzER: This journal, 1903, ix, p. 252. 

LEWANDOWSKY: Archiv fiir Physiologie, 1899, p. 360. 

® Boruttau: Archiv fiir die gesammte Physiologie, 1899, Ixxxviii, p. 112. 
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Langley.! The effect is very brief, it lasts less than a minute. It is 
distinct in cats, is less pronounced in rabbits. All agree that a sub- 

cutaneous injection has no effect, and this is explained by the assump- 

tion that the extract, before it reaches the blood, is oxidized in the 

lymph spaces. 

In extensive experience with subcutaneous injection of adrenalin in 

rabbits, we can confirm the observation that in normal animals the 

pupils are never affected by an injection of even a large dose, 
provided it does not cause asphyxia of the animal. It is different, 
however, with operated animals. In our studies of the effect of sub- 

cutaneous injections of adrenalin upon the vasomotor condition of the 
ear-vessels, during which, in a large number of rabbits, the sympathetic 
nerve was cut, or the superior cervical ganglion was removed, it was 

found that in many cases the pupil became dilated on the operated 

side after a subcutaneous injection; but the effect seemed to be 

inconstant. An analysis of our notes brought to light, however, that 

the phenomenon was observed only in those animals in which the 

ganglion was removed, and when the injection was made at least 

twenty-four hours after its removal. To test this point we instituted 

a series of experiments on rabbits in which the relations of the ex- 

cision of the ganglion and the cutting of the sympathetic nerve to the 
effect upon the pupil of a subcutaneous injection of adrenalin were 

studied systematically. The results we now obtained were constant 

and perfectly uniform. They are, briefly stated, as follows : — 
After section of the sympathetic nerve, a subcutaneous injection of 

even a large dose of adrenalin has no effect on the pupil. This can 

be said to be the rule. In a very few exceptions the injection seemed 
to cause aslight dilatation. It was, however, under all circumstances 

very slight, lasting only a few seconds, and in fact, we were never very 

sure of its occurrence. 
When, however, the superior cervical ganglion was excised, the effect 

of a subcutaneous injection of adrenalin upon the pupil was a very 

striking one. Even after the injection of such a moderate dose as 

0.6 c.c., the pupil on the side on which the ganglion was removed 

became dilated ad maximum. It is safer, however, to employ a 

somewhat larger dose,—about 1.0 or 1.2 c.c. of adrenalin chlo- 

ride (1: 1000). In ten or fifteen minutes the pupil then becomes 
very dilated, and remains so for at least one hour, and very often for 

1 LANGLEY: Journal of physiology, 1901-1902, xxvii, p. 237. 
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more than even two hours. In some cases the dilatation begins to 

show three to four minutes after the injection. 
When the dilatation caused by adrenalin is ad maximum, the 

dilated pupil does not react to light. 

When previous to the administration of adrenalin the pupils were 

made myotic by means of instillation of eserin, the subcutaneous in- 

jection of adrenalin caused, nevertheless, an ad maximum dilatation of 
the pupil on the operated side, while on the normal side the myosis 

was not affected in the least. Adrenalin apparently overcomes 

completely the effect of eserin. 
The dilating effect of adrenalin upon the pupil can be seen 

only when the subcutaneous injection is made at least twenty-four 

hours after the removal of the ganglion. Injections made at an 
earlier period exercise apparently no effect upon the pupil, — while 

the vaso-constricting effect upon the ear-vessels of the operated 

side is very distinct, even if the injection be made soon after the 

operation. 

The effect upon the pupil takes place only when the entire gang- 

lion is removed. Section of all the connecting branches except the 
upper one, or removal of the lower two-thirds of the ganglion, does 

not lead to a response of the pupil by dilatation after a subcutane- 

ous injection of adrenalin. In tearing out the ganglion in earlier ex- 

periments, we met with a few failures. On reopening the wound it 
was found that the removal was incomplete. The subsequent removal 

of the remaining portion brought out the usual result. 

We have also studied the effect upon the pupil of instillation of ad- 

renalin into the conjunctival sac after removal of the ganglion. Rad- 

ziewsky ! was the first to state that instillation of suprarenal extract 
exerts no effect upon the pupil. This was confirmed by Lewandow- 

sky? and Boruttau.* From our studies we can confirm the observation 
that instillation does not affect the pupil of a normal rabbit. Neither 

does it cause any change in the pupil even after the sympathetic 

nerve is cut. However, twenty-four hours after complete excision of 

the superior cervical ganglion, instillation of adrenalin causes a dila- 

tation of the pupil on the operated side. The degree of the dilatation 

depends upon the quantity instilled. After four or five instillations 

1 RADZIEWSKY: Berliner klinische Wochenschrift, 1898, p. 572. 
2 LEWANDOWSKY: Loc. cit. 

8 BORUTTAU: Loc. cit. 
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of two drops at a time at intervals of two or three minutes, the dila- 

tation can be ad maximum. The dilatation lasts also for some time 

—several hours; usually, however, it disappears sooner than after a 

subcutaneous injection. The myotic effect of eserin is also overcome 
by instillation of adrenalin. We have never observed constitutional 
effects from instillation; for instance, we have never seen a con- 

striction of the ear-vessels taking place after otherwise effective 

instillations of adrenalin. 
The difference in the effect between section or resection of the 

sympathetic nerve and excision of the superior cervical ganglion is 
brought out best when the ganglion is removed on one side and the 

sympathetic nerve cut on the other side of the same animal. After a 
subcutaneous injection of a medium dose of adrenalin, there is then 

no difference in the condition of the ear-vessels on the two sides, 

both ears look equally pale; but there is a striking contrast in the 

pupils, the pupil on the side without the ganglion is widely dilated, 

while the one on the other side remains more contracted than normal, 

on account of the section of the sympathetic nerve. 
We have frequently employed the following method to bring out 

some of the above-described results in a striking manner. The hind 

leg of an operated rabbit was tightly ligated above the knee anda 

medium dose of adrenalin injected into the leg peripheral to the liga- 

ture. When after some time the ligature was removed, the pupil on 

the side on which the ganglion was removed became widely dilated 

in less than half a minute, while on the normal side or the side on 

which only the sympathetic nerve was cut the pupil remained un- 

changed. It required some experience to attain the proper degree 

of tightness of the ligature. In a rabbit it is quite difficult to 

apply a single ligature tight enough so that none of the adrenalin 

shall escape under the ligature. We then often see a slight dilata- 

tion of the pupil (and constriction of the ear-vessels) taking place 

before the ligature is removed. A double ligature will safely prevent 

the escape. But then the ligature has to be removed in less than an 

hour; otherwise the absorption becomes impaired and also frequently 

leads to gangrene of the leg. However, after some experience it is 

not difficult to find a proper degree of tightness (best two ligatures 

of moderate tightness) which will prevent any escape and which at 

the same time will not permanently impair absorption. In such a 

case, the ligature can be kept for two hours and even longer, and after 
its removal the effect of adrenalin is a striking and nearly an instan- 
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taneous one. We shall discuss later the significance of such an 

experiment. 

Our experience with the effects of intravenous injections of adren- 

alin on the pupil, is still too scanty to permit any detailed statement; 

we gathered it only incidentally in experiments carried on for other 

purposes. As far as our experience goes, intravenous injections 

showed the same conditions as were observed in the subcutaneous 

injections and instillations, z. e., on the side on which the ganglion 

was removed the pupil also became dilated after an intravenous in- 

jection, and the dilatation lasted for quite a long time; whereas on the 

normal side or on the side on which the sympathetic nerve was cut, 

the dilatation was comparatively insignificant and lasted only a few 

seconds. We may, however, come back to this subject in a later 

communication. 

We shall illustrate the above-stated results by a few protocols of 

experiments. They are greatly abbreviated, as many of these experi- 
ments were utilized also for a study of the vasomotor phenomena 

in the ears. 

Experiment 58. Dec. 1, 1902.— Large brown rabbit.2. Right ganglion torn 

out, . = . left side normal. ... 

Dec. 2.—. .. No difference in size of the two pupils. 

Dec. 8. — 4.00 P.M.: Subcutaneous injection of 1.5 c.c. of adrenalin 

(1 : 1000), right pupil much dilated, no noticeable effect upon left. 5.30, 

7.00, and g.00 Pp. M.: No change. 

Dec. 4. — 10.00 A.M.: Both pupils about equal. 2.45 p.M.: Injected 

subcutaneously 1.5 c.c. 2.50: Right pupil large. ... 3.10: Right 

pupil very wide... . 4.40 and 6.00 p.m.: Right pupil wider than left. 

g-00 P.M.: Right pupil same size as left. 

Dec. 12. — Right pupil smaller than left. 

Dec. 18. — Right pupil smaller than left. Subcutaneous injection of 

1.5 c.c. . . . Right pupil much dilated. 

Dec. 23. —8.00 P.M.: Subcutaneous injection of 0.6 c.c. In a few 

minutes right pupil wide. g.oo p.M.: Right pupil smaller again, but still 

wider than before injection. 

Dec. 24. — Hind leg ligated, injected below ligature 1.2 c.c. of adren- 

alin, .. . “ligature taken off in five to seven minutes, the right ear be- 

came pale immediately, the left ear still full; the right pupil very wide.” 

In this experiment repeated injections invariably brought out a 

prompt effect, — even a dose of only 0.6 c.c. caused an unmistakable 

! All animals were narcotized during operation. 
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dilatation. With doses of 1.5 c.c. the dilatation lasted at least three 

hours. 

Experiment 61.— Small gray rabbit. . 

Dec. 9. — Cervicals operated. 

Dec. 16. — Wound reopened and left ganglion removed. . . . 8.30 

p.M.: Left pupil smaller. Injected subcutaneously 1.5 c.c. Right ear, 

no change ; left ear pales gradually ; no effect on eyes. 

Dec. 17. — 8.30 Pp. M.: .. . left pupil a trifle wider than right. In- 

jected subcutaneously 1.5 c.c., ... in a few minutes left pupil wider 

than right. 

Experiment 62. Dec. 10. — Right sympathetic cut. 

Dec. 16. — Right pupil a trifle smaller than left. 11.45 a.M.: Injected 

subcutaneously 1.5 c.c. . . . No effect on eyes. 4.15 p.M.: Right pupil 

a trifle smaller. Wound reopened and right ganglion torn out. . . . 6.00 

P.M.: Right pupil smaller. . . . 8.00 p.m.: Injected 1.5 c.c.; right ear 

becomes pale; . . . no effect on eyes; ... a second injection: no 

effect on pupils. 

Dec. 17. —6.00 P.M.: Pupils about equal. Injected subcutaneously 

1.5 c.c. . . . In three minutes the right pupil begins to dilate, in fifteen 

minutes very wide. . . . 9.45: Right pupil much wider than left. 

Dec. 23.— 6.00 p. M.: Hind leg tightly tied with Esmarch bandage ; 

injected into distal end 2.0 c.c. ; toxic symptoms while bandage still on ; 

bandage removed; . . . right pupil very wide. 9.00 p.m.: Right pupil 

wide. 

Dec. 24. — Injected subcutaneously 1.00 c.c. Right pupil becomes 

wide. 

Fan. 14, 1903. — 5.30 p.M.: Leg very firmly tied. No effect noticed. 

’ Ligature removed at 7.00 P.M. In two minutes pupil very wide. 

In this experiment section of the sympathetic had no effect; but 
twenty-four hours after subsequent removal of the ganglion, the effect 
was invariably positive. It shows also that even a firmly applied 

Esmarch bandage permitted the escape of the adrenalin. 

Experiment 67. Fan. 13, 1903. —5.30P.M.: Right ganglion removed; . . . 

right pupil much smaller than left. 

Fan. 14. — Evening. Instilled into both conjunctival sacs adrenalin. 

In about five minutes the right pupil began to dilate slowly. . .. In 

three hours still widely dilated. No effect on left pupil. 

Experiment 70. Fan. 27, 1903. — Large rabbit. Right sympathetic resected ; 

after ten minutes right pupil smaller than left. 
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¥an. 80.— Injected subcutaneously 1.2 c.c. adrenalin; . . . effect on 

ear-vessels but not on pupils. 

Fan. 31,.—11.30 A.M.: Left ganglion removed, . . . pupils about 

equal, left conjunctiva injected. 6.00 p.M.: Instilled adrenalin into both 

conjunctival sacs, no result. 

Feb. 1. —11.00 A. M.: Left pupil somewhat wider than right. Instilled 

adrenalin into both conjunctival sacs; right pupil, no change, left dilates 

slowly ; after three-quarters of an hour, well dilated; no reaction to 

light. 

Feb. 2.— Leg tied with double ligature; injected 1.5 c.c. adrenalin 

peripherally to ligature ; apparently no escape; ligature removed after 

two and a half hours; twenty-five seconds later left pupil widely dilated ; 

no change in right pupil. 

Experiment 77. March 2.— Right ganglion removed, left sympathetic re- 

sected. 

March 4.—Instilled adrenalin into beth conjunctival sacs. In two 

minutes right pupil rapidly dilating ; in ten minutes dilated ad maximum ; 

no change in left pupil. 

These few protocols are sufficient to illustrate the essential points of 

our statements. But we have made quite a large number of such ex- 

periments, and all gave uniformly the same results. In nearly a dozen 

instances the experiments were demonstrated to interested observers 

without a single failure. The previous use of eserin brings out the 

main phenomenon in a striking way. 

The longest period during which we had operated animals under 

observation was three and one-half months. The effect of a subcu- 

taneous injection was at the end of this period as pronounced as in the 

first few days after operation. The effect of instillations seemed 

somewhat diminished, the dilatations did not reach the maximum, and 

returned to normal sooner than before. However, these observations 

have not been numerous enough as yet to permit positive conclusions 

to be drawn. 

Our protocols of the above-mentioned series of experiments contain 

a few notes with reference to the effects of section of the sympathetic 
nerve and removal of the ganglion upon the condition of the pupil, 

which may deserve to be recorded. 

In a few cases the ganglion was removed a few days after the 
sympathetic had been resected. In none of these cases was the con- 

striction of the pupil increased by the removal of the ganglion. 

Furthermore, when the sympathetic nerve was cut on one side, and at 
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the same time the ganglion was removed on the other side, the con- 
striction of both pupils was, in our experiments, the same. Budge,! 

Langendorff,? and others state that on the first day after the opera- 
tion, the pupil on the side on which the ganglion was removed is 

more constricted than on the side on which the sympathetic was cut, 

and the conclusion is therefore drawn that besides the dilating tonus, 

kept up by the fibres of the sympathetic nerve, an additional dilat- 

ing tonus emanates from the cells of the superior cervical ganglion. 

Kowalewsky ® and other writers, however, could not confirm this state- 
ment. Our own restricted experience seems to agree with that of 

the latter authors. 

In most of the experiments on the removal of the ganglion, we find 

that on the day after the removal, the pupil on the operated side was 

wider again, — being mostly “ about equal” to the pupil of the other 

side, if the latter was normal, or “a trifle wider” when the sympa- 

thetic was cut on the other side. Similar observations have been 

already recorded by Budge, and were subsequently observed by a 

number of other writers. We find in our notes, however, that in 

some cases, from the seventh day on after the operation, the pupil on 

the ganglion side was smaller again than on the normal side (see 

above, Experiment 53). In others the conditions seemed to vary 

during the entire period of observation, sometimes the pupil on the 

ganglion side being equal to that of the sympathetic side, and at 

other times being a trifle larger, without there being any visible rea- 

son for the variations. 
We have never noticed that excitement of the animal favored a 

dilatation of the pupil on the ganglion side. Neither have we ob- 
served that the usual state of even deep anesthesia (we employed 

only ether) brought out a greater dilatation of the pupil on the gang- 

lion side. In two cases, however, in which the very deep anesthesia 

brought on asphyxia of the rabbits, the pupil on the ganglion side 

was noticed to be visibly wider than on the sympathetic side; the 

latter also became somewhat dilated. 
In a number of protocols of experiments in which the ganglion was 

removed, it was noted that the conjunctiva on the operated side was 

1 BuDGE: Ueber die Bewegung der Iri$, Braunschweig, 1855, p. 125. 
2 LANGENDORFF: Klinische Monatsblatter fiir Augenheilkunde, 1900, xxxviii, 

p- 129 and p. 823. 

8 KOWALEWSKY: Archives slaves de biologie, 1886, i, p. 592. 

* BUDGE: Loc. cit. 
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injected. There is no such remark in any case in which the 

sympathetic was cut. 
In three rabbits the sympathetic nerves were stimulated low down 

in the neck many weeks after the operation. In two rabbits in which 

the ganglion was removed on one side, the corresponding sympathetic 
nerves were stimulated forty-five days after the operation. With very 

strong induction currents there was a moderate constriction of the 

ear-vessels; no effect upon the pupil. In a third rabbit in which the 
ganglion was removed on one side, and the sympathetic nerve was 

resected on the other side, the sympathetic nerves were stimulated 

seventy-one days after the operation. There was a fair constriction 
of the blood-vessels on the ganglion side, with a moderate current 

(300 units, Kronecker’s model), while there was no effect at all either 

on the blood-vessels or on the pupil on the side on which the sympa- 

thetic nerve was resected, even when stimulated with very strong 

currents (3000 units and more). On this side apparently no regen- 

eration took place even after seventy-one days. 
We shall not enter into any discussion of the observations we have 

just recorded. They are not sufficient in number and were gathered 

only incidentally to our chief studies. The discussion of the latter 
will be carried out in a subsequent paper. 



STUDIES ON THE “ PARADOXICAL” PUPIL-DILATATION 

CAUSED BY ADRENALIN.» II.— ON THE INFLUENCE 

OF SUBCUTANEOUS INJECTIONS OF ADRENALIN 

HPON THE EVES"Or ATS” AFTER 'KEMOVAL’ OF 

THE SUPERIOR CERVICAL GANGLION. 

By S. J. MELTZER. 

[From the Hallerianum in Bern.]| 

SS. its influence upon the pupil, the cervical sympathetic 

nerve controls also the width of the palpebral fissure, the move- 

ments of the nictitant membrane and the position of the bulbus. The 
influences upon the latter phenomena are indistinct in rabbits, but 

are outspoken in cats. The studies in the foregoing paper were 

made on rabbits, and were therefore restricted to the influence of ad- 

renalin upon the pupil. Last summer, while enjoying the unlimited 

hospitality of the physiological laboratory in Bern (thanks to the 

kindness of Professor Kronecker), I have made some observations 

also on the effect of adrenalin upon the eyes of cats. The experi- 
ments were made chiefly with subcutaneous injections. The results 

obtained are, briefly stated, as follows. 

Subcutaneous injections of even large doses of adrenalin have no 

effect upon the eyes of normal cats. When the sympathetic nerve 

(or more often the vago-sympathetic) was cut on one side, the pupil 

on the corresponding side became smaller, the palpebral fissure nar- 

rower, and the nictitant membrane covered a good part of the eye. 

(Of the position of the bulbus I was never sure enough, and can 
therefore make no positive statement with regard to it.) When now 

one c.c. or more of adrenalin was injected subcutaneously, a retraction 
of the nictitant membrane very soon followed; this occurred even if 

the injection was made soon after the operation. But at no time and 

with no dose of adrenalin could the condition of the pupils or the 

palpebral fissure be affected by a subcutaneous injection. 

However, if the superior cervical ganglion was removed, a subcu- 

taneous injection of adrenalin caused a distinct widening of the pal- 
37 
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pebral fissure and a complete dilatation of the pupil. This effect could 

be obtained only when the drug was injected at least 48 hours after 

the operation (24 hours in rabbits). At least 1.5 c.c. was required 

to bring out a distinct effect, even in a small and young animal. 

Older and larger animals required larger doses. The larger the dose, 

the sooner the phenomena appeared, and the longer they lasted, — the 

pupil sometimes remaining dilated for six hours and longer. Usually 

there was immediately after the injection a distinct dilatation of the 

pupil on the operated side, which, however, disappeared soon again, 

but reappeared in 15 to 40 minutes, according to the injected dose of 

adrenalin, to remain then unchanged for hours. The primary dilata- 

tion is probably due to the excitement of the animal, or to the pain 
produced by the injection; since both can, as we now know, bring 

on the so-called paradoxical dilatation of the pupil. I shall state, 

however, that by injection of water I could never bring on this 

primary dilatation of the pupil. 
In no instance, even if the pupil was ever so dilated, was the reac- 

tion to light lost, or perhaps not even perceptibly affected. (Jn rab- 

bits, as we have stated above, with the dilatation of the pupil there was 

also always an impairment or complete loss of the reaction to light.) 
However, the largest dose of adrenalin which I have ever used sub- 

cutaneously on operated cats was 3 c.c., and it is possible that a 

larger dose might indeed affect also the reaction. (I have avoided 
larger doses in order not to risk the life of the animal. It is worth 

mentioning, however, that with the exception perhaps of an occa- 
sional diarrhoea, in no case were the cats affected by even a dose of 

3 c.c.; while even in a larger rabbit a dose of 2 c.c. would cause a 

marked paresis and general prostration.) 

When the sympathetic nerve was cut on one side, and the ganglion 

removed on the other side, the contrast between the pupils and the 

palpebral fissures of the two sides was very striking. The retraction 

of the nictitant membrane occurred on both sides, but it seemed that 

on the ganglion side the retraction was more marked and lasted 

longer than on the sympathetic side. But even on the ganglion side 

the retraction gave way sooner than the other phenomena. 

The described phenomena could be produced at will as long as the 

animals were kept alive, that is for about six weeks. 

I have not been successful with instillations of adrenalin into the 

eyes of operated cats, on account of the protruding nictitant mem- 

brane which would sweep over the entire eye, as soon as the adrenalin 
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came in contact with it, thus removing the adrenalin. But I must 

admit that I have not been persistent enough in my attempts. 

I may perhaps put on record that in two instances I made an oper- 

ated cat drink milk to which 6 c.c. of adrenalin had been added. 

About an hour after the partaking of the milk, the pupil on the gang- 
lion side began to dilate. The dilatation lasted for a few hours, but 

was never considerable. 

In one operated cat which was kept under a moderate ether anzs- 

thesia, and in which there was no perceptible difference between the 

two pupils, an intravenous injection of 1 c.c. of adrenalin brought on 

a maximum dilatation of the pupil on the ganglion side which lasted 

for one hour. At the end of that time the cat was killed, but the 

dilatation of the pupil persisted for two hours longer. 
Like Langendorff,! I have also observed that in a deeply etherized 

cat the pupil on the “ ganglion side” becomes greatly dilated, while 

on the ‘sympathetic side” the pupil remains unchanged. This 
occurred only when the deep anzsthesia was carried on and com- 

pleted under a glass bell, in the same manner as was stated by Lan- 

gendorff. By this method, however, we have not only anesthesia by 

ether, but also asphyxia by carbon dioxide. When, however, in an 

early stage of the anesthesia the cat was quickly removed from under 

the bell and fastened on a board, and the ether administered in free 
air, the animal was under a fairly good anzsthesia without showing 

any marked difference between the two pupils. 

1 LANGENDORFF: Loc. cit. 
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TION CAUSED’ BY ADRENALIN. IIIl.—A DISCUS- 

SION OF THE NATURE \OF THE PARADOXIGA® 

PUPIL-DILATATION CAUSED BY ADRENALIN. 

By S. J. MELTZER anp CLARA MELTZER AUER: 

[From the Rockefeller Institute for Medical Research.] 

| ik the foregoing reports it has been shown that subcutaneous 

injections (or instillations) of adrenalin have no effect upon the 

normal pupil nor upon a pupil whose sympathetic nerve was cut or 

resected. But if the superior cervical ganglion was removed, adrena- 

lin invariably caused a strong and long-lasting dilatation of the 

corresponding pupil. The presence of the ganglion then prevents 

the dilating effect of adrenalin upon the pupil; by its excision some- 

thing is removed which is normally an obstacle to the dilatation. It 
has long been known that when the sympathetic nerve is cut, the 
pupil becomes smaller. The generally accepted interpretation of 

this phenomenon is that the nerve fibres of the sympathetic are 

continually carrying mydriatic impulses to the pupil, which are dis- 

continued by section of the nerve. It would seem to be the same 
logical interpretation to state that by the excision of the ganglion 

certain normal myotic impulses are removed. But we would then 

have to assume that the sympathetic nerve carries to the pupil from 

the central nervous system mydriatic impulses, and that the superior 

cervical ganglion sends myotic impulses through the postganglionic 
fibres. In other words, the ganglion generates and sends to the peri- 

pheral tissues impulses of its own, which in their character are just 

opposite to those sent by the central nervous system through the 
sympathetic nerve fibres. 

However, the conception of the cervical sympathetic system as a . 
conveyer of mydriatic impulses to the pupil is more than sixty years 

old and is deeply rooted. The early and oft expressed claim that the 

1 Research scholar of the Rockefeller Institute for medical research. 
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superior cervical ganglion sends up impulses of its own had refer- 

ence only to such impulses as were exactly of the same character as 
those carried by the sympathetic nerve, — additional mydriatic im- 
pulses. When, therefore, facts became known showing the occurrence 

of the dilatation of the pupil after removal of the ganglion, these facts 
did not give rise to the logical interpretation that the ganglion might 

normally send myotic impulses; the phenomena were simply dubbed 

“ paradoxical.” 

The term “ paradoxical pupil-dilatation ” is of very recent origin. 

It was introduced a few years ago by Langendorff! to designate a 

group of dilatations of the pupil occurring under certain conditions 

after removal of the superior cervical ganglion. To this group be- 

longs in the first place also the old observation of Budge, that when 

the sympathetic nerve is cut on one side below the superior ganglion, 

and on the other side the postganglionic fibres are cut (thus exclud- 

ing the influence of the ganglion), a day or two after the operation 

the pupil on the “ganglion side” is a little wider than the one on 

the sympathetic side. Of the other conditions which favor the ap- 
pearance of the paradoxical pupil-dilatation we have to mention deep 

anzesthesia by chloroform, ether, or chloral, asphyxia, and excitement 

of the animal. If the ganglion were removed on one side, and the 

sympathetic nerve cut on the other side, these conditions would cause 

a wide dilatation of the pupil on the “ ganglion side,” with no effect 
upon the pupil on the ‘‘ sympathetic side.” It was also observed that 

curare had the same effect.” 
Besides Langendorff, who studied the phenomena carefully, and 

who deserves special credit for having directed attention to them, the 

subject was investigated by many observers before him. Langen- 

dorff himself mentions as his forerunners, Budge,? Surminsky,! 
Tuwim,° and Schiff. Besides these authors, the phenomena were 

’ 

1 LANGENDORFF : Loc. cit. 
2 It is, however, a question whether in the cases of anesthesia as well as of 

curare the paradoxical mydriasis is not due to the concomitant asphyxia. In the 

above-described observations of one of us upon cats, anesthesia without asphyxia 

never brought out the paradoxical pupil-dilatation. The same was observed by 

H. K. Anderson, who is of the opinion that the effect of anesthesia “is not direct, 

but indirect by the anzsthesia it causes.” 
8 BUDGE: Loc. cit. 

4 SURMINSKY: Zeitschrift fiir rationelle Medicin, 1869, xxxvi, p. 231. 

5 Tuwim: Archiv fiir die gesammte Physiologie, 1881, xxiv, p. 127. 

6 SCHIFF: Gesammelte Beitrige, 1896, iii, p. 107. 
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carefully studied by Kowalewsky,! Braunstein? and Roebroeck.? Since 
the publication of Langendorff’s paper, the subject was studied and 

discussed by Levinsohn,t Lewandowsky ® and H. K. Anderson.® 
We should add that the conditions which bring out the paradoxical 

pupil-dilatation cause also a widening of the palpebral fissure and a 

retraction of the nictitant membrane. 

The paradoxical pupil-dilatation following the injection or instilla- 

tion of adrenalin, which we have described above, is in most respects 

similar to the phenomenon observed under the other conditions. It 

cannot be due, however, to pain or excitement of the animal caused 

by the injection, since in all cases the dilatation takes place long 
after the injection; and it cannot be due to asphyxia, since it occurs 

after the use of such small doses as produce no ill effect whatever 

upon the animal; and since it is also produced by instillations which 

exert only a local influence. The effect is apparently due to the 

specific action of adrenalin upon the concerned tissues. But what 

is the nature of this action, and which tissues are affected? What is 

the mechanism of this mydriasis? For the interpretation of the 

paradoxical pupil-dilatation consequent upon the causes enumerated 

above (anesthesia, etc.), there are a number of theories. Budge 

assumes that the total abolition of the tonus of the dilator pupillz, 
which is accomplished by the removal of the ganglion, leads finally 

also to a relaxation of the sphincter, —a sort of atrophy by disuse. 

This theory was also accepted by Tuwim, and is at present advocated 

by Levinsohn. Surminsky assumed that these dilatations are caused 
by constrictions of the blood-vessels of the iris. Braunstein is of the 
opinion that the dilatations are caused by a cortical inhibition of 

the sphincter. Langendorff and also Roebroeck assume that, after 

the removal of the ganglion, the dilator is more or less in a state of 
contracture kept up by the processes within the degenerating post- 

ganglionic nerve fibres. Kowalewsky assumes that the ganglion sends 

1 KOWALEWSKY: Loc. cit. 

* BRAUNSTEIN: Zur Lehre von der Innervation der Pupillenbewegung, Wies- 
baden, 1894. 

* ROEBROECK: Het Ganglion Supremum Colli Nervi Sympathici, Utrecht, 
van Boekhoven, 189s. 

* LEVINSOHN: Klinische Monatsblatter fiir Augenheilkunde, 1900, xxxviii, 

p. 625; Archiv fir Ophthalmologie, 1902, lv, p. 153. 

®* LEWANDOWSKY: Sitzungsberichte der Ké6niglich-Preussischen Akademie 
der Wissenschaften, Igoo, p. 1136; Archiv fiir Physiologie, 1903, p. 367. 

° H. K. ANDERSON: Journal of physiology, 1903, xxx, p. 290. 
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exciting as well as inhibiting nerve fibres to the dilator. Lewandow- 

sky finally is of the opinion that the dilatation is due to an increased 
excitability of the dilator muscle owing to the loss of an inhibitory 

influence exercised by the ganglion over that muscle. 
In stating our views as to the nature and course of the paradoxical 

state in question, we shall restrict our discussion to the pupil-dilata- 

tion caused by adrenalin. Neither shall we enter into a general dis- 

cussion of the availability of the above-quoted theories for our special 
case. We shall try to state our interpretation of the phenomena 

observed by us without attempting to controvert the views promul- 

gated by others. 
There is, however, one of the older interpretations which seems to 

have been definitely disposed of by our present-day writers, but 
which, it seems to us, requires a discussion in our special experience. 

It is the theory that the pupil-dilatations are caused by a contraction 

of the blood-vessels. As the constriction of the blood-vessels is 
the chief characteristic of adrenalin, we have indeed to investi- 

gate whether the dilatation of the pupil is not simply due to this 

constriction. 
When Lewandowsky ! first discovered the brief dilatation of the 

pupil after an intravenous injection of the suprarenal extract, he 

already touched upon the question whether it be not due to the 

vasoconstriction of the vessels of the iris, but dismissed this sugges- 

tion by the remark that the dilatation is too great to be caused by 
the constriction of the vessels. Lewandowsky had apparently in 
mind the older view of the dilatation of the pupil being caused 
mechanically by the constriction of the blood-vessels. But with 

adrenalin there is another side to this question. The constriction of 

the vessels is so strong as to cause local anemia or local asphyxia, 

and the question can be raised indeed whether the pupil-dilatation 

is not caused indirectly by the local asphyxia. The pupil-dilatation 

which we observed to occur after administration of adrenalin would 
thus be simply another variety of paradoxical mydriasis due to as- 
phyxia. This might appear the more plausible since we know that 

after the removal of the ganglion (or section of the sympathetic), the 
constriction of the blood-vessels of the ear lasts a long time ; and we 

might justly assume that after their release from the influence of the 

sympathetic nerve, the blood-vessels of the iris under the influence 

of adrenalin also remain contracted for a long time. 

1 LEWANDOWSKY: Loc. cit. 
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The facts that the palpebral fissure and nictitant membrane also 

show a paradoxical behavior, which was formerly adduced as a proof 
against the blood-vessel theory of the dilatation of the pupil, cannot 

be used in our case; as the muscles concerned in these phenomena 

might also be asphyxiated and thus cause the tonic contraction. 
There is, however, one fact in our experience which seems to speak 

against this assumption. For the blood-vessels of the ear we have 

established that the simple section of the sympathetic is sufficient to 
prolong the constricting effect of adrenalin, and that the removal of 

the ganglion does not increase this effect. We are justified in as- 

suming that the same holds good also for the other blood-vessels 

under the control of the sympathetic, including the vessels of the 

iris. Nevertheless administration of adrenalin causes dilatation of 

the pupil only after removal of the ganglion and not after section of 
the sympathetic nerve. Furthermore, we have often observed a dila- 

tation of the pupil after injection of such a small dose of adrenalin as 

had no effect upon the blood-vessels of the ear. Finally the dilated 
pupil after injection of adrenalin persisted for hours after the death 

of the animal, when there could hardly have been any difference in 

the state of asphyxia between the tissues of the two eyes. Moreover, 
we ought also to point out that there is no gain in the assumption 

that the contraction of the smooth muscle fibres of the eye is due to 
asphyxia, and not to direct stimulation by the adrenalin. Since we 

know that this substance causes prompt contraction of the muscular 

sheath of the blood-vessels, why can we not assume that it can also 
cause the contraction of the dilator muscle of the pupil? 

In presenting now our view of the nature of the paradoxical pupil- 

dilatation following the administration of adrenalin, we shall state at 

the outset that we see in this phenomenon an indication indeed, as 
we have stated at the beginning of our paper, that the ganglion 

sends normally impulses which prevent the dilatation of the pupil, — 

impulses which are opposite to those carried by the sympathetic 

nerve and which are represented, in part at least, by inhibition of 

the excitability of the dilator muscle. This agrees in general with 

the views of Kowalewsky and of Lewandowsky. We further agree 
with Lewandowsky and Anderson that the paradoxical phenomena 

are due, in part at least, to an increased excitability of the contractile 

tissues which have been freed from the influence of the ganglion. 
We finally also agree with the views of Lewandowsky and Langley 

that the suprarenal extract causes dilatation of the pupil and the 
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other smooth muscles of the eye by directly stimulating the con- 

tractile tissues. In order to state our own view more explicitly, 
however, we have to go a little further. 

It is now well established that the dilatation of the pupil is accom- 

plished by the contraction of a muscle, the dilatator pupilla, just 
as the constriction of the pupil is accomplished by the contraction 

of the constrictor pupill2. Both muscles are exact antagonists, just 

as are such muscles as the extensors and flexors of an extremity; or 
as the rectus externus and internus of an eye. The constriction and 

dilatation of the pupil change with great rapidity, and the rapid play 

goes on nearly continually. Could such a rapid play ever take place 
if during the contraction of one muscle its antagonist should still be 

contracted and would simply have to be overpowered by sheer force? 

This seems hardly to require any discussion. Nobody claims it. 

The one antagonist is relaxed in proportion as the other contracts. 
What causes the relaxation? Is it simply a withdrawal of the im- 

pulse for contraction? We deal here with smooth muscle fibres 

whose contraction when once started would last a good many seconds, 

while the changes in the width of the pupil take place within a frac- 

tion of a second. The conclusion is unavoidable that the relaxation 

is an active one, —an inhibition of the contraction, not only of a 

tonus, as is often stated, but of an active contraction. And the 

further conclusion is, therefore, unavoidable that with each con- 

traction of the dilator a simultaneous proportionate inhibition of the 
constrictor takes place, and, conversely, with each contraction of the 

constrictor a simultaneous inhibition of the dilator takes place.! 

1 T wish to append here the following remark: In my paper Das Schluckcen- 

trum, seine Irradiationen, etc. (DU Bois REYMOND’s Archiv fiir Physiologie, 1883, 

p. 209), I stated that in order to execute proper locomotion the nerve which 

controls flexion ought also to carry inhibitory fibres for the extension of an ex- 

tremity. I have then called attention to the fact that such a proper antagonistic 

arrangement is to be found in the nervous mechanism of the respiratory function ; 

for instance, the stimulation of the superior Jaryngeal, the second branch of the 

trigeminus and the central end of the splanchnic nerves, causes a contraction of 

the expiratory, and, simultaneously, an inhibition of the inspiratory muscles. I have 

also pointed out that from the “ expiratory centres” (CHRISTIANI) active expiration 

and inhibition of inspiration can be produced; z. e. “that the centre for inhibition 

of inspiration is anatomically associated with that for active expiration and not 

with that for active inspiration.” It was not until a good many years later that 

SHERRINGTON showed that stimulation of the central end of the nerve for the 

flexors (hamstring muscles) causes an inhibition of the extensor cruris; and 

that SHERRINGTON and H. E. HERING demonstrated that the same cortical area 
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In this connection the experiments of E. Waymouth Reid? on the 

electrical currents of the iris during dilatation and constriction are of 

considerable interest. We know now that during the contraction 

of a muscle the electrical current is of a negative, and during its 

inhibition of a positive variation (Gaskell). Now Reid connected one 

pair of electrodes with the constrictor, and another pair with the 
dilator of the pupil, and observed the character of the currents which 
appeared during constriction and dilatation. When dilatation of the 
pupil was caused by stimulating the peripheral end of the sym- 

pathetic nerve, it was found that the current of the dilator showed 
a negative variation, while that of the constrictor showed a positive 
variation. This shows that the impulses sent through the sym- 

pathetic to the pupil are of two kinds: excitation to the dilator and 
inhibition to the sphincter. The reverse occurred when a constric- 

tion was caused by stimulating intracranially the oculo-motor nerve. 

We have said above that the impulses sent by the ganglion are 

just the opposite to those carried by the sympathetic nerve. We can 

now say more precisely that the impulses of the ganglion are: inhi- 

bition of the dilator and excitation of the constrictor. As is usual 
with all antagonistic nerve fibres when they are stimulated simul- 
taneously with the same strength, a resultant follows showing con- 

siderable predominance of the effects of one of the nerves. (Vagus 

from which one group of muscles can be made to contract contains also the cen- 

tre for inhibition of the antagonistic group of muscles. V. BAscH and EHRMAN, 

and FELLNER and vy. ZEISSL have stated that the nerve trunk which contains 

the fibres inhibiting the circular muscle fibres of the small or large intestine, or the 
constrictor vesice, carries also the nerve fibres which cause contraction of the 

(antagonistic) longitudinal muscle fibres of the intestine or the detrusor vesice, 

and vice versa. They called this nervous arrangement of the organs “ crossed 

innervation.’’ SHERRINGTON designated the correlated phenomena which he ob- 

served on skeletal muscles “reciprocal innervation.” In my second paper on 

inhibition (The Réle of Inhibition, etc., Medical Record, 1902, p. $81), in which I 

have shown that the inhibition of one group during the activity of the antagonistic 

group of muscles, smooth or striated, is a wide-spread phenomenon through many 

of the mechanisms of animal life, I have termed this correlation: The Law of 

Crossed Innervation. In a recent paper, however (Archiv fiir Verdauungskrank- 

heiten, 1903, ix, p. 450), in which I have dealt extensively with the same subject, 

I have given up, for reasons stated there, the term Crossed Innervation and 

designated the relations under discussion as The Law of Contrary Innervation. 

The inhibition of the sphincter pupillz during an excitation of the dilator, or the 

inhibition of the dilator during a contraction of the pupil, is a good illustration of 

the Law of Contrary Innervation. S. J. M. 

1 E. WAYMOUTH REID: Journal of physiology, 1895, xvii, p. 438. 
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and augmentor, sympathetic nerve and chorda, erigentes and hy- 

pogastrici, etc.) Of the cells of the ganglia some serve for the 
transmission of impulses from the central nervous system, brought 

to the ganglia through the sympathetic nerve fibres, and some gene- 

rate new impulses. When the ganglion is stimulated, the effect upon 

those elements which carry the impulses from the central nervous 

system predominate. Hence stimulation of the ganglion will al- 

ways cause a more or less distinct dilatation of the pupil (H. K. 

Anderson). It is possible also that the impulses sent by the gang- 

lion are normally weaker than those sent by the central nervous 

system. When, however, by cutting the sympathetic nerves, the 
impulses carried by these fibres become eliminated, then the im- 

pulses of the ganglia come to the front. The constriction of the 
pupil after section of the sympathetic nerve is, perhaps, due not only 

to the elimination of the tonic impulses from ‘the central nervous 

system, but also to the new activity of the previously overpowered 

antagonistic impulses of the ganglion. When, after a previous sec- 

tion of the sympathetic nerve, the ganglion is removed by excision 

(or evulsion), the very act of the excision ! will, in the first place, act 

as an additional stimulus upon the postganglionic fibres which nor- 

mally carry the subdued ganglionic impulses. The first effect of the 

removal will, therefore, sometimes be an increase in the constriction of 

the corresponding pupil; at all events it will not diminish the con- 

striction. Since after removal of the ganglion there are no opposing 
impulses to overcome the stimulating effect of the section, or evul- 

sion, this effect will wear off only slowly, after hours or even days. 
Gradually, however, the stimulating effect of the cut or tear disap- 

pears, and the pupil is now released from the hold of the ganglion. 

The first visible effect is a slight dilatation of the pupil again. But 
among other usually not noticeable effects is the increased excita- 
bility of the dilator muscle (after being freed from the inhibitory 
impulses of the ganglion), and the diminished readiness of the con- 

strictor (after being deprived of the continually exciting impulses). 
We now know that the suprarenal extract can cause a constriction 

as well as an inhibition of smooth muscle fibres. It causes constric- 

tion of the blood-vessels, contraction of the erector muscles of the 

hair, of the uterus of the rabbit, etc., and it causes inhibition of the 

1 Any cut can be felt for many hours and days; at the cut end of a nerve a 

stimulation is apparently going on for some time, even though its objective effect 

cannot be demonstrated in all cases. 
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stomach, intestines, bladder, etc. Our assumption with regard to the 

pupil is that adrenalin affects it by exciting the dilator and inhibiting 

the constrictor. When the normal impulses of the superior cervical 
ganglia are present and active, they antagonize these effects. Sub- 

cutaneous injections or instillations which carry slowly and only 
minute doses of the suprarenal extract to the muscles of the iris, are 

easily overcome by the antagonistic impulses emanating from the 

ganglion, and even when injected intravenously the effect is very 

brief, since the effective dose is soon diminished and its balance is 

overpowered by the impulses from the ganglion. When, however, 

the ganglion and its antagonistic impulses are removed, and the 

stimulating effect of the cutting has vanished, or has been greatly 

diminished, the suprarenal extract meets with no antagonism, and 
hence the prolonged effect of an intravenous injection of adrenalin 

upon the blood-vessels and pupil, and the pupil-dilating effect of a 

subcutaneous injection or an instillation of even a comparatively 
small dose of it. 

Furthermore, we are of the opinion that the long-lasting effect in 

these cases is due also to the absence of an antagonistic factor to cut 

it short, and it seems to us not unreasonable to assume that the con- 

tinuation of the effect for some time after death is due also to the 

absence of a factor to remove it. 
To sum up our view in a few words: we believe that the normal 

effect of the superior cervical ganglion is to inhibit the dilator and 

to stimulate the constrictor, and the effect of suprarenal extract is 

just the reverse of it, z. e. to excite the dilator and inhibit the con- 

strictor. The extract can, therefore, show its proper effect only after 

the antagonistic activity of the ganglion is removed. 

The “ paradoxical” opening of the lids after subcutaneous injection 

of adrenalin can be explained on the same lines as that of the para- 
doxical pupil-dilatation; but we shall not enter here into a detailed 

discussion of it. 

Neither shall we enter at present into a discussion of the obvious 
applicability of our interpretation also to the paradoxical pupil-dila- 

tation caused by other factors (anesthesia, etc.). We offered our 
interpretation of the phenomena observed by us as a working hy- 

pothesis. Its general applicability can wait until it is tested by more 
work. 

The phenomena in the eye we have found while testing the hy- 

pothesis which we offered in explanation of the observations we made 
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on the ear-vessels. We found that on intravenous injection of 
adrenalin the blood-vessels of the ear on the side on which the sym- 

pathetic and cervical nerves were cut remained constricted incom- 

parably longer than on the normal side. We explained this by the 

assumption that the section of the nerves excluded the central 

vasodilating effect, assuming further that the suprarenal extract 

within the blood is soon reduced to the value of a weak stimulus 

which favors dilatation. In pursuance of this hypothesis, we found 

further that subcutaneous injection of moderate doses of adrenalin 

can indeed cause a dilatation of the ear-vessels of a normal animal, 

but that the same dose will invariably cause a long-lasting constric- 

tion of the ear-vessels when the sympathetic and cervical nerves had 

been previously cut. For the pupil we found that a subcutaneous 
injection has no effect on the normal, nor is the effect improved when 

the sympathetic nerves are cut. But subcutaneous injections, as well 

as instillations, have a marvellous effect when the superior cervical 

ganglion is removed. In other words, subcutaneous injection has 

practically no effect upon either vasoconstrictors or pupil; in- 

travenous injection affects the pupil for a fraction of a minute, and 
the vasoconstrictors for four or five minutes. But after exclusion of 

the central influences, the constriction (of ear-vessels) lasts an hour 
and longer, and after removal of the ganglion, the dilatation of the 

pupil lasts for hours, whether the adrenalin was administered in- 
travenously or subcutaneously. It is the central nervous system 

which interferes with the vasoconstriction, and it is the gang- 

lion which interferes with the pupil-dilatation. Our first hypothesis 

reads that the central nervous system interferes with the vasoconstric- 

tion by means of the usual antagonism of the latter, 7. ¢. by means of 

vasodilatation; our present hypothesis reads that the ganglion inter- 

feres with the pupil-dilatation by the usual antagonism to the latter, 

z. e. by means of the inhibition of the dilator and excitation of the 
constrictor. 

We should point out the fact that the interference of the central 

nervous system concerns an organ which has only one set of muscle 

fibres — the constricting muscle fibres of the blood-vessels; while the 

interference of the ganglion concerns organs which have antagonistic 
sets of muscle fibres —the constrictor and dilator of the pupil (and 

also the muscles increasing and decreasing the width of the palpebral 

fissure). In our experience the interference with the nictitant mem- 

brane came from the central nervous system, — the membrane readily 
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retracted on injection of adrenalin after section of the sympathetic 
nerve. According to the emphatic statement of Lewandowsky, there 
is no antagonistic muscle to the membrane. We should mention here 

that in our studies on the effect of the cervical sympathetic system on 
inflammation produced in the ear, we found that the course is much 

more unfavorably affected by the section of the sympathetic nerve 
than by the excision of the superior cervical ganglion. We had to 

explain these surprising conditions also by the assumption that the 

metabolic influences of the ganglion are exactly the reverse of those 

exerted by the sympathetic nerves. 
We should once more call attention to the fact that our experi- 

ments with the subcutaneous injections of adrenalin throw sufficient 
light also upon another question of general character, namely, whether 

the suprarenal extract is destroyed through oxidation by the blood 

and tissues. The short duration of the rise of blood-pressure after an 
intravenous injection of the extract was explained by Szymonowicz? 

and Cybulski and especially by Langlois? and his co-workers ® to be 
due to a rapid oxidation of the extract by the blood. The failure to 

obtain the effect upon the pupils as well as upon the blood-pressure 

by subcutaneous injections was also explained through the oxidation 

of the extract by the tissue (Lewandowsky, Boruttau). Very re- 

cently Embden and v, Fiirth* have in a number of experiments 

mixed the extract (suprarenin, v. Fiirth) with blood and various 
tissues and found that the effect of the extract did not suffer even 
by prolonged contact. Against this evidence it could, however, be 

claimed that living tissues might act differently upon the extract than 

the dead substances which were used by these authors. 

Our many experiments which have shown that the effect upon 

the blood-vessels as well as upon the pupil can be considerably 

prolonged if only the sympathetic nerves were cut or the superior 

cervical ganglion removed, demonstrate sufficiently that the extreme 

brevity of the effect, or the failure to produce any effect, cannot be 

due to a rapid destruction of the extract through oxidation by the 

tissues. However a most conclusive demonstration how little the 

living tissues affect the activity of the extract is to be found in our 

SzyMONOWICzZz: Archiv fiir die gesammte Physiologie, 1896, Ixiv, p. 143. 
LANGLOIs : Comptes rendus de la société de biologie, 1897, xlix, p. 524. 

8 ATHANASIUS and LANGLOIS: /é7d., p. 575. 

* EMBDEN and v. FURTH: Hofmeister’s Beitrage fiir chemische Physiologie 

und Pathologie, 1903, iv, p. 42I. 

1 

2 
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experiments with subcutaneous and intramuscular injections of ad- 
renalin into an extremity beneath a ligature. Here the adrenalin 
remained in- intimate contact with the tissues for two hours and 

longer without losing any of its effects. In fact, the effects set 
in more promptly and rapidly than after a simple subcutaneous 

injection. 
These experiments seem to speak also against the supposition 

made by Embden and v. Fiirth that the suprarenal extract might be 

partly destroyed by the alkalinity of the blood. We are not aware 
that the alkalinity of the tissues is markedly less than that of the 
blood. Nevertheless, the efficiency of the extract, as our experi- 

ments show, did not seem to suffer by a prolonged intimate contact 

with the living tissues. 

Our experiments teach also, we believe, an important pharmaco- 

dynamic lesson. The suprarenal extract or adrenalin is now a much- 

employed drug. The general knowledge of its activity was derived 

from studies made upon normal animals. From these studies it was 

learned that subcutaneous injections have hardly any influence upon 
blood-pressure and have no influence upon the pupil. We have 
shown that when the sympathetic is cut or the superior cervical 

ganglion is removed, such injections of adrenalin exert a very prompt 

influence indeed and one of much longer duration than in normal 

animals. Now our knowledge of the effects of all drugs and animal 
extracts is derived from studies upon normal animals. Is that suffi- 

cient? What is their effect upon animals which are deprived of 

certain nervous or other influences? Might we not find in many, if 
not in most, of the cases, influences of an entirely different character? 
This is the more important, since we are interested in drugs chiefly 

on account of their possible influence upon the animal organism 

when the latter is in a pathological condition. 



RHYTHMS OF SUSCEPTIBILITY AND OF CARBON 

DIOXIDE. PRODUCTION IN CLEAVAGE: 

BYE. Po EVO 

[From the Hull Physiological Laboratory, University of Chicago, and the Marine 

Biological Laboratory, Woods Hole, Mass:] 

fete years ago I described! certain phenomena observed in 
the segmentation of the echinoderm egg which indicated that 

the successive stages of each cell division are accompanied by vary- 

ing susceptibility to poisonous agents. It was shown that the egg is 

especially susceptible to potassium cyanide about ten or fifteen min- 

utes after fertilization. Gradually the resistance rises until the first 
cleavage. Then comes a second susceptible period, followed by one 

of resistance. Apparently this rhythm of susceptibility and resist- 

ance accompanies still further the rhythm of morphological changes 

of cleavage. Perhaps it may prove to be a constant phenomenon of 

cell division and give some insight into delicate physiological pro- 

cesses of which the visible changes so often studied must be only a 

rough suggestion. 

This becomes more likely when one recalls the fact, also recorded 

in my former paper, that rhythms of susceptibility and resistance to 

lack of oxygen, no matter how produced, may be demonstrated. The 

periods of susceptibility were found to be the same for eggs exposed 

to a hydrogen stream as for those exposed to potassium cyanide. 

It seemed worth while, therefore, during my stay at Woods Hole 

last summer to test the susceptibility of the egg during cleavage to 

other agents. Heat and cold particularly gave marked results. 

Effects of heat. In these experiments several similar dishes were 

prepared by careful cleaning and sterilization. Equal quantities of 

unfertilized arbacia eggs were placed in the dishes. These dishes 

were kept at the same temperature. To dish No. 1 was added a 

known quantity of sperm. Ten minutes later (or after any other 

desirable interval) the eggs in dish No. 2 were fertilized by the same 

1 This journal, 1902, vii, p. 56. 
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amount of sperm. Again after an interval, dish No. 3. This con- 

tinued until six to ten different lots had been fertilized at as many 

different times. Thus at a time when the eggs in dish No. i might 

be in the two-cell stage, perhaps dish No. 3 would be approaching 

cleavage and dish No. 10 be only just fertilized. 
Meanwhile in a large bath of warm water an equal number of 

dishes, containing equal amounts of sea-water and carefully brought 

to even temperatures, had been provided. The fertilized eggs were 

quickly transferred to the similarly numbered dishes of warm sea- 
water. After proper intervals, equal quantities were removed from 

each of the warm dishes, returned to numbered dishes of sea-water at 

room temperature, and left to develop. Later the percentage of larvze 

produced or the percentage of cleavage was ascertained for each 

sample, or more general statements of the degrees of development 

recorded. The results are best expressed in tabular form. 

EXPERIMENT I. 

No. of minutes elapsed after fertilization 
before eggs exposed to heat 

Per cent plutei from eggs exposed to 32° 
C. for 10 minutes : 

Per cent plutei from eggs exposed to 32 
C. for 16 minutes ; Fare oe 

EXPERIMENT II. 

No. of minutes elapsed after fertilization | 
before eggs exposed to heat 

Per cent plutei from eggs eens to 3 
for 10 minutes ; 

30 

EXPERIMENT III. 

No. of minutes elapsed after fertilization 
before eggs exposed to heat 

Per cent plutei from ess cae to 3 
for 4 minutes . : 

These results make it plain that the eggs at the period just before 

division are more easily injured by the treatment to which they were 

subjected than at earlier stages. Immediately after the entrance of 
the sperm the egg is more susceptible than a few minutes later. The 

period of greatest resistance seems to correspond fairly well with that 
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of greatest susceptibility to potassium cyanide. Indeed, the curve of 

heat injury would seem to be the reverse of that of potassium cyanide 
or lack of oxygen injury. That the effects described are recurrent or 

rhythmical is indicated by the following experiments. 

EXPERIMENT IV. 

In this culture the first cleavage took place in the interval between sixty and seventy 

minutes after addition of sperm. In other words, at the time of heating, the sixty-minute 

specimen contained very few two-celled forms, while the seventy-minute specimen con- 

sisted chiefly of two-celled stages. 

No. of minutes elapsed after fertilization before 
eggs exposed to heat 

Per cent of plutei developed after 7 minutes at 34° 

EXPERIMENT V. 

In this experiment, an observation made fifty-five minutes after fertilization showed 

ten per cent in two-celled stage, while sixty-eight minutes after fertilization practically all 

had passed the first cleavage. 

No. of minutes elapsed after 
fertilization before ess 
exposed to heat. 

Per cent plutei after ex- 
posure to 35° for 5 min- 
utes . 

Per cent plutei after ex- 
posure to 35° for 9 min- 
utes . 

The fact that 10 per cent had divided in the fifty-five-minute 
sample before it was exposed to heat explains, perhaps, why a larger 

number of plutei formed here than in the forty-seven-minute speci- 
men. Ad/ the experiments indicate that the cell (in arbacia) ts espect- 

ally sensitive to heat just before division and resistant just after division, 

There is a definite rhythm of susceptibility to heat. 

Effects of cold. —— The method here was essentially the same. Sev- 

eral dishes of sea-water were kept surrounded for some hours with 

crushed ice, in a large vessel. The whole was kept in a refrigerator. 

To these dishes the eggs, fertilized at varying intervals previously, were 

transferred in equal quantities. A number of hours later samples 

from each dish were warmed to room temperature and allowed to 

develop. Observations made at intervals revealed the amounts of 

cleavage in the different samples, or the percentages of larvze 
produced. 
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EXPERIMENT A. 

Part of the eggs were at 0° for 16 hours, at the end of which time no change, visible 

with a low power, had occurred in any of them. They were then allowed to come to 

room temperature. Another part remained at 0° for thirty-nine hours, and then exhibited 

no change on examination with a low power. These were then allowed to develop at 

room temperature. 

No. of minutes elapsed after 
fertilization before eggs 
placed in ice : . 

Observations 1} hours after N | Hun- 
removal of 16-hour speci- zi dreds in 
mens from ice - 

No N 50% in ) 
vag y leav 2 cel cleavage) “5 cel] - age cleavage cell 

* peVery 

; Some Some | numer- a 
cleavage 100 i fin 2-4 cell | 2-4 cell | ous 4-8 | 

cell 

Observations 2} hours after onge Much 
removal of 16-hour speci- 
mens from ice cell 

No Practi- | Numer- 
callyno| ous 
larve larve 

Observations of develop- : No 
ment of 39-hour specimens rae a larvee 

It was noticed that while no change could be detected in the eggs 
as long as they were on ice, rapid division of the nucleus without 

division of cytoplasm might take place as soon as they were warmed. 

In many cases degenerative changes were soon apparent. In other cases 

there might be little difference between the cultures during cleavage, 

but great differences later on, the injury caused by the cold only man- 
ifesting itself in advanced stages of development. This is shown by 

the next experiment, in which some of the eggs were kept in ice for 

eighteen hours; others for thirty-six hours. 

EXPERIMENT B. 

No. of minutes elapsed after 
fertilization before eggs 
placed’on'ice Ss 10 18 

Per cent of eggs in cleavage 
in 3 hours, after 18 hours 
Ounecewen su bo Se» p< 5 50 

Few Few 
(less | (less Very 
than | than | fine lot 

| 3 min.) | 10 min.) 

Al Few and 
im- 

| perfect 

No. of swimming larve next 
: Few 

day, 18-hour specimen 

Two or | About | 
three | two 

hundred! dozen 

No. of swimmers from 36- 
hour specimen 

Almost | Several ar ile Meni 
none | hundred few 



56 E. P.. Lyon. 

In the experiments given, it is noticeable that those eggs which 

were placed on ice about ten to twenty minutes after fertilization 

cave the smallest amount of cleavage and the fewest larvae, Experi- 

ment C illustrates the same fact and also that rate of return to room 

temperaturesaffects the results. The seventeen-hour specimen was 

allowed to warm without precautions, while the twenty-five-hour 

sample was very slowly warmed. The latter, in spite of the longer 

exposure to cold, gave the larger number of larvee. 

EXPERIMENT C. 

No. of minutes elapsed after fertilization be- 
fore eggs were exposed toice. . 5 

Per cent of larvz resulting from sample ex- 
posed toice 17 hours. . .. . eh 5 

Per cent of larve resulting from sample ex- Very 
posed to ice 25 hours. . numerous 

Per cent of larve resulting from ‘sample ex- 
posed toiceSQ hours. . ...- . - A few 

I performed no experiments with cold involving the interval be- 

tween first and second cleavage, and therefore have no data for a 

rhythm of susceptibility and resistance in eggs exposed to low tem- 

peratures. To my mind, however, such a rhythm is probable. 
In general, it appears that the egg is most sensitive to cold at about 

the same stage when it ts susceptible to lack of oxygen. But the most 

resistant period for cold is earlier than that for lack of oxygen, if one 
may judge from the data at hand. It will be noticed, however, that 

these experiments are not accompanied by such careful numerical 

results as those on heat. This was unavoidable at the time, and 

therefore the effects of cold will be made a subject for further study 

later. 

EXPERIMENT D. 

No. of minutes elapsed after fertilization, 
before eggs were exposed tolowt ees 
ature : 

Per cent of plutei produced from eggs 
kept at 0° for 26 hours 

Per cent of plutei produced from eggs 
kept at 0° for 42 hours ae 

1 Large and strong. 2 All weak and small. 
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The one experiment in which careful counts of plutei produced 

from cooled eggs were made bears out, however, the conclusion 

stated above. It also probably illustrates the effects of gradual 

~ “ss versus sudden warming, although my notes are not ‘sufficiently full 

on this point (see Experiment D). 

PRODUCTION OF CARBON DIOXIDE. 

That the metabolism of the egg at different stages of karyokine- 

sis varies greatly is presumable from morphological studies. As a 

measure of katabolic processes in protoplasm the carbon dioxide 

production is often taken. I attempted to do this in the segmenting 

egg and have published the results in the form of a preliminary! It 

may be stated here that the apparent conclusion was that carbon 

dioxide production in the egg is not uniform throughout the whole 

series of morphological changes of cell division, but rather reaches 

a maximum at the time when the cytoplasm is actively dividing. 

Furthermore, it seemed that at the time when oxygen is most neces- 

sary and presumably is being used in largest amount (as indicated 

by susceptibility to lack of oxygen and to potassium cyanide) carbon 

dioxide is produced in least amount. But I have used the words 

“apparent” and ‘‘seemed” to indicate that these statements may 

need revision in the light of later and more accurate investigations. 

If the conclusion above expressed should justify itself, it would indi- 
cate that oxygen is chiefly used in the egg for synthesis rather than 

for combustion, and that the larger part of the carbon dioxide comes 

from splitting processes. One would also infer that the energy 

for cell division comes from fermentative rather than oxidative 

processes. 

Regarding the significance of these rhythms, I am even less in- 

clined to speculate than on the occasion of publication of my former 
paper. I hope to study them in cells more favorable than the pig- 

mented egg of arbacia for seeing interior conditions. I wish also 

to measure more accurately the carbon dioxide production during 
cleavage before discussing the theoretical bearings of the experi- 
ments. I am not making these remarks, however, with the end in 

view of monopolizing this interesting field of research. I should be 
glad, indeed, to have others undertake similar studies in the same or 

other forms. 

1 Lyon: Science, n. s., 1904, xix, p. 350. 
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SUMMARY. 

1. The fertilized egg of arbacia, if exposed to temperatures of 32° 

to 36° for a few:minutes and then allowed to develop at room tem- 

perature, shows a marked difference, depending on the time after 

fertilization that the heating takes place. It is especially sensitive 

to heat just before cleavage. It is most resistant ten to twenty 
minutes after fertilization. Just after the first cleavage it is again 

resistant to heat, but becomes susceptible again just before second 

cleavage. There is, therefore, a rhythm of susceptibility and 

resistance. 

2. The effect of exposing arbacia eggs to low temperatures (2° to 

o° C.) for several hours and then allowing development varies greatly, 

being also dependent on the length of time after fertilization that the 

lowering of temperature takes place. The susceptible period for cold 

is quite different from that for heat, being, in fact, more nearly or 

perhaps exactly the same as the resistant period for heat (ten to 

fifteen minutes after fertilization). This is also the stage susceptible 
to lack of oxygen. The resistant period for cold seems to come 

some minutes before the first cleavage and thus does not coincide 

with the stage most susceptible to heat. 

3. The production of carbon dioxide in the segmenting arbacia egg 

probably runs in rhythms, the greatest amount being produced at 

the time of active cytoplasmic division. 
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I, INTRODUCTION. 

T is well known that muscular work has a marked influence on the 

action of the heart and the arterial tension. Under certain con- 

ditions this influence. is normal, healthful, and invigorating; under 

other conditions, which we have not yet learned to distinguish clearly, 

it may result in serious injury, — permanent dilatation, valvular in- 

competence, and even rupture of the heart wall having been known 

to follow from violent exertion. It is, therefore, of the utmost impor- 

tance to physical education that extensive and careful studies should 
be made with a view to discovering more fully how the circulatory 
system is affected by muscular work of different kinds and degrees of 
intensity under various conditions. Furthermore, since we do not 

know at what stage of muscular work these various influences are 

at a maximum, it is not sufficient to note the after-effects, but the 

changes in heart-rate, blood-pressure, etc., must be followed from 
minute to minute as long as the influence of the work continues. 

In a previous research the writer made such a study of the changes 

in pulse-rate accompanying and following several kinds of work.’ 

Since forms of work in which the pulse can be recorded continuously 

1 BowEN: Contributions to medical research. University of Michigan, 

1903, p. 462. 
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are also favorable for the determination of blood-pressure, this re- 

search has been extended with the object of ascertaining the relative 
intensity of the changes in pulse-rate and blood-pressure which occur 

during moderate exercises of speed, as exemplified by bicycling. A 

number of the experiments were also utilized for further study of 
some changes in duration of systole which the writer had observed 

in previous work, The experiments were made in the Physiological 

Laboratory of the University of Michigan between January 1 and 

August 15, 1903. A study of the changes in quantity of respired air 

and in the output of carbon dioxide during work, made in company 

with Mr. G. O. Higley of the Department of Chemistry, will be pub- 

lished soon. 

II. PREvrious WoRK. 

In the decade between 1890 and 1900 there were several extensive 

studies of the after-effects of muscular work upon the pulse,’ but 
studies of the heart-rate during the progress of muscular work date 

from 1900. During that year there were three researches upon the 

subject: one in Vienna by Griinbaum and Amson;? one in Dorpat, 

Russia, by Dehio;# and one in Ann Arbor by the present writer. 

Griinbaum and Amson counted the subject’s pulse with the aid of a 

stop-watch during work on several gymnastic machines and a bicycle ; 

Dehio counted the pulse while the subject, lying horizontally on his 
back, lifted a weight attached to the foot; in my work, a graphic 

record of the pulse was taken during work upon a bicycle and a foot- 

power lathe, and also while tapping a Morse key. 

Griinbaum and Amson looked for the general course of the 
changes in pulse-rate during and after the work, and tried to corre- 

late the extent of these changes with the amount of external work 

done. Dehio studied the difference in the effects of work upon per- 

sons of different ages, and found a greater acceleration of the pulse 
in the younger subjects. I studied the same points covered by Griin- 

baum and Amson, and also gave special attention to the latent period. 
The study of blood-pressure during work was made first upon the 

horse: originally by Marey,’ and afterward by Kaufmann,° and by 

? See my former article for bibliography of this work. 
2 GRUNBAUM and Amson: Deutsches Archiv fiir klinische Medicin, 1go1, 

Ixxi, p- 539. 

® DEHIO: St. Petersburger medicinische Wochenschrift, 1901, p. 79. 

* Marey: Physiologie médicale du sang, Paris, 1863. 
®° KAUFMANN: Archives de physiologie, 1892, p. 279. 
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Zuntz and Hagermann.! These writers agree that in the horse the 

arterial pressure falls as soon as the animal begins to walk or trot. 

Tangl and Zuntz? found that in case of the dog a rise of pressure 

occurs when work begins. 

The after-effect of muscular work upon blood-pressure in man, has 

been studied by a great many observers, among whom may be men- 
tioned Hill,? Edgecumbe and Bain, Maximowitch and Rieder,® Korn- 

feld,° and McCurdy. Allof these writers report an increased arterial 
pressure immediately after the cessation of work with a return to 
normal after a variable time depending upon the severity and the dura- 

tion of the work. 

McCurdy‘ was the first to call attention to the necessity of deter- 
mining the pressure during the progress of the work, and he studied 

the pressure in man during maximal effort in lifting. Masing® has 

studied the changes in blood-pressure while the subject worked upon 

the apparatus used by Dehio in studying pulse-rate. Masing found 

that although work of the type used causes a faster pulse-rate in the 

young, it causes a higher blood-pressure in older persons. Moritz °% 

made a similar study, comparing the effects of work in sound men 

and men suffering from heart diseases. 
The duration of -systole has been studied by Thurston,’ Edgren,” 

Hiirthle,!? Chapman," and others, using graphic records of the pulse 

as the basis of the determinations. Muscular work was sometimes 

used by these writers as a means of increasing the pulse-rate, but 

none of them determined the duration of systole during the work. 
Chapman assumed that the duration of systole always bears a certain 
numerical relation to the duration of the entire cycle, and constructed 

a table based upon this assumption, showing the length of systole for 

1 ZuNTz and HAGERMANN: Stoffwechsel des Pferdes, Berlin, 1898, p. 382. 

2 TANGL and ZuNnTz: Archiv fiir die gesammte Physiologie, 1898, Ixx, p. 544. 

8 HILL: Schafer’s text-book of physiology, 1900, ii, p. 80. 

4 EDGECOMBE and BAIN: Journal of physiology, 1899, xxiv, p. 48. 

5 MAXIMOWITCH and RIEDER: Deutsches Archiv fiir klinische Medicin, 1890, 

xlvi, p. 329. 

® KORNFELD: Wiener medicinische Blatter, 1899, p. 631. 

7 McCurpy: This journal, rgol, v, p. 95, 
8 MASING: Deutsches Archiv fiir klinische Medicin, 1903, Ixxiv, p. 253. 

® Moritz: Deutsches Archiv fiir klinische Medicin, 1903, lxxvii, p. 339. 

10 THURSTON: Journal of anatomy and physiology, 1876, x, p. 494. 

11 EDGREN: Skandinavisches Archiv fiir Physiologie, 1889, i, p. 67. 

12 HURTHLE: Archiv fiir die gesammte Physiologie, 1891, xlix, p. 66. 

18 CHAPMAN: British medical journal, 1894, i, p. 511. 
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all pulse-rates from 45 to 200. According to this table, the diastolic 

part of the cycle shortens faster than the systolic, as the pulse-rate 

quickens, but the systole is always the shorter, even with the highest 

pulse-rates. This is contradicted by results obtained previously by 

Thurston, and later by Zuntz and Schumburg,! both finding a time 

when diastole becomes shorter than systole. In my experiments the 

diastole is uniformly shorter than systole during work when the pulse- 

rate exceeds 135 per minute (see Fig. 4). 

III. MrEtTHODs. 

In order to study the effects of bicycling in the laboratory, a bi- 

cycle frame from which the wheels have been removed is fastened 

firmly in its usual position, and the rear sprocket is mounted ‘on a 

shaft carrying a heavy fly-wheel. The fly-wheel used in this instance 

weighs one hundred fifty pounds and is geared to run slightly faster 

than the crank shaft. The momentum of the fly-wheel carries the 

pedals past the dead point, so that the work done upon the machine 

is like riding a wheel on a smooth road. A strip of leather belting 

drawn against the polished rim of the fly-wheel provides a variable 

resistance, the tension of the belting being changed at will by chang- 

ing the amount of weight suspended from its free end. The amount 

of resistance is greatest at the moment of starting, but during con- 

tinuous movement this method of applying friction gives a resistance 

that is practically uniform. The resistance at the pedals which corre- 

sponds to any given tension of the belting can be determined approx- 

imately by means of a light lever and a spring balance. The lever is 

fastened to one crank, and the balance fastened to the lever at some 

distance from the axis which bears a simple relation to the length of 

the crank. The crank is now turned by pulling upon the balance at 

right angles to the lever, and the balance is read while the movement 

is being made. From the figures thus obtained the resistance at the 

pedals is readily computed. 

The pulse is recorded from the carotid artery by means of two 

tambours connected by a rubber tube of four millimetres bore. The 

receiving tambour, made from a tin box-cover, is five centimetres 

broad, and is without the usual membrane. The open side of the 

tambour is placed against the skin of the neck over the artery and 

held in place by a U-shaped wire spring, one end of which is attached 

1 ZuUNTz and SCHUMBURG: Physiologie des Marsches, Berlin, 1got. 
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to the tambour by a ball and socket joint, and the other end inserted 
into a rounded block which rests against the opposite side of the 

neck. The receiving tambour is fifteen millimetres in diameter, and 
has a light rubber membrane which transmits its movements to the 

recording surface by a light celluloid lever. 

The recording surface consists of a strip of smoked paper 12.5 cen- 
timetres wide, and from four to five metres long, made into a loop 
which passes around two drums, one of which is actuated by clock- 

work. Above the pulse-curve a pneumograph records the respiratory 

movements. Below are the records made by three electromagnetic 

signals: one of these, connected with a fork or pendulum, records 

the time; another, the revolutions of the bicycle crank; the third, in 

circuit with a hand-key, is used to indicate when determinations of 
blood-pressure are made. Fig. 1 shows the general character of the 

records. 

STATA AANAUATACATATATATRUT 
173 166 164 160 150 1442 

WM \ A i 4 4, f Ly # W i if rey AL (AA Ny ay Ku \ 4 

Sto B (Stop 

BP —~ — 
187 187 185 160 155 

Ss 

FIGURE 1. — Portion of record taken with slow drums. A, respiration; /, pulse; 7, 

time in seconds; B, revolutions of bicycle. &/, times at which determinations of 

blood-pressure were made. The figures written at these points give the pressure in 

millimetres of mercury. S, times at which simultaneous records were taken on quick 

drum for determination of systole. The part here shown is at the close of a period of 

work, as indicated by record &. Read from left to right. 

The duration of systole is determined by recording the pulse along 

with a fork giving fifty vibrations per second. When this is the only 
record desired, the outfit just described is used. To determine these 

small time-intervals accurately the drums carrying the loop of paper 

must turn rapidly, the entire loop passing the writing points in from 

one to two minutes. When it is desired to study the duration of sys- 
tole along with pulse-rate, blood-pressure, etc., during experiments of 

longer duration, the drums carrying the long loop of paper are turned 
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slowly, the time being recorded in seconds, and simultaneous records, 
suitable for determination of systole, are taken on a neighboring 
drum at any desired intervals. A T-tube is inserted into the rubber 
tubing connecting the two tambours, and a second piece of tubing 

leads off from the side branch to a second recording tambour which 

writes a duplicate pulse-curve for the systole determination. 
The blood-pressure is determined by means of the Erlanger sphyg- 

momanometer,} with light rubber tubing of one and five-eighths inch 
diameter for the inner armlet, and a slightly wider strip of sheet brass 

for the outer one. A wider armlet gives more accurate readings of 

the absolute pressure, as was first shown by von Recklinghuysen,? but 

one of the width used gives relative pressures with sufficient accuracy 
and is more convenient. Comparison of readings given with this 

armlet and a wider one shows that the former gives results from five 
to fifteen millimetres too high. The pressure determined was the sys- 

tolic or maximal pressure, as indicated by obliteration of the radial 

pulse. 
To aid the subject in avoiding movements of the neck and arm 

while at work, since these would interfere with the records to be 

made, his forehead and shoulders are provided with padded supports, 

and his left arm, upon which pressure determinations were made, lies 

in a trough-shaped support; the pedals are provided with toe-clips 

for the same reason. 

IV. ExXxprERIMENTS. 

The work done in this series of experiments consisted in driving 

the stationary bicycle at a constant speed against a constant resis- 

tance. The speed and resistance chosen were sufficient to cause a 

marked but not excessive stimulation of the circulation, and to raise 

the temperature of the body from one to two degrees: in other words, 
the work done was just vigorous enough to satisfy the needs of a 

healthy man who is not in training for athletics. The speed used in 

most cases was one revolution per second; the resistance, 13.3 

kilogram; the amount of work done was approximately 400 kilogram- 

metres per minute. Note was made of the room-temperature and 

barometer in each experiment, and the temperature of the body was 

read at frequent intervals throughout most of the experiments. 

1 ERLANGER: This journal, 1901-2, vi, p. xxii. 
2 Von RECKLINGHUYSEN: Archiv fiir experimentelle Pathologie, 1go1, xlvi, 

p. 78. 
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The pulse-rate and blood-pressure were taken before, during, and 

after thirty different working periods on the bicycle. These working 
periods were of various lengths, the longest being fifty minutes, and 

the shortest three minutes. In eighteen of the working periods the 
duration of systole was determined at intervals of one minute or less, 
in addition to the other items. 

Three men served as subjects: H., a chemist, age forty-five; B., a 
teacher, age forty; and L.,a physician, age twenty-five. All these 

men were in good health at the time, but none was in “ training.” 

B. and L. had been accustomed to athletic work in previous years. 
Successful records were obtained from H. during thirteen working 
periods; from B. during eleven, and from L. during six periods. 

Pulse Rate 
144, 
—o 4 | — pe i 

884-1 $+ 4 
— 1 4 ++ Sune 

Blood 132———— _- : + car -_———_—— 
Pressure SF ee eee tee — om 

280 1268-47-77 FT TPT td aane 
220 120 

110 54 
Minutes O' ) 6 10" 16) 20° S630) S35 40° 45°" 50 _ cs 60 

FiGurE 2.— Plotted curves showing relative changes in pulse-rate and blood-pressure 

during thirty-two minutes of work and the thirty minutes of rest following. P 

(broken line), pulse-rate ; 8 P (solid line), blood-pressure. Arrows indicate the time 

of beginning and stopping the work. Experiment made July 8, 1903. Subject, 

#7; speed, one revolution of cranks per second; work, 400 kilogram-metres per 

minute. 

The blood-pressure readings were written on the smoked paper, in 

the proper place, as fast as they were taken (see Fig. 1). After 

completing the experiment and fixing the curves, the pulse-rate was 

counted for each interval of ten seconds, and also written on the 

paper. Both sets of figures were then plotted as in Fig. 2, — time 
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being the abscissa in each case, and number of beats per minute and 

blood-pressure in millimetres of mercury being the ordinates. The 
readings of body-temperature were also written on the smoked paper 

as they were taken, and afterwards plotted along with the other items, 

but as we are not fully satisfied with the methods tried, this part of 

the investigation will be left until a later paper. 

V. THE CHANGES IN PULSE-RATE. 

With regard to the changes in pulse-rate, these experiments cor- 

roborate the results of my previous study in every particular. We 

have in every instance a sudden and rapid primary rise of pulse-rate 

when the subject begins to work, and unless the work is very light, 

this is followed by a more gradual secondary rise, which is frequently 
but not always separated from the former by a plateau, or period of 

uniform rate. In the case plotted in Fig. 2, the plateau is not present. 

The secondary rise usually continues until work ceases , then we have 

a sudden and rapid primary fall of pulse-rate, followed by a slower 

secondary fall, the two being frequently separated by a plateau. 

VI. THE CHANGES IN BLOOD-PRESSURE. 

The curve representing the changes in blood-pressure resembles 

the corresponding curve of pulse-rate in having a rapid rise when 

work begins, and a rapid fall when it stops, but the two curves differ 

in several important particulars, as can be seen in Fig. 2. 

(1) The rise of blood-pressure when work begins follows after the 
primary rise of pulse-rate, the latter usually being complete in from 

one to two minutes, while the former continues for four minutes or 

more. 
(2) Instead of rising continuously during the working period, like 

the pulse-rate, the blood-pressure reaches a maximum after a few 

minutes, and then declines slowly, with some oscillations, during the 

remainder of the work. This significant difference in the two curves 

is of course to be seen only when the work is continued for fifteen 
minutes or more. The greatest decline observed during a working 

period was thirty-five millimetres of mercury ; in a few instances it 
was so slight as to be scarcely noticed. 

(3) The fall of blood-pressure when work ceases is more rapid 

than the rise when work begins, but not so rapid as the primary fall 
of pulse-rate which it accompanies. The rapid fall of pressure, how- 
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ever, continues to a normal or subnormal figure without interruption, 

while the primary fall of pulse-rate soon merges into a plateau ora 

slower secondary fall at some distance above normal. When the 

pressure becomes subnormal at this time it soon begins to rise again 

slowly, although the pulse-rate is falling. 

VII. THe DuRATION OF SYSTOLE. 

| In a former paper I called attention to the fact that the quickening 

of the pulse when work begins is accompanied by a lengthening of 

systole, — the quickening being entirely due to a shortening of the 
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FiGuRE 3.— Changes in pulse-rate, blood-pressure and duration of systole during three 

working periods of five to seven minutes, with four to six minutes’ rest between. 

Uppermost curve, duration of systole; middle curve (broken line), pulse-rate; lowest 

curve, blood-pressure. Arrows indicate times of beginning and stopping. Time in 

minutes. Experiment made July 25, 1903. Subject and work same as in Fig. 2. 

interval between the beats.’ In the present research the duration of 

systole was determined at intervals of one minute or less during 

eighteen working periods of three to five minutes, and was also de- 

termined continuously during eight working periods of about one 
minute each, and during four experiments in which several short 

periods of work were alternated with short periods of rest. The re- 

5 1 BOWEN: Loc. cit., p. 488. 
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sults clearly verify the former conclusion, although the lengthening of 

systole when work begins is not equally great in all subjects. 

The lowest curve in Fig. 3 indicates the changes in length of sys- 

tole during three working periods of several minutes each with about 

four minutes of rest between. In general the systole is seen to 

shorten during work and lengthen during the intervals of rest,—in 

full agreement with the results obtained by others. There is, how- 

ever, a sudden lengthening immediately after work begins, and a 

sudden and still greater shortening immediately after work stops, 

in each instance. The curve also shows that the sudden lengthening 

of systole is at a time when the blood-pressure is beginning to rise, 

and the sudden shortening is just as the pressure is beginning its 

rapid fall. 

The heavy line in Fig. 4 indicates the changes in length of systole 

for the successive pulse-beats through a working period of about fifty 

seconds. The systole lengthens slightly but plainly when work begins, 

remains longer than normal for about twenty-five beats, then oscillates 

about the normal until work ceases, when it instantly shortens. The 

diastole is shorter than the systole during the latter half of the 

working period. 

VIII. Discussion OF RESULTS. 

Pulse-rate. — As I have discussed the causes of the changes in 

pulse-rate at considerable length in another place,’ I will not re- 

peat the discussion here, but merely summarize the conclusions as 

follows: 

1. The first and most rapid rise of pulse-rate when work begins is 

due to an inhibition of the normal restraining action of the inhibitory 

centre by nervous impulses arising in the motor centres of the cere- 

bral cortex and in the sensory nerve-endings of the contracting 

muscles. 

2. The continuation of the rise is probably due to nervous impulses 

of like origin acting upon the accelerator centre; to heat and waste 

products developed in the heart; to heat and waste products de- 

veloped in the working muscles; and to increased blood-supply to 

the tissues of the heart through the coronary arteries. The latter 
may come about through dilation of these vessels, or because of in- 

creased pressure in the aorta. 

3. The plateau frequently observed is due to a continuation of the 

1 BOWEN: Lec..ctz., p. 475- 
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causes producing the primary rise, the forces involved having reached 

an adjustment or equilibrium. 
4. The secondary rise is due to some of the above causes not be- 

coming effective before, or to changed conditions in the body that 

render the causes of the primary rise gradually more effective. 
5. The rapidity of the pulse during work is much more dependent 

upon the rapidity of the muscular movements than upon the amount 

of resistance that is overcome. 
Blood-pressure. — When one begins to drive the bicycle there are 

immediately brought into play thrée causes tending to raise the 

blood-pressure: (1) increased pulse-rate, as illustrated by the curve 

of Fig. 2; (2) contraction of the abdominai muscles, which is shown 

by a change in the respiratory curves, as well as by the fact that 
there is conscious effort on the part of the subject; and (3) alter- 

nate contraction and relaxation of the large muscle groups of the 

lower limbs, —the latter two causes hastening the return of the 

venous blood and thus increasing the pulse-volume. 
During the progress of the work at least two influences come into 

play which tend to lower the blood-pressure: (1) dilation of vessels 

in the working muscles, which has been demonstrated by Chauveau 

and Kaufmann,! Athanasiu and Carvallo,? and others; and (2) dila- 

tion of vessels in the skin by the agency of the nervous mechanism 
regulating body-temperature.® 

Of these two opposing groups of forces, those tending to raise the 

pressure become effective first and most abruptly; as a consequence, 

the first effect of the work upon blood-pressure is a rapid rise. But 

the forces of the second group keep on increasing, — especially the 

dilation of skin vessels, which probably does not reach its maximum 

until profuse sweating occurs, from five to ten minutes after starting. 

Hence the rapidity of the rise of pressure is soon checked, then 

balanced ; finally, when the second group of influences becomes the 

greater, the pressure begins to fall. 

Two other possible causes of diminished blood-pressure during 
work should be considered: (1) general dilation of vessels through 

the agency of the depressor nerve, and (2) diminution of the quantity, 

of venous blood because of sweating. As to the depressor nerve, we 
have no direct physiological evidence of the existence of this nerve 

1 CHAUVEAU and KAUFMANN: See Kaufman: Loe. cit. 

2 ATHANASIU and CARVALLO: Archives de physiologie, 1898, p. 351. 

8 SCHAFER: Text-book of physiology, 1900, i, p. 854 
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in man; yet its importance in the dog, cat, rabbit, and other mam- 

mals, in the absence of any negative evidence in case of man, points 
to the strong probability that the nerve exists in man, and that it acts 
during vigorous work to aid in lowering the blood-pressure, and thus 

protects the heart from overwork. The blood must lose in volume 

as a result of sweating, but this is gradual, and may be compensated 
by constriction of splanchnic vessels, as indicated by recent experi- 
ments of Hill.! Such compensation, however, may not occur during 

work, when the splanchnic area is under pressure and the systemic 

vessels strongly dilated. 
The variation in the extent of fall in pressure during work in the 

different experiments was associated with variation in room-tempera- 

ture, —the fall of pressure being most marked on the warmer days. 

This variation in the amount of fall is therefore to be attributed to 
variation in the amount of dilation of skin-vessels. The same varia- 

tion was observed by Masing, who reports a fall of pressure during 

work when profuse sweating is present, —not otherwise.2 This 
result points clearly to the advantage of ‘‘ warming up” before at- 

tempting to do one’s best, as the lowered peripheral resistance lessens 

the strain on the heart. The advantage of warm weather for athletic 

competitions is indicated for the same reason. 

The more gradual rise of blood-pressure in these experiments, as 

compared with McCurdy’s, can be explained by the different char- 
acter of the work. It should be borne in mind that this research is 

a study of the effects of moderate work, such as can be done with 
safety by the average man; while in McCurdy’s, maximal effort was 
investigated. In the lifting, a greater compression of the splanchnic 

area results in greater pulse-volume; in the bicycling, the more rapid 

movements produce a more rapid pulse-rate; both tend to raise the 

pressure. The difference in the result arises from the difference in 

the effect of the two kinds of work on the peripheral resistance. In 
the lifting, the violent and sustained contraction of the muscles 
nearly obliterates the lumen of the vessels, increasing the peripheral 

resistance enormously; in the bicycling, the alternate contraction 

and relaxation of the muscles lessens the peripheral resistance be- 
cause of the pumping action of the movements on the veins. In 

lifting, the increased pulse-volume drives the blood-pressure to a 

great height quickly, because the blood already in the arteries is pre- 

1 HILL: Journal of physiology, 1903, xxviii, p. 122. 

* MASING: Loc. cit. 
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vented from escaping ; in bicycling, the faster pulse-rate can force 

the pressure up but slowly, because of the comparatively open outlet 

through the capillaries and veins. It seems to me unnecessary to 

conclude, with Moritz,! that there is a direct psychic cause of the 

rise in pressure in such cases. 

On cessation of work, the forces causing the rise of pressure stop 
as suddenly as they began at the start, while there is delay in the 
subsidence of those forces which tend to cause the blood-pressure to 

fall. The peripheral resistance being less than at the start, the pres- 

sure falls more rapidly than it rose. Profuse sweating and the as- 

sociated dilation of skin vessels continues until the body temperature, 

somewhat elevated by the work, begins to subside, —frequently eight 

or ten minutes after stopping. Meanwhile the pressure has fallen be- 

low the normal level, and now slowly rises as the vessels constrict. 

Pulse BeatsO 5 10 15 20 25 30 35 40 45.50 55 60 65 70 75 

FIGURE 4.—Duration of systole and of diastole during a working period of fifty seconds. 

Heavy line, duration of systole; light line, duration of diastole. Ordinates indi- 

cate duration in 100ths of a second; each unit of abscissa represents one pulse 

beat; arrows indicate time of beginning and stopping. Experiment made April 17, 

1903. Subject, B.; work, about 750 kilogram-metres per minute. 

The duration of systole.— In accordance with the results obtained 

by Edgren, Chapman, and others, we are taught that the systole 

always shortens as the cycle shortens, and always lengthens as 

the cycle lengthens.2 When, therefore, my records indicated a 
lengthened systole at the beginning of work, while the cycle was 

1 Moritz: Loc. cit. 

2 Curtis: American text-book of physiology, 1897, i, p. 124. 
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rapidly shortening, I was inclined to consider the result apparent 

rather than real, and tried to account for the unexpected result in the 

following ways: 
1. As an error of observation in reading the records. 

2. Asa failure of the tambour to record the pulse-waves correctly, 

because of its having a vibration period of its own. 
3. As a failure to record the pulse correctly because of changes 

of air-pressure within the tambour system, due to contraction of 

muscles of the neck. 
4. As a possible effect of changes in blood-pressure upon the times 

of opening and closing of the aortic valves, and consequent change 

in the apparent length of systole. 
After many careful tests of the apparatus, and after observing the 

same results in nearly one hundred experiments on about thirty 
different subjects, using tambours of different sizes, levers of various 

lengths, and membranes of different thickness, it has not been 

possible to find any reason to suspect the apparatus or the methods 

of reading the curves. 

With regard to the effect of changes in blood-pressure on the ap- 

parent length of systole, as indicated by the positions of the primary 
upstroke and the dicrotic notch, it is clear that increased pressure in 

the aorta would tend to delay the opening of the valve and hasten its 

closure, thus rendering our measure of the duration of systole from 

the pulse-curve too short; similarly, a fall of pressure in the aorta, 
such as takes place when work stops, would hasten the opening of 

the valve and delay its closure, and so render the measure too long. 
In other words, at the time when we observe a lengthened systole, 

the change in blood-pressure, by its influence on the time of opening 

and closing of the semilunar valves, tends to make the systole appear 

shorter than it really is; and when the shortened systole is observed, 

the blood-pressure is acting to make it appear longer than it really 
is. The effect of these changes in blood-pressure is thus seen to 

minimize the real change in duration of systole rather than to account 
for it. 

It should also be taken into account that determination of duration 
of systole during muscular work was not attempted by former writers, 
and therefore a change of systole and cycle in opposite directions is 
not a contradiction of former results, but an observation in a new 

field. 

Taking all into consideration, it seems reasonable to conclude that 
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the changes in question are real rather than apparent, and the fol- 

lowing explanation is offered to account for them: 

Soon after work begins we have an increased blood-pressure and 

an increased pulse-volume. The heart, being obliged to pump an 

increased volume of blood against an increased resistance before it 

has been stimulated to stronger action by the accelerator nerves or 
by increased blood-supply to its tissues, is not able to empty itself as 

quickly as before. When work ends, the pressure falls, and the heart, 

having been stimulated to vigorous action, is able to empty itself 

more quickly than before. A simple pumping engine slows when it 

meets increased resistance, and quickens when the resistance is 

lowered. The heart, being primarily a simple pumping engine, be- 

haves in the same way when it suddenly meets a change in resist- 

ance, until its complex regulating mechanism can adjust itself to the 

new conditions and again assume control. 

IX. PRACTICAL BEARING OF RESULTS. 

The practical value of the results of studies in this field depends 

upon their bearing upon the intensely practical problem of heart- 

strain. As Roy and Adami have said, “ Athletic training is mainly 

a matter of heart training.’ We can never lay down proper rules 
for the guidance of such training until we can determine the changes 
in heart-strain through a period of vigorous work and the period of 

recovery from it, since it is through heart-strain that the work most 

frequently results in injury. 
What do we mean by the “eart-strain? The blood, like all fluids, 

transmits pressure equally in all directions. During the portion of 

the cycle when the blood-pressure is at its maximum, the arteries 
and ventricle are in open communication. It follows that the pres- 

sure read upon the sphygmomanometer is not only the pressure in 

the arteries, but also the pressure exerted by the blood upon each 

unit of the inner surface of the ventricle. The total amount of pres- 

sure thus exerted on the inner surface of the cavity constitutes the 
heart-strain, and is numerically equal to the product of the blood- 
pressure by the area of the inner surface of the ventricle. The heart- 

strain varies, therefore, directly with the blood-pressure and with the 

amount of dilation of the cavity. When from any cause the strain 

+ Roy and ADAMI: Philosophical transactions of the Royal Society, 1892, B, 
Pp: 279- 
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becomes greater than the heart is able to withstand, the result is 

either, (1) a stretching of the tissue of the heart-walls, so that the 

dilation does not pass off when the strain lessens (pathological dila- 

tation), or (2) an enlargement of the orifice between the auricle and 

ventricle, so that the valve cannot close it completely. (Functional 

incompetence of the valve.) Both these results may occur at once, 

and in cases of diseased heart-tissue rupture of the wall sometimes 

takes place. In thus defining the terms used, reference has been 

made to the left side of the heart, but the principle is equally appli- 

cable to the right side. 

It must not be inferred that dilation of the heart is essentially an 

evil. As pointed out by Roy and Adami, the heart tends to dilate 

whenever its work is increased, as a matter of economy. The 

economy results, (1) from the fact that any muscle works at an ad- 
vantage when somewhat elongated, and (2) because the volume of a 

spherical mass changes faster than its surface, from which it follows 

that as the heart dilates, the volume of blood pumped out by a cer- 
tain linear contraction of the heart-muscle increases faster than the 

strain. It is only when the dilation becomes excessive, in connection 

with greatly increased blood-pressure, that harm results. 

The relation of heart-rate to heart-s¢vain is evidently an indirect 
one, influencing it only as it influences the height of blood-pressure 

and the amount of dilation. As the blood-pressure can be determined 

directly, we need only to consider the bearing of heart-rate upon 
dilation. Now the faster the heart beats, the less is the tendency to 

dilation; because (1) by pumping faster it does not need to pump 

so much blood at each stroke, (2) the nervous regulation causing 

increased rate causes at the same time increased tone of the heart- 

muscle, and (3) during muscular work the increased rate is asso- 

ciated with increased force of contraction, favoring more complete 

emptying. Heitler has observed, in case of the dog, that in general 

an increased heart-rate is associated with a diminished volume, and 

a lessened rate with enlargement.! We have no evidence, therefore, 

that a rapid pulse-rate during work is of itself a direct source of 

danger; it is apparently a protection against overfilling of the cav- 

ities and consequent increase of strain. 

When work begins, the heart-strain must increase rapidly, because 

of the great increase in blood-pressure; the fall of pressure during 

work must tend to relieve it. We cannot tell when the heart-strain 

1 HEITLER: Centralblatt ftir innere Medicin, 1903, p. 625. 
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is greatest, because the amount of dilation is one of the two factors, 

and this is at present an unknown quantity. We have an increase in 

pulse-volume, amount unknown, tending to increase the dilation; an 

increased rate of beat, tending to prevent it; and fatigue, another 

unknown factor, tending to increase it. Roy and Adami! go so far 
as to say that fatigue and dilation of the heart may be considered as 
synonymous terms. When work ceases, we have sudden and great 

changes in rate and pressure, but the amount of dilation is again an 

unknown factor, and hence the strain cannot be estimated with any 

certainty. Before the question of heart-strain can be answered we 
must be able to state what changes occur in the volume of the heart 

together with the changes in pressure. 

Two principal methods of studying the size of the heart are in 

use: (1), percussion of the chest wall, and (2), the fluoroscope. 

The former cannot be used with success during work because of the 

noise involved. The latter method is far superior in exactness under 

any circumstances. Schott? found a considerable dilation of the 

heart after vigorous work in wrestling, using both methods. Several 

scientists have improved the methods of using the fluoroscope in 

such study. Moritz® and De La Camp‘ have failed to verify Schott’s 
results in sound men, but the latter found dilation five minutes after 

work in cases suffering from disease of the heart. He concludes that 

maximal muscular efforts cause acute dilation of the heart only when 

the organ is diseased. Neither of these writers attempted to study 

the size of the heart during the work. It is to be hoped that exten- 

sive studies of the amount of dilation during work will soon be 

carried on, and preferably in connection with determinations of 

blood-pressure. Such a study should give results enabling us to 

determine the conditions which cause the greatest heart-strain, and 

thus help to put athletic training on a new and firm basis, substi- 

tuting intelligent methods of training for guess work. 

X. SUMMARY. 

a. By the use of the stationary bicycle the effects of exercises of 
speed and endurance upon the respiratory and circulatory systems 

can be studied with accuracy during the progress of the work. 

1 Roy and ADAMI: Lac. cit., p. 282. 

2 ScuHoTtT: Medical record, 1898, p. 436. 
8 Moritz: Minchener medicinische Wochenschrift, 1902, p. I. 

4 De La Camp: Zeitschrift fiir klinsche Medicin, 1903, li, p. I. 
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b. During moderate exercises of speed the following changes take 

place in the circulatory system : 
1. A rapid primary rise of pulse-rate when work begins, lasting 

from one to three minutes; a gradual secondary rise as the work 

continues, often separated from the primary rise by a plateau; a 

rapid primary fall when the work stops, followed by a more gradual 

secondary fall, the two also being separated by a plateau in some 

instances. 
2. A rapid rise of blood-pressure when the work begins, lasting 

from five to ten minutes; a gradual fall of pressure as the work con- 

tinues; a rapid fall to normal or subnormal when work stops. 

3. A sudden lengthening of systole when work begins; a gradual 

shortening as the work continues; a sudden and pronounced shorten- 

ing when work stops, followed by a gradual lengthening to normal. 

e. The following explanations are offered to account for these 

changes: 

1. The first changes in pulse-rate when work begins and when it 

stops are due to nervous impulses acting upon the inhibitory centre. 

Nervous impulses acting upon the accelerator centre and effects of 

heat and waste products come in later. 

2. The rise of blood-pressure when work begins is produced by 

increased pulse-rate, contraction of abdominal muscles, and pumping 

action of the working muscles upon the veins; the latter two causes 

hastening the return of venous blood and thus increasing the pulse- 

volume. 

3. The cessation of the rise of pressure during work, while the 

pulse-rate is still rising, is due to diminished peripheral resistance, 

because of dilation of vessels in the working muscles and in the skin; 

possibly also aided by the action of the depressor nerve and diminu- 

tion of blood-volume by sweating. 
4. The extent of the fall of pressure during work depends upon 

the extent to which the skin-vessels are dilated, which in turn de- 

pends upon the temperature of the air and amount of clothing worn 

by the subject. 

5. The sudden changes in systole at the beginning and end of 
work are due to sudden changes in the work of the heart before the 

regulating mechanism has time to adjust itself to the changed 

conditions. 

d. The practical bearing of these results on the ultimate problem 

of heart-strain is as follows: 
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1. A rapid pulse is never an immediate cause of heart-strain, nor a 
safe indication of how great a strain is present. 

2. The changes in blood-pressure during work influence the 

amount of strain on the heart directly and proportionally, but the 

time of greatest strain and the general changes in amount of strain 

cannot be determined without a parallel determination of blood- 

pressure and change in heart-volume. 

3. The maximum heart-strain produced by a certain amount of 

work is diminished by gradually “ warming up” before doing the 

most vigorous part of it, and is also less when the temperature is 

warm. 

In closing I wish to acknowledge the help given me by Dr. Warren 

P. Lombard, under whose direction the work was carried on; I am 

also indebted to Mr. G. O. Higley, Instructor in Chemistry in the 

University of Michigan, and Dr. William Litterer, Instructor in Phy- 

siology in Vanderbilt Medical School, for valuable assistance in mak- 

ing the experiments. 





ON THE AGHON OF LOBELINE. 

By CHARLES Wy EDMUNDS: 

[From the Pharmacological Laboratory of the University of Michigan] 

HE question as to who introduced Lobelia inflata or Indian 

tobacco into medicine is one that is hard to answer. The 

drug had, no doubt, been used for a long time by the laity before it 

began to be employed by regular practitioners, and it is possible that 
it was used by the Indians before the time of the whites, although 

opinions differ on the subject. 
The first account of the emetic property of the drug was published 

in 1785, by the Rev. Manasseh Cutler,! who began to employ it in 

asthma in 1809. Schoepf* in 1787, writing on the subject, con- 

fused Lobelia inflata with Lobelia syphilitica, and ascribed the 

properties of each drug to the other. 
The name which above all others is most closely connected with 

Lobelia inflata is that of Dr. Samuel Thomson, the founder of the 

Thomsonian system of medicine; under this system, lobelia was 

the most important member of the class of “ Emetics,’ and was 

employed so extensively by Thomson and his followers that they 

were very commonly called ‘ Lobelia doctors.” 

The origin of the common name “Indian tobacco” is much dis- 

puted. According to J. U. and C.G. Lloyd? (to whom I am in- 

debted also for a large part of the early history of the plant), it 

was first called ‘‘ Wild tobacco,” and from this it was very easy to 

have the name changed to “ Indian tobacco,” as it would naturally be 

thought that a tobacco growing wild would be used by the Indians. 

However, the Lloyds say all the evidence they have been able to 
collect is against the theory of its use by the aborigines. Carver, 

Lewis and Clark, and Zina Pitcher, and many others who have 

' CuTLER: American Academy of Sciences, 1785, i, p. 484. 

2 SCHOEPF: Materia Medica Americana, 1787, p. 128. 

3 J. U. and C. G. LLtoyp: Drugs and medicines of North America, 1886, ii, 
p 65. 
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written on the subject of Indian remedies, do not mention “ Lobelia 
inflata.” The one exception is Mattson! (1841), who states that 

there is abundant traditionary evidence that it was used by the 

Penobscot Indians long before the time of Dr. Thomson. With 

this one exception, the evidence all seems to be against the use of 

this herb by theearly inhabitants of this country.? 
As lobelia was brought before the public so prominently in vari- 

ous trials of the Thomsonians for murder and manslaughter in which 
it figured, it was natural that it should be examined as to its chemis- 

try, and later as to its pharmacological action. 

One of the first important pieces of work upon the pharmacologi- 

cal side of the question was by Ott® in 1875. He was followed by 

Ronnberg‘ in 1880, Bartholow® in 1886, and by Dreser® in 1889, 

and still later by Bliedtner* and Tietze.® 

There still exists some question as to the position of lobeline in 

the pharmacological system, and I have attempted to determine this 

more satisfactorily in the following series of experiments. It very 

soon became apparent that its nearest affinity was to the group of 

nicotine (Langley and Dickinson*), and accordingly the effects 

of these two alkaloids were in many cases contrasted in parallel 

experiments. 

The alkaloid was extracted from the powdered seed of Lobelia 

inflata (kindly supplied me by Parke, Davis, and Co.), the method 

employed following that described by Dreser. 

The powdered drug was percolated with sixty per cent alcohol acidulated with 

acetic acid, and the resulting tincture concentrated on a water bath, pre- 

cipitated by lead acetate and filtered. The excess of lead was removed 

_ MATTSON: American vegetable practice. 

The origin of the popular name is of some anthropological interest, since 

the action of Lobelia resembles that of tobacco so closely. A similar interest 

attaches to the habit of chewing pituri among the Australian natives, as LANGLEY 

and DICKINSON (Journal of physiology, 1890, xi, p. 265) have shown that the 

action of piturine is practically identical with that of nicotine. 

8 OTT: Philadelphia medical times, 1875, vi, p. 121. 

4 RONNBERG: Inaugural dissertation, Rostock, 1880. 

§ BARTHOLOW: Drugs and medicines of North America, 1886, ii, p. 89. 

® DrEsSER: Archiv ftir experimentelle Pathologie und Pharmakologie, 1889, 

XXV1, Pp. 237- 

7 BLIEDTNER: Inaugural dissertation, Kiel, 1891. 

® T1ETZE: Inaugural dissertation, Griefswald, 1903. 

® LANGLEY and DICKINSON: Journal of physiology, 1890, xi, p. 265. 

2 



On the Action of Lobeline. 83 

nervous system and peripheral nerve terminations. Muscular twitch- 

ings may be present. 

From this brief description it will be seen that the main difference 

between the two drugs is that with lobeline the rigidity is not found, 

indicating the absence of the stimulant action on the hind brain. 

EFFECT ON WARM-BLOODED ANIMALS. 

To a small rabbit Ott gave one drop of ‘ Lobelina,” intravenously, 

resulting in struggling and death in one minute. In another animal 

subcutaneous doses of small amounts had little effect, while an intra- 

venous injection caused convulsive movements and spasms of head 

and jaw muscles. Dreser gave five milligrams to a cat, the injection 

being followed by struggling, vomiting, and dyspnoea. Later, one 

hundred milligrams caused death in forty minutes from a central 

paralysis of the respiration. 

Ronnberg got very much the same effects in dogs. 

Personal observations.—In the experiments upon this phase of 

lobeline action symptoms resembling those described were obtained 

as well as some not mentioned above. Small doses (one-half to five 

milligrams) of lobeline, given subcutaneously, caused violent vomit- 

ing in cats in from three to three and one-half minutes, this vomiting 

being repeated several times during the next ten minutes. About 

three-quarters of an hour later it came on again, but this time the 

vomitus was white and foamy, being composed entirely of swallowed 

saliva and mucus. Twitching of the ears appeared to be a constant 

symptom, coming on three or four minutes after the drug was given. 

At first the ears usually moved together, but later they twitched in 

Opposite directions. This twitching does not last for more than 

about a minute, but it may come on again later, though it is usually 

less marked and for a shorter time. The animal often urinates, and 

movements of the bowels are not infrequent. Other symptoms found, 
such as distress, unrest, and depression, are probably secondary to 

the emesis. 
To see if the twitching of the ears was caused by the drug, or was 

due to the vomiting alone, other experiments were carried out on cats 

in which emesis was caused by apomorphine; but in no animal did 

any twitching of the ears take place, showing that with lobeline 

it was not secondary to the vomiting, but was due to some direct 

action. 
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reflex excitability, followed by loss of will power, with lessened excita- 
bility, passing on to final total paralysis. Dreser localized the spinal 

cord as being the seat of the increased reflex excitability, and also 

demonstrated a curara action on the motor terminations. 
Personal observations. — The results obtained upon this animal 

add little to the work given above, but in the main confirm it. After 

the injection ina large frog of three milligrams of lobeline, the animal 

made attempts at jumping, but in a few minutes became quiet. The 

respiration was markedly slowed and irregular, and in some cases all 

visible respiratory movements ceased. The animal remained quiet 

unless it was disturbed by pinching, when it would hop away, the 

movements being clumsy and not well co-ordinated and there being 

some difficulty in regaining the normal position. When placed on its 

back, it was usually able with some effort to right itself. After 
some hours, during recovery, an increase in reflex excitability was 

at times noticeable. . 

With doses of five to ten milligrams, the animal showed more difh- 

culty in its bodily movements, with complete loss of control over its 

forelegs, causing it to rest on its abdomen. It would not hop away 

when disturbed, and reflex movements finally disappeared, total 

paralysis coming on, due to a curara-like action on the motor ter- 

minations. This paralysis, after a day or two, began to pass off, and 

the animal exhibited marked reflex excitability resulting, in some 

cases, in strychnine-like convulsions. The convulsive contractions 

were usually not as prolonged as would be caused by strychnine, 

but resembled more those in which curara and strychnine are given 

together. In several cases the frogs died two or three days after the 

lobeline had been administered, and none of these later effects were 

obtained. 

In his experiments on frogs, Ott reported ‘‘ muscular twitching and 

convulsive movements of extremities,” but although I have looked 

carefully for such muscular phenomena, I have never seen them, but 

think their absence might possibly be explained by the variety of 

frogs used (Rana virescens), or perhaps by the season of the year 

influencing them. This is made more probable by the fact that in 

the experiments made with nicotine as a comparison, I was not 

able to get any twitching whatever. 
Langley and Dickinson state that nicotine first causes a state of 

excitement in the frog. This is followed by a characteristic rigid 

posture which gradually passes off through paralysis of the central 
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nervous system and peripheral nerve terminations. Muscular twitch- 

ings may be present. 
From this brief description it will be seen that the main difference 

between the two drugs is that with lobeline the rigidity is not found, 

indicating the absence of the stimulant action on the hind brain. 

EFFECT ON WARM-BLOODED ANIMALS. 

’ To a small rabbit Ott gave one drop of “ Lobelina,” intravenously, 

resulting in struggling and death in one minute. In another animal 

subcutaneous doses of small amounts had little effect, while an intra- 

venous injection caused convulsive movements and spasms of head 

and jaw muscles. Dreser gave five milligrams to a cat, the injection 

being followed by struggling, vomiting, and dyspnoea. Later, one 

hundred milligrams caused death in forty minutes from a central 
paralysis of the respiration. 

Ronnberg got very much the same effects in dogs. 

Personal observations. —In the experiments upon this phase of 

lobeline action symptoms resembling those described were obtained 

as well as some not mentioned above. Small doses (one-half to five 

milligrams) of lobeline, given subcutaneously, caused violent vomit- 

ing in cats in from three to three and one-half minutes, this vomiting 

being repeated several times during the next ten minutes. About 

three-quarters of an hour later it came on again, but this time the 

vomitus was white and foamy, being composed entirely of swallowed 

saliva and mucus. Twitching of the ears appeared to be a constant 

symptom, coming on three or four minutes after the drug was given. 

At first the ears usually moved together, but later they twitched in 

opposite directions. This twitching does not last for more than 

about a minute, but it may come on again later, though it is usually 

less marked and for a shorter time. The animal often urinates, and 

movements of the bowels are not infrequent. Other symptoms found, 
such as distress, unrest, and depression, are probably secondary to 

the emesis. 

To see if the twitching of the ears was caused by the drug, or was 
due to the vomiting alone, other experiments were carried out on cats 

in which emesis was caused by apomorphine; but in no animal did 

any twitching of the ears take place, showing that with lobeline 

it was not secondary to the vomiting, but was due to some direct 

action. 
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With larger doses (fifteen to thirty milligrams) the symptoms 

differ more in degree than in kind, the dyspnoea and depression 

being much more pronounced. The animal moans and cries, stag- 

gers about, falls forward with head on the floor, the trouble with 

walking being especially noticeable in the hind limbs. With these 

large doses, the vomiting is not as marked as with the smaller doses. 

In some cases it occurred as early as with the small doses, but was 

not repeated more than once or twice. In other animals it did not 

come on for ten or fifteen minutes, and then was not repeated. Mic- 

turition and purgation are more common symptoms — an involuntary 

diarrhoea not being unusual. . ; 
A dose of seventy-five milligrams given subcutaneously to a cat 

‘of 1250 grams caused violent panting in twenty seconds; the 

animal cried, ran about the cage, its ears twitched for about a 

minute and then lay back elose to the head, and the hair on its tail 

was raised. In two and one-half minutes the animal was panting 

with head lowered, twitching and trembling all over. In six 

minutes a violent convulsion came on, tonic in character, lasting 

about twenty seconds. Its body was rigid and its legs were ex- 

tended stiffly at right angles to the body. The animal made violent 

leaping movements two or three inches in the air. After the convul- 

sion, the animal lay on the bottom of the cage, trembling violently, 

but later the attacks of trembling came only every five or ten seconds. 

Four minutes after the first convulsion, another came on of much the 

same character, except that the cat lay on the bottom of the cage. 

This was followed by feeble kicking movements, and the animal died 

fifteen minutes after the injection had been made. It will be noticed 

that no vomiting whatever occurred in this animal. With the in- 

creasing size of the dose, this symptom appears to become less 

prominent. 

The emesis is no doubt due to stimulation of the vomiting centre, 

as has been claimed by the earlier workers, because, given by the 

stomach, larger doses are required and a longer time to act. 

In a mouse marked tremors were seen after small doses of lobeline, 

with jerking of the anterior part of the body, followed later by gen- 

eralized twitchings and tremors that became more severe until the 

respiration stopped. 

The experiment in which seventy-five milligrams were given to a 

cat shows that, contrary to some of the earlier workers, lobeline has a 

marked effect on the central nervous system when given in suff- 
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ciently large doses. It may be added here that in those cases in 
which fifteen to twenty-five milligrams were given, with the usual 

symptoms of dyspnecea, etc., if a second dose of the same size was 
given, half an hour to an hour later, the symptoms were not nearly as 

marked as at the primary dose, the vomiting and dyspncea, perhaps, 

being entirely absent. An explanation of this might be that the 

depression of the nervous system following the stimulation of the 

first dose was so great that the nerve cells could not react to the new 

injection. 

In rabbits, subcutaneous injections of from five to seven milligrams 

had little effect beyond causing a marked slowing of the respiration. 

At times the animal appeared rather more restless than usual, and 

seemed to lose partial control of its limbs, as when resting it would 

often slide its fore limbs out in front of it, and the hind limbs would 

be stretched out backwards, instead of drawn up closely under it, as 

is normal. 

In dogs, the effect is much the same as in cats. One milligram 

given subcutaneously to a small dog caused no symptoms beyond a 

markedly accelerated respiration. Three milligrams, in addition to 

the respiratory changes, caused vomiting in fifteen minutes. Ten 

milligrams given subcutaneously to a large dog increased the respi- - 

ration and caused emesis in five minutes. 

According to the observations of Bernard, V. Praag, Krocher, and 

Truhart (cited by Langley and Dickinson), nicotine causes, in mam- 

mals, a preliminary excitement, clonic spasms and twitching of the 

muscles in various parts of the body, and at times convulsions and 

opisthotonus. In the cat,there occurs a certain rigidity of the fore 

limbs (V. Anrep.) and twitching of the ears (Truhart). 

Langley and Dickinson found the motor nerve ends were paralyzed 

in a cat by ten to fifteen milligrams, but that a larger amount was 

required in the rabbit and very much more in the dog. 

One difference between the two alkaloids would seem to be that 

lobeline does not cause a preliminary excitement or clonic spasms 

with muscular twitching (with the exception of the action on the 

ears), unless it is given in very large and rapidly fatal doses, when 

these symptoms may occur. The emetic power of lobeline would 

appear greater than that of nicotine. The paralysis of the motor 

endings has not been demonstrated in mammals from _lobeline 

action. 
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RESPIRATION. 

As to the effect of lobeline upon the respiration, Ott said, the 

drug was a respiratory poison, as the heart beat after the respiratory 

movement had stopped. He also said, the respiration is first acceler- 

ated and then depressed, and these changes not taking place after 

section of the vagi, he attributed them to irritation of the endings of 

these nerves in the lungs. Dreser carried out the most extensive 

work upon this part of the lobeline action, and summarized his re- 

sults as follows: lobeline produces powerful excitement of respiratory 

activities; the respirations are increased in frequency, this lasting 

longer with vagi intact than when they are cut; the volume of each 

respiration is increased as well as the force with which the breathing 

muscles are innervated from the centre, resulting in increased 

amount of work; the contractile effect of the vagi upon the bronchial 

muscles becomes non-effective after relatively small doses. Dixon 

and Brodie! have recently stated that a preparation of lobelia causes 

some constriction of the bronchial tubes, unless where these are 

already in a state of contraction, when the lobelia injection is followed 

by a transient dilatation. 
Personal observations. — Ina cat, not under an anesthetic, one mil- 

ligram subcutaneously caused the respiration to become not only ac- 

celerated, but also irregular, but this irregularity is probably caused by 

the marked nausea. With larger doses (15 milligrams for cat of 2400 

grams) the respiratory rate was very greatly accelerated; in three or 

four minutes it was thirty-five in fifteen seconds, the animal standing 

with its mouth wide open, violently panting. Five minutes later the 

rate had dropped to fourteen in fifteen seconds, and still later to twelve, 

and at the end of half an hour to nine. During this period the 

animal had short attacks of dyspnecea, violent panting, with the mouth 

open. . 

A subsequent injection of ten milligrams given fifty-five minutes 

after the primary fifteen milligrams caused practically no acceleration 
whatever. There was, however, a progressive slowing from eleven 

before the injection to eight four minutes after, remaining at this rate 

for about fifteen minutes, when it increased slightly. With rabbits 

that were not anesthetized the investigations of the effects on the 
respiration were very unsatisfactory, as external influences seemed 

! Drxon and BropieE: Journal of physiology, 1903, xxix, p. 169. 
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to be such a large factor in the animal’s breathing. However, a dose 

of seven milligrams given subcutaneously caused very marked slowing, 

decreasing the rate to almost one-half the normal. 

In a mouse, one-half milligram given subcutaneously caused first 

acceleration, dyspnoea, and irregularity followed by slowing, which 

began about three minutes after injection, and lasted for about three- 
quarters of an hour. In subsequent injections of doses from one to 

two milligrams, the acceleration became less marked than in the 

primary injection, but the slowing became greater until the respira- 

tion ceased entirely after a total of five and one-half milligrams had 
been given in an hour and a half. In anesthetized animals there 

was found the acceleration followed by slowing which has been 

described. E 

In a dog under morphine and chloretone, one or two milligrams 

caused marked respiratory movements like those seen in cats, but a 

second dose of the same size caused none of these effects. After the 

dyspneeic breathing following the primary injection of five milligrams, 

all respiratory movements ceased for possibly twenty seconds, when 

artificial respiration was begun, but in a very few seconds the natural 

process was reinstated. Apparently the first dose stimulates the 

respiratory movement, but its secondary effects antagonize those of 

subsequent doses. This antagonism is interesting because, although 

the centre is incapable of responding to further stimulation, it does 

not seem to be incapacitated for its ordinary function, for the rate is 

not markedly slowed. 

Nicotine causes a quickening and deepening of the respiration (V. 

Praag and Rosenthal). In anesthetized animals the drug first 

causes slowing and deepening of the respiration, followed by an 

accelerated rate (Langley and Dickinson). Section of the vagi les- 

sens the quickening effects of the drug, but deepens the respiration. 

There is, therefore, very little difference between the two drugs in 

their effects upon the respiration, the changes caused by them 

probably differing more in degree than in kind. 

BLoOoD-PRESSURE AND HEART. 

The effect of lobelia upon the circulation has been studied most 

carefully by Ott, who found that in dogs and rabbits the drug caused 

a temporary fall of pulse-rate and blood-pressure. This was suc- 

ceeded by a rise in pressure and increase in pulse-rate beyond the 
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normal, and occasionally before death the pulse became exceedingly 

rapid. Furthermore he says, section of the vagi or paralysis of 

them by nicotine or atropine did not prevent the same sequence of 

events from taking place, excepting that where nicotine was used the 

rise in pressure ‘was very slight. He located the point of action of 

the drug in the excitomotor ganglia in the heart which have their 

excitability diminished. He added further that lobeline paralyzed 
the vagi and also the vasomotor centre, and the rise in pressure was 

due to spinal or peripheral vasomotor action, 

Ronnberg obtained a rise in pressure up to two minutes after the 

injection of one milligram in the jugular vein. This was followed by 

a decrease in pressure for five minutes, and after this decrease, for 

five or ten minutes, a regular rise and fall in pressure with a small 

frequent pulse. The latter changes coincided with periodic vomiting. 

From the fact that lobeline removed the muscarine standstill of the 

heart, and also that in lobeline-poisoned hearts muscarine either does 

not act at all, or acts only in larger doses, he concluded that lobeline 

acted on the peripheral endings of the vagi. 

Personal observations. — Most of my work upon the effect of 
lobeline upon the circulatory system in mammals was carried out 

upon cats anesthetized with morphine and chloretone, —a cannula 

connected with the recording manometer being inserted in the 

carotid, and the injections made into the jugular vein. 

An analysis of the tracings obtained confirms, in the main, Ott’s 

work, but with some variations, which will be noted. 

The changes taking place in the circulation may perhaps be 

most simply described in three stages. rst. A stage of brady- 

cardia and low pressure. 2d. Acceleration of the pulse and rise 

in blood-pressure. 3d. Gradual decline in both pulse-rate and 

blood-pressure. 

Stage r.— About five seconds after an injection of one milligram 

of the drug, there was marked slowing of pulse, with finally a com- 

plete stoppage of the heart, lasting from one to two seconds. This 

cessation was followed by two or three irregular contractions, and 

then, for the next ten seconds, regular strong beats at less than half 

the normal rate, followed by gradually accelerated rhythm as will be 
described under Stage 2. 

The blood-pressure changes during this period of bradycardia were 
quite marked; it fell gradually, becoming irregular during the period 
of stoppage, and arhythmia of the heart; but during the slow regular 
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beats the pressure is very much lower than normal, but regular with 

the pulse-wave very large. This stage of slow heart and low 

pressure passes then into Stage 2. 

Stage 2.— The heart is gradually but rapidly accelerated, and the 
blood-pressure greatly raised, reaching the highest point in from 

thirty to forty-five seconds after the drug is given. The pulse, 

when it is most rapid, is about half as fast again as normal, and the 

pressure very much higher than the normal. 
Stage 3.— This stage lasts for from four to five minutes, during 

which time the pressure and pulse-rate slowly and gradually fall, until 

both have reached the normal, or more often may be slightly below 

the normal. 

The effect of subsequent doses differed. A smaller dose (five- 
tenths milligram) than the original caused no change in either pulse- 

rate or pressure. A dose of the same size as the original (one 

milligram) gave a curve much the same as that described under 

Stages 2 and 3 above. In other words, Stage I was absent. The 

rise in pressure was not as marked as in the primary injection, 

and the subsequent fall was more marked, that is, it reached a lower 

point each time, as described below. 

Injections given later varied in their effect, the rise in pressure 

becoming less marked after each injection, until, after two or three 

doses, no rise would result. The acceleration of the pulse also became 

less marked. The decline in pressure at the end of Stage 3 also 

ended after the first few injections, with the height of pressure slightly 

lower than it had been after the preceding injection, as mentioned 

above. This fall was only down to a certain level which would be 

maintained after later injections. 

As an example of the variation in pressure occurring from repeated 

doses, the measurements from one experiment may be given, the 

figures being the height of the curve from the base line. 

Before Highest point Height at end 
injection. reached. of decline. 

millimetres. millimetres. 

52 ) 

46 
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If the primary dose was larger (five milligrams), the effect 
was much the same as we have described, with at times some irregu- 

larity of the heart during the decline in pressure. The greatest dif- 

ference, however, was seen with subsequent injections, which usually 

gave no change in rate or pressure. 

Several experiments were carried out in order to locate, if possible, 

the points of action of the drug. A cat was prepared as before, and 

in addition the vagi were severed in the cervical region. Injections 

of lobeline then gave a slight slowing and a small fall in pressure, but 

neither effect was as marked as in experiments with intact vagi. 

Stages 2 and 3 followed as before. In another cat both vagi were 

paralyzed with atropine before the drug was injected. In this 

case there was no slowing of the heart or fall in blood-pressure, while 

the other phenomena were not affected. These results clearly show 

that the preliminary fall in both pulse and pressure is due partly to 

central and partly to peripheral action on the vagi. 

It is well known from Langley’s, Schmiedeberg’s, and Truhart’s 

researches that nicotine first stimulates and then paralyzes the sym- 

pathetic ganglia on the vagus nerves, in addition to acting on the 

medullary centres, and it seemed not unlikely that Jobeline might act 

in the same way, as the pressure-curves obtained from it were almost 

identical with those given by nicotine. To make the explanation still 

more probable was the fact that lobeline paralyzes the superior cervi- 

cal ganglia, as will be shown in the discussion of its action on the 

pupil. 

Nicotine was accordingly administered to a cat, until practically no 

change in blood-pressure resulted from its injection, and lobeline was 

then given, resulting in a very slight fall and subsequent slight rise, 

resembling exactly the phenomena shown under nicotine action. In 

other experiments, alternate injections of the two drugs gave curves 

which it would be impossible to distinguish from one another. 

Against this explanation, there is Ronnberg’s work, showing that 

the muscarine standstill of the frog’s heart is removed by lobeline, 

and this effect was confirmed in my work. I also found that five 

milligrams of pilocarpine would not stop a cat’s heart after seven and 

one-half milligrams of lobeline had been given. There resulted only 

a slowing in the heart from one hundred and eighty beats in a minute 

to one hundred and fifty. 

It would appear necessary, therefore, to ascribe to lobeline some 

action on the extreme terminations of the inhibitory nerve, as well as 
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on the ganglia on their course, but it seemed unlikely that it pos- 

sessed both. The difficulty was finally cleared up by the examina- 

tions of the effects of the drug upon the hearts of cold-blooded animals. 

These were examined first in the turtle, upon which I carried out a 

-number of experiments designed especially to elucidate the relation 

between lobeline on the one hand and pilocarpine and atropine on 

the other. 

The brain of a turtle having been destroyed, the plastron was 
removed, the pericardium opened, and the two sides of the exposed 

ventricle were connected to a myocardiograph.!_ The lobeline solu- 

tion was injected in some cases into the vessels, while in others it was 

dropped on the heart. In general it might be said that after lobeline 

had been given pilocarpine had practically no action in slowing the 

heart. If, on the other hand, pilocarpine had been given first, bringing 

the heart to a standstill, and lobeline was then applied directly to the 
organ, it began to beat again after some time (ten or fifteen minutes), 

and the rate gradually increased, but in no case did it return to the 

normal. If, later, atropine was given, the rate was still more increased, 

but even then it did not return to the original rate. An objection 

might be made to these experiments that the heart was connected to 

the instrument by threads through its wall, subjecting it to injury and 

constant irritation, which might account for the changes in rate found. 

To avoid this, in another turtle no apparatus was used, the rate of the 

heart being counted with the following results. 

LEexperiment. — 

Time. Rate per minute. 

2.50 24. ? 

Pe i 24. 

2.58 Two mgms. pilocarpine injected into aorta toward the heart. 

The heart stopped at once. 

3-03 Two and one-half mgms. lobeline into aorta peripherally, 

two cm. from heart. 

Sus Occasional feeble beats. 

3.20 Rate 5 per minute. — Contractions weak. 

aa Rate 5 per minute. — Contractions weak. 

3.35 Few drops lobeline solution direct to heart. 

3-39 Rate 5.— Contractions strong. 

3-45 Rate 6. 

1 Cusuxy and MATTHEWS: Journal of physiology, 1897, xxi, p. 213. 
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Experiment (continued): — 

one Rate 7. 
3-57 Rate 8. 

4.10 Rate 8. 

4.15 Two mgms. pilocarpine into artery. 

4-20 Rate 9. 

4.25 Rate 8. 

4.28 Atropine to heart. 

4.31 Rate 7. 

4.34 Rate 26. 

4.40 Rate 26. 

Lobeline, when given either by injection into the frog’s lymph sac, 

or by direct application to the heart, causes a progressive slowing and 

weakening of the organ. These effects, as in the case of the turtle, 

are not removed by atropine, and therefore are of muscular origin. 

If atropine is applied to the hearts of either frogs or turtles, and 

subsequently lobeline is used, there soon follows a slowing of the 

heart, with weakening of the contractions, these effects being due to a 

direct action on the muscle itself. As to the relation of lobeline to 

muscarine, I found, as stated above, that Ronnberg’s statements as to 

the removal of the muscarine standstill were correct. However, in 

none of his experiments did he use atropine later, to see if that would 

still further quicken the heart after lobeline. He could not tell, 

therefore, if the nerve-terminations, which had been stimulated by the 

first drug, had been paralyzed by lobeline, which would be necessary if 

it had neutralized the muscarine action. In only one of his experi- 

ments (Table Vil, No. VI) did the heart return to the normal rate, 

and then not until two hours after lobeline had been applied. 

In all my experiments, while lobeline started the heart after it had 
been brought to a standstill by muscarine, it did not return it to the 

original rate. If atropine was then given, the rate was increased at 

once, and in many cases it reached the normal. In other cases, 

where larger amounts of lobeline had been used, atropine quickened 

the heart, but did not cause a return to the normal rate. Conversely, if 

lobeline was applied to the heart, and later muscarine was given, some 

slowing from the latter drug usually resulted, but in no case did it stop 

the heart entirely. The slowing was, of course, removed by atropine. 

These changes in the rate under lobeline, pilocarpine, and atropine 

are well shown in the turtle experiment given in detail above. The 

heart, which had been contracting at the rate of twenty-four per 
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minute, was brought to a standstill by pilocarpine; lobeline brought 

the rate up to eight per minute, which seemed to be the limit of its 

action, but atropine caused a return to the normal. 

These facts would lead us to suspect at least that lobeline does not 

act on the vagus-terminations as does atropine, because, if it para- 

lyzed them, atropine could do no more, and therefore should not 

increase the rate of the heart over what it was under lobeline. This 
action of lobeline, then, inhibiting or preventing the muscarine and 

pilocarpine standstill, I would ascribe to an action upon the heart- 

muscle itself changing it in some obscure way, so that these drugs 

could not have their customary effects upon it. It may not be inap- 

propriately compared to that of physostigmine, which also acts upon 

the heart-muscle of cold-blooded animals in such a way that it par- 

tially removes the muscarine standstill (Harnack). 
The supposition that lobeline acts upon the sympathetic ganglia 

on the course of the vagi, and not upon the extreme terminations 

was proved by the fact that while in the frog, after lobeline had 
been given, stimulation of the vagus had no effect, yet stimulation of 

the sinus of the heart stopped the heart, proving that the nerve- 

terminations were intact. 

It may be worth while to mention that in no experiment carried 

out on rabbits or cats has been seen the great rapidity of the heart 

described by Ott as occasionally found just before death. 

The acceleration of the heart which occurs in the second stage 

described, is not affected by a previous injection of atropine, so that it 
must be due either to stimulation of the accelerator-nerve, or to 

direct action on the muscle. The fact that it only occurs after the 

first few injections (sometimes after only the first), would make the 

former explanation more likely; that is, that the accelerator mechan- 

ism is first stimulated and then paralyzed. That the inferior cervical 
ganglion, from which the accelerator fibres arise in the dog, is thus 

acted on by the drug will be shown later in the paper. 

Lobeline then stimulates the cardio-inhibitory centre in the 

medulla, and first stimulates and then paralyzes the ganglia on the 

course of the vagi. It also stimulates and then paralyzes nerve cells 
on the course of the cardiac accelerator fibres, and this stimulation is 

the cause of the increased rate of heart seen thirty seconds to a 
minute after the injection of the drug. 

Its action on the regulating apparatus of the heart would seem to 

be identical with that of nicotine. In addition, lobeline acts upon the 
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heart-muscle of cold-blooded animals in such a way as partially to 

remove or overcome the action of such drugs as muscarine upon that 

organ. 

EFFECT ON THE ACCELERATOR NERVE OF THE HEART. 

A large dog was anesthetized with morphine and chloretone, and a 

tracheal cannula having been inserted, artificial respiration was started, 

the chest opened, and the heart exposed. The right auricle and 

ventricle were then connected with a myocardiograph. The inferior 

cervical and stellate ganglia, with the annulus, were dissected out, to- 

gether with the cardiac branches from the inferior cervical ganglion 
and from the annulus. Electrical stimulation of the various nervous 

structures mentioned, brought out typical accelerator effects. After 

five milligrams of lobeline had been injected intravenously, stimula- 

tion of the annulus had no effect, while stimulation of the cardiac 

branches from the inferior cervical ganglion accelerated the heart in 

the usual way. Lobeline, therefore, paralyzes the accelerator nerve by 
acting on the inferior cervical ganglion. Before the ganglion is 

paralyzed, it is first stimulated, as is shown by the exceedingly rapid 

heart following the paralysis of the vagus ganglia; but that the rapid 

heart is not due to the vagus paralysis, is shown by the fact that it 

also occurs if the vagi have been paralyzed by atropine previous to 

the injection of lobeline, leaving the accelerator nerve and the heart- 

muscle as the possible seats of action. It does not seem likely that 

it is due to direct muscular action, because the acceleration only occurs 

after the first one or two injections of the drug, after which, as has 

been pointed out, the inferior cervical ganglia are paralyzed. 

Langley and Dickinson believe the acceleration under nicotine is 

due to asimilar action on the ganglia, but this is denied by Wert- 

heimer,! who reported acceleration even after extirpation of both stel- 

late ganglia, and therefore believes.it is due to the muscular action. 

This is denied by Dixon,? who found that nicotine caused no accelera- 

tion of the heart after the ganglia had been paralyzed by apocodeine. 

In its action on the accelerator nerve of the heart, lobeline has the 

same effect as nicotine, as the latter drug also causes a primary 

stimulation of the sympathetic ganglion on the course of these fibres, 

followed by paralysis of the same structure. 
Lobeline, however, differs from apocodeine, which also paralyzes this 

1 WERTHEIMER and Cotas: Archives de physiologie, 1891, xxiii, p. 341. 

2 Dixon: Journal of physiology, 1903, xxx, p. 105. 
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ganglion, but without any preliminary stimulation (Dixon'). More- 

over, apocodeine, in addition to acting on the ganglion, also paralyzes 

the extreme terminations of the accelerator fibres in the heart-mus- 

cle (Dixon). This effect, which is seen after apocodeine only when 
the drug is given in large doses (250 to 300 milligrams), has not 

been shown to take place with either nicotine or lobeline. 

BLOOD-PRESSURE. 

To localize the point of action of the drug which resulted in the 
rise of blood-pressure, the following experiments were carried out. 

A cat was prepared as heretofore, and in addition its spinal cord was 

cut across at the level of the fourth cervical vertebra. Injections of 

the drug were followed by the rise of pressure as before. In a 
second animal, the spinal cord was entirely removed from the fourth 

cervical to the fourth lumbar vertebra, yet the injections of lobeline 

resulted in a rise, the same as before, despite the severe state of shock 

following the operation. 
These experiments proved beyond all doubt that the seat of action 

is not central or spinal, but is on the peripheral vasomotor system. 

It was impossible to ascertain just what peripheral structure on the 

course of the vasoconstrictor fibres was acted on, as these fibres 

differ from the dilators in having no definite ganglia in which they 

all end on sympathetic cells, as the white rami of the constrictors 

may pass through several ganglia before reaching their termination. 

Therefore, although I think there can be no doubt that the drug acts 

on the ganglia, first stimulating and then paralyzing them, as has 

been shown it does elsewhere, this view could not be proved, as at 

no point could I cut the trunk of the nerve and be sure I was stimu- 

lating all spinal or all sympathetic fibres. 
Nicotine first stimulates and then paralyzes the peripheral nerve 

cells on the course of the vasoconstrictor and vasodilator nerve 

fibres, the total result being a primary great increase of blood- 

pressure, caused by constriction of the vessels in the splanchnic area, 
followed after three minutes by a fall below normal. The similarity 
of the blood-pressure curves obtained under lobeline, and the fact that 

the effects of each drug are weakened by the previous injections of 

the other, indicate a common seat of action. 

2 DIXON 06. (G8, Ds GS: 
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VASOMOTOR EFFECTS. 

Ronnberg says the vessels of a rabbit’s ear are dilated by lobeline 

through paralysis of the sympathetic nerve. 

Personal observations, — For this work white rabbits, anesthetized 

with paraldehyde, were used, injections of the lobeline being made 

into the jugular vein, with the following results. Immediately after 

the injection of small doses, the ear showed a marked pallor, which 

lasted for from two to three minutes, when it began to get pinker, and 

gradually became markedly flushed, this flush lasting for ten or 

twelve minutes, at the end of which time the ear had returned to its 

normal hue. Secondary injections, made some time after the first, 

gave the same results as the primary, except that the effects, es- 

pecially the pallor, were not quite as marked as after the first. 
Extirpation of the superior cervical ganglion modified the phe- 

nomena, in that there was no primary pallor in the ear on the side 

on which the ganglion had been removed. Instead, there was a 

flushing, appearing almost immediately after the drug was injected, 

this flushing lasting for five or seven minutes, when it gradually 

passed off. This flushing is probably a secondary result of the gen- 
eral constriction of the vessels, the blood flowing in greater abun- 

dance than usual into the unconstricted vessels of the operated ear. 

During the time when both ears were flushed, the ear on the side on 

which the ganglion was intact was never as deeply flushed as on the 
side on which the ganglion had been extirpated. The preliminary 

pallor in the intact ear is then due to the stimulation of the superior 

cervical ganglion, which distributes vasoconstrictor fibres to the 

vessels near the base of the rabbit’s ear (Meltzer ?). 

The changes in the circulation in the rabbit’s ear caused by nicotine 

are almost identical with those caused by lobeline. 

CIRCULATORY CHANGES IN THE MESENTERIC AND RENAL VESSELS. 

To study the changes in the circulation in the abdominal vessels, 

the changes in the blood-content of the intestine and in the volume 

of the kidney were recorded, the general blood-pressure being taken 

from the carotid at the same time in the usual way ; cats anesthetized 
with morphine and chloretone were employed in the experiments. 

1 MELTZER: This journal, 1903, ix, p. 57. 
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To measure the changes in the intestinal vessels, a plethysmograph 

was used, made in plaster of Paris after a pattern described by Arthur 

Edmunds.!'. The kidney-volume changes were measured in an onco- 

meter, smaller in size, but resembling in principle the plethysmograph. 

Both instruments were connected with piston-recorders arranged to 

write on a drum just above the pointer of the blood-pressure recorder. 

The vagi were paralyzed with atropine, and one milligram of lobeline 

then injected. Both intestinal and renal levers recorded changes 

that were exactly alike during the primary injection, so one descrip- 

tion will fit both. For the first five or eight seconds, both organs 

underwent an increase in size, reaching the maximum at the end of 

the time mentioned, which corresponded with the time when the 

blood-pressure began to rise. With this rise in pressure both curves 

showed a marked decrease in the volume of the organs, the minimum 

size being reached at the same time as the maximum blood-pressure 

was attained. From this time, as the general blood-pressure fell, the 

volume of the organs increased until they, were both markedly con- 

gested, compared with their condition before lobeline had been in- 

jected. In subsequent injections in which at times larger doses 

(five milligrams) were given, the same series of events took place in 
the intestine, that is, with a rise in the blood-pressure was a lessen- 

ing of intestinal blood-content; but in no case after the primary in- 

jection did a diminution in kidney-volume occur, but, on the other 
hand, its volume increased with the blood-pressure rise. 

The work of V. Basch and Oser on nicotine is confirmed by Lang- 
ley and Dickinson, who described a general constriction of the 

abdominal vessels, shown by the pallor of the organs; this pallor, 

after lasting one or two minutes, is followed by flushing. Neither 

observer records a primary flush coming on before the pallor, and in 

this they agree with my work on lobeline, as when the intestines are 
observed under a pane of glass in a warm salt solution bath the first 

change noted was the pallor. However, when the changes are re- 

corded by a plethysmograph, the primary increase in volume is easily 

made out. 

The changes in the general blood-pressure with both drugs are 

therefore due to similar causes; the primary fall in pressure, due to 
the vagus action, succeeded by the great rise, due to constriction of 

the vessels controlled by the splanchnics, the action no doubt being 

caused by a stimulation and secondary paralysis of the ganglia on 

1 A. Epmunpbs: Journal of physiology, 1898, xxii, p. 380. 
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the course of the nerves mentioned. The renal ganglia being 

paralyzed before those which send fibres to the mesenteric vessels, 

the volume of the kidney may not lessen in injections after the 
primary, while the intestinal vessels may still undergo constriction. 

EFFECT ON THE EYE. 

Ronnberg found in cats narrowing of the pupil caused by lobeline. 

Dreser reported in cats, contraction of the pupil taking place in 

twenty minutes if the drug was applied locally, while he got dilatation 

upon internal administration. 

Personal observations. — In a rabbit anzesthetized with paraldehyde, 

I found after intravenous injections of from three to ten milligrams of 

lobeline, contraction of the pupil occurred at once. Secondary injec- 

tions made soon after had no effect. 

In cats, anzesthetized by chloretone and morphine or by chloretone 
alone, intravenous injections of one milligram gave dilatation of the 

pupil, lasting for a few sefonds, followed by contraction. 

Extirpation of the superior cervical ganglion in either the cats or 

rabbits did not alter the results given above, excepting that the pupil, 

on the side on which the ganglion had been removed, was always 

smaller than the pupil on the intact side, the dilatation in the case of 

the cat, and the contraction in the experiments with the rabbits, not 

being sufficient to overcome the original difference between the two 

sides. On local application to the eye of the cat, no change what- 

ever in the pupil could be obtained. 

After lobeline had been injected, stimulation of the cervical sympa- 
thetic below the superior ganglion had no effect on the pupil, while 

stimulation above caused prompt dilatation, showing that the ganglion 

was paralyzed by the drug and that the extreme terminations were 

intact. 

Langley and Anderson! report paralysis of the endings of the third 

nerve in the external muscles of the eye of the rabbit by nicotine. 
On account of the close relationship existing between the action of 

the two drugs, experiments were made to see if the same effects could 

be got with lobeline, but no such effects were obtained in either 

rabbits or cats, using, respectively, doses of fifteen and twenty-five 
milligrams of the drug. 

1 LANGLEY and ANDERSON: Journal of physiology, 1892, xiii, p. 460. 
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Experiment. To show the action on the rabbit's pupil, November 4, 1903. — 

White rabbit, 2100 grams. 3.75 c.c. paraldehyde. Right superior cervi- 

cal ganglion extirpated. ‘The size of pupil measured with scale. 

Time. R. L. 

a:15 8 mm. 9 mm. 

3-19 3 mgm. lobeline into jugular vein. 

3-20 6 mm. 6.5 mm. 

a2r 5a nae: 

3-32 ape Ste 
3-37 c ‘es 
3-38 5 mgm. lobeline. 

3-40 6 mm. 7 mm. 

3-42 aay ; ay 

S55 6.75 mm. 7.25 mm. 

In general it may be said that the action of lobeline on the pupil 

resembles that of nicotine, when the drugs are given intravenously. 

Extirpation of the superior cervical ganglion in cats is said to delay, 

at times, the dilatation of the pupil which is caused by nicotine. This 

delay of five or ten seconds was not seen under lobeline action. 

On local application of nicotine to the eyes of dogs and cats, 

Langley and Dickinson obtained only dilatation, while Grunhagen 

stated the drug often causes no constriction, and Rogow found, in 

cats, once no change, once dilatation, and once dilatation followed by 

constriction. As given above, lobeline was not seen to have any effect 

on the cat’s pupil, when applied locally. 
The differences between the actions of the two drugs on the termi- 

nations of the third nerve have been given. 

ACTION ON THE SALIVARY GLAND. 

A large dog was anesthetized with morphine and chloretone, and 

the submaxillary duct dissected out, and a cannula inserted into it, the 

other end of the cannula being connected with a horizontal tube with 

a scale behind it. 
The lingual nerve was also exposed, as well as the chorda tympani, 

both nerves being cut centrally. The drug was injected into the 

jugular vein. 
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Experiment. — 

Time. 

10.05 Stimulation of chorda tympani. — Active secretion. 

10.08 2 mgms, lobeline into jugular. — Secretion began, and fluid 

in tube moved 10 cm. and then stopped. 

10.12 Stimulation of chorda. — No effect. 

10.15 2 mgms. lobeline. — No effect. 

10.18 5 mgms. pilocarpine. — Profuse secretion. 

10.25 I mgm. atropine. — Secretion stopped. 

10.30 5 mgms. pilocarpine. — No effect. 

This experiment shows that lobeline first stimulates and then 

paralyzes the submaxillary ganglion, but has no effect on the extreme 

terminations of the nerves, as pilocarpine later causes a profuse 

secretion. 

ACTION ON VARIOUS SYMPATHETIC GANGLIA. 

An interesting point encountered in the work on lobeline was the 

relative ease with which the drug paralyzed the different sympathetic 

ganglia in the body. 

For instance, in cats the superior cervical and the vagus ganglia are 

paralyzed by very small doses (one milligram). Also, in the same 

animal, the ganglia on the constrictor fibres distributed to the renal 

vessels are paralyzed by very nearly the same amounts as will affect 

the ganglia mentioned above, while it takes a larger dose to para- 

lyze the ganglia on the constrictor fibres which supply the intestinal 

vessels. This then gives a rise of blood-pressure due to constriction 

of the mesenteric vessels, after we fail to get narrowing of the renal 
vessels, or the customary effects from stimulation of the peripheral 

end of the vagus nerve, or the central end of the cervical sympathetic. 

Also, with cats and dogs, the accelerator action is present later than 

the inhibitory, as it takes a larger dose to paralyze the inferior cervical 

ganglion than it does the vagus ganglion. 
Nicotine paralyzes the ciliary ganglion more easily than it does the 

superior cervical ganglion (Langley and Anderson). 

TOLERANCE. 

A study of the comparative action of the two alkaloids, lobeline 

and nicotine, could not fail to impress one with their great similarity 

and close relationship as far as their pharmacological action is con- 
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cerned. For this reason, it was thought that it would be interesting 

to try and get tolerance in animals to each of the drugs, and then to 

see if the tolerance gained by an animal to one of the drugs would 

give it also tolerance to the other. Examples of this tolerance to one 

drug, giving also a like resistance to closely related drugs, is illustrated, 

as is well known, in the hypnotics. 

For this purpose cats of the same size were chosen, and the drugs 

in dilute solution given by the mouth upon an empty stomach, nico- 

tine acid tartrate and lobeline hydrochloride being used. As a 

measure of the degree of tolerance attained, the dose required to cause 

vomiting was most convenient. In each animal the minimal emetic 

dose of each drug was ascertained, and then daily injections were 

made of doses slightly smaller than this. The results obtained were 

_rather surprising. In neither animal could tolerance be obtained. 

During the thirty days the experiment was carried on, the doses, 

especially that of nicotine, had to be lessened every three or four 
days to avoid vomiting. At first fifteen milligrams of nicotine acid 

tartrate caused no emesis, later the dose had to be reduced to twelve 

milligrams, then to ten, and finally eight milligrams caused vomiting. 

Likewise, at first four milligrams of lobeline caused no symptoms 

beyond salivation, but later, toward the end of the month, a dose of the 

same size produced marked vomiting every day it was given. The 

fact that no tolerance could be gained to either drug is rather sur- 

prising, especially so when the rapid and easy tolerance gained by 

men to nicotine is remembered. Also Vas! reported getting toler- 

ance to nicotine in rabbits, but as no vomiting occurs in these animals, 

he did not have as good an index of the degree attained. 

SUMMARY. 

In frogs, lobeline causes some excitation, followed by depression of 

the central nervous system, with lack of muscular co-ordination, and, 

later, a total loss of reflexes, and paralysis due to a-curara-like action 

on the motor terminations. If the animal recovers, it occasionally 

exhibits marked reflex excitability. 
On the hearts of cold-blooded animals (frogs and turtles), in addi- 

tion to a nicotine-like action, lobeline also acts on the heart-muscle 

directly, and inhibits the actions of such a drug as muscarine. In 

1 Vas: Archiv fiir experimentelle Pathologie und Pharmakologie, 1894, xxxiii, 

p- 141. 
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larger doses the heart-muscle is depressed, weakening and slowing 

the contractions. 
In warm-blooded animals (cats and dogs), the main effects of 

small doses are due to the powerful emetic action of the drug, most 

of the symptoms being secondary to the vomiting, which is due to 

action on the medulla. In larger doses muscular twitchings are 

followed by tonic convulsions and death. 
The drug is a powerful respiratory stimulant in small doses, and in 

large quantities causes death by paralyzing the respiratory centre. 

Stimulation of the vagus nerve has no effect on the bronchial muscles 

after lobeline (Dreser). 
The effects of the drug upon the rate of the maaramalan heart, 

the height of the blood-pressure, the circulation in the abdominal 

viscera and in the ear (rabbits), the changes in the pupil and the 

submaxillary gland may all be explained by a primary stimulation and 

final paralysis of the various sympathetic ganglia controlling these 

functions. 

Lobeline paralyzes the superior cervical, the vagus, and the renal 

ganglia more easily than it does the inferior cervical and the 

mesenteric ganglia. 

Tolerance to the drug could not be gained in cats. 



AN EXPERIMENTAL STUDY OF THE RHYTHMIC 

ACTIVITY. OMrISOLATED SPRIPS- OF 

THE HEART-MUSCLE. 

By E. G. MARTIN. 

[From the Physiological Laboratory of the Johns Hopkins University, Baltimore, Ma.] 

HIS study was undertaken at the suggestion and under the 

direction of Dr. Howell, with the hope of throwing some ad- 
ditional light upon the problem of the interaction of ions, especially 

of sodium and calcium, in rhythmically contractile tissues. 

Strips from the apex of the ventricle were used, prepared as de- 
scribed by Greene! In many experiments four strips from the same 

heart were used. These were obtained by cutting the usual apex 

strips crosswise in the middle. The records given by these strips, 

though small, were in every other respect comparable with those 

obtained from pieces of tissue of the usual size. The great advan- 

tage of this procedure lay in the fact that three controlled experiments 

could be carried on at once, instead of one, as by the usual method, 

hence a greater range of comparison was possible. The distilled 

water and the salts used in the experiments were prepared as de- 

scribed by Greene.2_ The salts used were the chlorides of sodium, 

calcium, and potassium. 

Lingle? has stated that the action of ions in initiating spontaneous 
contractions may be looked upon as entirely distinct from the action 

of these same ions in maintaining them after they have begun. It 

has seemed to the author reasonable to suppose that if, as has been 

suggested by several observers, spontaneous contractions are the sign 

of a certain relationship existing among the ions in the tissue, then 

whenever the proper relationship is present, whether naturally or 

as the result of artificial manipulation, spontaneous contractions will 

occur, whether or not the tissue has been previously active. In other 

1 GREENE: This journal, 1808, ii, p. 83. 

2 GREENE: Loc. cit., p. 86. 
8 LINGLE: This journal, 1goo, iv, p. 270. 
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words, whatever condition suffices to initiate beats should, if main- 

tained, be sufficient to cause their continuance. In order to test this 

idea, the experiments described in this connection were carried on. 
The object immediately in view was the study of every possible 

method of initiating beats in resting strips, and of every environ- 
ment under which they continue active after beats have commenced. 

Such a study is, of necessity, a work requiring very much time for its 

completion, but some of the results thus far obtained may throw 

enough light on the problem under consideration to make their pres- 

entation at this time worth while. | 

The experiments here recorded were performed during the year 

1903. During the winter and autumn months the work was carried 

on in this laboratory, and the animal studied was the common slider 

terrapin, Pseudemys hieroglyphica. During the spring and summer 
the author worked in a temporary laboratory established by himself 

in Minnesota. The work in this simmer laboratory was almost en- 

tirely upon the common mud turtle, Chrysemys marginata. A few 

specimens of Chelydra serpentina were also studied. It should be 

stated at the outset that specific differences in the reactions of heart- 
tissue, if any were present, were neither conspicuous nor constant 

enough to necessitate differentiation in the study of the experiments. 

Seasonal variations seemed quite marked in some instances. These 
will be considered in their proper place. What seems to the author 

to be the typical reaction is obtained from the heart of an animal in 

winter condition, studied shortly after it is removed from its natural 

habitat. 

THE INITIAL STANDSTILL. 

Whenever a strip is cut from a beating ventricle, it immediately 

comes to rest in diastole. Gaskell! states that this standstill is fre- 

quently only temporary, and that, after a longer or shorter inter- 

val, the strip resumes rhythmic activity spontaneously. Observers 

in recent years have not been able to obtain this result, except 

at rare intervals, on strips suspended in air, and left entirely without 

treatment. We may, therefore, safely conclude that, under normal 

conditions, the isolated ventricle is not ordinarily spontaneously 

rhythmical. Lingle? attributes the standstill of the isolated ven- 

tricular strip to the mechanical shock of the operation by which it 

' GASKELL: Philosophical transactions, London, 1882, p. 993- 

* LINGLE: This journal, 1903, viii, p. 76. 



Rhythmic Activity of the Fleart-Muscle. 105 

is prepared for study. It would seem, however, that if mechanical 
shock is the only factor concerned in the failure of the strip to beat, 
spontaneous. recovery should be the rule, rather than the very rare 
exception. An experiment will be cited presently in which a strip, 

under proper conditions, was isolated completely without disturbance 

of the continuity of its rhythm, although suffering as much mechani- 

cal violence as any strip does in preparation. 

Howell! has suggested the view that,the standstill of the isolated 

ventricle is due to the presence in the circulating medium of some 

substance whose influence upon the ventricle is inhibitory. Accord- 

ing to his view, the potassium ions play this inhibitory rdle. As is 

well known, the simplest and, in fact, the usual method of inducing 

beats in a strip of ventricle, is by immersing the strip in 0.7 per cent 

sodium chloride solution, in which, if alive, it will invariably begin, 

sooner or later, to beat rhythmically. Precisely the same result will 

follow if the solution contain, in addition to sodium chloride, the phys- 

iological proportion ‘of calcium chloride, — about 0.025 per cent. If, 

however, there be present in the solution, in addition to these, the 

physiological proportion of potassium chloride, about 0.03 per cent, 

the strip will, in most cases, remain quiet indefinitely. Permanent 

quiescence can be maintained, in virtually every case, by increasing 

slightly the proportion of potassium chloride in the solution. Grant- 

ing that rhythmic activity depends upon ionic interaction, the facts 

cited above certainly indicate the correctness of Howell’s view. The 

tissue contains sodium, calcium, and potassium ions at the outset; 

the only one of these whose outward diffusion must be permitted, in 

order for the strip to become active, is the potassium. The question 

as to which are the efficient ions in producing activity and mazntain- 

ing it, is entirely distinct from the one now under consideration, and 

will be discussed in its proper place. 
Reference was made above to an experiment in which the mechan- 

ical violence of preparing the strip did not cause standstill. The 

experiment was as follows: A heart was removed from the body and 
the apex of the ventricle partially severed by two cuts parallel with 

the margin, as shown in Fig. 1. The preparation was then mounted, 

as shown in the figure, with the partially severed apex in connection 

with a recording lever. The apex beat throughout the entire process 

of preparation synchronously with the remainder of the heart, and 
continued to do so after suspension. One such preparation was sus- 

1 HOWELL: This journal, 1898, ii, p. 79. 
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pended in moist air for twenty minutes, during which time the beat 

of the apex was continuous and vigorous. At the end of this time, 

the apex was isolated by a cut through the connecting bridge of 

tissue, whereupon it came promptly to rest, and remained perfectly 

still throughout the experiment, although the great mass of the organ 

Figure I.— Diagram illustrat- 

ing the method of suspending 

a whole heart with partially 

A, en- 

tire terrapin heart; 2, apex 

almost isolated by cuts C 

isolated apex strip. 

and C’; D, thread suspend- 

ing whole heart to fixed sup- 

port; “, thread connecting 

apex with recording lever; 

F, glass rod to which apex 

is attached at lower end by a 

thread G. 

ranged 

The whole ar- 

to be immersed at 

pleasure in any desired solu- 

tion. 

creased, although the original value was never regained. 

continued to beat as before. A precisely 
similar preparation was suspended for 

twenty minutes in 0.7 per cent sodium 

chloride solution, after which the apex 

was isolated in the same way as in the 

former instance. In this case, however, 

the isolated apex did not come to rest, 

but continued to beat regularly, with no 

pause save a momentary one while the cut 

The same amount of 
mechanical violence was inflicted in each 

case. The conclusion to be drawn from 

this experiment is that the standstill of 

the isolated ventricle is due, not to me- 

chanical violence, but to some _ factor 

whose influence is overcome by the treat- 
ment with the saline solution. An in- 

teresting fact was brought out by this 

experiment, although bearing upon quite 

a different problem from the one under 

consideration. The rhythm of the entire 

heart, including the partially separated 

apex, was, in one experiment, twenty-eight 

The rhythm of the apex fell, 
immediately upon isolation, to seven per 

minute, which rate was maintained for 

During the later stages of 

the experiment the rate gradually in- 

This 

was being made. 

per minute. 

some time. 

experiment indicates that a ventricle in which spontaneous contrac- 

tions have been artificially induced has a rhythm of its own, which 

is quite independent of the normal rhythm of the heart as a whole. 
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THE LATENT PERIOD. 

In a preceding paragraph the idea was advanced that the isolated 

ventricular strip remains at a standstill for the reason that it is not, 

under the conditions of normal life, spontaneously rhythmic. It is 

the purpose of this section to describe the various artificial conditions 

under which rhythmic contractions may occur. 

Sodium chloride solution. — The first method of inducing beats has 

already been mentioned. It consists of immersing the strip in 0.7 

per cent sodium chloride solution. A strip in this solution exhibits 

a period of standstill before the onset of activity. This latent period 
is of variable length; its average duration, for eighty-five observations 

made by the author throughout the year, was forty minutes. There 

appears to be a distinct seasonal variation in this respect. The aver- 

age latent period for fifty-one observations taken during the months 

of November, December, January, and February was fifty minutes, 
while for thirty-one observations during the months of May, June, 

August, and September the average latent period was twenty-seven 

minutes. This variation is probably associated with the difference of 

temperature of the two seasons, although observations which will be 

reported presently indicate that there is also a definite difference in 

the condition of the tissue, to which this difference in the latent 

period may be referred. The extreme range of duration of the latent 
period was between five and one hundred and thirty-six minutes. 

Instances of such wide departure from the average are decidedly in 
the minority, seventy-five per cent of all observations falling reason- 

ably near the average value. 
Preliminary bath containing calcium. — If a fresh strip be placed for 

a short time (three to five minutes) in a solution containing 0.7 per 

cent sodium chloride and 0.025 per cent calcium chloride, and be then 

transferred to a solution of 0.7 per cent sodium chloride alone, the 

duration of the latent period is very much less than that shown by 

strips placed directly in 0.7 per cent sodium chloride without the 

preliminary treatment with the calcium-containing solution. This 

result was constant during the winter months, and is so marked that 

it cannot be regarded as accidental. Table I gives the results of 

fourteen observations of this fact. The averages from the table are 

as follows: for those strips which were treated with the solution 

containing calcium chloride, the average latent period was eight 

minutes, while for the control strips, which did not receive this 
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treatment, but were placed directly in 0.7 per cent sodium chloride, 

the average latent period was thirty-nine minutes. That this effect 

is due to the calcium of the preliminary solution, is made clear by 

TABLE I. 

Effect of a brief preliminary bath of a solution containing 0.025 per cent calcium 

chloride, and 0.7 per cent sodium chloride on the latent period of fresh strips in 0.7 per 

cent sodium chloride. 

Date of || Latent period | Latent || Date of | Latent period Latent 
observation. | of control | _ period of observation. | of contro] period of 

1903. | in 0.7% NaCl.| test strip. 1903. |in 0.7% NaCl. | test strip. 

minutes minutes minutes minutes 

Jan. 2: 44 9.5 Feb. ae 6.5 

5.0 i Ee 7.0 

7.0 | 13.0 

4.0 Sik 7.0 

11.0 

5.0 

ABIOB Ll 

Effect of a brief preliminary bath of 0.025 per cent calcium chloride in sugar solution 

on the latent period of fresh strips in 0.7 per cent sodium chloride. 

Date of observation,| Latent period of | Latent period of 
1903. control in 0.7 % NaCl. | test strip. 

minutes | minutes 
| 
| 
| Jan. 6.0 

56 | 5.0 

the observations recorded in Table II, in which exactly the same 

proportion of calcium was used as in the former series of observations, 

but the solution was made isotonic with the serum by means of cane 

sugar instead of sodium chloride. The average latent period of the 
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calcium-treated strips in this series of five observations was nine 

minutes, the control strips had an average latent period of fifty-nine 

minutes. Greene! observed a similar shortening of the latent period 

when a strong solution of calcium chloride in distilled water was 

used as a preliminary bath, followed by 0.7 per cent sodium chloride 

solution. Table III shows that the presence of potassium in small 

TABLE III. 

Effect of a brief preliminary bath of normal Ringer’s solution on the latent period of 

fresh strips in 0.7 per cent NaCl. 

Date of observation. Latent period of | Latent period of 
903. | control in 0.7 % NaCl. | test strip. * 

minutes | minutes 

amounts in the preliminary solution does not interfere with the 

action of the calcium. The modification of Ringer’s solution de- 

scribed by Howell? was used as the preliminary bath in this series 
of experiments. The average latent period of the calcium-treated 
strips in this series of eight observations was six minutes. The 

earlier observations of this series were not controlled; the average 

latent period of the three controls which were made later, was forty- 

seven minutes. Several experiments were performed in which small 

proportions of potassium chloride, from 0.03 per cent to 0.04 per 

cent were used with 0.7 per cent sodium chloride in the preliminary 

bath. The presence of the potassium compound did not tend to pro- 

duce any shortening of the latent period, so far as could be deter- 

mined from the few tests that were made. If all the observations 

of the effect of physiological proportions of calcium chloride in the 

? GREENE: Loc. cit. p. I0l. 

2? HOWELL: This journal, 1898, ii, p. 53. 
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preliminary bath be grouped together, the following values are ob- 

tained: twenty-seven calcium-treated strips showed an average latent 
period of 7.5 minutes. Their controls, which had precisely similar 
treatment, except that they had not the preliminary immersion in a 

calcium-containing solution, showed an average latent period of forty- 

four minutes. These observations seem to establish the fact that 

calcium, under the conditions quoted, has the power to induce con- 

tractions in freshly isolated ventricular strips, immersed in 0.7 per 
cent sodium chloride solution, much more promptly than sodium 

chloride used alone. 
A number of observations, twenty-seven in all, were made in re- 

gard to the effect of larger proportions of calcium chloride in the 

preliminary bath. Solutions were used in which the proportion of 

calcium chloride ranged from twice to four times the physiological, 

z.é., from 0.05 per cent too.1 per cent. In these experiments the 

calcium chloride, in eleven cases, caused distinct shortening of the 

latent period, while in sixteen experiments this was either distinctly 
lengthened, or was only slightly influenced. The results of this 

series of experiments are given in Table IV. A careful study of this 
table brings out a striking fact, which can be made clear by a state- 
ment of the average values of the different sets of latent periods. 

For the eleven cases in which the large dose of calcium shortened 

the latent period, its average duration was fifteen minutes; the 

average latent period for the eleven controls was thirty-eight minutes. 

For the sixteen cases in which calcium delayed the onset of activity, 
the average latent period was thirty-six minutes; the sixteen con- 

trols for these, however, showed an average latent period of only 

twenty-two minutes. With the exception of three observations, all 

those in which the large proportion of calcium chloride delayed the 

onset of activity were made during the summer months, when, as 

was noted above, the latent period of fresh strips in 0.7 per cent 

sodium chloride was considerably shorter than in cold weather. The 

point upon which it is particularly desired to lay stress is this. The 

shortening of the latent period in sodium chloride observed during warm 

weather depends upon the same condition of the tissue as does the delayed 

activity which calcium sometimes causes. A study of the average 

latent periods of the author’s summer experiments makes this fact 

apparent. Of the thirty-one observations of the latent period made 

during warm weather, thirteen showed an inhibitory action on the 

part of calcium, eleven showed the opposite effect, while the point 

_— 
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TABLE IV. 

Effect of large doses of calcium chloride in the preliminary bath, on the latent period 

of fresh strips in 0.7 per cent NaCl. 

Latent period | Latent period 
of control in of 
0.7% NaCl. test strip. 

Date of observation. Composition of 
solution. 

minutes minutes 

0.05 % CaCl, and 0.7 % NaCl. 65 17 

25 6 

45 

25 
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was not determined for the remaining seven. The average latent 

period for the control strips in sodium chloride, of the thirteen whose 

test strips showed calcium inhibition, was sixteen minutes, while for 

the remaining eighteen, the average latent period was thirty-five 

minutes. The possible significance of these facts will be discussed 

in a later paragraph. 
The facts presented above may be summarized in the following 

statement of the effect of a preliminary bath of calcium chloride on 

fresh ventricular strips. This substance in physiological proportion 

applied to a strip for a short time diminishes markedly the latent 

period of the strip in 0.7 per cent sodium chloride. In twice the 
physiological proportion or more, calcium chloride may have the 

same effect as in physiological concentration upon strips whose con- 

dition is typical, but upon strips in an atypical condition, as indicated 

by a marked shortening of the normal latent period in 0.7 per cent 

sodium chloride, such concentrations of calcium chloride are likely to 

exert a distinctly inhibitory influence. 
Continued application of calcium-containing solutions. — The effects 

of calcium which have been thus far described were all obtained by 

treating strips for a short time with a solution containing calcium 

ions, and then transferring them to a solution of 0.7 per cent sodium 

chloride in which there were no calcium ions except those that might 

have been carried over on the tissue. That the effects observed 

were due to the brief contact with the calcium-containing solution, 

rather than to the calcium ions which were carried over when the 

strip was transferred to the pure sodium chloride solution, was shown 

by the fact that thorough rinsing with several changes of saline solu- 

tion, or, for that matter, immersing the strip in a flowing stream of 

0.7 per cent sodium chloride solution, did not change the effect of 

the previous application of calcium chloride. 

A few experiments, ten in all, were performed in order to see 

whether the calcium effect would be the same when the strip was 

immersed in a solution containing both sodium and calcium chlorides, 

and left there till beats began. Concentrations of calcium chloride 
ranging from the physiological, 00.25 per cent, to three times that 

amount, were used. The results were very conflicting. In four 

experiments the presence of calcium was without effect on the latent 

period; in four the latent period was distinctly lengthened ; and in the 

two remaining experiments the latent period was markedly shortened. 

Two of the experiments in which calcium had no effect on the latent 
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period were performed in the month of May; all the others of this 
series were carried on in November and December. It seems scarcely 

reasonable to suppose that the effect of a brief preliminary bath of a 

calcium-containing solution should be markedly different from that of 

the same solution applied for a longer time; therefore a more 

exhaustive study of this latter point is desirable. 
Mixed solutions of sodium chloride and cane sugar. — Lingle! has 

shown that heart strips may beat spontaneously in mixtures of 0.7 
per cent sodium chloride and isotonic cane sugar solution in which 

the dilution of the sodium chloride is very considerable. The author 

studied the latent period of strips in such solutions. In the paper 

just referred to, Lingle? notes the fact that the latent period in such 

dilute solutions is longer than in physiological salt solution. 
Two dilutions of sodium chloride with sugar solution were studied 

by the author. In one the proportion was I0 c.c. 0.7 per cent sodium 

chloride to 15 c.c. isotonic sugar solution; in the other the proportion 

was 5 c.c. 0.7 per cent sodium chloride to 20 c.c. of the sugar solu- 

tion. There were no differences between the latent periods of these 

two sets of observations that might not fall within the range of 

individual variation; therefore the entire group is studied togetlrer. 

The average latent period of the control strips in 0.7 per cent sodium 

chloride, for the entire series of fourteen observations, was fifty-seven 
minutes. The average latent period of the strips bathed in solutions 

of sodium chloride diluted with sugar was one hundred and seventy 

minutes. It should be noted in passing that occasionally a strip of 

ventricle is observed which remains quiet indefinitely in a solution in 

which the proportion of sodium chloride is much below the physio- 

logical. This occurs more frequently, as Lingle points out, the more 

the sodium chloride is diluted. 
Long separation from the body.— A number of observers have 

called attention to the fact that perfectly fresh heart-tissue is more 
resistant to interchanges among its salts than the same tissue is after 

it has been separated from its normal connections for some time. 

This observation is corroborated by the results of two series of experi- 

ments performed by the author. The first series consisted in prepar- 

ing strips according to the usual method, and suspending them 

directly in moist air. After hanging thus for some time, each strip 
was immersed in 0.7 per cent sodium chloride and the latent period 

1 LINGLE: This journal, 1902, viii, p. QI. 

2 LINGLE: Loc. czt. p. QI. 
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in the solution under this condition was compared with that of a per- 

fectly fresh strip in the same solution. The average values for twelve 

experiments, in which the time of suspension in the moist chamber 

ranged from one-half to four and one-half hours, are as follows: the 

latent period of the control strips, placed directly upon isolation into 

0.7 per cent sodium chloride, averaged forty-eight minutes ; the latent 

period of the test strips, transferred to 0.7 per cent sodium chloride after 

long suspension in moist air, averaged fourteen minutes. In the second 

series the fresh strips were placed in solutions containing 0.7 per 

cent sodium chloride together with 0.04 per cent potassium chloride. 

This proportion of potassium chloride is one-fourth larger than the 

physiological, reckoning the latter to be that used in Ringer’s solution, 

and usually suffices to prevent spontaneous contractions indefinitely. 

After immersion in this solution from one to three hours, the strips 

were transferred to 0.7 per cent sodium chloride, and the latent period 

after transfer compared with that of perfectly fresh strips as before. 

The results for this series of four experiments are these: the latent 

period of the strips transferred from the potassium-containing solution 
to that of sodium chloride alone, averaged in the latter solution 

twelve minutes. The controls showed an average latent period of 

fifty-five minutes. In every case the test strip was left in the 

potassium-containing solution for some time after its companion strip 

in pure sodium chloride had commenced to beat. In no case was 

there any sign of activity in the strip, so long as it remained in the 

solution containing potassium chloride, although it began to beat 

soon after transfer to a solution of sodium chloride without potassium 

ions in it. These facts certainly indicate that potassium exerts an 
inhibitory influence upon the tissue, which is removed by allowing 

diffusion of potassium to take place. If, as Howell has suggested, 

the only factor concerned in the normal latent period of fresh strips 

in sodium chloride is the presence of excess of potassium in the 
tissue, these experiments also show that diffusion is less rapid in 

fresh strips than in those isolated for some time. 

Solution of sugar isotonic with the blood. — Lingle! states that 

strips which have been suspended in a solution of cane sugar, isotonic 

with the blood,.for some time, frequently begin to beat very promptly 

upon removal to a solution of 0.7 per cent sodium chloride. The 

author has been unable to obtain this result from strips which were 

placed in the sugar solution immediately upon isolation, and kept 

1 LINGLE: This journal, 1900, iv, p. 270. 
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there one hour or more. Such strips have invariably gone into a 

condition of strong tone, and the first effect of removal to a salt solu 

tion has always been a prompt and marked fall of tone, followed 

ultimately, but only after a number of minutes, in one case one hour, 

by spontaneous contractions. It should be stated, however, that if 

the sugar solution contained a small proportion of sodium chloride, 

not enough to bring about activity itself, transfer to 0.7 per cent 

sodium chloride was usually followed by contractions very promptly 

indeed; unless the strip had been too long in the sugar solution, in 

which event no contractions resulted from the application of the 

sodium chloride. 

Organic calcium-containing solutions, including blood. — In connec- 

tion with the study of the influence of calcium in shortening the 

TABLE V. 

Effect of a brief preliminary bath of terrapin serum upon the latent period of a fresh 

strip of terrapin ventricle in 0.7 per cent NaCl. 

Date of observation. Latent period of Latent period of 
control in 0.7 % NaCl. test strip. 1903. 
| 
| minutes minutes 

Feb. 70 

4.5 

12.0 

15.0 

5.0 

latent period of fresh strips in 0.7 per cent sodium chloride solution, 

a point of considerable interest was observed which should be re- 

corded in this connection. After the effect of calcium in inorganic 

combination, as represented by calcium chloride, had been satisfac- 

torily determined, the question arose as to whether calcium in organic 

combination would have the same effect. Milk and solutions of cal- 

cium glycero-phosphate in sodium chloride solution were tried and 

found to produce a definite shortening of the latent period. But the 

serum of the turtle contains calcium in organic or inorganic combina- 

tion, and ought, therefore, to behave in this respect like other cal- 

cium-containing solutions. Serum was obtained by defibrinating the 
blood of a terrapin, and allowing the corpuscles to settle. A fresh 
strip was given a preliminary bath for three minutes in twelve cubic 
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centimetres of this serum. The results of these experiments are 

given in Table V. The average latent period for the control strips 

was forty minutes; for the test strips, ten minutes. In a single 

instance the fresh blood was left at a low temperature for twenty- 
four hours, and the clear, unclotted plasma thus obtained was tested. 

During the three minutes that this plasma was about the strip, clot- 

ting began in it. It reduced the latent period of the test strip to 

thirteen minutes, while the control strip had a latent period of thirty- 

four minutes. Fresh blood itself was drawn, and used immediately 
as a preliminary bath about the fresh strip. Frequently it could be 

TABLE VI. 

Effect of a brief preliminary bath of fresh terrapin blood upon the latent period of a 

fresh strip of terrapin ventricle in 0.7 per cent NaCl. 

| 
Date of observation. | Latent period of | Latent period of 

1903. control in 0.7% NaCl. | test strip. 

Part 1.—Blood clotted on the strip. 

minutes minutes 

26 16 

30 | 15 

35 10 

Part 2.—Blood did not clot on the strip. 

45 

40 

41 

kept about the strip for three minutes, and then be withdrawn with- 

out clotting. In every case in which this was done, and the blood 

adhering to the strip was removed with care by thorough rinsing, no 

shortening of the latent period was observed. On the other hand, if 

the blood were allowed to clot about the strip before being removed, 

the latent period was shortened in the same way as when serum was 

used. The experiments with blood are recorded in Table VI. The 

average latent period for nine observations with serum, clotted plasma, 

and clotted blood was, for the test strips, twelve minutes, and for the 

controls, thirty-six minutes. These experiments indicate clearly that 
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the calcium in the normal uncoagulated blood is in a condition dif- 

ferent from that in which it exists in the serum after coagulation. 
In the latter state it behaves, so far as the relationship that we are 

now studying is concerned, like the aqueous solution of a calcium 

salt, and it is possible, therefore, that the difference here pointed out 

between the calcium of the fresh plasma and of the serum may be 
connected with the degree of ionization that it undergoes in the two 

conditions. | 
Summary of the important conditions affecting the latent period. — 

1. A mixture of 0.7 per cent sodium chloride with the proper propor- 

tion of calcium chloride, followed in a few minutes by 0.7 per cent 

sodium chloride alone, induces spontaneous beats in a freshly iso- 

lated ventricular strip more promptly than any other means now 

known; the average time is about ten minutes. 

2. Spontaneous beats begin in a fresh strip in 0.7 per cent sodium 

chloride after a latent period four to five times as long as in Case I. 

3. Spontaneous beats begin in a fresh strip in sodium chloride 

diluted with isotonic sugar solution after a latent period three times 

as long as in Case 2. 
4. Under certain conditions of the tissue, the latent period of 

fresh strips in 0.7 per cent sodium chloride solution is less than half 

the normal Under these same conditions calcium, in slightly ex- 

cessive doses, may exert an inhibitory rather than an accelerating 

influence. 2 

5. The calcium-content of normal, uncoagulated plasma is in such 

a form that it does not exert the stimulating influence of inorganic 

calcium salts in solution upon freshly isolated ventricular strips, but 

during the process of clotting the calcium of the serum becomes 

efficient in this respect. 

e 

Tue REACTIONS OF STRIPS IN 0.7 PER CENT SODIUM CHLORIDE 

SOLUTION. 

The first effect of placing a freshly prepared ventricular strip in 

0.7 per cent sodium chloride is a marked loss of tone. At the out- 

set this is probably merely the normal relaxation from the condition 

of excessive tone into which the process of preparation has thrown 

the tissue. ‘This large initial fall is succeeded by a gradual but con- 

tinuous fall which continues till the death of the strip, if it be left 

~in the sodium chloride solution that long. 
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Spontaneous beats begin in the strip after a latent period which 

has been sufficiently described in preceding paragraphs. The series 

in 0.7 per cent sodium chloride has a perfectly characteristic form, 

which has been fully described by Greene.' In brief it is as follows : 
The contractions may or may not show a distinct “ Treppe,” but after 
the maximum height is reached there is invariably a gradual contin- 
uous decline in the extent of contraction, terminating in a condition of 

practical standstill, which is known commonly as sodium chloride ex- 
haustion. The duration of the series in 0.7 per cent sodium chloride 

shows wide variation. In the author’s experiments it ranged from 

one-half hour to four hours; the average duration for sixty-eight 
observations was one hour, fifty minutes. In determining the length 

of these series, the strip was considered at rest when its actual short- 

ening was less than 0.1 mm. Undoubtedly minute contractions con- 

tinued for some time after that point was reached, which would make 

the average given above too small; for the purpose of this study, 

however, the figure given is sufficiently accurate. The extent of 
shortening of a strip in 0.7 per cent sodium chloride corresponds, at 

its maximum, about with that shown by fresh strips in air when stim- 

ulated electrically. It is by no means the utmost which the strip can 

be made to show under proper conditions. 
As has been proved repeatedly, complete sodium chloride exhaus- 

tion does not imply that the tissue has suffered permanent injury, 

inasmuch as it may be revived by suitable means, and kept in vigor- 

ous activity for many hours. Continued exposure to the sodium 

chloride solution, after the exhaustion has become complete, does 

result, however, in the death of the tissue in a comparatively short 

time. Three distinct methods of restoring the activity of a strip 

which has come to rest in 0.7 per cent sodium chloride are known 

to the author.2. These are: (1) the addition of a small proportion of 
calcium chloride to the solution in which exhaustion has taken place 

(the concentration of calcium chloride usually employed varies be- 

tween 0.025 per cent and 0.05 per cent); (2) the transfer of the 

strip to an isotonic cane sugar, or similar “ indifferent,” solution ; 

(3) removal of the strip to a moist air chamber. 

The manner of recovery by each of these methods is quite charac- 
teristic of the method, and the variation undoubtedly depends upon 

the different changes which are brought about in the tissue as the 

1 GREENE: Loc. cit., p. QI e¢ seq. 

2 HowELL: Loc. cit., pp. 185, 189; LINGLE: This journal, 1902, viii, p. 83. 
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result of the different environments, all leading to the same result, 

-Z.é., renewed vigor of contraction. The effect of adding calcium 

chloride to the solution of 0.7 per cent sodium chloride, in which the 

strip has come to rest, is a very prompt and marked increase of 

vigor. The strip usually shows an increased beat in the very first 

contraction it makes after the addition of the calcium chloride, while 

within a half-dozen contractions the size of the beat will be consider- 

able; sometimes nearly as great as at the beginning of the sodium 

chloride series. There is usually a prompt rise in tone as the result 
of the addition of calcium chloride; where the amount of the calcium 

salt is relatively large, this tonic shortening may be considerable. 
When a strip, exhausted in sodium chloride, is transferred to an 

isotonic sugar solution, the effect is more gradual, although it usually 

begins to develop within a short time after the application of the 

sugar solution. The increase in beat is slow but continuous, reach- 

ing its maximum about one half-hour after the first indication is 
given. Sometimes there is a slight rise of tohe in the sugar solution, 

but not usually. The reviving effect of placing the exhausted strip 

in a moist chamber becomes apparent after a much longer interval 

than by either of the other methods described. In only one of the 
author’s experiments could any change be detected in less than ten 

minutes, while in several instances an hour elapsed before the least 

increase in vigor could be seen. Once established, however, the 

increase in beat is continuous till the maximum is reached. This 

may be in from two and one-half to ten hours; the average of fifteen 

observations was about five hours. The ultimate vigor attained by 

strips, revived in moist chambers, usually equals the maximum ex- 

hibited by them in 0.7 per cent sodium chloride, and frequently 

exceeds that value. 
The revival brought about by the addition of calcium chloride to 

the exhausting solution must be considered as due directly to the 

presence of calcium, since in no other respect has the solution been 

altered. The amount of calcium chloride which must be added to 

produce revival is too small to cause any measurable change in the 
osmotic relations of the solution, or in the proportion of chlorine 

ions in it. The revival which results from placing the strip in sugar 

solution may be explained as a direct effect of the sugar, or else as 

due to the diffusion of all salts, sodium chloride with the rest, out of 

the tissue. Sugar, as a non-electrolyte, is generally considered to be 
without specific action of the sort under discussion. If this assump- 
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tion be allowed, the revival in sugar is to be traced, perhaps, to the 
free diffusion of all salts which it permits. The revival in moist air. 
would seem to be due to the direct application of the oxygen of the 

air to the tissue, or else to be related to the fact that this treatment 

brings to an end all possibility of either inward or outward diffusion. 

Lingle! suggests that the strip in sodium chloride exhaustion is in a 

state of mild asphyxia which is relieved by the transfer to air. Ex- 
periments will be cited presently, in another connection, in which 

strips beat forcibly and continuously for very many hours in other 
solutions whose volume was exactly the same as that of a 0.7 per 

cent sodium chloride solution which produced exhaustion in two 

hours. Moreover, the experiment of immersing the strip in a 

rapidly flowing stream of 0.7 per cent sodium chloride was carried 

out by the author, with no apparent change in the onset of exhaus- 

tion. These experiments make it very improbable that lack of 

oxygen has anything to do with sodium chloride arrest, or that sup- 

plying oxygen freely is the cause of revival in moist chambers, 

Lingle? lays great stress upon the remarkable revival which results 
from placing an exhausted strip in an atmosphere of pure oxygen, 

This revival differs, however, not at all in kind, but only in degree 

from that seen in ordinary air. That oxygen exerts an influence upon 

the metabolism which lies at the basis of all contractions, can be 

readily granted. That the mere presence of oxygen is sufficient of 

itself to cause contractions in the quiescent strip is yet to be proven. 
Lingle’s attempt to prove it? by adding hydrogen peroxide to the 

exhausting solution is insufficient, because the strip, under these con- 

ditions, becomes completely enclosed in a layer of bubbles; it is in 

effect removed from the solution, entirely so, so far as diffusion rela- 

tions are concerned. The experiment becomes, then, merely another 

instance of revival by suspension in a moist chamber. In a later 

paragraph an attempt will be made to show that the revival which 

occurs in moist air can be satisfactorily explained upon the other 
alternative which was suggested above, z.¢., the elimination of all 

possibility of diffusion. 

1 LINGLE: Loc. czt., p. 98: 

2 LINGLE 7 206s iis, pe O38. 

8 LINGLE: Loc. cii., p. 81. 
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_ THE REACTIONS OF STRIPS IN MIXTURES OF 0.7 PER CENT SODIUM 
CHLORIDE WITH ISOTONIC SUGAR SOLUTION. 

After the initial relaxation, which, as noted in a previous para- 

graph, is the first phenomenon exhibited by a freshly prepared strip 

of ventricle after suspension, the tone changes shown by strips in 

mixtures of sodium chloride and sugar solution depend upon the 

relative concentration of the two substances in solution. Where the 

proportion of sodium chloride is rather large the tone falls continu- 

ously, as it does in pure salt solution. With the sodium chloride 
quite dilute, the relaxation may come to an end soon after the strip 

resumes what may be called its normal length. The author has 

never observed any increase in tone, so long as some sodium chloride 

was in the solution, although it occurs constantly in pure sugar 

solution. 

Sufficient mention has already been made of the fact that in the 

solutions under discussion the latent period is always much longer 

than in solutions of 0.7 per cent sodium chloride. The series of 

contractions given by strips in these mixed solutions of sugar and 

sodium chloride show some points of interest. In the first place, the 

extent of the initial beats of the series is always much greater than 

in any other environment with which the author has worked. Under 

favorable circumstances these initial contractions in dilute salt solu- 

tion have been almost twice as high as those given by the same strip 

under electrical stimulation, when freshly isolated and hanging in the 

air. This great initial vigor is so marked that it cannot escape 

attention, and should be taken into account in considering the con- 

ditions of the heart’s activity. The general form of curve given by 
strips in salt-sugar solutions is similar to that of strips in pure sodium 

chloride solution. The series, however, is always much longer; in 

the author’s experiments the average duration of series in solutions 

of sugar mixed with salt was eight and one-half hours, compared with 

about two hours for the controls in 0.7 per cent sodium chloride. The 

longer duration is compensated largely by the slower rate of con- 
traction. In one experiment the control in 0.7 per cent sodium chlo- 

ride gave one thousand contractions in two hours, at the end of 

which time it was completely exhausted; the companion strip, in 

sodium chloride mixed with sugar solution, had given thirteen hundred 
contractions in eight hours when the drum stopped, so that the rest of 

the record was lost. At the end of the eight hours the strip was by 
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no means exhausted, although its contractions were quite small. The 

series usually do not show the regularity of sequence that is so charac- 

teristic of the beat in pure sodium chloride. In minor details they may 

exhibit various modifications. Exhaustion is sometimes accompanied 

by a gradual decline of the vigor of contraction to zero; in other 

cases the strip stops beating while the force of the individual beats is 

considerable. Recovery after a strip had come to rest in a sugar- 
salt solution was obtained by the author in three ways: (1) by 

transferring the strip to 0.7 per cent sodium chloride. In the two 

experiments in which recovery was obtained in this way it was 
prompt in showing itself, the first beat was more vigorous than any 

that succeeded it, though by no means so strong as those given by 
the same strip in the early part of the series in the mixed solution, 

and the length of the series in the pure salt solution was about the 

average for this solution. The form of curve was typical for 0.7 per 

cent sodium chloride, save for some irregularity of rate. (2) By 
transferring the strip to a moist chamber. The revival by this 

means was exactly similar, in the two cases in which it was tried, to 

that shown under the same environment by strips exhausted in 0.7 

per cent sodium chloride. (3) By transferring the exhausted strip 

to a solution containing 0.7 per cent sodium chloride and 0.025 per 

cent calcium chloride. In two cases the revival by this means re- 

sembled that brought about by pure sodium chloride, in that the 
first contraction after recovery was greater than any succeeding ones, 

although in other respects there was no marked similarity. In two 

other cases there was a gradual increase of beat from zero to the 
maximum. In three of the four cases there was marked rise in 

tone. 

THE REACTIONS OF STRIPS IN SOLUTIONS CONTAINING, IN ADDITION 

TO 0.7 PER CENT SODIUM CHLORIDE, FROM 0.025 PER CENT TO 

0.06 PER CENT CALCIUM CHLORIDE. 

Fresh strips placed in solutions containing sodium and calcium 

chlorides in the proportions given above, show no loss of tone other 
than the normal initial relaxation. In nearly every instance a rise in 

tone comes on after the strip has been in the solution for some time. 

If the proportion of calcium chloride is sufficiently great, this tonic 

contraction may become excessive, the condition being described by 

Howell! as calcium rigor. The series of spontaneous contractions 

1 HOWELL: This journal, 1902, vi, p. 187. 
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given by strips in these sodium-calcium solutions differ chiefly from 

those in pure sodium chloride solution in their longer duration. The 
range of length of series in the author’s experiments was from four 

and one-half to forty and one-half hours; the average duration of 
twelve series was seventeen hours. When strips which have been 

exhausted in 0.7 per cent sodium chloride solution are revived by the 

addition of calcium chloride to the solution, the series which result 

are essentially similar to those given by fresh strips in solutions of 

sodium and calcium chlorides. The average duration of five such 

series was twenty hours. Strips which have been exhausted, first in 

0.7 per cent sodium chloride, and then in isotonic cane sugar, and 

have then been placed in a sodium-calcium solution, show in this 

solution the same sort of long-continued series as in the same solu- 

tion after other preliminary treatment, such as is described above. 
A noteworthy fact in regard to the effect of solutions of sodium and 

calcium chloride upon strips, is that when a strip has come to rest in 

such a mixed solution, it appears to be in a condition from which it 

’ cannot be recovered. Neither transfer to pure 0.7 per cent sodium 

chloride, nor to isotonic cane sugar, nor to moist air has any reviving 

effect, although, as will be shown, no other kind of exhaustion studied 

by the author failed to be overcome by one or the other of these 

methods. 

THE REACTIONS OF STRIPS IN NORMAL RINGER’S SOLUTION. 

The statement was made in a previous paragraph that fresh strips, 

placed in Ringer’s solution, do not usually show spontaneous contrac- 

tions. Occasionally, however, they may do so. The author observed 
this result three times in the course of his experiments. Each of 

these occurred during warm weather. The contractions were vigor- 

ous but infrequent; the average duration of the series was six hours. 
In this, as in every observation of series of contractions in Normal 

Ringer, the end of the series was marked by increasing length ‘of 

interval between contractions, without any marked diminution in the 
extent of the individual beats. Cessation of activity seemed more 

like the result of an inhibition than of such exhaustion as occurs in 

0.7 per cent sodium chloride. 
When a strip, after exhaustion in sodium chloride solution, is placed 

in Ringer’s fluid, the first effect corresponds exactly with that 

observed when revival is brought about by the addition of calcium 
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chloride to the exhausting solution; there is a prompt increase of 

extent of contraction. After a short time, however, the rhythm 

becomes irregular and the beats infrequent, as compared with series 

in solutions containing only sodium and calcium chlorides, without 

potassium chloride. A Ringer series after sodium chloride exhaus- 

tion is shorter than a corresponding series in a sodium-calcium solu- 

tion. The average length of series in Ringer’s fluid, after sodium 

chloride exhaustion, was, for five observations, twelve hours ; against 

twenty hours for series in a sodium-calcium solution under corres- 

ponding conditions. 

Transfer to Ringer’s solution after successive exhaustion in 0.7 per 
cent sodium chloride and isotonic sugar solution, is followed by 

essentially the same activity as after sodium chloride alone. In the 

author’s experiments the average length of the series after this double 

exhaustion was four hours more than when the transfer was made 

directly after sodium chloride exhaustion. Strips which have come 

to rest in Ringer’s solution may be revived with the greatest prompt- 

ness by transferring them to 0.7 per cent sodium chloride solution, 

or to a mixture of that solution with calcium chloride in physiological 

concentration. These results were obtained by the author with strips 

which had been active in Ringer’s fluid for forty hours. The extent 
of contraction after revival is the same as that shown in the final 

beats executed by the strip in the Ringer, and these latter may equal 

the most vigorous beats given in any part of the series, or they may 

be somewhat less powerful. These facts seem to indicate strongly 

that cessation of activity in Ringer’s solution is a potassium effect. 

THE REACTIONS OF STRIPS IN A MoIsT CHAMBER. 

Freshly isolated strips, as has been shown, do not usually exhibit 

spontaneous activity if suspended directly in moist air; if, however, 

the strip be subjected to the proper treatment before being placed in 

the moist chamber, very long and excellent series of contractions may 

be obtained. If a strip be suspended in 0.7 per cent sodium chloride, 

or in a sodium-calcium solution, until it executes a single contraction, 

and be then quickly transferred to a moist chamber, a series of beats 

is obtained similar to those given by strips in sodium chloride solu- 

tion in that the force of contraction declines continuously from the 

beginning, but differing from the series in such solutions in being 

considerably longer, and also by the fact that the contractions become 
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more and more infrequent toward the end of the series. The greatest 

length of series observed by the author under these conditions was 

fourteen and a half hours; the average for seventeen observations 

was four hours. Strips which have been placed, thus, in moist air at 

the very outset of their activity, and have proceeded to exhaustion in 

the moist chamber, may be recovered well by being returned to the 

solution in which activity was first induced. An interesting point 

about the recovery that is brought about by the use of 0.7 per cent 
sodium chloride is that in several cases, under the conditions now 

being considered, it began with feeble contractions which improved 

gradually till the maximum was attained. In every other instance in 

which the author observed either the initiation or the strengthening 

of beats by means of sodium chloride, the very first contraction after 
the application of the salt solution was either maximal or slightly 

submaximal. Recovery was also obtained by placing the strip in a 

solution containing 0.05 per cent calcium chloride in 0.7 per cent 

sodium chloride, and in a single instance by the momentary applica- 

tion of a solution of 0.05 per cent calcium chloride in sugar solution, 

isotonic with 0.7 per cent sodium chloride. 

Reference has already been made to the excellent series of contrac- 
tions that can be obtained by removing strips which have been com- 

pletely exhausted in 0.7 per cent sodium chloride to moist air. These 

series ranged, in the author’s experiments, from seven to twenty-seven 

hours in length; the average for thirteen observations was sixteen 

hours. The maximal force of contraction, which was reached four to 

eight hours after the transfer to the moist chamber, was frequently 

as great as that shown by the strip at the beginning of the sodium 

chloride series. For the first few hours after being placed in the 

moist chamber the rate of beat was rapid and regular. In the later 

stages of the series, however, it became slow and quite irregular. 

The appearance of the tracing taken during the latter part of a moist 

chamber series resembles very closely that given by a strip beating 

in Ringer’s solution. The end of the moist chamber series was 

always marked by the long intervals between the final contractions. 

Frequently there was also a gradual decline in the force of the con- 
tractions during the later stages of the series, but in a number of 

instances the only indication of exhaustion was the growing infre- 
quency of the contractions. Strips which have come to rest after 

hours of activity in moist air may be revived in various ways. One 

of these is by returning the strip to 0.7 per cent sodium chloride. 
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In five experiments, in which the duration of the series in the moist 

chamber varied between sixteen and twenty-seven hours, recovery was 

obtained in this way. In two cases the strip had come to rest after a 

period of lessening frequency without any diminution in the force of 

the beats. In both these cases the vigor after revival was as great as 

at the end of the moist chamber series. In three cases the force of 

contraction had declined gradually to zero before the transfer to 0.7 

per cent sodium chloride. In these cases the maximum vigor after 

revival was markedly less than the greatest previously shown by the 

strip. In every instance the series in the salt solution was typical of 

the solution; in other words, there was a continuous decline in the 

extent of the contractions. The length of the series varied from 

twelve to fifty-five minutes; the average for the five observations 

was twenty-eight minutes. Another method of reviving a strip after 

exhaustion in a moist chamber, is by treating it with mixtures of 

calcium and sodium chlorides in solution, using the same proportion 

of calcium chloride as in the other experiments reported. The 

recovery by this means is characterized by the vigor of the resulting 
contractions, which is much greater than that shown by strips 

recovered by sodium chloride alone, by the long duration of the series 

after recovery, by the rise in tone which usually occurs, and by the 

fact that recovery ensues very promptly after the application of the 

calcium chloride to the strip. 

A fact of interest in connection with the activity of ventricular 
tissue in moist air, is the remarkable stimulating influence which is 

exerted by solutions containing calcium, when such solutions are 

allowed to drip over the surface of the tissue.’ The author used for 
this purpose solutions of calcium chloride in sodium chloride solu- 

tion; of calcium chloride in isotonic sugar solution; and specimens 

of ordinary well-water, which showed a strong calcium test with am- 

monium oxalate. The method of application was as follows: a few 

drops were forced from a pipette upon the silk thread connecting the 

muscle with the recording lever, whence they ran down over the 
surface of the tissue. The reviving effect was observed repeatedly, 
and at various stages of the moist chamber series. If the strip was 

in a state of exhaustion, either after sodium chloride or after a long 

period of activity in a moist chamber, the effect corresponded with 

that shown when a bath containing calcium is applied to the strip; 

1 GREENE: Loc. cit., p. 107. 
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the extent of contraction was promptly and markedly increased. If 

the strip was beating with vigor, but at long intervals, the effect of 
moistening it with the calcium-containing solution was to improve 

the rate and rhythm. That this isa calcium effect solely is indicated 

by the fact that the revival caused by calcium chloride in sugar solu- 
tion, or by the calcium-containing water, could not be distinguished 

from that which resulted from the use of mixtures of calcium and 
sodium chlorides; moreover, similar moistening with 0.7 per cent 

sodium chloride alone was absolutely without effect, although it was 

tried repeatedly in circumstances in which moistening with a calcium- 

containing solution, or even zmmersion in a solution of sodium chlo- 

ride, would almost certainly have resulted in recovery. Although the 

application of calcium is transient, the effect is usually prolonged. 

In a number of instances in the author’s experience a strip thus 

revived showed the beneficial effect of the treatment for five or six 

hours after its application. It should be borne in mind, in this 

connection, that while these calcium effects may result from a very 

momentary action on the part of the calcium-containing solution, 

initiation of beats or revival of vigor brought about by sodium chlo- 

ride alone, invariably requires that the strip be immersed in the 
sodium chloride solution. 

A number of observations were made on the effect of placing a 

fresh strip in a moist chamber after a brief immersion in 0.7 per cent 

sodium chloride, or the same solution containing also 0.05 per cent 

calcium chloride. The latter solution was left about the strip for 

five minutes in every ‘case; the former was left for variable times 
up to fifteen minutes, but was always removed before the onset of 
activity. Strips in moist air, after brief immersion in a calcium- 

containing solution, showed spontaneous activity in six cases out of 

eight that were studied. The contractions were infrequent in every 

case, and came at irregular intervals, although the individual contrac- 

tions were very vigorous. The average duration of the series was 

about one and one-half hours. No decline in vigor occurred at its 

close. After the strip had stopped beating, moistening it with a 

calcium-containing solution usually called forth four or five vigorous 

beats close together, but had no further apparent effect. Transfer 

to a 0.7 per cent sodium chloride solution promptly resulted in a 

good sodium chloride series. In only two cases was the author able 

to elicit spontaneous contractions from strips which had been re- 

moved from 0.7 per cent sodium chloride to moist air before the 
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onset of activity. In each of these cases the total number of con- 
tractions was very small, and they appeared at long intervals. 

THE REACTIONS OF STRIPS IN CANE SUGAR SOLUTION ISOTONIC 

WITH 0.7 PER CENT SODIUM CHLORIDE SOLUTION. 

Fresh strips placed in sugar solution show only tone changes. 

There is at the outset the usual relaxation, which is followed by a 

gradual and continuous increase in tone; this tonic shortening may 

amount ultimately to a very considerable fraction of the original 
length of the strip. When a strip in this tonic contraction is re- 

moved to 0.7 per cent sodium chloride, a prompt fall in tone occurs, 

and unless the time of immersion in sugar has been excessive, spon- 

taneous contractions will begin, sooner or later. In none of the 

author’s experiments was the onset of activity after the application 

of 0.7 per cent sodium chloride markedly prompt. If a fresh strip 

be placed in 0.7 per cent sodium chloride till beats begin, and be 

then transferred to sugar solution, activity ceases immediately, and 

the same rise in tone occurs as when a perfectly fresh strip is placed 

in sugar solution. It will be remembered that strips removed to 

moist air, under the same conditions, give excellent series of con- 

tractions. Howell! has described the effect of sugar solution upon 

strips which have been exhausted in sodium chloride. Revival of 

vigor as the result of transfer to a sugar solution is usual, but not 

invariable. When revival occurs it is gradual and continuous until 

a maximum is reached which is somewhat smaller than the maximum 

in sodium chloride. Usually no rise in tone occurs. The series in 

sugar, which lasts an hour on the average, terminates ordinarily with- 

out diminution of vigor, but the last few beats are at longer intervals 

than the others. In a few of the author’s experiments the vigor 

declined gradually to zero. When a strip that has come to rest after 

a series in sugar solution, is placed again in 0.7 per cent sodium chlo- 

ride, it usually gives a series of contractions like that ordinarily seen 

in sodium chloride, save for the exceedingly rapid decline in vigor 

which occurs. In the author’s experiments, the longest series given 

by a strip in sodium chloride after exhaustion in sugar was twenty 

minutes. If the strip be returned to the sugar solution after this 

second sodium chloride exhaustion, a second good recovery and 

series may ensue. This may, in turn, be followed by a short series 

) HOWELL? Lee, efh., De loy- 
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in sodium chloride. The author has not succeeded in carrying the 
alternation of sodium chloride and sugar farther than this with good 
results. The effect of solutions containing both sodium and calcium 

chlorides, or of Ringer’s solution, upon strips exhausted in sugar, is, 
as Howell! has pointed out, extremely beneficial. Excellent series of 

long duration may be obtained by the use of these solutions; in the 

author’s experiments the duration of series under these conditions 

ranged from six to forty hours; the average was about eighteen 

hours. If a strip which has been exhausted in sugar be transferred 

to a moist chamber, it frequently revives, and gives a long and ex- 
cellent series oft contractions. These series showed, in the author’s 

experiments, about the same range of duration, and the same average 

duration as was noted above for strips in solutions containing both 

sodium and calcium chlorides. This result was obtained repeatedly, 

and is interesting inasmuch as a strip after exhaustion in sugar has 

been assumed to be wanting in all diffusible ions. Moistening the 

strip with a sugar solution containing calcium, at the moment of 

placing it in the moist chamber, was without immediate effect in 

two instances, save for a slight rise in tone. The beats, which began 

after a short latent period, were vigorous, but not demonstrably more 
so than in cases where no calcium had been applied. In neither of 

these instances was the length of the series widely different from the 

average. In one case, however, a strip that had been exhausted suc- 

_cessively in sodium chloride and sugar, and had then been beating 

feebly in a moist chamber for two and one-half hours, was moistened 

with a sodium-calcium solution, containing 0.05 per cent calcium 

chloride. The force of contraction increased promptly and markedly 

as a result of this application, and the strip remained active for 

twenty-five hours after the application of the reviving solution. 

After a strip has been exhausted successively in 0.7 per cent 

sodium chloride, isotonic sugar solution, and moist air, and has 

given a good series of contractions in each, it may then be revived 

by being placed in a solution of sodium and calcium chlorides, and 

may give an excellent and vigorous series in this solution. The 

figures for two such experiments are as follows: 

Experiment of Dec. 17, 1903. — A strip was exhausted in 0.7 per cent sodium 

chloride by 1.5 hours’ immersion. It was then placed in isotonic sugar 

solution, in which it made a good recovery and gave a typical series of 

1 HOWELL: Loc. cit., p. 190. 
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the usual length. At the end of 1.5 hours after being put into the sugar 

solution, it had become perfectly quiescent. It was then transferred to 

a moist chamber, where it recovered a second time, and remained active 

for more than seventeen hours. Eighteen hours after being placed in the 

moist chamber:the strip had again come to rest. It was then put into a 

solution of sodium and calcium chlorides. Vigorous beats commenced 

at once, and the strip remained active for twelve hours. 

Experiment of Dec. 21, 1903. — A strip was exhausted successively in 0.7 per 

cent sodium chloride, isotonic sugar solution, and moist air, giving a typi- 

cal series of contractions in each medium. It was in the salt solution 

two hours, in the sugar solution one hour, and in the moist chamber twenty- 

one hours. At the end of this treatment it was immersed in a sodium 

calcium solution, containing 0.05 per cent calcium chloride and o.7 per 

cent sodium chloride, and gave a good series of beats lasting fifteen 

hours. 

SUMMARY. 

The following reactions seem to the author to be normal for ven- 

tricular tissue of the turtle, and in his opinion must all be taken into 

account in any attempt to formulate a satisfactory theory of the 
rhythmicity of such tissue. 

1. Ventricular tissue of the turtle’s heart is not spontaneously 
rhythmical under the conditions of normal life. This is shown by 
the fact that it ceases to beat when completely isolated. 

2. It contains within itself all the conditions essential for rhythmic 
activity, provided they can be brought into play. 

3. By subjecting the tissue to certain artificial conditions it can be 

made spontaneously rhythmical; the most important of these artifi- 

cial conditions are stated in the succeeding sections. 

4. A sodium salt in some proportion must be present in any solu- 

tion which is to be used as a bath about a ventricular strip for the 

purpose of initiating spontaneous contractions in it. 

5. A brief preliminary bath of a solution containing calcium in 

physiological proportion, followed by immersion in 0.7 per cent sodium 

chloride, induces spontaneous beats in a fresh strip more promptly 

than any other solution now known. 

6. Fresh strips will begin to beat spontaneously if treated only 

with 0.7 per cent sodium chloride, but much more time elapses before 

the onset of activity in this case than in the former one. 

7. Spontaneous contractions may occur in solutions containing 
a much smaller amount of sodium chloride than that usually consid- 
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ered as physiological, if the solutions are kept isotonic by the addi- 

tion of some “indifferent” substance, such as cane sugar, but the 

latent period in this case is much prolonged over that which occurs 

in the other cases mentioned. 

8. Long continuance in the abnormal conditions incident to com- 

plete isolation from the body, modifies the tissue so that its general 
sensitiveness to the influence of salts is markedly increased. 

g. The series of contractions in 0.7 per cent sodium chloride is 

characterized by continuous diminution of vigor, resulting finally in 

standstill, the so-called ‘“‘ sodium chloride exhaustion.” 

10. Recovery from sodium chloride exhaustion may be secured by 
adding calcium chloride to the solution, by permitting free diffusion 

of the electrolytes present in the heart-muscle, or by preventing dif- 
fusion completely. The recovery by the second method is compara- 
tively short-lived, while that brought about by the first and third 

methods is very long continued. 
II. Spontaneous activity in isotonic solutions containing small 

proportions of sodium chloride is characterized by the extreme vigor 

of the initial contractions. The rate is much slower than in 0.7 per 

cent sodium chloride, but this is fully compensated by the much 

greater length of the series of beats. 

12. Recovery from the exhaustion which occurs in dilute sodium 

chloride solutions may be obtained by the application of 0.7 per 

cent sodium chloride, by the application of mixed solutions con- 

taining both sodium and calcium chlorides, or by the complete 

stoppage of diffusion which results when the tissue is placed in a 

moist chamber. 

13. Spontaneous activity in solutions containing both sodium and 

calcium chlorides is characterized by the very great length of the 
series of beats, and also by the fact that exhaustion in such solutions 

is not overcome by the methods applicable to other forms of 

exhaustion. 

14. Spontaneous activity in Ringer’s solution is characterized by 

the great length of series it induces, and by the irregular rhythm 

exhibited by strips immersed in it. Cessation of activity in this solu- 

tion appears more like inhibition than like true exhaustion. 

15. Recovery from standstill in Ringer's solution may be obtained 

by the application of pure sodium chloride, or of mixtures of sodium 

and calcium chlorides. The series of beats after recovery with the 
first-named solution shows the usual characteristic of a more or less 



re2 £.. G. Martin. 

rapid decline to zero, while that with the second solution is very long 

and well sustained. 

16. Spontaneous activity in moist air occurs only after it has been 

induced by treatment with one of the effective solutions described 

above. The nature of the series of contractions given in the moist 

chamber depends upon the previous treatment which the tissue has 

had. The most favorable preliminary treatment appears to be ex- 

haustion in 0.7 per cent sodium chloride, or successive exhaustion in 

this medium and in sugar solution isotonic with it. The momentary 

application of calcium to a strip in moist air affects favorably both 

the vigor of contraction and the rhythm of the series. The later 

stages of a moist chamber series are characterized by irregularity of 
rhythm like that shown by strips in Ringer’s solution. If the strip is 

removed to moist air at the very beginning of spontaneous activity, 

the resulting series is characterized by gradually declining vigor from 

the outset, as well as by the diminishing frequency of contraction 

which is usual in moist air. The series under such conditions is 

much shorter than when the moist chamber is applied after exhaus- 

tion in sodium chloride. 

17. Recovery from moist chamber exhaustion may be obtained in 
precisely the same ways as from standstill in Ringer’s solution. In 

this case, as in that, the recovery which results from the application 

of a mixed solution of sodium and calcium salts is much better than 

that which follows the use of sodium chloride alone. 

18. Spontaneous activity in sugar solution, isotonic with 0.7 per 

cent sodium chloride, appears to occur only after previous exhaustion 

in sodium chloride. It is characterized by the short duration of the 
series, and by the fact that standstill frequently comes on with the 

extent of contraction still high. 

19. Recovery from standstill in sugar solution may be obtained 

by the application of isotonic sodium chloride, in which case the 

recovery is very short-lived, or by the application of a sodium-calcium 

solution, or by the stoppage of diffusion which results from the re- 

moval of the strip to moist air; the recovery in the two latter cases 
is excellent and long-continued. 

THEORETICAL DISCUSSION. 

Study of the results described above leads to the conclusion that 

the simple theories thus far proposed in explanation of the reactions 
of ventricular tissue to salts, in which all the effects observed are 
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attributed to mere diffusion inward or outward of one salt or another, 

are insufficient to account for all the phenomena, and that the ulti- 

mate explanation of these effects will prove to be more complicated. 

Two sets of phenomena reported in this paper seem to be peculiarly 

instructive when studied together. The first of these has to do with 

the effect of calcium on the latent period, and the second witb its 

effect on recovery from sodium chloride exhaustion. In ‘the first case 

it is seen that spontaneous contractions appear promptly in a fresh 

strip treated with calcium and then placed in sodium chloride, while 

if the calcium treatment be omitted, and the fresh strip be placed 

directly in the saline solution, contractions appear only after a con- 
siderable lapse of time. The second case is analogous ; a strip which 

has lost its irritability as the result of prolonged immersion in salt 

solution is recovered with great promptness by the application of 

calcium, and exhibits an equally good recovery as the result of 

removal from the sodium chloride solution to moist air, but only after 

along interval. These facts may be taken to indicate that the result 

of immersion in sodium chloride, in the first instance, and of suspen- 

sion in moist air, in the second, is to bring about gradually, by 

processes within the tissue, conditions equivalent to those obtained 

immediately by the application of calcium directly to it. The tenta- 
tive hypothesis which the author offers in explanation of the observa- 

tions of himself and others, along the lines under consideration, is 

based upon the idea expressed above. The first assumption suggested 

would be that the liberation of energy in ventricular tissue is depend- 

ent upon the presence in it of calcium in diffusible form, but that the 

normal calcium-content of the tissue is for the most part in some 

indiffusible form. According to this assumption, one effect of stimu- 

lation upon the tissue would be to convert the calcium from its 

indiffusible inert form to a diffusible active form. When a strip of 
ventricle is isolated from its normal connections, it may be supposed 

that the calcium-content passes over gradually from the inert to the 

active form, perhaps through the action of sodium salts upon the 

tissue, and that activity begins when sufficient diffusible calcium has 

accumulated to produce its effect. Although the assumed active 

calcium has been designated as diffusible, satisfactory explanation of 

some of the observed phenomena requires the assumption that the 

actual diffusion of calcium is comparatively insignificant when the 
tissue is at rest, but marked when it is in action. 

The observations recorded in the author’s summary must be 
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examined in their relation to this hypothesis, in order to see how far 

it is in accordance with the facts known at this time. 
The latent period. — The effect of the external application of a 

calcium salt in shortening the latent period agrees with the idea that 

the presence of calcium ions is essential to activity, since this treat- 

ment provides them at once, and is followed by prompt activity. The 

idea has been advanced that the inert calcium-content of the tissue is 

rendered active suddenly as the result of stimulation. It may be 

supposed that sodium ions applied about the strip bring about a 

similar transformation gradually. From this point of view the latent 

period in a sodium-containing solution would be looked upon as an 

expression of the time required for sufficient transformation of calcium 

to take place to induce contractions. The fact that dilution of the 

sodium chloride bath with sugar solution prolongs the latent period 

can be explained by supposing that the rate of conversion of the cal- 
cium from its inert to its active form is dependent on the amount of 

sodium in the external environment. 
Sodium chloride exhaustion, and recovery from _ it. — Upon the 

assumption that diffusion of the active calcium takes place with great 

readiness while the tissue is contracting, the decline of vigor in 

sodium chloride solution follows as a natural consequence. This solu- 

tion offers no opposition to free calcium diffusion whenever the con- 

dition of the tissue permits it. It may be supposed that when the 

tissue is active diffusion of calcium goes on more rapidly than does the 

process of transformation into the active form. The result would be 

a gradual diminution in the quantity of effective calcium, as compared 

with the amount of sodium present, and an accompanying decrease of 

vigor. Addition of calcium to the solution in which exhaustion has 

taken place should have a prompt and favorable effect upon the vigor 

of contraction, because it acts to restore at once the balance between 

the sodium and calcium, upon which the execution of powerful con- 

tractions seems to depend. The beneficial effect of the presence of 
calcium in the bathing solution would be expected to be, as it is, long 

continued, since in this way the favorable proportion between the 

sodium and calcium is maintained. When an exhausted strip is 

transferred to a moist chamber, outward diffusion of calcium comes 

to an end, but the transformation into the diffusible form may be 
supposed to continue. The result will be a gradual accumulation 

of active calcium which will be accompanied by rhythmical’ contrac- 
tions of increasing force. When a strip, after exhaustion in sodium 
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chloride, is placed in sugar solution, outward diffusion of sodium is 

possible, as well as of the other electrolytes. If it be supposed that 

sodium is highly diffusible, more so than the active form of calcium, 

the result of the transfer to sugar would be a ve/ative increase in the 

amount of active calcium, as compared with the sum total of the other 

electrolytes of the tissue, and this relative increase in the amount of 
effective calcium could be looked upon as the cause of the increased 

vigor of beat. 
Activity in sodium chloride diluted with isotonic sugar solution, — 

The characteristic features of activity in dilute sodium chloride solu- 

tions, namely, great vigor and slow rate, may probably be interrelated, 

as Lingle! has suggested. The cause of the slow rate is not im- 

probably the same as of the long latent period, z. ¢., the small propor- 
tion of sodium in the bathing solution, and presumably, as the result 

of diffusion, in the tissue also. If the possible output of energy of the 
strip is not affected by the diminution in the amount of sodium in it, 
the slower rate would naturally be compensated by greater force of 
contraction. It should be borne in mind in considering the effects of 

solutions containing sugar, that the possibility of direct influence on 

the part of this substance is by no means excluded, and while it is 

desirable, from theoretical considerations, to consider sugar solutions 

indifferent, the experimental results of Howell? and others indicate 
that they may exert a definite and specific influence upon tissues 

immersed in them. The most interesting of the methods for reviving 

strips which have come to rest in dilute sodium chloride, is the appli- 

cation of 0.7 percent sodium chloride. The revival under this treat- 

ment is ordinarily very prompt in showing itself, indicating that 

whatever the direct influence of the sugar may be, it is quickly over- 

come. On the assumption that sodium influences the conversion of 

calcium to its effective form, the beneficial effect of the application of 

the strong solution of salt would be due to the fact that it brings 

this transformation about to an increased degree. At the same time 

the normal proportion of sodium would be restored in the tissue, and 

complete outward diffusion of the sugar would occur. 
Activity in mixed solutions of sodium and calcium chlorides. — 

Howell ® has described and discussed the results of immersing heart 

strips for a long time in sodium-calcium solutions in which the pro- 

1 LINGLE: This journal, 1900, iv, p. 275. 

2 HOWELL: This journal, 1901, vi, p. 188. 

8 HOWELL: This journal, 1901, vi, p. 187. 
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portion of calcium is somewhat greater than the physiological. He 
points out that the ultimate effect of this large dose of calcium 

is to throw the tissue into a contracted condition, which he desig- 

nates as calcium rigor. He points out that after a strip has gone into 

this condition it cannot again be roused into action. In the present 

paper it was shown that in cases in which the proportion of calcium 

is not great enough to bring about calcium rigor, the cessation of 

activity is marked by the same characteristic of resistance to ordinary 
modes of recovery. This is what is to be expected on any theory which 

assumes that interaction between sodium and calcium is essential to 

the activity of this kind of tissue. If the proportions. of sodium and 

calcium in the bathing solution are correct, activity might continue 
until the available supply of energy-liberating material is exhausted, 

and after that point is reached recovery can only be obtained, if at 

all, by renewing the supply of such material. 

Activity in Ringer's solution. — This solution differs from the one 

just under consideration only in that it contains a small proportion of 
potassium chloride. The relative infrequency of contraction and 
irregularity of rhythm which characterize activity in this medium, 

can be most simply explained as Howell! has suggested, as due to 

the restraining and inhibiting influence of the potassium ions. The 
fact that cessation of activity is not accompanied by diminishing 

vigor, but only by lessened frequency of contraction, indicates 
strongly the influence of an inhibiting agent. That this agent is the 

potassium is indicated with equal clearness by the fact that the only 

treatment necessary for complete renewal of activity is the change 

from Ringer’s solution to a precisely equivalent one in which no 

potassium salt is present. 

Activity in moist chambers. — The fact that the freshly isolated 

ventricle ordinarily remains at rest in moist air can be explained’ as’ 

due to the inhibiting action of the potassium ions present in the 

tissue, or, according to the suggestion made in this paper, on the 

supposition that the calcium does not become effective except under 

the influence of sodium. It seems to me not unlikely that both these 
factors may be operative. All the methods by which spontaneous 

contractions can be initiated are explicable upon this assumption of 

a twofold cause of standstill, and it accords with the facts which are 

known as to the effects of variations of environment upon the spon- 

1 HOWELL: Loe. cit., p. 201. 
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taneous activity of the strip, after it has been initiated. Two facts, 

first, that the later stages of series of contractions in moist chambers 

normally exhibit increasing irregularity of rhythm and diminishing 

rate, presenting, thus, more and more, the characteristic features of 

series in potassium-containing solutions, and, second, that cessation 

of activity under these conditions resembles inhibition, rather than 

exhaustion, seem to indicate that there may be a gradual accumula- 

tion of effective potassium ions, analogous to that which has been 

suggested for calcium. The methods for reviving strips which have 
come to rest after activity in moist air, may be interpreted as favor- 
ing such a view. As was noted in a previous paragraph, the modes 

of causing recovery after exhaustion in moist air are the same as 
those which are effective in overcoming Ringer standstill, namely, 

methods which provide for the removal of the excess of potassium 

by diffusion. A comparison of all the methods of treatment which 

result in a renewal of activity after standstill in moist air, shows that 

the failure of the strip to beat can hardly be due to lack of sodium 

or of calcium, or to excess of either of these substances, inasmuch as 

revival can be obtained by the application of mixtures of sodium and 

calcium, or by either one without the other. The most direct con- 

clusion, in view of all these facts, is that excess of potassium is the 

cause of the cessation of activity in moist air. This conclusion in- 

volves the assumption of an accumulation of potassium, which can be 

most readily explained, it seems to me, by supposing the potassium 

to be present in the tissue in an ineffective form, analogous, perhaps, 

to that in which the calcium occurs normally, and that it undergoes 

a gradual transformation, by virtue of which it becomes effective. 
Activity in sugar solution. — Spontaneous contractions seem to 

occur normally in solutions of sugar only after complete exhaustion 
in sodium chloride solution. Inasmuch as a bath of sugar solution 

allows, presumably, diffusion of all electrolytes from the tissue, and 

it is well established that the presence of electrolytes is one of the 
essentials of activity in heart-tissues, Howell’s! assumption of a dif- 
ferential diffusion seems best adapted to explain the revival which 
occurs under these conditions. Since immersion in sugar solution 

does not cause beats under other circumstances, it must be supposed, 

granting that differential diffusion is the correct explanation in this 

case of the activity after sodium chloride exhaustion, that the condi- 

1 HOWELL: Loc. cit., p. 198. 
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tion of the tissue, as regards its content in electrolytes, is not such 
that the differential diffusion in sugar will cause or revive contrac- 

tions, save under this special circumstance of previous exhaustion in 

sodium chloride. According to the hypothesis in whose light the 

heart reactions are being considered in this paper, the end of the 

series in sodium chloride would be a favorable time for such a differ- 

ential diffusion to be effective; the transformation of calcium to its 

active form is well established, the sodium content of the tissue is 

at a high level, and the previous bath of sodium chloride has per- 

mitted the outward diffusion of potassium. In fresh strips, or those 

that have been but a short time in sodium chloride solution, these 

favorable conditions do not occur. The cessation of activity in sugar 

after the short series of beats which occurs in this medium may be 

due to the disturbance of that relationship of the electrolytes which 

results in activity, through their continued outward diffusion, or it 
may be due to a direct effect of the sugar. The methods of restor- 
ing a strip to action after it has come to rest in sugar, particularly 

the transfer to moist air, which induces a most excellent recovery, 

seem to indicate that the standstill in sugar solution is due to dis- 

turbance of the electrolytic relationships, rather than to an injurious 

effect of the sugar. 

Seasonal variations in the reactions of heart tissue. — The marked 

shortening of the latent period in sodium chloride exhibited by some 

hearts in the summer time, seems to me to be of sufficient interest to 

merit a brief discussion. The hypothesis under consideration sup- 

poses that irritability in heart-tissue depends upon the amount of 

transformation of its calcium-content from an ineffective to an effec- 

tive form. It can be conceived that the ease with which this trans- 

formation may be induced differs with variations in external conditions, 

particularly, perhaps, with seasonal or temperature changes. If we 

suppose the inert calcium-content of the summer heart to be much less 

stable than that of the heart in cold weather, the gentle accelerating 

action of sodium in solution would bring about the transformation of 

the calcium in less time, with the resulting effect of shortening the 

latent period. It is difficult to imagine why increased instability of 
the normal calcium-content of the tissue should always be accom- 

panied, as it seems to be, by an inhibitory influence on the part of 

large doses of calcium in the surrounding solution; but a more inti- 

mate knowledge of the relations of the various salts to the heart’s 

activity will doubtless make this point clear. 
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HE tissue of a tumor is probably typical and may be expected 

to have characteristics distinguishing it from the normal tissues 

of the body as sharply as the various normal tissues may be separated 

from one another. Although types of tumor cells may be found in 

the adult or embryonic tissues, still certain irregularities in structure 

may be noted; and in its activities tumor tissue forms so marked a 

contrast to the other body tissues that it may be expected to show 

chemical peculiarities as well. It has seemed advisable, therefore, to 
make a study of the chemical compositions of tumors. 

-This work was begun upon fresh material, and the present paper 

deals chiefly with the conditions found in certain tumors that had 

undergone degeneration zz sztu. The results given are those obtained 

from a variety of material, but the difficulty of getting suitable speci- 

mens for further work in the same line has led to the publication of 

the results thus far obtained. 

Tumor No. 1.— Carcinoma of the broad ligament. This tumor 

showed marked evidence of degeneration. The whole ligament was 

not yet involved, so that a little apparently normal tissue was sepa- 

rated from the tumor, which was removed during an operation per- 

formed about six hours previously. Being very soft, it was easily 

ground to a fine pulp in the hashing machine. Cultures showed the 
pulp to be free from bacteria. 

This pulp was added to three volumes of distilled water, thoroughly 

stirred for half an hour, a little acetic acid added, and the whole 

warmed to 40° C. on a water bath. The insoluble tissue-elements 

collected were filtered off and dried at 85° (Residue A). The fil- 
trate was then heated to boiling for one minute to coagulate proteids. 

The second filtrate gave the following qualitative reactions: 

139 
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1. Biuret, strong reaction. 

2. Adamkiewicz, strong reaction. 

Chlorine water for free tryptophan, strong reaction. 

Millon, positive. 

Reduction, Fehling and Nylander, negative. 

Iodine for glycogen, negative. AN po 

The remainder of the filtrate was used to determine the presence 

of amino-acids; it was evaporated to small bulk and saturated with 

gaseous hydrochloric acid. No crystals appeared after six days in the 

refrigerator. After removal of the acid in the usual way, and further 

concentration, leucin and tyrosin crystallized out. The tyrosin was 
identified by its solubilities, crystalline form, and color-reactions; 

and the copper salt of the leucin was made, and its presence thus 

confirmed. 

On still further concentrating the filtrate, large quantities of a sub- 

stance having the crystal form and sweet taste of glycocoll separated 
out. The identification of this substance as glycocoll was completed 

by, 

First, its content of nitrogen, 

0.2480 gm. of the substance gave 0.0452 gm. of nitrogen, = 18.24 per cent. 

Calculated for glycocoll, 18.66 per cent. 

Second, on benzoylating, it gave hippuric acid, identified by its 

crystal form, solubilities, and melting point, 181°. 

Residue A.—— The dried residue contained 12 per cent nitrogen, a trace of 

phosphorus, but no sulphur. A considerable quantity of ether-soluble 

material was obtained frem it. 

4 gms. of the dried tissue yielded 0.304 gm. ether-soluble material, 

= 7.6 per cent. 

4 gms. dried tissue, digested for 48 hours at 38°, in 0.2 per cent hydro- 

chloric acid and pepsin, yielded 0.298 gm. ether-soluble material, = 7.45 

per cent. 

The ether-soluble material was saponified with sodium alcoholate, 

evaporated to dryness; the residue dissolved in water and shaken out 
with ether. The ether extract, after evaporation to dryness and 
washing with a little cold alcohol, was taken up in chloroform. This 
solution gave the color-reactions of cholesterin. 

The degeneration that has taken place here is evidently one of 
autolysis. The products obtained are those characteristic of cleavage 
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by the digestive enzymes, and the tissue is sterile. If the circulation 

had not been impaired, the soluble products would probably not have 

been found in such quantities. This is particularly true of glycocoll, 
which has thus far been found free in animal tissue in only one other 

case! It should be noted, however, that in the present case the 

tissue is degenerated, and the tumor was growing on a structure, the 

broad ligament, which would be expected to yield collagen and con- 

sequently glycocoll. In this respect the tumor resembled the tissue 
upon which it was growing, or which had been eroded by its growth. 

The fact that all the fat could be extracted with ether before sub- 

jecting the tissue to gastric digestion, was to be expected, and is 

explained by the proteolysis which the tissue had undergone zz szzu. 

Taylor has found that the fat can be more completely extracted from 

the livers of frogs that have been poisoned with phosphorus than 

from the livers of normal animals.? It is a well-known fact that 

“phosphorus ” livers autolyze more rapidly than normal livers, and it 

seems probable that Taylor was dealing with a tissue that was in 

much the same condition as the tumor just described. I am not able 

to see in these results any good reason for believing that fatty 
degeneration involves a kind of proteolysis. 

Tumor No. 2.— Hyperucphroma. This tumor was in size and out- 

line much like a normal kidney, except that it was much flatter. The 

thin capsule was striped off, leaving a soft, white, cheesy mass of 
material which was easily ground to a thin pulp. Cultures showed 

this pulp to be free from bacteria. After extracting the pulp for 

thirty minutes with three volumes of Uistilled water, a few drops of 

acetic acid were added, and the mass warmed to 40°. The insoluble 

tissue-shreds were filtered off and dried (Residue A). 

The filtrate contained no coagulable proteid. It had a pale straw 

color with the characteristic opalescence of a glycogen solution. It 

showed the following qualitative reactions. 

1. Adamkiewicz, positive. 

2. Tryptophan, chlorine water, strong reaction. 

. Biuret, positive. 

Millon, positive. 

. lodine for glycogen, very strong. 

. Fehling, no reduction. An — w 

1 CHITTENDEN: Annalen der Chemie und Pharmacie, 1875, clxxviii, p. 266. 

2 TAYLOR: Journal of medical research, 1903, ix, p- 59. 
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A portion of the filtrate was treated by the method of Hopkins and 
Cole! to separate the tryptophan. The mercury precipitate on 

decomposition yielded a substance which gave the chlorine-water 

reaction for tryptophan. From another portion of the filtrate the 

glycogen was removed by precipitating with alcohol; on concentra- 

tion of the glycogen-free filtrate, considerable quantities of leucin and 

tyrosin crystallized out. 

Residue A. 

Nitrogen. — 0.3990 gm. tissue gave 0.0372 gm. nitrogen, = 9.31 

per cent. 

Fat.—1. 10 gms. tissue gave 2.91g gms. ether-soluble material. 

2. ro gms., digested for 24 hours at 40°, with o.2 per cent hydrochloric 

acid and pepsin, gave 2.885 gms. ether-soluble material. 

This fatty substance was dissolved in alcohol and saponified with 
sodium alcoholate. After saponification, it was evaporated to dryness 

on a water bath, the residue dissolved in water and shaken out with 

ether. The ether extract was evaporated, and the residue washed with 

cold alcohol containing a trace of hydrochloric acid. This residue, 

dissolved in chloroform, gave the color-reactions of cholesterin. 

1.4750 gms. of the original fat contained 0.2680 gm. of cholesterin, 

— £6 Per cent: 

The fat contained a small amount of phosphorus, indicating the 
presence of lecithin, the content of which was not determined. 

The fat constants determined for the ether-soluble material before 

the separation of the cholesterin are the following: 

Acid number, 39—. 

Saponification number, 167. 

Iodine number, 70.5. 

In this tumor, as in number one, abundant evidence of autolysis is 

found. The unusual quantities of glycogen, fat, and cholesterin 

occurring in a tissue with tryptophan, leucin, tyrosin, and other pro- 
teid-cleavage products suggests a peculiar metabolic activity. No 

coagulable proteid could be obtained from this specimen. Apparently 

there is a continuous fatty degeneration going on during the growth 

of the tumor. 

1 Hopkins and CoLe: Journal of physiology, 1901, xxvii, p. 418. 
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Tumor No. 3.— Angiosarcoma from the leg. This tumor had under- 

gone a profound degeneration. It was treated in the same manner as 

the two previously described. The pulp was free from bacteria. The 

filtrate free from the coagulable proteid gave the following reactions: 

Millon, positive. 

. Adamkiewicz, positive. 

Biuret, strong reaction. 

. Tryptophan, chlorine water, negative. 

Fehling, no reduction. 

. Iodine for glycogen, doubtful. Ap wd H 

The glycogen reaction was so peculiar that it may be of interest to 

describe it briefly. In the acid filtrate iodine gave a greenish color 
with the formation of a precipitate after some time. When the solu- 

tion was made alkaline with sodium carbonate, a blue color like that 

of the starch-reaction was obtained. 

The proteids were removed in the usual way by the Briicke-Kiilz 

reagent. The addition of alcohol to the filtrate gave a precipitate 

which in appearance was much like glycogen. When washed and 

dried the precipitate had a light-green color. It reacted as follows: 

1. In neutral solution it gave with iodine a greenish color which 

turned blue on adding sodium carbonate. 

2. When warmed a few minutes with dilute acid, and then tested 

with iodine, a color was obtained similar to that given by glycogen. 

3. After boiling with dilute hydrochloric acid, Fehling’s solution 
was reduced. 

4. It contained nitrogen, but gave none of the proteid reactions. 

After removal of the glycogen-like body from the filtrate, and con- 

centration of the same, leucin and tyrosin crystallized out. 

In the three other tumors reported in this paper tryptophan was 

identified by its reaction with chlorine water. Possibly the reason 
it was not found in this case is the fact that degeneration had pro- 

ceeded further. As far as I know, a substance having the behavior of 
the glycogen-like body has never been described before. Its re- 

actions suggest a colloid carbohydrate having a larger molecule than 

glycogen. 

Tumor No. 4.— Round-celled sarcoma from the shoulder. In dis- 

tinction to the other specimens, tumor number four was a tissue 

that gave no macroscopic evidence of degeneration. Stained sec- 
tions showed a small beginning degeieration. It was treated like 
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the others by hashing and extracting with water. After removal of 

the insoluble tissue, and coagulating the proteid, the filtrate gave the 

following reactions: 

Positive, Millon, Adamkiewicz, biuret, tryptophan (chlorine water). 

Negative, Fehling. 

After precipitation with lead acetate, and the removal of the lead 
in the usual way, the filtrate was concentrated. A small amount of 

material having the crystalline appearance of leucin separated, but no 

tyrosin could be obtained. 

In these tumors products of proteolysis were found, and the tissue 

was sterile in each case. The degeneration noticed must have been 

one of autolysis. Probably the main reason why the products are 

found in such abundance is the impaired circulation. 
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I. INTRODUCTION. 

HE temperature of the healthy human body normally undergoes 

certain changes which, when graphically expressed, take the 

form of a curve, the characteristics of which are a fall in temperature 
in the evening, followed in succession by a minimum temperature 

somewhere between 12 midnight and 6 A.m.,a marked rise in the 

morning and a maximum at about 4 to6 p.m. This rhythmical fluc- 

tuation has long been observed and numerous investigations ' have 

been made to determine the constancy of the periodicity, the time of 

the maximum and minimum, the total range of temperature and the 

causes of the fluctuations. 
An examination of the curves published by the numerous writers 

shows a remarkable persistency in general of the salient points as 

1 PEMBREY, in his article on animal heat, in SCHAFER’S Text-book of Physiology, 

1898, i, pp. 785-867, has given an excellent resumé of all of the earlier work on 

body-temperature. 
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outlined above, and consequently, it is reasonable to assume that in- 

dividuality does not play a very important rdle in the nature of the 
fluctuation, although it is to be said that individuality must not be 
lost sight of in interpreting any single series of observations on a 
single subject.’ Aside from the sharp coincidence of the curves 

obtained by Jiirgensen and Liebermeister,’ perhaps those showing 

the most regularity are given in a previous article,? in which the 

24-hour curves of three different individuals all show essentially the 
same general conformation. 

Two factors have noticeably hindered research on normal tempera- 

ture fluctuations: (1) observations during the night are difficult to 

obtain, and accordingly are extremely few in number; and (2) inas- 

much as the whole range of temperature usually observed in health 

is rarely over 2° C., the usual methods of thermometry are at best 
ill-suited for this special investigation. 

By means of a combination of circumstances which obtain in this 
laboratory, opportunity is offered for numerous observations of body- 

temperature during the night hours, in connection with the long 

series of metabolism experiments continually in progress with a 

respiration calorimeter. As these experiments are frequently of from 

nine to twelve days’ duration, a series of continuous temperature 

observations of the subject of the experiment is readily obtained by 
one of the two night-observers. Furthermore, a recently devised 

electrical resistance thermometer,® reading to 0.01° C., offers unusual 

opportanities for obtaining normal body-temperature deep in the 

rectum. 

II. DESCRIPTION OF THERMOMETERS. 

The thermometer, which has been described in detail elsewhere,! 

consists briefly of a resistance coil of pure copper or platinum wire 
enclosed in a pure silver tube. The ends of the coil are soldered to 

two flexible leads passed through a hard rubber plug fitting into the 

end of the silver tube. The leads and hard rubber are covered with 

pure rubber tubing and connection is made by soldered joints to a 

1 JURGENSEN and LIEBERMEISTER: SCHAFER’S Physiology, 1898, i, p. 800. 

2 BENEDICT and SNELL: Archiv fiir die gesammte Physiologie, 1902, xc, pp. 

33-72. 
8 BENEDICT and SNELL: Archiv fiir die gesammte Physiologie, 1go1, Ixxxviii, 

p- 492. 
4 BENEDICT and SNELL: Loc. cit. 
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two or three metre length of heavy flexible lamp-cord whose farther 

ends are provided with two heavy copper wires that can be dipped 
into mercury cups. The whole resistance is about twenty ohms, and 

the variations in resistance produced by fluctuations in the tempera- 

ture of the coil are rapidly and accurately measured by means of a 

Wheatstone bridge and D’Arsonval galvanometer of special con- 
struction. The painstaking care and mechanical skill of Mr. S. C. 
Dinsmore, mechanician of this laboratory, has made the use of this 

form of thermometer possible. 
Calibration of the thermometer. — The thermometer is readily cali- 

brated by immersion in a bath of water which is kept at a constant 

temperature by hand-regulation of an electric heating arrangement. 

A metastatic thermometer of the Beckmann type is so set that 37° C. 
is about midway on the scale, and immersed in the bath. Variations 
in temperature above or below this point are thus readily noted, and 

by observing the temperature on the thermometer and the reading 

of the galvanometer, the electrical resistance thermometer can be 

calibrated in a very few minutes. 
It has been found most advantageous to observe the amplitude of 

the first deflection on the galvanometer instead of attempting to 
balance the resistance by the ordinary slide-wire bridge. Variations 

in temperature of the bath of o.01° C. can easily be detected. Fur- 
thermore, as the variation in resistance of pure copper or platinum 

increases proportionally with the temperature, it is necessary only to 

calibrate the resistance thermometer at two points on the mercurial 

thermometer for the calibration curve, when plotted, is a straight 

line connecting these two points. 
For securing the absolute temperature, the suggestion of Richards ' 

that the transition point of the deca-hydrated sodic sulphate, 32.383” C., 
be taken as the zero has been used with great success. A metastatic 

thermometer made by Fuess, and calibrated by the Physikalisch-tech- 

nische Reichsanstalt was arbitrarily set, and when immersed in melting 
sodic sulphate, the mercury column stood at 0.671°. With corrections 

for setting, calibre, and projecting mercury thread, 37° C. was found to 

correspond to 5.297°. With this thermometer as the standard, the 

Beckmann thermometer mentioned above was calibrated by comparison 

in the water bath. It was found that 37.0° corresponded to 3.414’. 

1 RICHARDS: Proceedings of the American Academy of Arts and Sciences, 

XXXVlli, pp. 431-440. 
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The Beckmann thermometer, which is one of the less expensive 

makes and without a calibration certificate, is kept at this setting for 

use in calibrating the resistance thermometers, and having been once 

adjusted, no further attention is required to obtain the true tempera- 

ture of the bath used for calibration. The writer would again empha- 

size the great advantage of the use of the transition point of sodic 

sulphate as a fixed point in calibrating thermometers for observations 

of body-temperature. 
The electrical connections are such that by the use of one mer- 

cury contact, the circuits are closed. About sixty deflections (milli- 

metres) on the galvanometer scale corresponds to 1° C., and readings 

are readily made to one-half a division. 

As readings taken in this way require a constant voltage in the 

battery circuit, we have an attachment that permits adjustment of 

the voltage by variations in resistance for every reading, if necessary. 

As a matter of fact, with two ordinary ‘“ dry” cells, adjustments are 

seldom necessary oftener than once an hour, and then the variations 

are so slight as to affect temperature-measurements by the resistance- 

thermometer by less than o.o1°. Readings are usually recorded 

every four minutes. 
Method of use.—In practice the subject coats the silver tube and 

several centimetres of the rubber-covered connecting wires with 

vaseline, and the thermometer is then inserted 10-15 centimetres in 

the rectum. The flexible cable is brought out through the clothes, 

and connection is made with the bridge system by dipping the ter- 

minals of the cable in mercury cups. The flexibility of the whole 
thermometer allows almost any adjustment, and it is the universal 

experience of all subjects that after five minutes they are unaware of 
the presence of the thermometer in the rectum. With such a ther- 

mometer the subject can sleep normally, sit in any position, walk 

about the room (returning to the observer’s table at the times when 

observations are to be made), or even ride a stationary bicycle or 

ergometer, all with no discomfort. 

Of especial importance is perhaps the insurance of normal sleep, 

for obviously, with the ordinary clinical thermometer, rectal tempera- 
tures during sleep can only be taken at the expense of normal con- 

tinued sleep. 

It is unnecessary here to discuss the relative advantages of the 

mouth, axilla, groin, vagina, or rectum as localities for taking body- 

temperature, for it is conceded by all physiologists that for the pur- 
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pose of physiological experimentation, only temperatures taken deep 
in the body trunk (7. ¢., in the rectum or vagina) are of unquestioned 

value. Doubtless, the temperature of the urine! at the moment it is . 

voided is that of the inner body, but obvious difficulties are in the 

way of using this method for continued observations, and, valuable as 

the method is for special investigations, it is impracticable for work 

of this nature. 

Ill. INFLUENCES AFFECTING NORMAL Bopy-TEMPERATURE. 
s 

Among the possible causes of the normal fluctuations of body- 

temperature, muscular activity, ingestion of food, sleep, inanition, 
light, external temperature, position of the body, may be mentioned. 

In spite of the numerous investigations on the effect of these influ- 
ences, few definite conclusions can properly be drawn from the 

published data, and the whole question remains practically unsettled. 

Excessive muscular work undoubtedly produces the most striking and 

immediate effects, and conclusions regarding its effect may be ad- 
judged as apparently definite, while the other possible causes are so 

variable and slow in their action that it is impossible to draw any 

sharp conclusions regarding their individual effects. Recognizing 

that the daily curve may be a composite result of many influences, 

the total effect can perhaps be studied in no better way than by 

inverting the daily routine of life, for in such inversion practically all 

of the possible causes mentioned above would be disturbed as regards 

the time of their action. Hours of sleep, work, light, digestion, etc., 

would be markedly changed, and a temperature-curve taken under 

such conditions would be expected to throw much light on the causes 

of the daily rhythm. 
Observations on the influence of the inversion of the daily routine 

are limited to those reported by Debczynski,? Jaeger,? U. Mosso,’ 
Buchser,° and a series made in this laboratory.° 

While the original report of Debczynski’s results is not accessible 

1 STEPHEN HALES: Statistical essays, London (2d ed.), 1731, i, p. 59. 

2 DEBCZYNSKI: Abstract in Jahresbericht der gesammten Medicin, 1875, x, 

p- 248. 

8 JAEGER: Deutsches Archiv fiir klinische Medicin, 1881, xxix, p. 516. 

4 U. Mosso: Archives italiennes de biologie, 1887, viii, p. 177. 

5 BUCHSER: Quoted from CARTER: Journal of nervous and mental diseases, 

1890, xvii, p. 785. 
6 BENEDICT and SNELL: Archiv fiir die gesammte Physiologie, 1902, xc, p. 59. 
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to the writer, it is inferred from abstracts and other references to his 

work that his results show that continuous work carried on through 

the night reversed the temperature-fluctuations, causing the maxi- 

mum (37.8) to appear in the morning and the minimum (35.3°) 

intheevening. He furthermore observed that night-watching without 

muscular work had a similar but less noticeable effect, causing the 

maximum temperature (37.7) to be observed in the morning and 

the minimum (37.5 ) in the evening. 

Buchser,' an engineer accustomed to night-work and sleep during 

the day, found that his body-temperature averaged 37.25 in the 

morning and 36.8" in the evening. 

The earliest extended investigation into the effect of night-work 

was that of Jaeger’ on five young men (military bakers) whose life 

history was about as follows : 

From their fourteenth to their twentieth or twenty-first year, they 

had been engaged in their trade in civil capacity. Their work began 

about 12-2 o’clock at night and continued to 10-12 A. M. in the day. 

They then rested till 6 p.m., after which followed one hour of light 
work. They slept after the work till midnight. After one year of mili- 

tary drill, they entered the military bakery in September, 1879. The 
observations were made over a year later (November, 1880). The 

daily routine of the military bakers was as follows: They worked 

from 3 A.M. to 4 P.M. in a heated room (31°—44° C.), with occasional 

quarter-hour rests, during which the meals were taken. They had no 

work from 4-7 P.M. From 7-8 p. M. they had light work (preparing 

dough), and from 8 p.M. to 3 A.M. they slept. 

From the results of these observations, Jaeger concluded that night- 

work could cause an inversion of the temperature-curve. However, 

these experiments are inconclusive for three reasons. 

1. The bakers slept usually from 8 P.M. to 3 A. M., and consequently 

such hours of rest cannot be considered as an inversion of the daily 

routine of life, but rather as instances of unusually early-rising. 

2. While the influence of external temperature is but little under- 

stood, it is natural to question the value of a temperature-curve made 

up of observations a part of the time in a room where the temperature 

varied from 31° to 44° C. (waking hours), and the rest of the time in 

normal room-temperature, z.¢., from 10° to 25° lower, when submitted 

as evidence on the influence of night-work on the daily temperature- 

fluctuation. 

1 BuCHSER: Loe. cit. 2 JAEGER: Loc. cit. 



Studies in Body-T emperatu re. 151 

3. An actual comparison of temperature-curves obtained on the 

five military bakers with eleven young soldiers in bed (observations 

also made by Jaeger) shows the characteristic features of the normal 

temperature, z. ¢., evening fall, minimum during the night and morn- 

ing rise to be present in both curves, though with the bakers the 

maximum occurs at IO A.M. 

In 1885, U. Mosso! made a series of observations on himself to 

study the effects of night-work and sleep during the day. By observ- 

ing the rectal temperature for several days, under his usual routine of 

life, he obtained his normal curve. During this period he slept from 

II P.M. to6 A.M. Two meals were taken, one at II A.M., and the 

heartier meal was taken at 6 P.M. 

During the second period he worked at night and slept during the 

day from 11 A.M. to 6 p.m. The meals were taken at I1 P.M. and 

6 A.M. During practically the whole experiment, he remained in a 

room at the temperature of from 12° to 17°, and when awake, he spent 

the greater part of the time seated at a table reading or writing. 

This routine was continued for four days. In spite of the inver- 
sion of the daily routine, he found that the morning rise still took 

place at about the same time, and that the normal curve was not 

inverted. However, sleep during the day caused a marked fall and 

getting up in the evening a noticeable rise in temperature. This 

rise was, in at least three of the four days of inverted routine, fol- 

lowed shortly by a marked fall comparable to the “ evening fall.” 

In this, the most systematic of the earlier researches, we find no 

evidence to imply that the inversion of the daily routine would pro- 
duce an inversion of the temperature-curve. 

IV. EXPERIMENTS ON THE INFLUENCE OF THE INVERSION OF THE 

DaILy ROUTINE. 

Experiments on the effect of the inversion of the daily routine 
may be made in two ways. A subject, usually working during the 
day and sleeping during the night, may be made to do the work at 

night and sleep during the day for a series of consecutive days, and 

the effect on the regular temperature-curve observed. Such an 

experiment was made by Mosso. Or a series of observations may be 

made on persons long accustomed to night-work. 

1 U. Mosso: Loc. cit. 
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Experiment of 1901, with G. W. H.— A ten-day experiment on the 

first plan was made in this laboratory in January, 1901, on G. W. H. 
who served as night-observer in connection with the metabolism 

experiments with the respiration-calorimeter. Several days before 

the metabolism experiment began, a twenty-four-hour ‘“ normal” 

curve (Curve I) was obtained, in which the subject slept during the 

night and worked during the day as usual. The form of thermometer 

used in these experiments allowed the night-observer to record his 

own rectal temperature with the same facility as he did that of the 
subject of the regular metabolism experiment. Consequently, on ten 

consecutive nights of night-work, the curves were obtained by the 

subject himself from 6.30 P.M. to 7.30 A.M. At 8.40 A.M. on the last 
day, the subject went to sleep in the calorimeter-chamber (which 

was vacated by the subject of the metabolism experiment at 7.00 A. M.), 
and the temperature-observations were continued by another observer 

until 6.00 Pp. M., thus giving a continuous twenty-four-hour record of 

the rectal temperature after ten nights of night-work. The individual 

curves for the ten successive nights are published elsewhere,’ but in 

this connection, the two following curves are given: 

36.3 
36.1 Hela Pate Boe Reoee 

Curve I.— Fluctuations in are of G. W. H. during “normal” day. 
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Curve II.— Fluctuations in body-temperature of G. W. H. on the tenth day of inversion 
of the daily routine. 

The temperature-fluctuations during the nine days preceding that 

of Curve II were not observed, as the subject slept outside of the 

laboratory on all save the last day. 

1 BENEDICT and SNELL: Archiv fir die gesammte Physiologie, 1902, xc, pp. 

62-67. 
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While Curve II cannot in any way be said to be an inversion of 

Curve I, it is obvious that the normal curve has undergone profound 

alterations as a result of the change in routine of daily life. 

Obviously numerous objections could legitimately be raised to any 

general discussion of the subject after a single experiment of this 
nature, and furthermore, it must be noted that in at least one impor- 

tant particular the life of the subject during the days of this experi- 

ment was not a normal inversion, z.¢., the hours of sleep were not 

coincident with a twelve-hour difference from the ordinary period of 
rest, since, in general, the sleeping period began at 8.30 in the morn- 

ing, instead of at 10.00 or 11.00 A. M., and what is perhaps more impor- 

tant, the hours of sleep were much shorter than the usual eight hours 

taken by the subject normally. In the whole period of the experiment, 

the sleep was seldom of six hours’ duration, and more frequently four 

or even less. On the day in which Curve II was obtained, the sub- 

ject slept soundly in the darkened respiration-chamber with, however, 

normal ventilation and temperature-conditions, for about six hours. 

Experiment of 1902, with G. W. H.— During the month of April, 

1902, opportunity was had to repeat a portion of the earlier experi- 

ment with G. W. H., in that a metabolism experiment with the respi- 

ration calorimeter demanded night- 

work for twelve :consecutive nights. 

On the twelfth night of this work, a 

curve was obtained from G. W. H. 
that is given herewith. It was im- 

possible to make the curve complete 

by continuing the observations 
during the sleep of the day, and CURVE ITE. Fluctuations in body-tem- 

‘ es perature of G. W. H. during the 

consequently this omission detracts twelfth night of inverted routine of 

considerably from the value of the life. 
observations. 

The rapid fall in temperature from 6.40 P. M. to 7.30 P.M. is followed 

by a period of more nearly stationary temperature, a gradual regular fall 
completing the characteristic ‘‘ evening fall” beginning at 8.50 P. M. 

and continuing without noticeable break until the minimum for the 

night is reached at 11.35 p.M. A two and one-half hour period of 

slowly rising temperature is followed, at 2 A.M., with a sharp fall, 

and after an hour of nearly stationary temperature, the regular morn- 

ing rise commences at 4 A.M. A marked rise during two hours is 

followed from 6 to 7 A. M. by a period of nearly stationary temperature. 
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The whole course of the curve is strikingly similar to that of the 

first twelve hours of Curve I. 

The fluctuations in temperature range from 36.74° to 37.65° or 

0.91, the average temperature for the period of observation being 

37.12°.. The maximum temperature was observed almost immedi- 

ately after the experiment began, 7. ¢., 6.40 P. M., and is doubtless to 

be accounted for by the immediately preceding period of muscular 

activity on the part of the subject, resulting from the hurried walk 

from the dinner-table to the laboratory. The minimum for the 

night, 36.74°, was observed at I1.35 P. M. 

With this subject the daily routine of life during the experiment 

was approximately as follows: on entering the laboratory in the 

evening, the thermometer was inserted, and the subject immedi- 
ately began the duties of the night-observer. These consisted of 
making written records every four minutes of numerous read- 

ings of mercurial thermometers, deflections of a galvanometer, 

and of the muscular activity of the subject in the respiration- 
calorimeter in addition to a continuous alteration of resistances 

in electrical circuits and flow of water through pipes used to heat 

and cool, respectively, various sections of the calorimeter. The work, 

while not “ muscular” in any sense, demands continued attention of 

the observer and precludes any dozing. For the greater portion of 

the time the observer remains seated in a revolving-chair, though 

occasionally he is required to walk to other parts of the room in con- 

nection with minor duties. About 1 A.M.,a lunch is eaten. After 

leaving the laboratory in the morning, the subject eats breakfast and 

immediately goes to bed. The sleep is abnormally short and not 

undisturbed, for, in general, no regular sleep is obtained after I P.M. 

The time until the evening meal is taken, is occupied in reading or 
writing with an occasional short walk. The meal at 6 p.o. is fol- 

lowed by a short, brisk walk to the laboratory, where the night duties 

are again entered upon. 

The subject when not engaged as assistant in calorimeter observa- 

tions lives the life of the average college student. He is 179 centi- 

metres high, weighs 73 kilos, without clothing, and at the time of 

this experiment was twenty years old. He has always been in 

excellent health. His previous experience as a night-worker was as 

follows: He worked in December, 1900, six nights; in January, 1901, 

ten nights; in February, 1901, ten nights; in May, 1901, ten nights; 

and in March, 1902, seven nights. Aside from these periods of 

’ 
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night-work, each of which consisted of consecutive nights, he acted 

as night-observer in a number of shorter periods of one or two 

nights: May, 1901, one night; March, 1902, two periods of two 

nights each; and April, 1902, one night. 

V. GENERAL DISCUSSION OF RESULTS OF EXPERIMENTS WITH 

G. W. H. 

It is obvious that, at least, with this subject, the influence of the 

inversion of the daily routine on the body temperature-curve is 

noticeable only during the day, for while the evening fall, the early 
morning minimum, and the morning rise persist, the period of sleep 

during the day causes a marked fall of temperature, followed by a rise 

on awakening. 

The effect of ten consecutive nights of night-work has not there- 

fore succeeded in producing any marked disturbance of the curve 
between 6 P.M.and 8 a.m. By repeating the experiment and obtain- 

ing a curve after twelve consecutive nights of night-work, no greater 

tendency to influence the normal course of the curve, even after the 

somewhat longer period of work by night is apparent. 

While the data of these two curves may warrant our regarding the 

temperature-curve between 7 P.M. and 8 A. M. in a general way as 

fixed and independent of sleep or work (exempting severe muscular 

work), the curve during the remainder of the twenty-four hours, 2. e., 

8 A.M.to 7 P.M., undergoes marked alterations when sleep is taken in 

this period. The rapid fall in temperature noticeable after the 

subject has gone to bed at 8.40 A.M., is the counterpart of that 

observed under similar conditions in Curve I, when the subject went 

to bed at 11 P.M. 

The fall in the former case is indeed even greater than in the 

latter, though the observed temperature at the end of the fall is still 

a few hundredths of a degree above the lowest observed during the 

twenty-four hours, 7. ¢., 36.78° at 12.55 A. M. The maximum for the 

day is in the morning at 8 A.M.,rather than the late afternoon, 

though the rise in temperature after the day’s sleep continues till, at 

4.24 P.M., it is within 0.12° of the morning maximum. While the 

average temperature of the night period in Curve II is 37.04° and 

that of Curve III is 37.15°, somewhat higher, neither of these temper- 
atures can be considered as approximating the febrile condition 
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(37.80°) obtained by Mosso after four days of the inversion of the 
daily routine. 

Thus it is difficult to designate as abnormal any of the conditions 

of life of this subject other than the short hours of sleep. Moreover, 

the uniformity of the two curves taken over a year apart, the one after 

ten days’ inversion of the daily routine, and the other after twelve 

days of night-work and sleep during the day, leads us to believe 

that these curves are not abnormal for the given conditions of sleep 
and work. When the conformation of these curves is compared with 

that obtained when the subject is working during the day and sleep- 

ing during the night, we find a striking similarity that is not easy to 
explain, for the evening fall, minimum during the night, and morning 

rise persist in all cases, whether the subject goes to bed at II P. M., 

and sleeps the usual number of hours till 7 A.m., or whether he 

busies himself as night-observer in a metabolism experiment with the 

respiration calorimeter, and sleeps during the forenoon. 

VI. EXPERIMENTS WITH NIGHT-WORKERS. 

If (as is seen above) the general form of the night-curve is so 

firmly fixed that it is not materially altered even after an inversion of 
the daily routine for ten and twelve days, respectively, it would seem 

obvious that experiments of this nature are not best adapted for a 

study of this problem, and that we should resort to experiments on 

subjects who have been accustomed to a complete inversion of the 

daily routine for periods not of days or weeks but of years. Fur- 
thermore, such experiments, in order to have their greatest value, 

should be made on subjects whose daily routine of life is no more 

frequently ‘‘inverted”’ by night-sleep and day-work than is that of 

the ordinary individual by day-sleep and night-work. With this in 

mind, it is easily seen that but comparatively few individuals can be 

found whose habits of life conform to such conditions. Practically 
all night-workers have either days or “nights off” frequently — 

generally once a week —in which the hours of sleep and rest are 

very materially different from those of the other six days of the week. 

In seeking subjects for this investigation, therefore, it was necessary 

to find one who approximated as closely as possible the ordinary 

routine of the average individual save that the whole routine differed 

by twelve hours. 

Such individuals may be found principally among night-watchmen, 
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though occasionally such regularity of life may be found among 

nurses or attendants in hospitals. 

Experiment of 1903, with A. S.— Owing to the kindness of Mr. F. 

Perry Hubbard of the Rogers and Hubbard Manufacturing Company 
of Middletown, Connecticut, arrangements were completed so that 

the regular night-watchman of the factory of this company was avail- 
able for temperature-observations on October 24th and 25th. 

The subject, A. S., was a German, forty-four years old, weight 

65 kilos, height 153 centimetres. He was apparently in excellent 

health, and stated that the last medical attendance was for a boil in 

the left axilla five years before. His experience as night-watchman 

covers a period of eight years, of which the last five have been of 

uninterrupted service in the present position. The service demanded 

of him requires his presence at the factory every night throughout 

the year. Three nights each year, two of which are consecutive, the 

subject procures a substitute. Other than during this brief vacation, 

the routine of each night is followed as outlined beyond. 
His duties as night-watchman require him to be at the factory at 

5.45 P.M. Every hour a tour of all the buildings is taken, and the 

usual watchman’s time-clock is a check on the faithfulness of the 

performance of this duty. Each tour occupies exactly twenty-five 

minutes, and it is estimated that during the course of the night a 

distance of twelve miles, some of which is going up and down stairs, 

is travelled. Between tours the subject has minor duties that occupy, 

each night, a total of about one hour’s time. Once a week the boilers 

are cleaned, requiring one hour’s time. 
When not occupied in inspecting the factory or other set duties, 

the subject reads in the office, or, if the weather is good, he goes 

outdoors and smokes. The subject spends considerable time out of 

doors in this way, as he finds it easier to keep awake when so doing. 

Rarely he falls asleep, and if a tour is missed, it is almost always 
that at 2 a.m. Furthermore, if this happens one night, especial 

vigilance is necessary to prevent its occurrence the next night. The 

subject does not make it a practice to take naps between tours, 

finding it difficult to rely on waking at the proper moment. 

The subject gets home at 6.40 A. M., and has a breakfast usually of 

two eggs, coffee, and bread at 7.15. Until 11.45 he is occupied with 

general work about the house, having a small poultry business. 

After a light meal of cheese, bread, and a bottle of beer at 11.45 A. M., 

the subject. goes to bed at 12. The sleep is not as sound or undis- 
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turbed as when taken during the night. The subject stated that the 

sleep obtained in the laboratory during the two experiments reported 

here was deeper than he had experienced during the day in his 

recollection. After being awakened at 5 Pp. M., a warm meal is taken 

and the factory’ reached at 5.45 p.M. Occasionally a slice or two of 

bread with a piece of cheese is eaten during the night. 
After a three-quarter mile ride on the bicycle from the house to 

the laboratory on October 24th, the subject entered the laboratory, 

inserted the rectal thermometer, and observations of body-tempera- 

ture began at 5.42 p.M. With almost no omissions, the temperature 

was recorded every four minutes until 11.30 P. M., October 25th. The 

temperature of the laboratory was kept practically constant at 20° C. 

during the whole experiment. To throw light on the possible effect 

of body-position and muscular activity, a careful record was kept of 

the occupation of the subject all through the experiment. A sum- 

marized statement of such movements is as follows: 

Sitting from 5.42 Pp. M.—8.02; standing and. walking, 8.02—8.38 ; 

sitting, 8.38-8.54; standing and walking, 8.58-10.22; sitting, 10.26- 

If.10; standing and walking, 11.10 P.M.—12.14 A.M. ; sitting, 12.18- oS’ D? 

12.26; standing and walking, 12.30-1.58; sitting, 1.58-2.26; walk- 

ing, 2.26-3.34; sitting, 3.38-4.06; standing, 4.10-5.34; sitting, 

5.34-6.02 ; standing, 6.02-7.46; eating breakfast, 7.50-8.02; walk- 

ing, 8.06-9.02; sitting, 9.02-10.22; goes to bed, 10.30; sleeping, 

10.30 A. M.—5.58 Pp. M.; walking, 6.02-6.18; eating, 6.18-6.34; stand- 

ing and walking, 6.38-11.00; sitting, 11.00-11.34, when the experi- 

ment ended. 

At 3 A. M. and again at 5 A.M., the subject ate one roll. The 

breakfast at 7.50 A. M. consisted of one-half mutton chop, two large 

cups black coffee, and two slices of bread. Supper at 6.18 Pp. M., con- 

sisted of steak, fried potatoes, coffee, and bread, and was the heartiest 

meal of the day. 
Although the subject said that he had slept unusually well, it was 

observed that at no time was the body in perfect repose for more 

than twenty consecutive minutes, although the movements were not 

such as characterize the sleep as distinctly abnormal. Indeed, the 
rate of respiration, deep breathing, and low pulse-rate, as well as 

the statement of the subject himself, would indicate deep sleep. The 

incidental observations during the sleeping period are here given. 

11.52 A.M., 154 respirations per minutes; 12.47 P. M., respiration- 

rate, 12; 3.03, respiration-rate, 12; 3.26, respiration-rate, 12; 3.30, 
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moved and asked observer the hour; 3.53, respiration-rate, 114; 

4.15, sleeping very heavily; 5.46, awake and talking. Pulse, 58; 
5.58, out of bed. 

The exercise indicated by the word “ walking ”’ consisted of stand- 

ing and moving about in one end of the laboratory room, at no time 

going more than 8-10 feet from the observer’s table. Walking is 

meant to signify more that the subject was not standing perfectly 

still, than that he was pacing about the room. For the most part it 

consisted of a shifting of the weight from one Jeg to the other, 
accompanied by an occasional step or two,and must not be inter- 

preted as continuous motion of forward progression. 

When sitting, the subject read for the most part, while, when 

standing, he was frequently in more or less active conversation with 

the observers. While sitting, and just before the experiment closed 
at 11.24 Pp. M., the pulse was 74. 

The temperature-observations, which were taken every four 
minutes, are given in Curve IV, although the scale of the curve is 

not such as to render the minor fluctuations significant. 
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Curve IV.— Fluctuations in body-temperature of A. S. (October, 1903). 

The rapid fall observed immediately after the experiment began 
may be attributed to the cessation of the rather active muscular 
exercise involved in the short bicycle ride to the laboratory. During 

this period the subject was sitting in a chair near the observer’s 

table. The rise beginning at 8 p.m. is coincident with the upright 

position assumed by the subject, which was continued till 8.38, when, 

on being seated, a slight fall in temperature is noted. Standing at 

8.54 is coincident with a resumption of the upward tendency. The 
sharp fall at 10.22, continuing until 11.10, took place while the subject 
was seated. The minimum temperature for the night period was 

reached at 2.26 A.M., after the subject had been seated about one- 

half an hour. Two hours later, the temperature fell nearly to the 
same point, though during this period, the subject was standing or 
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walking. The general morning rise is broken by two periods of falling 

temperature from 5.45-6.10 A. M. and from. 7.26-8.06 A, M., during both 

of which periods the subject was seated. The sharp rise of 0.48° 
from 8.06-9.02 A. M. was coincident with.a period in which the subject 

was standing or walking. 

The maximum of the forenoon is reached at 9.02, when the subject 

again sat at the desk and read. The temperature fell during the next 

hour 0.49°. A slight rise accompanied the preparations for going to 
bed, and one of the most striking features of this curve isthe absence 

of the noticeable fall in temperature on retiring. The slight fall here 

observed, amounting to about 0.22”, is in no way comparable to that 
obtained with all other subjects in this laboratory after going to 
sleep. The progress of the curve during sleep is without special 
feature until the marked fall, beginning at 3.40 P.M. and continuing 

till 4.50. It is also noteworthy that from 4.50—-5.45, the body-tem- 

perature, the lowest observed during the whole experiment, was 

constant to within 0.02°, a longer period of constancy than we have 

ever before observed. 

On awakening the usual sharp rise is observed which continued 

uninterrupted till 7.55, after which follows a two-hour period of slowly 

rising temperature. Although the subject was standing and walking 

from 6.38-I1.00 P. M., a fallin temperature is noted at 9.30 P. M., the 

upward tendency of the curve being resumed at 10.00 P.M. At 

11.04 Pp. M. a sharp fall begins, which continues till the end of the 

experiment. During this last period, the subject was seated and 

reading. 

Omitting the period of high temperature during the first few minutes 

of the experiment, the temperature is high at 9.48 P. M., 9.00 A. M., and 

again at 11.00 P.M. Thelowest temperatures are observed at 2.26 A.M, 

and 4.50-5.45 P.M. The average temperature for the whole period 
(thirty hours), 5.45 P.M., October 24th, to 11.30 P. M., October 25th, 

is 36.76°. The average temperature for the night period, 7 P. M.-7 A. M., 

is 36.76 , and the average temperature for the last twenty-four hours of 

the experiment, 11.30 P. M—I1.30 P.M., 1s 36.70. The minimum tem- 

perature is 36.30°, and the maximum 37.50°, showing a temperature- 

fluctuation during the whole experiment of 1.20°. If, however, the 

first eighteen minutes of the experiment are rejected, the maximum is 

37.30°, and consequently the total temperature difference is 1°. The 

high temperature incidental to the work of riding the bicycle to the 

laboratory justifies the rejection of these preliminary readings. 
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While it is obviously next to impossible to produce an exact inver- 

sion of the daily routine, it is believed that the daily life of this sub- 
ject is as close an approximation to a perfect inversion as can 

ordinarily be secured. For while many night-workers sleep in the 

forenoon, which corresponds to sleep during the early evening, and 

rise in the early afternoon, corresponding to rising at from 2-4 A. M., 

this subject sleeps ordinarily from 12 noon to 5 p.M., and on the day 
of the experiment, from 10.30 A. M. to 6.00 P. M.,a custom correspond- 

ing more nearly to the hours usually spent in sleep by the averag 
individual. 

With this subject, as with G. W. H., it is to be noted that the 

hours of sleep are very much less than that usually taken by the 

average man. Usually, the subject, A. S., is in bed but five hours, 

and in allowing him to sleep longer than usual, it may be said that 

this temperature-curve is not normal for this subject. The disturb- 

ance of the temperature-curve that may result from an unusually long 

period of sleep is probably no greater than that of the enforced mus- 
cular inactivity required of all subjects of experiments on body- 

temperature. Furthermore as the object of research of this nature is 

not so much to obtain a curve that may be designated as “ normal” 

for any individual, as it is to study the influence of the various factors 

that determine the course of the regular temperature-curve, the 

enforced muscular inactivity and the longer period of sleep should 
not be considered only as disturbing factors. As will readily be seen 

later, these apparent abnormalities aid materially in interpreting the 

cause of the various curves. It is especially significant that had the 

subject been waked five hours after going to. sleep, the minimum 

temperature for the day would probably have been that observed at 

2.25 A.M., and the long period of low temperature, from 4.50 P. M.— 

5.45 P. M., would not have been observed. 

The arrangement of the meals with this subject is markedly differ- 

ent from that of ordinary life, for while the breakfast, in this particular 

case the heartiest meal of the day, is taken at 5.15 p.M., there is no 

regular meal till fourteen hours later, 7. ¢., 7.15 A.M., and the lightest 

meal of the day is taken just before retiring, at 11.45 A.M. In so far 
as the ingestion of food influences body-temperature, it is necessary, 
therefore, to bear in mind the fact of the unusual times of eating 

when interpreting this curve, although, as is seen from the record on 

p. 157, the meal hours during the experiment did not coincide with 

those of the usual day with this subject. 
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The muscular activity of the subject was much less than that to 

which he was accustomed, and consequently while Curve IV unques- 

tionably does not represent the fluctuations in temperature of the 

body of this subject during a night of service as night-watchman, it 

is, in a way, comparable to those obtained on other subjects with the 

usual enforced quiet incidental to experiments of this nature. It 

should be noted in this connection, however, that owing to the con- 

siderable time during which the subject was standing or walking 

(see p. 158), the muscular activity was undoubtedly considerably 

more than that of the majority of subjects of experiments upon which 

continued body-temperature observations have been made. Indeed, 

it might appear from the marked influence of the variations in body- 

position, as when standing or sitting, especially as exhibited in 

Curve IV, a direct comparison of this curve with those upon subjects 

who were either lying or sitting down during the period of observation 

is attended with some degree of inaccuracy. 

Finally it must not be forgotten that individuality may account for 

minor fluctuations in the course of the curve, though, as was previously 

stated, different individuals under like conditions of bodily activity 
furnish temperature-curves of remarkable similarity. Therefore, 
while the nature of this curve may be somewhat marked by the 

individuality of the subject, all previous experience would lead one to 

consider that under like conditions this curve would not vary widely 
from an average of curves from a number of individuals. 

The great difficulty in securing normal healthy subjects, with 

habits of life exactly similar to those of this subject, precludes, at 
least for the present,*any great elaboration of this study, but oppor- 

tunity was taken to repeat the temperature-observations on the same 

subject four months later. 

Experiment of January 30-31, 1904, with A. S.—No material 

change had been made in the subject’s mode of life since the last 

series of observations were obtained, and there is no reason for believ- 

jng that the subject was not in his normal condition. Accordingly, 

an experiment began at 7.30 P.M., January 30th, and continued unin- 

terrupted till 11.30 p.M., January 31st. In order to insure as nearly 

as possible identical conditions of bodily activity in both experiments, 

an attempt was made to regulate the movements by having the sub- 

ject repeat as nearly as possible each change of position that might 
affect muscular activity at the hour at which the change was made in 

the previous experiment. The programme of the experiment was 
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duplicated exactly from the beginning of the experiment till 6.20 P. M. 

on January 31st. At whatever hours the subject stood, walked, sat, 

or slept in the previous experiment, he was notified by the observer 

to assume the same body-position and maintain it until notified 

again. To insure comfort to the subject, the strictest adherence to 

the programme was not insisted on, and when sitting, no attempt was 

made to eliminate or equalize minor muscular movements, such as 
turning the pages of the newspaper or book or engaging in conversa- 

tion. Likewise, when standing or walking, it was considered that 

the movement of walking was confined to so small an area that it 

would be impossible to distinguish between standing perfectly still, 

shifting the body-weight from one leg to the other, or moving a few 

paces from one point in the laboratory room to another. The time 

of defecation was not alike in both experiments, and some irregularity 

in the time of micturition was naturally to be expected. It was not 

deemed advisable furthermore to adhere to exactly the same diet, 

although as nearly as could be judged (actual weighings were not 

made) the total amount of food eaten at each meal did not differ 

materially in the two experiments. In accordance with his usual 

custom, the subject smoked small amounts of tobacco from time to 

time, and no regularity was observed in this. 

During the sleeping period, careful observations were made of the 

movements, though, owing to the position assumed by the subject, it 

was difficult to obtain the rate of respiration with accuracy, and 

accordingly, it is not here given. 

Owing,to a misunderstanding, the subject was told to sit and read 
from 6.52 Pp. M. to 8.06 P.M. on January 31st, whereas he should have 

stood during this period. From 8.06 p. m .to the end of the experi- 

ment the previous programme was strictly followed. 

The subject entered the laboratory at 5.30 p.M., January 30th, but 

owing to a delay in the calibration and readjustment of the thermom- 

eter, observations did not begin till 7.30 p.m. At I1I.10 P.M., and 

again at 2.50 A.M., a biscuit and cruller were eaten. The meal at 

8.10 A.M. consisted of one cup (400 c.c.) of hot, black coffee, baked 

beans, one slice of bread, and one cruller. The subject fell asleep 

almost immediately after getting into bed at 10.32 A.M., and though 

the subject was no less restless than in the previous experiment, the 

breathing was deep, the respirations not far from 10-12 per minute, 

and the subject considered that he had had an unusually restful 

sieep. 
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The pulse at 6.00 Pp. M., just before rising, was 56. 

Supper, at 6.18 p. M., consisted of one mutton chop, fried. potatoes, 

one slice of bread, and hot, black coffee. At 8.10 P.M., just before 
standing, the pulse was 61. 

The temperature-observations were made in general every four 

minutes, and they are plotted in Curve V, on the same scale as that 

used in Curve 1V. 
The rapid fall in temperature, beginning immediately after the in- 

sertion of the thermometer, continued till 8.06 p.m. During the 

period of approximately constant temperature, from 8.06-10.20 P. M., 

the subject was standing and walking. The fall in temperature at 

10.20 P. M. followed the change in position of the subject, from standing 

to sitting. The PQS he fluctuations during the next three hours 

are all within 0.20°, and the first marked change is a fall from 2 to 3 

A.M. The minimum for the whole experiment is observed at 2.54 

A.M., though again, at 6.24 A.M. and 8.15 P.M., the temperature falls 

to within 0.04° and 0.02° of the absolute minimum. The sharp rise 

beginning at 6.24 A.M., continued till 9.18 A. M., when the subject sat and 

read till 10.30 A.M. On going to bed, the temperature of the subject 
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CurvE V.— Fluctuations in body-temperature of A. S. (January, 1904). 

fell 0.23°, a fall that is very much less than that observed on the 

other subject (G. W. H.) after getting into bed (see Curve I at 

11 p.M.and Curve II at 8.40 a.m.). - After one hour of nearly station- 

ary temperature, a rise of 0.20° takes place, followed by two hours of 
nearly constant temperature. From 2.30 to 4.30 P.M. a fall in tem- 

perature is noted, and the temperature, 36.45°, is the minimum during 

the period of sleep. On getting out of bed at 6 p. M., no such marked 
and rapid rise as is seen in Curve IV takes place, and, indeed, after a 

very slight rise, the temperature falls continuously till 8.06 Pp. M., when 

36.20 is reached. A marked rise, amounting to 1°, and continuing 

for two hours, is coincident with the change in position of the subject 

from sitting to standing and walking. At 10.36 p.m. while the sub- 
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ject was still standing, the temperature began to fall, and at II P. M., 

on resuming his chair, the temperature fell steadily till 11.34, the close 

of the experiment. 

Three maxima are observed, at 7.34 P.M. (the beginning of the 

experiment), at 9.06 A.M., and at 10.34 P.M., the latter observation 

(37.19°) being the absolute maximum for the whole experiment. 

Three minima, all within 0.04° of each other, are observed at 

2.54 A.M., 6.22 A.M., and 8.06 P.M., the first of these being the 

absolute minimum, 36.18", for the whole experiment. The average 

temperature for the whole period (28 hours), 7.30 P. M., January 30th 

to 11.30 P.M., January 3Ist, is 36.58. Theaverage temperature for 

the night period, 7.30 P. M.-7 A. M., is 36.50°, and the average temper- 

ature for the last 24 hours of the experiment, 11.30 P. M.-I1I.30 P. M., 

is 36.58°. The minimum temperature is 36.18°, and the maximum, 

37-19, showing a temperature fluctuation during the whole experi- 

ment of I.o1. 
While from the previous experience in repeated experiments with 

other subjects under like conditions of daily regime,’ we might expect 

this curve to be more nearly an exact duplicate of Curve IV than it 

actually appears, it is seen, at least in the essential points, to be 

strikingly comparable with the earlier curve, for, as is shown in the 

tabular statement, the times of minima and maxima, the total fluctua- 

tion and the average temperature of the last twenty-four hours, agree 

very closely in the two curves. 

Curve IV. Curve V. 

MITE ee ie eS oe ee a eee .26 A. M. 2.54 A.M. 
6.22 A. M. 
8.06 P. M. 

CDR eRCE, ieee? Rr MR . M. 7.34 P. M. 

Temperature difference for the whole ex- 
periment . 

Average temperature for the last 24 hours 

The similarity would probably have been even more striking had 

the programme of the first experiment been duplicated exactly in the 

second, for we would have expected the rise during the last evening 

1 BENEDICT and SNELL: Archiv fiir die gesammte Physiologie, 1902, xc, pp. 36-41. 
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to begin as soon as the subject assumed a standing position, and this 

change of position was erroneously delayed over an hour, 
Thus, while the minor fluctuations in temperature are not always 

coincident, the grosser changes do not vary widely in the two 

curves, 

VII. DiscussION OF RESULTS OF EXPERIMENTS WITH A. S. 

Although definite plans are made for further research into this 

most perplexing problem, a few words of general discussion, though 

admittedly based on rather meagre experimental data, and conse- 

quently liable to subsequent revision, may not be out of place. 

The remarkable course of these curves certainly cannot readily be 
explained as the resultant of the influences ordinarily considered as 
affecting body-temperature. Obviously we have here to do with 
some influences other than the ingestion of food, muscular activity, 

sleep, and body-position. Of the main characteristics of the normal 
curve (Curve I), the evening fall, the early morning minimum, and 

the morning rise, are unmistakably found in both of these curves. 
The evening fall, though considerably diminished in amplitude, is 

sufficiently well marked to be easily recognized, and the early morn- 

ing minimum and morning rise are likewise clearly seen. 
As with G. W. H. in Curves II and III, the general form of the 

night-curve remains practically intact, thus indicating a fixity of 

rhythm that is difficult to explain. Why the temperature of the 

human body reaches a minimum at 2-6 A. M., independent of whether 

the subject is sleeping soundly and in the recumbent position, or 

whether he is awake and sitting, or even standing and walking, is a 

problem that calls for extended research. 

The important réle played by muscular activity has led some 

investigators to consider that all temperature-fluctuations are inci- 

dental to muscular movement, either voluntary or involuntary. 

Johansson! by fasting and enforcing muscular rest succeeded in 

diminishing the total temperature-fluctuation in the twenty-four 

hours to 0.40° C., but the curve showed distinctly the presence of the 
evening fall and the morning rise. H6rmann,? from a continuous 

series of observations of vaginal temperature of an insane woman 
who remained in bed three days without food, concludes that muscular 

1 JOHANSSON: Skandinavisches Archiv fiir Physiologie, 1898, viii, p. 85. 

* HORMANN: Zeitschrift fiir Biologie, 1898, xxxvi, p. 319. 
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activity and digestion are the only causes of body-temperature fluctu- 

ation. It is interesting to note that in two of his three experimental 

days the evening fall and morning rise are distinctly noticeable. 

It is clear that the experiments with A. S. here reported furnish 

suggestive evidence as to the rationality of conceding that there is 

an influence of the time of day independent of muscular activity. 
This view, advanced so frequently in the older literature, has been 

strenuously combated, but the night periods in Curves IV and V 

exhibit fluctuations that are entirely opposed to the theory that 

muscular activity is the sole cause of temperature-fluctuation. That 

there is a periodicity resulting from a habit long established in suc- 

ceeding generations is not unreasonable to suppose, though, until the 

other known factors affecting body-temperature have been more 
carefully studied, and their effect eliminated so far as possible, it 

is necessary to bear in mind, when drawing any conclusions, that 

the curves with A. S. are the resultant not of one but of many 

influences. 

One of the most suggestive features of these curves is the immediate 

effect of change in body-position on the course of the body-temperature. 

Sudden fluctuations in temperature always accompany severe mus- 

cular work, — fluctuations amounting at times to over one centigrade 

degree in an hour; but none of the muscular movements of A. S. can 

reasonably be classed under the head of muscular work, and it seems 

fitting to designate the movements as changes in body-position. 

A comparison of the statements regarding-changes in body-posi- 

tion, as given on pages 158 and 164, with the temperature-curve at 

the corresponding hour, shows that almost invariably a change in 

position from standing to sitting, or vce versa, produced marked 

changes in body-temperature. A rise in temperature accompanied the 

change from sitting to standing, and a fall when the change was 

made from standing to sitting. This is most markedly shown on 

both curves by the sharp rise beginning at 8.00 A. M., when the sub- 
ject stood up. At g.oo A.M. the temperature stops rising, and a 

rapid fall accompanies the resumption of the sitting posture by the 

subject. Again at 8.06 p.m., on Curve V, the temperature, which 

had previously been actually falling, began to rise rapidly when the 

subject stood, and within two hours the body is one degree warmer. 
Owing to the fact that the subject was used to considerable activity 

during the night, it was thought best not to restrain him, and thus 

cause him to be restless or uncomfortable during the experiment. 
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Consequently, the changes in body-position, while practically free from 
what would be termed muscular work, were numerous. That these 

movements influenced the temperature-curve as they did is a striking 

demonstration of the fact that body-temperature-curves, to be com- 

pared, should be made from observations under similar conditions 
of muscular activity. The réle played by minor muscular movements 

in heat-production has been greatly underestimated, but data are 

being accumulated to show that even the smallest movements of the 

hands or arms are of importance in comparing experiments in which 

the transformations of energy are studied. Since body-temperature 
is the resultant of all those factors that determine heat-production 

(thermogenesis) on the one hand, and those that determine heat- 

emission (thermolysis) on the other, it is easily seen that a dis- 

turbance of any factor would cause a fluctuation in body-temperature. 

Viewed in this light, the complex nature of the conditions determin- 

ing body-temperature render still less secure the ground for clear 

deductions from experiments in which the maximum number of 

factors has not been eliminated. Thus, in both Curves IV and V 

the “‘morning rise” is certainly accentuated by the sharp rise from 

8 tog A.M. mentioned above. In fact, we may consider many of the 
features of the night-portions of the curves to be the result of changes ° 

in body-position, On the other hand, it is equally clear that the 
evening fall and morning rise in Curve I (G. W. H. during a normal 

day) were accentuated by the changes in body-position involved in 

going to bed at 11 P.M. and getting up at 7.30 A. M. 

The changes in body-position apparently play so important a réle 

in determining the course of Curves IV and V, that the few instances 
where such changes were not followed by corresponding changes in 

body-temperature offer sharp contrasts that demand attention. The 

fall in temperature after 10.30 a. M., when the subject went to bed, is 

in no sense comparable to the marked fall in temperature observed 

on G. W. H. in Curves I and II at 11 P.M. and 8.30 A. M., respec- 

tively. Here, obviously, with A. S. a change in position, z.¢., from 

sitting to lying in bed asleep, exercised a minimum influence on the 

temperature-curve ; while with G. W. H., such a change in position 

was accompanied by a marked fall in temperature. Observations 
during sleep offer very little by way of explanation of the rapid fall 
after 3.40 Pp. M., or the hour of stationary temperature, 4.50-5.45 P. M., 

on Curve IV. This long period of constancy is unusual, for it is to 
be remembered that temperature-observations were recorded every 

four minutes. 
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The error in adjusting the body-movements of the second experi- 

ment to those of the first is primarily the cause of the interesting 
observations from 6 Pp. M. to8.06 Pp. M. in Curve V. After getting out 
of bed at 6 p.M., the subject was seated practically all of the time till 
8.06 p. M., when he stood. In spite of the fact that, during this period, 

the subject ate supper, drank 400 c.c. of hot coffee, and the minor mus- 

cular movements were unusually numerous, the temperature of the 

body continued to fall until the subject assumed the standing posi- 
tion. This change in position was accompanied by a rise so rapid 

that it is comparable only to those obtained when studying the effect 
of severe muscular work. Although in Curve I, G. W. H. was 

seated immediately after getting out of bed, from 7.30 A.M. to 
8.30 A. M., the temperature nevertheless rose rather than fell. Here 

again the absence of any apparent effect of the change in body-posi- 
tion on the temperature-curve is conspicuous. 

It is thus seen that while years of night-work have not succeeded 

in eliminating the tendency to an evening fall, a minimum some time 
during the night, and the morning rise, the whole course of the 

curve is markedly different from any with which we are familiar, and 
any study of the factors influencing the course of the curve must 
include a large number of experiments in which the habits of life, 

times of eating, and muscular activity should all be as nearly alike as 
possible in order to compare the results with the normal curves given 

by the several writers on body-temperature. 
No tendency to an inversion of the temperature-curve by inverting 

the daily routine of life is observed in any of the experiments reported 

here. 

‘The importance of minor muscular movements, especially those 

involved in a change in body-position, as influencing body-tempera- 
ture, receives here a new significance, although the lack of unifor- 
mity in the coincidence of temperature-changes and changes in 

body-position renders the problem of analyzing a temperature-curve 

still more complex. 



CORRECTION. 

Line 9 on page 446, Volume X, should read: 

“addition of the neutral salts of weak monobasic, dibasic, and tri- 

basic acids.” 
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I. INTRODUCTION. 

UDDEN losses of relatively large quantities of blood bring about 

‘J profound changes in the organism. These changes appear to 

be relatively harmless when the amount of abstracted blood is not 
too great, or if the loss is not repeated at too frequent intervals. For 

a long time our knowledge of the character and extent of the meta- 
bolic modifications during acute anzemia was very slight and indefinite. 

During the centuries in which blood-letting was regarded as the 

‘universal remedy,’ many deductions were made, respecting its 

influence on the body, which failed to stand the test of subsequent 
investigation. In recent years Hayem, Luzet, Ehrlich, Howell, 

Vierordt, Lowit, Antokonenko, Dawson, Willebrand, Baumann, and 

many others have given us much valuable information on the effects 

of hemorrhage upon the characters of the retained blood, — its 
general composition, the number and character of the corpuscles 

and their regeneration, percentage-content and change in quantity of 

hzemoglobin, relative coagulation-time, etc. At present, however, in 

spite of experimental observations by several investigators, we know 

very little of the obscure chemical alterations induced in healthy 

bodies by considerable losses of blood. 

Late in 1902 there was begun, in this laboratory, a series of studies 

of the metabolic effects of hemorrhage.! Several of these investiga- 
tions are now in progress.2, We present here the results of our first 

study of the chemical changes induced by the removal of fairly large 
quantities of blood from healthy animals. Our initial results in this 
connection are chiefly such as refer to proteid catabolism after with- 

drawals of blood from dogs under the influence of an anzsthetic, 

Our purpose in this particular research has been to study the effects 

of loss of definite amounts of blood under conditions comparable to 

the acute anzemia following some surgical operations under general 

ether anzsthesia. Ina subsequent publication from this laboratory 

1 Preliminary reports of the experiments here described have been published in 

the Proceedings of the Society for Experimental Biology and Medicine, American 

Medicine, 1903, vi, p. 734, and in the Proceedings of the American Physiological 
Society, This journal, 1904, x, p- xxviii. 

2 The results of one of them have already been given in a preliminary report. 

See Posner and GIEs: Proceedings of the American Physiological Society, ‘This 
journal, 1904, x, p. xxxi. 
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we hope to present the results of a similar study of the metabolic 

effects of hemorrhage conducted with the aid of /oca/ anzsthetics.! 
We were attracted at the outset to this particular phase of the 

problem of posthemorrhagic effects on metabolism, by the very obvi- 

ous lack of agreement in the results obtained by previous investi- 
gators. Bauer, Jiirgensen, and some of their colleagues, working with 

dogs, noted zucreased elimination of nitrogenous matter after hemor- 

rhage. On the other hand Skvortsov and others, lately Ascoli and 

Draghi, observed decreased excretion of nitrogenous products from 

dogs under similar circumstances. Under various anzmic conditions 

in man, also, as in chronic and pernicious anzmia, chlorosis, after 

internal hemorrhage, and the like, Pettenkofer and Voit, von Noor- 

den, Ketscher, Lipmann-Wulf, Moraczewski, Kolisch, and Ascoli and 

Draghi are among those who have obtained metabolic results show- 

ing decided disagreement qualitatively and quantitatively. 
That the general lack of harmony in the results of previous inves- 

tigations is due largely to the fact that the feeding conditions were 

very irregular and unsatisfactory in nearly all the experiments, is evi- 

dent from a review of the papers by these authors. Then, too, the 

periods of observation were far too short in most cases. Even in 

the researches on dogs little attention seems to have been given to the 

careful maintenance of various conditions which are necessary for the 

proper conduct of metabolism experiments. In our own work we 

have endeavored to carefully control all such important matters of 

detail. 

II. DESCRIPTION OF THE EXPERIMENTS. 

We had two types of experiments. Three long experiments were 

carried out in which we studied, in a comparative way, various phases 

of metabolism in dogs, before and after hemorrhage. We also deter- 

mined the immediate effect of loss of blood on flow of urine by 
directly collecting the fluid excreted through the ureters of several 

dogs under anesthesia. ° 

1 It would be impossible, we think, to improve such a study, in an animal like 

a dog, by conducting the hemorrhage without an anesthetic. There would be not 

only the objection of inhumanity in the proceeding, but under such conditions, 

also, secondary factors would be present, — pain and the resultant psychical 

effects. The latter would doubtless be more difficult to check than the effects 

of anesthesia. 
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Conduct of the metabolism experiments. — Our metabolism experi- 

ments were conducted by the general methods recently described in a 

paper from this laboratory.! 
Animals and environment.—All of these experiments were per- 

formed on healthy, full-grown dogs. The dog under observation was 

confined in a cage? well-arranged for the comfort of the animal and 
adapted to the collection and separation of urine, faeces, and cast-off 

hair. The structure of the cage at the top permitted free circulation 

of air. The experiments were conducted in a well-lighted and 
thoroughly ventilated room. The temperature of the room was fairly 
uniform throughout each experiment. 

Only such animals as were particularly well suited to our experi- 

ments were finally selected after trial periods. In each case we were 

fortunate in possessing a strong dog; one. not only of a lively and 

playful disposition to begin with, but one, also, that seemed to be 

contented with his environment and treatment. 

Food. — The food consisted of a mixed diet containing hashed 
lean beef, lard, bone ash,® and water. The raw meat was preserved 

in a frozen condition. The commercial cracker meal was kept dry in 

tightly closed jars. Lard was obtained in small quantities, and was 

always fresh at the time of use. The bone ash consisted of the 
thoroughly incinerated, carbon-free, commercial product. Ordinary 

tap water was taken. 

In each of our experiments the dog was given his daily portion of 

food at 5 p.m. The solids and the water were intimately mixed, and 
the soupy mass thus formed was eaten with very evident relish.® 

Periods, weights.—In the records of our experiments each day 

ended at 5 p.M., at which time, just before the food was given, the 

weight of the dog was taken. The figures for weight in our tables 

represent, therefore, the weight of the animal at the ed of the day 
of record. The daily analytic data, also, are recorded for the twenty- 

1 MEAD and GleEs: This journal, 1go1, v, p. 106. Also Gres and collabora- 

tors: Biochemical researches, 1903, i, Reprint No. 21. 

2 GiEs: Prbceedings of the American Physiological Society, This journal, 

1904, X, p- XxXil. 

8 Tbid. 

* Gigs: This journal, 1901, v, p. 235. Also Gres and collaborators: Bio- 

chemical researches, 1903, i, Reprint No. 1. 

6 The food was so ardently desired that it was necessary to use force to prevent 

the animal from spilling the contents of the dish when it was brought into the cage. 

The only exceptions, due to hemorrhage, are noted on pages 185, 186. 
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four hours ending at 5 P.M. The new periods of record, after pre- 

liminary establishment of nitrogenous equilibrium, always began 
with the day on which the dog was subjected to the new condition. 

Anesthesia, surgical operation, and blood-letting.— The withdrawal of 

blood was usually begun shortly after 9 A.m., and was conducted 
under very light ether anesthesia, after preliminary use of a small 

amount of chloroform with the ether. At this time of the day the 

dog’s stomach was practically empty. There was never any vomiting 

as a result of the administration of the anzsthetic. Recovery from 
anzesthesia was rapid and satisfactory in all cases, and by 5 P.M. the 

dog manifested his usual appetite.' The anzsthetics we used were 
chemically pure. Each anesthesia throughout the experiment was 

induced with samples from the same supply of the anzesthetic. 

Before this investigation was started, we had fully decided to use 

ether for anzsthesia and to determine in some special anzsthesia 

experiments the metabolic effects of this substance. During the 

progress of the first experiment we saw, however, that the time at 

our disposal for this work in collaboration would not be sufficient to 

enable us to study in detail the metabolic effects of the anzsthetic. 

Consequently, our observations on the effects of ether anzesthesia 

were confined to the dogs used in ghe hemorrhage experiments. 

Facts in this connection were noted merely for the purpose of check- 

ing the results of the conditions associated with the blood-letting. 

Dogs are not quickly anesthetized with ether, and usually strug- 

gle violently before they are overcome. Chloroform acts rapidly. 

Chloroform-ether mixture was accordingly administered at the be- 
ginning of each period of anzsthesia in order to diminish the initial 

period of resistance and excitement, and to reduce the metabolic 

effects due to such influences. Because of its vigorous catabolic 

action, however, only a trifling quantity of chloroform was taken for 

this purpose. 

A number of writers have stated recently that ‘‘ the changes in the 

metabolism following the use of chloroform (chiefly catabolic effects, 
such as increased nitrogenous excretion) are not produced to the 

same extent, if at all, by ether.” The work of various observers, how- 

ever, has shown marked metabolic influences on the blood and urine 

after ether narcosis, but the extent of corpuscular disintegration and 

1 Exceptions due to hemorrhage are referred to on pages 185, 186. 
2? CusHNy: Text-book of Pharmacology and Therapeutics, 1902 (2d ed.), 

p- 164. 
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of leucocytosis, or degree of albuminuria or glycosuria, for example, 

appear to depend chiefly on the depth of the anzsthesia and on the 

length of the period of its continuation. Anesthesia was kept as 

light as possible in all our experiments, and, with the exception of 

slight transitory glycosuria, no abnormality of the urines was observed 

(see page 206). 

Our knowledge of the effects of ether on proteid metabolism needs 

extension. That ether seems to stimulate slightly nitrogenous catab- 

olism is suggested by the results of such experiments as those by 

Leppmann! and Taniguti;? but Zaleski’s® work, on the other hand, 
indicates the opposite.* We have not depended on any previous 

statements in this connection, but have checked the influence of 

the anesthetic on each dog subjected to acute anemia.® 

All blood-letting in these experiments was conducted from the 

femoral artery or a branch of it. In some cases the least possible 

disturbance of local circulation was sought, in other instances rela- 

tively great interference was intended. These ends seemed best 
attainable by opening either a very small artery or a large one. 
Further, such procedure gave results similar to those after relatively 

small hemorrhages, or after the largest and most troublesome losses. 

The operations were congucted under aseptic conditions. The 

incisions were short and only of a superficial character. The loss 
of blood due to the operation itself was always less than 3 c.c. The 

wounds healed rapidly with only very slight, sometimes scarcely 

any, serous exudation, and with little or no observable inconvenience 

to the animal. Even when the femoral artery itself was ligatured, 
the temperature of the limb soon returned to the normal. In our 

third experiment, in which blood was drawn thrice from one femoral 

artery at intervals of a few days (see page 226), the dog did not 

appear to be inconvenienced in the least. It seemed to use each 

‘ LEPPMANN: Mitteilungen aus den Grenzgebieten der Medizin und Chirurgie, 
1899, iv, p- 37- 

* TaniGuTI: Archiv ftir pathologische Anatomie und Physiologie, 1890, cxx, 
p- 123. 

8 ZALESKI: Berichte der deutschen Botanischen Gesellschaft, 1900, xviii, p. 292. 

See also Schipilin: Jahresbericht der Thier-chemie, 1892, xxii, p. 409. 

* Dr. HAWK is now investigating this problem in the laboratory of Physiologi- 

cal Chemistry at the University of Pennsylvania. See Proceedings of the 
American Physiological Society, This journal, 1904, x, p. xxxvii. 

5 For further reference to these matters, see pages 181, 182, 194, 201, 208, 212, 

216, 218, 227. 
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leg as freely immediately after operation as it did before. Care was 

always taken to prevent harm to exposed nerve-trunks. At the 
conclusion of each hemorrhage the severed artery was carefully 

ligatured and the lips of the wound were sutured. The dog’s nose 

always remained moist and cold after the surgical operations. 
When blood was drawn, it was directed through a cannula con- 

nected with a short rubber tube leading into a beaker containing a 

moderate excess (though known volume) of 25 per cent solution of 

sodium chloride. The combined weight of the beaker and the saline 

solution was taken, also the weight with the added blood. The weight 

of the blood was determined by difference. The saline solution served 

the purpose of keeping the blood in fluid condition for analysis. 

Weighed amounts of the mixture were taken for this purpose. 

As already stated, our days of experiment ended at 5 p.M., and our 

surgical procedures were concluded before 10 A. M. About two- 

thirds of the day of hemorrhage had passed, therefore, before blood 

was drawn, but on this schedule there was a long period, of about 

fourteen hours, following each hemorrhage, during which we could 

conveniently observe any initial effects. 

The influences of the anzsthetics and of our usual surgical opera- 

tions were determined independently on each animal in order to 

check, in each instance, the results following blood-letting under 

anesthesia. 

Collection of excreta. — We collected the urine as it passed from the 

body normally. The periods were of sufficient length for the equal- 

ization of diurnal variations, thus making catheterization unnecessary. 

Then, too, these long periods were always purposely brought to an 

end on days on which the dog happened to urinate at about the 

closing hour—5 p.m. In this way we further insured period-neu- 

tralization of diurnal fluctuations in excreted volume.! Samples of 

the daily urine were immediately analyzed and a composite sample 

of the entire urine of each period was also made up for further chem- 
ical examination, and to check the total of daily results.? All urine 
not immediately analyzed was preserved in stoppered bottles with 

powdered thymol. 

The addition of bone ash® to the diet increased the bulk of the 

1 See further references to period-equalizations, on page 198. 

? Results showing the accuracy of both sets of analytic results are given on 
page 198. 

® The amounts we used are indicated on pages 180, 208. See GiEs: Proceed- 

ings of the American Physiological Society, This journal, 1904, x, p. xxii. 
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faecal matter and made its discharge more frequent and regular. 

These facts and the length of the periods made it unnecessary to 
introduce with the food a specially indigestible material to mark off 

the faeces at the end of a period. The feces had the typical consis- 
tency and appearance of the excrementitious matter eliminated from 

dogs subsisting on a diet containing bone. There never was any 

diarrhoea, the faecal matter did not stick to the cage, it dried easily 

and could be readily reduced to a light homogeneous powder. 

Therefore there was no mixing of fluid faecal matter with urine, as 
is otherwise so often the case. In all instances the feecal matter was 

immediately dried on the water bath, and the fractions collected 
during each period were finally united, powdered, and bottled for 

analysis. 
We wish to emphasize the fact to which attention has already been 

drawn,! that in equilibrium experiments on dogs the cast-off hair and 

dandruff must be carefully preserved and analyzed. In these experi- 
ments such offal was each day removed from the cage, in’ which 

practically all of it had lodged, and the combined lot for each period 

was subjected to analysis. A dog usually removes more or less hair 

from his body with his teeth and tongue. Much of the hair removed 
in this way appears in the faeces. In our experiments the feecal hair 

was separated from the powdered faeces with a very minutely meshed 

sieve and united with the main portion collected.2 The bone ash 

favored this process by facilitating the pulverization of the mixture. 

At the end of each period the cage was thoroughly washed and the 

combined washings analyzed. The small volume of urine adhering 

to the inclined bottom of the cage after the elimination of each frac- 

tion soon dried without undergoing chemical alteration. The attend- 

ant loss from the daily volume was very slight, but the dissolved 
constituents were, of course, completely recovered in the washings.® 

To these washings was added such saliva as passed from the animal 

during anesthesia. 

Analytic methods. — The ingredients of the food and the various 

excreta were subjected to analytic methods. All determinations of 
nitrogen were made by the Kjeldahl process. Oxidation was 

effected with concentrated sulphuric acid, aided by a little cupric 

1 MEAD and GIES: Loe. cit. 

2 The trifling quantity of hair washed from the bottom of the cage into the 

urine was obtained by filtration. 

® Analytic data in this connection are given on page 200. 
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sulphate.! Total sulphur and phosphorus were determined by the well- 

known fusion processes. Chlorine was estimated by Mohr’s method. 

Approximate specific gravity of the urine and blood was ascertained 

with a urinometer. Total solids in the urine were calculated, from 

the figures for specific gravity, with the aid of Long’s factor.? The 

quantities of material used for each analysis were those customarily 
employed. The purity of our reagents was always established before 

their use. The recorded analytic data are averages of closely agree- 

ing duplicate results.* 

Experiments on the flow of urine after hemorrhage. — Reference to 

these experiments may be found on pages 228. 

Ill. First METABOLISM EXPERIMENT. — INFLUENCE OF 

HEMORRHAGE ON PROTEID CATABOLISM. 

The animal used in this experiment was a plump, vigorous, short-haired dog 

weighing a little over 17 kilos. 
Diet. — The character of the diet was the same throughout the whole experi- 

ment, although it varied slightly in quantitative composition, as indicated 

in Table I, at the top of the following page.® 

1 Marcuse: Archiv fiir die gesammte Physiologie, 1896, Ixiv, p. 232. The 

digestions in concentrated sulphuric acid were continued for several hours after the 

mixtures had become colorless. 
2 NEUBAUER and VOGEL: Harnanalyze (NEUBAUER and SALKOWSKI’S modi- 

fication), 1898, p. 709. 
8 LonG: Journal of the American Chemical Society, 1903, xxv, p. 262. 

4 Other general matters relating to the conduct of these experiments were 

carried out as in the investigations by MEAD and GIEs: Lac. cit. 

5 In the original description of the method used for preparing and preserving 

the meat fed during these experiments (G1ES: This journal, Ig0I, v, p. 235; 

Biochemical researches, 1903, i, p. 69), it was shown that the products of such 

preparation, even at wide intervals and of different samples of beef, prove to be 
very uniform in composition. At that time, however, only the results of nitrogen 

determinations had been obtained. The following average data from the records 
of these experiments further emphasize the original deductions in this connection. 

PERCENTAGE-COMPOSITION -OF SAMPLES OF PREPARED HIASHED BEEF. 

Preparation. Nitrogen. Sulphur. Phosphorus. 

3.01> 0.279 0.223 
3.58 0.302 0.218 
3.81 0.251 0.218 
3.76 0.288 0.220 

1 All of the figures are averages of closely agreeing duplicate results. 
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TABLE. I. 

COMPOSITION OF THE DAILY DIET. 

Water. Ingredients. | Hashed lean beef. Cracker) gor | Hone: 
meal. ash. 

Daysose eure 34-62 63-85 

Daily amounts! 

Nitrogen 

Sulphur . . .| 0.698 

Phosphorus . .| 0.557 

ToOTaL COMPOSITION OF EACH DAILY MIXTURE. 

| Total weight. Nitrogen. Sulphur. Phosphorus. 

grams grams grams 

$60.0 10.27] 0.805 

866.4 10.271 0.882 

$51.0 10.271 0.713 

1 Three different preparations of meat were used. These varied slightly in com- 

position. The nitrogen-content was 3.67, 3.58, and 3.81 per cent respectively. In 

order to keep the nitrogen-content of the daily food exactly the same throughout 

the experiment, the slight variations in weight of meat taken were necessitated. The 

variations in content of water, proteid, etc., induced in this way were immaterial. 

Preparatory period. — A preparatory period of four days on the above diet 

sufficed to accustom the dog to the new food and environment. The 

weight of the animal during this time fell from 17.23 kilos to 17.02 kilos. 

The preparatory period was terminated on November 1, 1go2, and on 

that day, at 5 p.M., the collection of analytic data was begun. The ex- 

periment continued without interruption until the night of January 24, 

1903 (eighty-fifth day), and was divided into eight periods of varying 

length and different conditions, as follows : — 

First period. Normal conditions. Maintenance of nitrogenous equilib- 

rium. Days, 1-12; November 1-12, 1902.— Approximate equilibrium 

was established without special difficulty, and the animal was further 

accustomed to its new environment. 
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Second period. Combined effects of anesthesia, operation, and slow 

hemorrhage. Days, 13-28; November 13—28.— On the thirteenth 

day the first blood was withdrawn. We desired to bring about the first 

hemorrhage with only slight injury to the tissue at the point of incision, 

and with as little disturbance of the local circulation as possible. We 

concluded that one of the smaller branches of the femoral artery would 

offer the greatest advantages in these respects. Accordingly, the dorsal 

ramus of the saphenous branch of the femoral artery in the right leg was 

selected for this purpose, but we found it impossible to force our smallest 

cannula into it. ‘This delay in our procedure was regretted, because it 

had been our desire to make the period of anzsthesia as brief as possible. 

We then quickly made another short incision, a little higher up, and finally 

inserted the cannula into the saphenous artery itself. 

After the hemorrhage had been started, coagula in the tube attached 

to the cannula occasionally stopped the flow into the beaker, but new 

tubes were used when necessary. The hemorrhage was quite slow to 

the end because of the smallness of the outlet and the associated clotting 

tendency. 

Schedule of operations. — 8.10 A.M., anzesthesia begun. 8.45, first in- 

cision made. g.05, second incision. 9.26, hemorrhage started. 10.14, 

hemorrhage concluded. 10.20, sutures in place and anesthetic discon- 

tinued. 10.55, dog sat up. 

Blood. —Vhe amount of blood withdrawn was 492.9 grams, a quantity 

equal to 2.93 per cent of the weight of the dog at the end of the twelfth 

day. 

Third period. Effects of anesthesia alone. Days, 29-38; November 29-— 

December 8.— An initial increase in nitrogen output had been observed 

during the previous period (Tables II and VI), but toward the end of the 

period the dog returned to nitrogenous equilibrium, and seemed to have 

entirely recovered from the effects of the hemorrhage. It was impossible, 

of course, to say which one, or how many, of the three conditions attend- 

ing the first hemorrhage effected the increased nitrogenous excretion. 

The known effects of chloroform and ether led us to think that a part, if 

not all, of the observed effect was due to the anesthetics alone. ‘Then, 

too, the healing process and the changes in the limb, with its lessened 

blood-supply, may have contributed a share in the observed results 

(see page 224). 

In this period and the one following it, we therefore made an effort to 

determine the effects of anzesthesia, and also of the operation on this par- 

ticular dog, in order to arrive by difference, if possible, at the immediate 

effects of the hemorrhage itself. Consequently, on the twenty-ninth day 

the animal was subjected to the same anesthetics, at the same time of 

day, for the same period of time, and to the same degree, as on the day 
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of the first hemorrhage.’ After ten days, when the dog again appeared 

to be in an entirely normal condition, the fourth period was begun. 

Fourth period. Combined effects of anesthesia and operation.” Days, 

39-51 ; December 9-21. — The combined influence of the three condi- 

tions — anzesthesia, operation, and hemorrhage — was determined in the 

second period. The effect of anzsthesia alone was ascertained in the 

preceding period. In that period, in spite of an increase in the volume 

of the urine after the anaesthesia, there was a slight initial decrease in the 

elimination of nitrogen, the reverse of the effect observed when all three 

conditions were acting together (Tables II and VI). ‘Thus it appeared 

that the effects of the anaesthesia had been opposed to the effects of the 

hemorrhage and the operation. It now remained for us to ascertain 

the influence of the operation, and also whether the results noted in the 

second period were due to the operation, or to the loss of blood, or to 

both conditions. This was done indirectly by combining anzsthesia and 

operation, and comparing with former results. 

The operation and anaesthesia were exactly the same as for the hem- 

orrhage at the beginning of the second period. On the thirty-ninth day, 

when the dog was again in approximate nitrogenous equilibrium, two in- 

cisions were made in the same regions, on the opposite leg (left), how- 

ever. The same small artery and its branch were ligatured and severed. 

All conditions, except loss of blood, were practically the same, in time 

and degree, as at the operation of the second period. 

Fifth period. Effects of a second and rapid hemorrhage. Days, 52-72; 

December 22, 1902-January 11, 1903. — ‘The influence of the anes- 

thesia and operation on nitrogenous elimination in the last period, was 

almost as great as in the first hemorrhage period (Tables II and VI). 

} About § c.c. of urine was suddenly ejected during the initial administration 
of the anesthetics. It was collected with filter paper and added to the cage-wash- 

ings. There were only two additional occurrences of this kind in all our experi- 

ments. See pages 184 and 185. 

* By the term “operation,” we mean not only the incision but the ligation of 

the blood-vessels, suturing of the wounds, etc. 

* It must be admitted, of course, that although we were dealing with the same 

animal throughout this experiment, the plane of metabolism was at a different 

level in each period, and that, therefore, our “checks ” are only approximate. But 

in this particular connection our anesthesia results are relatively none the less 
significant, for the weight of the dog was lower at this time than before, and, 

although his food was the same, he gained in weight from the beginning of the 

period. After hemorrhage there was a permanent fall off in weight, except in one 

instance, even during the later periods of the experiments, when the animal was 

in need of still more constructive material (see Table II). It is hardly probable 
that the effects of ether in this connection are reversed after a hemorrhage. See 
page 215. 
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This fact makes it seem probable that the first hemorrhage was without 

very decided influence on the catabolism of proteid matter, and that the 

observed effect in the second period was largely due to the operation, or 

the healing process, or some associated factor (page 224), although it is 

possible that the usual conditions thrcughout the preceding period were 

no longer entirely comparable to those of the second.’ ‘That they were 

not strictly comparable in the middle of that period is indicated by the 

facts referred to on page 188. 

We next attempted to ascertain the influence of several additional 

hemorrhages, and, at the same time, to further check, if possible, the 

results of the second period. 

The second blood-letting was effected on the fifty-second day, at the 

usual time, under conditions essentially the same as on the thirteenth 

day, except that the blood was rapzd/y removed, the operation was per- 

formed on the left leg (same as in the fourth period), and the blood 

was drawn directly from the femoral artery, just above the point where 

the saphenous branch left it. A single incision was made, which was a 

trifle longer than the ones before, because of failure to insert the cannula 

into the remaining portion of the saphenous artery, but it was about equal 

in length to the two short incisions in each of the second and fourth periods. 

Schedule of operations. — 8.14 A.M., anesthesia begun. 8.40, first in- 

cision made. 9.12, second incision. 9.31, hemorrhage commenced. 

9.40, hemorrhage concluded. 10.05, anzsthetic discontinued. 1o.10, 

sutures in place. 10.45, dog sat up. 

Blood. — The amount of blood removed was 5.06 grams, a quantity 

equal to 3.22 per cent of the weight of the dog at the end of the fifty- 

first day, or 3.01 per cent of body-weight at the end of the twelfth day. 

Sixth period. Effects of a third (rapid) hemorrhage. Days, 73-79; 

January 12-18. — The effects of the second hemorrhage were more 

decided than any catabolic results noticed previously (Tables II and VI). 

Although the dog had practically returned to the normal vascular con- 

dition, it was evident that the second drain on the system, with the 

associated operation, etc., had exerted a more marked influence than 

the first. This effect could not have been due, to any great extent, to 

the healing process, as was the case, perhaps, in the second period, 

although a greater disturbance in the circulation of the limb may have 

been a contributing factor.2, The amount of blood lost during this hem- 

1 A puzzling fact in this connection was the steady increase in the weight of 

the dog in spite of the increased loss of nitrogen. After hemorrhage, the weight 

of the dog continued to fall in all cases but one, in which instance, it remained 

stationary. See page 192. 

2 In effecting the fourth hemorrhage, however, the disturbance of circulation 

was just as marked, but on the opposite side, yet the catabolic effects were 

greater, as was shown in a more decided increase of nitrogen in the urine. 
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orrhage was only slightly greater than that of the first.‘ After waiting 

three weeks for restoration of nitrogenous equilibrium, and practically 

complete recovery, a third hemorrhage was effected. 

The usual conditions prevailed for this third hemorrhage. Blood was 

withdrawn from the femoral artery which had been opened in the pre- 

vious period. ‘The cannula was inserted as near the former opening as 

possible. Lateral branches were not permanently disturbed. The blood 

was withdrawn rapidly. The immediate effects of this hemorrhage be- 

came so evident, in almost imperceptible pulse and retarded respiration, 

for example, that the anzesthetic was discontinued before the hemorrhage 

was stopped, and the ligatures and sutures were attended to as rapidly as 

possible, while the animal was recovering from anesthesia. Recovery 

was more prompt than we expected. 

Schedule of operations. —8.20 A.M.. anzesthesia begun. 8.41, opera- 

tion commenced. 9.15, hemorrhage started. 9.20, anesthetic discon- 

tinued. 9.24, blood-letting stopped. 9.52, sutures in place. 10.20, 

dog sat up. 

Blood. —'The amount of blood withdrawn was 505.5 grams, a quantity 

equal to 3.51 per cent of the weight of the dog at the end of the seventy- 

second day, or 3.01 per cent of body-weight at the end of the twelfth 

day. . 

Seventh period. Effects of a fourth (slow) hemorrhage. Days, 80-83; 

January 19-22.— The metabolic effects of the third hemorrhage were 

similar to those after the second period of anzmia, but were not so 

pronounced, even though the relative amount of blood abstracted was 

greater than any quantity previously taken (Tables II and VI). The 

blood was removed from the same vessel, however, and disturbance of 

circulation in the limb in this period was not increased beyond what it 

had been. Consequently there may have been less influence of the 

surgery this time (see page 209). | 

We concluded to remove blood again, and in large volume, before the 

dog could fully recover from the effects of the previous loss. Under such 

conditions it might be presumed that the combined catabolic effects of 

operation and anzesthesia would be ve/atively less if acute anzemia itself 

showed cumulative catabolic action. 

Blood was taken from the right femoral, just above the point at which 

the saphenous branch left it, and without disturbing any of its lateral 

ramifications. After about 400 grams of blood had been drawn, the 

flow became very slow, because of persistent clotting within the cannula. 

In spite of repeated removals of clots the blood issued from the tube 

drop by drop, rather than in spurts, as before. Although heart-beat was 

1 There had been sufficient time for full regeneration of the blood. 
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very weak, and respiration much slower, we continued the hemorrhage 

until 444.5 grams of blood had been removed. ‘The administration of 

the anesthetic was discontinued a few minutes earlier than at the first 

two hemorrhages, just as in the sixth period. 

Recovery was fairly rapid, though not as prompt as before. For the 

first time the dog failed to show an eagerness for his food. The weight 

of the mixed diet was 851 grams. Of this the animal ate 362 grams at 

the usual time, slowly and indifferently. The dog seemed to tire of stand- 

ing. A few minutes later the rest of the food was offered to the animal 

while it was lying down. All of it was slowly taken. All was retained. 

The dog’s strength and appetite had, however, been markedly affected. 

Even on the following day the effect on the appetite was still evident, 

although all the food was gradually eaten. 

Schedule of operations. —8.29 A.M., anzsthesia begun. 8.55, opera- 

tion commenced. 9.15, about 50 c.c. urine eliminated and caught. 

9-16, respiration, 41. 9.18, hemorrhage started. 9.21, 100 grams blood 

obtained. 9.23, 200 grams blood. 9.25, 300 grams blood. 9.29, 400 

grams blood. 9.39, respiration, 22. 10.18, hemorrhage stopped. 1o.19, 

respiration, 30; anesthetic discontinued. 10.31, stitches in place. 

10.56, dog sat up. 

Blood. — The amount of blood withdrawn was 449.3 grams, a quantity 

equal to 3.22 per cent of the weight of the dog at the end of the seventy- 

ninth day, or 2.67 per cent of body-weight at the end of the twelfth day. 

Highth period. Effects of a fifth, and fatal hemorrhage. Days, 84-85; 

January 23-24. — In the previous period we saw the most pronounced 

after-effects of hemorrhage, also the highest degree of catabolism, as 

shown in greatly increased output of nitrogen, in spite of the severe 

shock to which the animal was subjected (Tables II and VI). The 

results seemed to indicate that after excesszve hemorrhage proteid catab- 

olism was relatively so markedly stimulated that the possible effects of the 

operation and anesthesia could hardly account for the observed increase. 

Although the previous hemorrhage probably gave us maximum cata- 

bolic results, we ran the risk of causing death, in order, a few days later, 

to bring out whatever additional effects might be shown after another loss 

of blood. Unfortunately, the last removal was too much for the dog, but 

the cumulative effect of further hemorrhage was distinctly shown. 

The last hemorrhage was conducted under conditions practically iden- 

tical with those of the preceding period, except that the new incision was 

made a little higher on the same femoral artery, and with the occlusion 

of only one additional lateral branch. A short cylindrical clot had to be 

removed from the artery before the cannula could be inserted. Blood 

was drawn until death again seemed imminent, as indicated by gasping, 

almost imperceptible heart-beat, spontaneous elimination of a small quan- 
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tity of urine (which was completely caught), rigidity of the tail, etc. The 

flow of blood was very slow at this point, and very troublesome in its 

clotting tendency. The mixture of blood and excess of strong saline 

solution (274 grams of 25 per cent NaCl) showed a semi-gelatinous con-_ 

sistency after a few minutes, and contained considerable fibrin and other 

white masses (leucocytes). Administration of the anaesthetic was stopped 

early, as in the two previous periods. 

Consciousness soon returned, but the animal showed no desire to stand 

or sit up. At noon the pulse was rapid and weak, respiration slow and 

shallow. ‘The temperature of the body gradually fell. Food was entirely 

refused at 5 p.m. and thereafter. In spite of the use of a hot-water bag, 

blankets, and other devices to keep up its temperature, the animal did 

not revive. Death occurred at 7 o’clock. ‘There were no convulsions. 

Schedule of operations. — 8.30 A.M., anesthesia begun. 8.42, opera- 

tion started. 8.52, hemorrhage commenced. 9.19, hemorrhage and 

anesthetic stopped. 9.54, stitching finished. No attempt at any time 

to rise. 

Blood. — The amount of blood withdrawn was 317.5 grams, a quantity 

equal to 2.46 per cent of the weight of the dog at the end of the eighty- 

third day, or 1.89 per cent of body-weight at the end of the twelfth day. 

As has already been indicated, a small quantity of urine was passed 

during the operation. The dog urinated again at 1 o’clock in the after- 

noon — 152 c.c.; specific gravity, 1026. ‘The urine in the bladder at the 

time of death, six hours later, amounted to only 14 c.c., and had the 

highest specific gravity of any sample yet obtained — 1036. Post mor- 

tem examination indicated very complete and general exsanguination. 

The only blood to be found in appreciable quantity in the heart was a 

small clot in the left ventricle. 

The “blood count” in samples of the blood which was removed in the 

earlier stages of the hemorrhage indicated a very marked decrease in 

the number of red corpuscles per cubic millimetre. There were so many 

clusters of colorless cells that an accurate estimation was impossible, but 

they were enormously increased in number.’ They were very conspicuous 

in all parts of every field examined. Even the outward appearance of the 

blood indicated the presence of an abnormal number of leucocytes and a 

diminished number of erythrocytes. . Of course, these facts show the 

condition of the blood at the end of the last period. After the hem- 

orrhage of this period the residual blood was naturally still more abnor- 

mal. Throughout the entire experiment each hemorrhage increased the 

tendencies in these directions. 

1 Leucocytes were in excess of the number seen in post-operative, non-septic 

leucocytosis. See KinG: American journal of the medical sciences, 1902, cxxiv, 

Pp. 450. 
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The results of the last hemorrhage are of value chiefly in showing how 

near we were to a fatal termination after the former one. The results 

following the previous loss of blood doubtless represent the maximum 

catabolic effects of excessive hemorrhagic anzmia. 

Supplementary data, Periods I-VIII.—JIn addition to the foregoing facts 

the following observations were also made. 

The fluctuations in the temperature of the room were between 17° C. 

and 25°C. The temperature was usually about 21°-22° C. 

Respiration and blood-pressure appeared to depend on the quantity of 

blood removed, on the rate of its withdrawal, and on the length of time 

after hemorrhage.’ Variations in respiration were frequent. 

The direct losses in weight on the day of operation varied with the 

procedure. The amount of blood drawn, the volume of saliva secreted 

under the influence of the anesthetic, and the volume of the urine 

excreted, seemed to be the chief factors in this connection. 

The reaction of the urine was usually acid to litmus. After the anzs- 

thesia alone, and the operation and anesthesia combined, the reaction was 

distinctly, though only slightly, amphoteric, but soon became decidedly 

acid again. After the hemorrhages the reaction was always persistently 

amphoteric, the alkalinity sometimes almost equalling the acidity, and the 

urines showing turbidity due to earthy phosphate. The amphoteric reaction 

gradually diminished, and eventually gave way to the normal acidity. 

The effect of hemorrhage on hypersecretion of saliva under the influence 

of the ether was very marked. ‘The flow of saliva was greatest when only 

the anaesthetic was administered, or when the anesthetic and operation 

were combined. It became progressively less with each hemorrhage. 

At the last two blood-lettings there was practically no salivation associated 

with the administration of the anzesthetic (see page 223). 

Edema about the point of operation was observed on only one occasion. 

This was on the fifty-fourth day. The swelling extended for a short dis- 

tance on the abdomen, along the penis, on the side of the operation. 

All signs of it were gone on the following day. 

The blood became thinner and thinner with each hemorrhage, and 

at the last operation had an appearance approaching that of lakiness 

(page 220). Most of the red cells seemed to be a little larger in the 

last sample of blood than in any before, just as though they had become 

somewhat swollen.” Proteid was much diminished, but inorganic content 

was essentially unchanged. Progressive tendency to coagulate was also 

observed, culminating in the striking effect, at the last hemorrhage, noted 

above. 

' Our data confirm those of Dawson: This journal, 1900, iv, p. 6. 

? Similar facts were also observed by WILLEBRAND. 
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None of the wounds could be successfully kept bandaged. Bandaging 

was tried at various times, but the dog was determined to remove every- 

thing placed upon him. Fearing that such efforts would do more harm 

than any good the bandages could accomplish, we permitted the wounds 

to be exposed to the dog’s own attention.’ On the forty-fifth day, after 

an attempt to bandage the wound because of the accidental hemorrhage 

referred to below, the animal removed and swallowed some strips of ad- 

hesive plaster. The pieces of the plaster began to appear in the faeces 

on the forty-sixth day, and passed promptly through the gastro-enteric 

tract without exerting any apparent deleterious effect. The increase in 

the amount of faeces at that time (forty-sixth day), exclusive of the weight 

of the bandage thrown out, indicated a disturbance of digestion. But 

the incidents referred to below also contributed a share in vitiating our 

results during the middle of this period. 

On three occasions there were accidental hemorrhages from the wounds. 

A few drops of blood were lost on the fifteenth day from a superficial 

source, when a stitch tore through the edge of one lip of the wound. On 

the eighty-third day there was a similar insignificant loss. On the forty- 

fifth day, however, six days after the last previous operation, when the 

wound seemed to be healing rapidly, a hemorrhage suddenly occurred 

which threatened to end our experiment. At 1 P.M. on that day the dog 

was heard to move suddenly, and the sound of rapid lapping further 

attracted our notice. Instant attention was given the matter, and the 

dog was found to be lapping a small, though strong and persistent current 

of blood from the wound. A few drops escaped to the bottom of the 

cage, but the rest of it had been swallowed before we were able to stop 

the flow. We do not believe that more than 25 c.c. of blood could have 

passed from the wound in this interval. Pressure on the wound was con- 

tinued for some time, and the small clot in the opening and under the 

remaining stitches was allowed to stay in place. The dog was kept ina 

recumbent position for an hour or two, until immediate danger of recur- 

rent hemorrhage had passed. The appearance of the wounds before and 

after this incident made it probable that this was the only special accident 

of the kind, although a few new drops of blood on the bottom of the cage 

on the following morning suggested that a loss had occurred again during 

the night. The appearance of the wound made it certain, however, that 

this second loss must have been inconsiderable, for the old clot was still 

in place. It was during these few days that the increased catabolism of 

the fourth period was relatively conspicuous.’ 

1 References to the probable effects, on metabolism, of licking the wound may 

be found on page 223. 
2 The feces at this time were darker in color because of the swallowed blood. 
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TABLE II. 

DAILY RECORDS OF THE FIRST METABOLISM EXPERIMENT.1 

I. First period. Maintenance of normal nitrogenous equilibrium. Nov. 1-12, 1902. 

URINE. FACES.? 

- Period av’ge to date. Weight. 
Specific 

Volume. : 
gravity. 

Mace. | 
Volume. | Nitrogen. | Fresh. 

kilos grams c.c. grams grams c.c. 

16.96 499 1017 8.30 499 8.30 46.5 

16.96 5 1019 10.23 : 9.26 

16.96 1021 7.82 8.78 

16.95 1020 9.84 9.05 

16.92 1020 8.56 8.95 

16.89 5 1020 8.10 8.81 

17.01 1018 6 8.48 

16.78 1018 : - 8.83 38.1 

16.91 1018 ; 38.66 18.2 

16.83 1019 . } 8.57 i 17.7 

16.85 1019 - 3: 8.57 : 17.8 

16.80 560 1019 A i eaos 8.74 : 14.4 
| 

II. Second period. Combined effects of anesthesia, operation, and hemorrhage 
(2.93%). November 13-28. 

| 

16.29 1017 6.33 

16.20 : 1027 13.34 

16.20 é 1022 10.87 

16.25 1022 7.63 

16.20 1025 13.67 

16.32 1017 5:25 

16.37 1022 9.84 

1 Facts regarding food are given in Table I. 

2 Blanks under faeces in this and all subsequent tables signify no elimination. 
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TABLE Il — continued. 

II. Second period — continued. 

URINE. F ACES. 

Day. Bopy- r Period av’ge to date. Weight. 

asian a Volume. Specific | Nitrogen: |= +. 7 ee 
AL f | Volume. | Nitrogen. | Fresh. | Dry. 

| tos c.c. "grams | cc. | grams | grams | grams 
20 16.33 586 1021 11.40 468 ifs) 38.2 19.0 

21 16.34 462 1020 9.69 467 9.78 41.8 | 27-5 

22 16.33 512 1019 | ~— 8.84 472 9.69 

23 16.32 520 1018 8.20 476 9:55 37.5 19.5 

24 16.28 498 1019 9:41 478 9.54 37.1 20.7 

25 16.29 463 1021 9.28 477 9.52 35.8 17.4 

26 16.27 444 1019 7.56 474 9.38 42.5 21.6 

27 16.18 576 1019 10.33 481 9.44 40.3 20.0 

28 16.09 615 1020 11.04 489 9.54 32.8 16.9 

III. Third period. Effects of anesthesia alone. November 29-December 8. 

29 15.81 654 1018 8.59 654 8.59 

30 15.85 495 1021 8.56 575 8.58 

31 15.88 467 1019 8.80 "539 8.65 

32 16.02 388 1021 8.22 501 8.54 

33 16.03 512 1020 10.70 503 8.97 

34 16.09 458 1019 8.06 496 8.82 

Sh 16.00 570 1018 9.01 506 8.85 

36 16.00 555 1018 8.78 a2 8.84 

37 | 1598 | 593 | 1017 9.20 521 8.88 

38 15.94 532 1020 9.65 522 8.96 

IV. Fourth period. Combined effects of anesthesia and operation. 

39 15.44 754 1018 9.98 754 9.98 

40 15.42 572 1020 10.72 663 10.35 

64.0 

36.2 

31.3 

59.3 

64.0 

32.6 

OAS: 

35.9 

20.1 

16.7 

32.6 | 

36.4 

ies 

35.3 

December 9-21. 

| 
40.0 20.5 



Day. 
No. 

Bopy- 
WEIGHT. 

15.18 

15.09 

14.92 

14.76 

14.76 

14.76 

Le eid 

14.77 

14.78 

14.75 

14.70 
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TABLE Il —continued. 

IV. Fourth period — continued. 

URINE. . FACES. 

: Period av’ge to date. Weight. 

Volume. Specific Nitrogen. 
ioe a Volume. | Nitrogen. | Fresh. | Dry. 

- 3 Tir ee eee grams | grams 
330 1019 6.73 552 O15 S52 19.0 

520 1024 12.28 544 9.93 28.1 15.5 

530 1020 10.07 541 9.96 63.4 | 35.4 

596 1018 9.27 550 9.84 

400 1019 7.77 529 9.55 41.9 | 21.7 

558 1020 ghey 533 9.75 118.8 | 51.4 

526 1023 12.81 532 10.09 

556 1021 10.87 534 10.16 21.3 SY 

405 1018 7.41 522 9:91 32.5 15.7 

a75 1018 9.68 527 9.89 DL On 29:3 

580 1018 10.00 531 9.90 23.2 13:3 

Effects of a second hemorrhage (3.01%). December 22, 1902- 

January 11, 1903. 

428 1014 5.58 428 5.58 30.3 LON 

590 1027 13.51 509 9:55 

579 | 1024 13.06 532 10.72 30.6 16.8 

620 1020 11.62 554 10.94 SY Pot ey ey f 

478 1026 11.89 539 11.13 26.5 18.3 

447 1024 10.27 524 10.99 18.4 LV 

534 1024 13.19 525 11.30 27.8 14.7 

482 ° 1022 10.93 520 11.26 41.5 20.7 

415 1018 7.02 508 10.78 48.7 24.5 

566 1023 ey He 514 10.88 24.3 16.7 

598 1019 10.29 521 10.83 33.5 16.9 

600 1020 11.47 528 10.88 31.8 | 168 14.64 
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TABLE Il—continued. 

V. Fifth period — continued. 

Day. 
No. 

URINE. FACES. 

Bopy- 
WEIGHT. 

Volume. 

kilos 

14.56 

14.44 

14.46 

14.45 

14.43 

14.45 

14.38 

14.40 

14.42 

c.c. 
534 

620 

468 

534 

Specific 
gravity. 

Nitrogen. 
Volume. 

Period av’ge to date. 

Nitrogen. 

Weight. 

Fresh. Dry. 

1020 

1019 

1020 

1021 

1019 

1020 

1019 

1018 

1018 

grams 

10.33 

10.97 

9.48 

10.97 

9.61 

9.84 

9.72 

9°22 

9.17 

VI. Sixth period. 

13.76 

13.80 

13.70 

13.76 

13.82 

13.80 

13.77 

460 

475 

1018 

1026 

1021 

1023 

1024 

1024 

1018 

AM 

11.55 

13.01 

9.03 

10.44 

10.96 

8.33 

. Seventh period. 

c.c. 
529 

grams 

10.84 

10.85 

10.76 

10.77 

10.70 

10.65 

10.61 

10.54 

10.47 

grams 

69.0 

48.9 

33:9 

37.8 

103.8 

13.35 

13.36 

13.04 

12.90 

1018 

1033 

1022 

1024 

8.88 

13.92 

17.14 

175 

Effects of a third hemorrhage (3.51%). 

460 7.91 

9.73 

10.82 

10.38 

10.39 

10.48 

10.18 

Effects of a fourth hemorrhage (3.22%). 

8.88 

11.40 

13:31 

297 

January 12-18. 

othe) 

42.3 

57.8 

103.9 

56.5 

295 

aes 

grams 

| 

23.0 

Zed 

28.0 

38.5 

19.7 

January 19-22. 

5:9 

59.6 
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TABLE I] —conxtinued. 

VIII. Eighth period. Effects of a fifth and fatal hemorrhage (2.46%). January 23-24. 

URINE. FACES. 

Day.| Bopy- 
No. | WEIGHT. Wahi: Specific 

gravity. 

Period av’ge to date. Weight. 

Wioren. |__| 
Volume. | Nitrogen. | Fresh. | Dry. 

€.c. grams grams grams grams 

11.28 

Death occurred at the end of the second hour. 

IX. Supplementary data. Periods I-VIII. [See also Tables III-XI.] 

PERIODS. 

Blood and excretions. 

A. Urine: 
Total nitrogen. . | 152.64 

B. Cage washings : 
Witrogens . . . Bay —209 
SHH aVeREy ay yeas ae 17} 0.25 
Phosphorus. . . 0.22 

C. Blood :* 
Specific pravity . | .... 1063. | .. ee 
Percentage content: per cent per cent | per cent | per cent 

INTRO EM: ut cy || ene |) Queue swe |e onic 2.850 | 2.318] 1.848 
SENS oT sane mk, Ne | ay Wl fala St gt i eA ae 0.134 | 0.134) 0.144) 
EDOSPUOKUS! > oie tiene || OPI! Ill cak.s | = ow 0.040 | 0.040} 0.037 | 

1 The total amount of blood lost in the five hemorrhages was 2271.2 grams. 

The first four losses of blood amounted to 1953.7 grams, or 11.63 per cent of the 

weight of the dog on the day before the first hemorrhage. 

Analytic results. — The more significant average results of daily and 

period duplicate analyses during this experiment are recorded in 

Tables II-XI. 
Discussion of results. Decline in weight. — Examination of the data 

recorded in Table II shows that, in spite of the fact that the same 

amount of food was given daily, there was an irregular, though steady 
decline in the weight of the dog, a fall from 16.96 kilos at the begin- 

ning, to 12.63 kilos at theend. The greatest falls in weight occurred 

on the days of hemorrhage, with sometimes a rally duting the next 

few days; but with the exception of the sixth period, there was 
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always a steady decline in weight after each loss of blood. Nitrog- 
enous equilibrium was repeatedly re-established, but on successively 
lower planes. Loss of blood and saliva, increased catabolism, and 

greater excretion of water, are the more obvious reasons for these 

facts.” . 
Fluctuations in volume of the urine. — The daily volume of urine 

fluctuated between 307 c.c. (eighteenth day) and 770 c.c. (eighty-sec- 

ond day). The average daily quantity for each period gradually in- 
creased with the recurring blood-lettings (except after the third), in 

spite of the fact that the dog was evidently in need of water to replace 
that lost through hemorrhage and diuresis. The amount of water in 

the food remained the same each day. 

TABLE III. : 

ToTaL URINE VOLUMES ON THE OPENING DAYS OF THE PERIODS. 

PERIOD. VOLUME OF URINE. 

CONDITIONS. 

First hemorrhage! . 

Second hemorrhage 

Third hemorrhage 

Fourth hemorrhage 

Anesthesia alone 

Anesthesia and operation IV. 

1 With each succeeding hemorrhage the low initial volume rose slightly, but the 

cumulative increase afterward became more decided and was longer continued. 

The effect of anesthesia was similar in the first respect. 

The figures for average volume tell only a part of the story, how- 

ever. After each hemorrhage the volume for that day was always 
less than the daily average for the preceding period and for the period | 
which it opened. In most cases the differences are very striking. 

The daily volume of urine after hemorrhage was at first, therefore, 
relatively small, but it rapidly increased to a maximum on the second 

or third day, and on one occasion (fifth period) the increase was 

* See the third metabolism experiment for further facts in this connection. 
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cumulative to a climax on the fourth day. The results in the con- 

trol periods, after anesthesia alone, and following anzsthesia combined 

with operation, were just the reverse. On the days of anzesthesia the 
very highest volumes of the periods were attained, and there was an 

immediate and steady fall to a mznzmum on the third or fourth day.! 

SABLE IV. 

FRACTIONAL VOLUMES OF URINE ON THE OPENING DAYS OF THE PERIODS. 

DAY OF EXPERIMENT.1 FRACTIONAL VOLUMES OF URINE. 

Volume, and time 
of elimination, of 

Conditions. : the first fraction 
after operation (at 

9 A.M.). 

Volume, and time of 
elimination, of the 

second fraction after 
operation (at 9 A.M.). 

+c. «Cc. Cc. c.c. c.c. 

lst hemorrhage None till after mid- | None till after 8 a.m. 
night next day 

2d hemorrhage None till after mid-| None till after 8 a.m. 
night next day 

3d hemorrhage : 160 at 1.30 p.m.4 None till after 8 A.M. 
next day 

4th hemorrhage 6 200 at 8.30 p.m.® None till after] p.m. 
next day 

5th hemorrhage | ¢ : 152 at 2 p.M8 [Dog died at 7 P.M. 
—14 c.c.] 

Anesthesia alone 288 at 4.15 P.M. 170 c.c. at 9 P.M. 

Anesthesia and ; 

operation. . . 294 at 4.20 P.M. 140 c.c. at 8.35 P.M. 

1 Ends at 5 P.M. 

2 Note the increasing first-day volume. 

8 This volume had been passed before the midnight preceding the operation. | 

* This amount began to collect before the previous midnight. On other than 

hemorrhage days, the fractions were passed frequently. 

5 Between 300-400 of this quantity had been eliminated about two hours before 

the previous midnight. 
6 This volume began to collect shortly after the previous midnight. 

7 Including the small volume (50 c.c.) passed during the operation, at about 9.15 

A.M. See page 184. 
8 This volume began to collect at 915 A.M., when presumably the bladder was 

emptied. See Note 7. 

9 During the twenty-four hours from 8 A.M. of the thirty-ninth day to 8 a.M. of 

the fortieth day, 774 c.c. were passed — the largest volume for any twenty-four hours 

in the entire experiment. 

1 See Tables III and IV for further facts bearing on the effects of hemorrhage 
and ether on the excretion of urine, and page 228 for additional references to the 

influence of the former. 
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The initial retarding effects of hemorrhage on excreted volume 

are no more striking than the results of subsequent stimulation. 
Table III shows this with special clearness, and offers direct com- 

parison with the opposite effects of the anzesthetic. In spite of the 

great stimulating effect of the ether, in the amounts used by us, on 

volume during the first twenty-four hours after anzsthesia alone, 
hemorrhage at once decreased the urinary excretion. Hemorrhage 

without anesthesia would doubtless have given even more decidedly 

inhibitory results. These observations are further emphasized by 
the data in Table IV showing initial effects on fractional elimination.! 

Specific gravity of the urine. —With only a few exceptions the 
specific gravity of the urine showed little variation from the average. 

On the day of hemorrhage there was always a decrease in specific 
gravity just as there was in volume. The specific gravity of the 

urine on this day always went to the lowest point recorded in the 

whole period, and was much lower than that of the preceding urines. 

On the following day, however, when the volume rose, specific 
gravity went up with it and, going to the opposite extreme, invariably 

proceeded to the highest mark registered in the period, falling shortly 

to the usual figure. Such effects were lacking in the control periods. 

These observations and the facts recited above make it probable that 

after a hemorrhage there is at least a temporarily increased total 

metabolism, in spite of the lessened resources of the blood still re- 
maining in the body.? 

Nitrogenous catabolism. — An examination of the many figures in 

Table II for nitrogen of the urine reveals the fact that a single 
moderate hemorrhage was followed by slight though only temporary 

stimulation of nitrogenous catabolism. Our data show that with the 

dog in approximate nitrogenous equilibrium before each blood-letting 

(except the last), there was an immediate increase in the output of 

nitrogen after each hemorrhage, this excess of excreted nitrogen 

being slight after the first hemorrhage, but growing somewhat larger 

with each successive loss of blood. That a minor part of this hemor- 

rhagic stimulation of catabolism resulted each time from consequences 

of the surgical procedure itself seems to be indicated by the fact that 

there was a similar though smaller increase of nitrogen output during 

the anzesthesia-operation period (IV) and that, too, in spite of the fact 

‘ On page 200 reference is made to the ratio between urinary nitrogen and 

volume. See also the special experiments on urine formation, page 228. 

* Facts regarding total solids are given on page 203. See also page 2o1. 
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TABLE V. 

ANALYTIC TOTALS AND AVERAGES FOR NITROGEN 

PERIODS. 

IN EACH PERIOD. 

197 

Food!. 

Excreta 

Balance a 

Blood . 

Balance b 

.| 16 days. | 
Il. IIT. 

10 days. 
ee oe 
13 days. 21 days. 

grams 

164.34 | 

167.30 

—2.96 

grams 

102.71 

99.10 

+3.61 

earn 

| 133.52 

140.71 

~7.192 | 

grams 

215.69 | 

239.03 | 

—23.34 

14.45 

| —37.79 

AVERAGE DAILY BALANCES. 

Balance a 

Balance b 

+0.60 | —0.19 | +036 | —0.55 

Urine and 
washings . 

Feces . 

Hair 

Total . 

—0.98 

—1.11 

—1.80 

ToTAL NITROGEN OF EXCRETIONS. 

106.67 

7.09 

2.29 | 

116.05 
| ! 

99.10 

223.35 

12.32 

3.36 

239.03 

AVERAGE DAILY NITROGEN OF EXCRETIONS. 

Urine and cage- 
washings . 

Feces . 

Hair 

Total . 

1 The average daily nitrogen of the food was 10.27 grams in each period. 

2 See discussion on page 188. See also Table VI. 
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that during the previous period, in which we determined the effect of 

anesthesia alone, there was a distinct decrease in the excretion of 

nitrogen. That the increased nitrogen of the urine in this period 

(IV) cannot be ascribed to diuretic influences seems clear on com- 
paring the results following the influence of ether alone (Period III), 

when diuresis was almost as marked, although nitrogen-output was 

actually dminished} 

Table V shows the differences indicated by the figures for totals 
and daily averages of nitrogen ingesta and excreta, etc., for the first 

seven periods of our experiment. 

The data in Table V show only total and average effects. The 

“period averages to date,” in Table II, help to make clear the initial 

effects of hemorrhage, etc., and they show, indirectly, the after-effects 
also. In long periods, such as those of the present experiments, 

there may be tendencies to equalization or submergence of initial 

effects; first results may be wholly or partly balanced by after- 

effects. This is especially true when the new condition marking off 

the period is of temporary influence or is non-cumulative in power. 

In these experiments, initial results were certainly followed by counter- 

1 The following summary gives sample results of the analyses of the period 
“composite” urines, which were carried out to check the daily results: 

PERIOD. ToraL NITROGEN, IN GRAMS. 

Differences. 

Composite 
urines. 

Daily samples. 

Daily. 

104.84 0.045 

152.68 0.023 

89.57 0.009 

128.70 0.125 

219.91 0.027 

71.23 0.098 

51.69 0.142 

A year afterward, several of these samples were again analyzed, and found to have 
the same nitrogen-content. They had been preserved with powdered thymol. 

See MEAD and GIES, J/oc. cit., p. 107, for a similar observation. 
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TABEE -VE- 

SUMMARY OF NITROGEN TOTALS FOR DAYS IMMEDIATELY PRECEDING AND 

FOLLOWING THE OPENING OF EACH PERIOD. 

PERIODS. NITROGEN.1! 

Fractions— 
numbers of Total. Balance a.? 

ad days. 
Conditions. = 

ie - 
Begin-| In- Ex- Daily 
ning. End. gested. | creted. ea average 

grams grams grams grams 

Normal... > s+. Sf peal P eer 51.36 | 50.15 | +1.21] +0.25 

Anesthesia, operation, | 13-17 | .... 51.36 | 56.39 | —5.03] —1.01 
and first hemorrhage 
(2.93 % aa 

51.36 | 52.17 | —0.81| —0.16 

Anesthesia alone. . aes 41.08 | 37.98 | +3.10] +0.78 

41.08 | 40.45 | +063] +0.16 

Anesthesia and opera- SUAr 51.36 | 54.39 | —3.03| —0.61 
tion combined : 

|| 41.08 | 41.65 | —0.57| —0.14 

| Second hemorrhage | 52-5 ---- || 71.90 | 85.50 | —13.60| —1.94 
(CWA7 4) ieee alee || 

51.36 —0.76} —0.15 

Third hemorrhage Hee | eatOhsal oy —1.40 
(3.51 %) sgt: 

76-79 || 41.08 

Fourth hemorrhage : : | 
OU at) Entire periods" 41.08 

1 The horizontal lines under nitrogen divide the figures in such a manner as to 

bring the results at the beginning of a period in immediate contrast with the similar 

results at the end of the previous period. The pairs of figures separated in this 

way in each column show at a glance the effects before and after the introduction of 
the new condition. 

2 See Table V. 
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balancing effects and were buried in the period totals. The columns 

of ‘‘ period averages to date” show this very clearly. The effects of 

the hemorrhages, in the earlier periods especially, soon wore off, and 

the dog returned to nitrogenous equilibrium, although the period 

totals do not indicate it. These facts are shown conspicuously in 

Table VI. 

The observed increase in nitrogen output was registered solely in 

the urinary constituents. Hemorrhage seemed to have no appreciable 

effect on the elimination of nitrogen in other excreta. The daily 

quantities of nitrogen in the faeces and hair were very uniform, as the 

figures in Table V will show. We found this to be the case, also, in 

the fractional periods indicated in Table VI. 

In Table V the nitrogen of the cage-washings is included with that 

for urine, for the reason that practically all of this nitrogen came from 

urine in the first place. That the figures for nitrogen in the cage- 

washings do not affect our deductions in any way is evident from the 

following summary of average daily quantities thus recovered : 

Beniads; 0.7.) Soe Il. IIE: TV. We VI. VII. 
Nitrogen, in grams . 0.153 0.150 0.197 0:195 0.164 0.140 0.145 

The increased quantities of nitrogen in the washings of the third and 

fourth periods seem to have been due merely to the fact that urina- 

tion was then more frequent, and, therefore, a larger amount of urine 

was each day mechanically held (and dried) at the bottom of the 

cage. 

The catabolic losses of nitrogen after hemorrhage should be judged, 

also, in connection with the losses of nitrogenous matter from the 

blood. In Table V we have indicated the total as well as average 

daily loss of nitrogen from both sources, blood and excreta — 
“balance b.” In considering the losses of nitrogen after the anzesthe- 
sia-operation period, for example, it must not be forgotten that with 

no removal of blood the effect in the direction of increased nitrogenous 

catabolism was relatively less than in the periods during which much 

blood was lost. The sameis true in connection with phosphorus and 

sulphur compounds, and other metabolic products. 

The ratio of nitrogen content, in grams, to urinary volume, in c.c., 

was I to 56, in the normal period. In the anesthesia period (III), 

the ratio was I to 60. In the anzsthesia-operation period (IV), it 

was I to 55. In the hemorrhage periods it varied between I to 50, 

after the first, and 1 to 4o after the fourth loss of blood. 
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A regularly occurring feature in connection with nitrogenous 
equilibrium was the fact that although the food (uniform through- 
out) was apparently just right at the beginning of the experiment 

for the maintenance of metabolic balance, it was never found to be 

too great for the prompt restoration of nitrogenous equilibrium. It 

may have been temporarily in excess of the immediate needs of the 
animal, however, after the greatest losses following hemorrhage. 

The previous fact would indicate, perhaps, that the original equilib- 

rium was established on a relatively low plane. Nitrogenous equi- 

librium was repeatedly re-established by the same amount of food in 

a dog gradually losing weight. Regenerative utilization of some of 

the nitrogenous matter doubtless accounts, in part at least, for the fact." 

Chloride in the urine. — The lowered nitrogen-content of the urine 
during the earlier part of the anzsthesia period (III), was a surprise 

because of the fact that the specific gravity remained about the same 
as previously, even though the volume was much increased. Repeated 

nitrogen determinations confirmed the accuracy of our original results. 

We were inclined to believe, at first, that the compensating influence 

might be due to increased excretion of phosphate, but the very small 
amounts of phosphorus-containing compounds in the urine could not 

have accounted for it. Determinations of chlorine, however, indicated 

the cause of the sameness of specific gravity, in spite of lessened elim- 

ination of urea and increased volume. The results summarized in 

Table VII show that chlorides were increased in the urine after ether 

anesthesia. This increase was far in excess of any chloride that may 

have originated from the small amount of chloroform administered at 

the beginning of anzsthesia. 
On adding to water, in a sample urinary volume (654 c.c.), an 

equivalent amount of chloride in the form of NaCl (7.2 grams), the 

specific gravity of the solution became 1009. On adding to this the 

twenty-ninth day’s portion of nitrogenous matter in the form of urea 

(18.4 grams), the specific gravity rose to 1015. The specific gravity 

of the urine for that day was 1018, leaving 3 points unaccounted for,” 
and made up by the other constituents. 

The increase in the specific gravity of the urine after hemorrhage 

in the other periods was doubtless due not only to diminished 

1 See the results of the third metabolism experiment. 

2 There are obviously several minor errors in such calculations, though they are 

approximately correct. See LoNnG: Journal of the American Chemical Society, 

1903, Xxv, p. 872. 
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excretion of water, but also to an increased output of chloride 

through the influence of the ax@sthetic, and of urea as a result of 
the loss of blood.} 

TABLE VIE 

URINARY CHLORINE BEFORE AND AFTER ETHER-ANASTHESIA. 

PERIOD. URINE. | PERIOD. 

No. | Days.| Vol. Sp. or. 1 “Cl. | N. No. | Days. 

C.¢. grams grams 

IT. | 24 498 1019 1.82 | 9.41 || IIL 

| 
1021 eid 9128 

1019 165 7.56 

1019 | 1.87 | 10.33 

1020 1.69 | 11.04 

Average SAGE 1.75 SHiy? 

TABLE VIII. 

SUMMARY OF ANALYTIC DATA FOR TOTAL SULPHUR AND PHOSPHORUS METABOLISM. 

PERIODS. SULPHUR. PHOSPHORUS. 

Total. Balance a.l Total. Balance a.} 

No. 3 i 

Conditions. 2 3 a bp 2 2 4 Ee 
s| §/6]/eh | S|] £ | 5 | Bs 
BO eh OR SEP BO of 5) cee 
I {x os eS fx) to) 

grams | grams | grams grams grams | grams | grams grams 

I.| Normal 9.66| 8.05 |+1.61 | +0.135 |) 29.47 | 28.92 | +0.55 | +0.045 

TE | Anesthes., operation, and | 12.88 | 13.27 | —0.39 | —0.023 || 39.30 | 37.36 | +1.94 | +0.123 
lst hemorrhage (2.93%) 

III.| Anzsthesia alone . -| 8.44} 7.39} +1.05 | +0.105 || 24.57 | 24.42 | +0.15 | +0.015 

IV.| Anesthesia and operation | 11.47 | 11.65 | —0.18 | —0.014}| 31.94 | 29.84 | +2.10 | +0.163 
combined 

V.| 2d hemorrhage (3.22%) . | 16.83 | 20.64 | —3.81 | —0.180]| 51.29 | 50.86 | +0.43 | +0.022 

VI. | 3d hemorrhage (3.51%) .| 4.99] 659! —1.60 | —0.229||16.98 | 16.53 | +0.45 | +0.065 

VII. | 4th hemorrhage (3.26%) .| 2.85) 4.24/—1.39| —0.348]| 9.70/ 10.43 | —0.73 | —0.180 
| 

1 See Table V. 

1 See pages 196, 203. Hemorrhage itself causes diminished elimination of 

chloride in the urine. Kast: Zeitschrift fiir physiologische Chemie, 1888, xii, 271. 
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Sulphur catabolism.— Our results for sulphur metabolism run 

parallel with those for nitrogen elimination, as the data in Tables 

VIII and IX indicate. 

Our figures in this connection give the results of analysis of the 
various excreta for whole periods. Daily analyses, such as were 

made for nitrogen, would probably have shown that the greatest 

increase in the catabolism of sulphur compounds occurred during 

the days immediately following the hemorrhages. There was doubt- 

less a return to the normal excretion, toward the ends of the periods, 

as in the case of nitrogenous catabolism.! 

Phosphorus catabolism.— Tables VIII and IX also give our period 

data in connection with phosphorus-exchange. The tendency in the 

metabolism of phosphorus compounds was mainly the reverse of that 

shown by the nitrogenous and the sulphur-containing products, al- 

though the results are not very decided one way or the other. The 

phosphorus balance was on the side of retention. The excess of 

ingested over excreted phosphorus was least in the anzsthesia period 

(III), and greatest in the anzsthesia-operation period (IV). Al- 

though the results were not very striking, operation and hemorrhage, 

in most instances, seemed to cause slight retention of phosphorus ; 

etherization favored increased elimination.2, On the other hand, 

ether anzsthesia decreased the elimination of nitrogen and sulphur, 

whereas operation and hemorrhage increased the quantities of these 

elements in the excreta. We are unable to explain the variation 

from the usual order after the fourth hemorrhage. 

As in the case of nitrogenous catabolism throughout this experi- 

ment, the differences in output of sulphur and phosphorus compounds 

were registered in the urine, not in the other excreta. This fact may 

be deduced from the data in Table IX. 

Total solids in the urine. —In Table X we give the average daily 

quantities of total solids? in the urines passed during the first three 

days of each period. The catabolic results indicated by these figures 

are relatively the same as those of the data for nitrogen and sulphur. 

After the first hemorrhage, the elimination of total solids rose above 

lasee Table VI. 
2 In spite of the large quantities of phosphate in the food and feces, we are 

confident our analytic data in this connection are without material error. 

8 Total solids were calculated from the figures for specific gravity. We used 
Lone@’s factor, 0.234 (at 20° C. referred to water at 4° C.). See LonG: Journal of 

the American Chemical Society, 1903, xxv, p. 262. 
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TABLE IX. 

SUMMARY OF ANALYTIC DATA FOR SULPHUR IN THE EXCRETIONS. 

PERIODS. 

EXCRETIONS. 

10D IV. Ve VI. VII. 
4 days. 

ae Il. 
12 days. | 16 days. | 10 days. | 13 days. | 21 days. | 7 days. 

ToTAL SULPHUR OF EXCRETIONS. 

| 

grams 

5.317 

1.871 

Urine and 
washings . 

grams 

5.509 
grams 

9.489 

3.340 

0.439 

grams 

8.702 

2.701 

0.247 

grams 

15.616 

4.618 

0.410 

Feces . 2.244 | 

Hair 0.294 0.201 

AVERAGE DAILY SULPHUR OF EXCRETIONS. 

Urine and cage- 
washings . . 0.592 0.532 0.669 

0.208 

0.019 

0.743 

0.219 

0.019 

0.209 

0.027 

0.187 

0.020 

Feces . 

Hair 

SULPHUR BALANCES. 

Total period bal- 
ance al 

Blood . 

+1.613 —0.388 | +1.046 

—0.680 

—0.184 —3.812 

—0.680 

Total balance b! . 

Average daily bal- 
ance b1 oaals 

—1.068 

—0.067 

—4.492 

—0.214 

1 See Tables V and VIII. 

the normal. In the anesthesia and anzsthesia-operation periods 

(III and IV), total solids were also somewhat above normal in 

quantity, but below the amount excreted after the first hemorrhage. 

After the second hemorrhage (Period V), the increased elimination 

of solids was greater than after the first hemorrhage. After the third 

loss of blood (Period VI.), the solids of the urine, while still above 
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TABLE IX. — continued. 
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SUMMARY OF ANALYTIC DATA FOR PHOSPHORUS IN THE EXCRETIONS. 

EXCRETIONS. 

Urine and 
washings . 

Feces . 

Hair 

PERIODS. 

EK Il. BEE. IV. Mi 
12 days. | 16 days. | 10 days. | 13 days. | 21 days. 

TOTAL PHOSPHORUS OF EXCRETIONS. 

VI. 
7 days. 

grams grams grams grams grams 

BY bys) 8.554 4.949 6.070 | 10.983 

22.300 | 28.670 | 19.400 | 23.680 | 39.720 

0.862 } | 0.132 0.069 0.088 0.155 

AVERAGE DAILY PHOSPHORUS OF EXCRETIONS. 

Urine and 
washings . 

Feces. 

Hair 

| 
0.479 0.535 0.495 0.467 

1.860 1.790 1.940 1.820 | 

0.0721) 0.008 0.007 0.007 

PHOSPHORUS BALANCES. 

Total period bal- 
ance a? . 

Blood . 

Total balance b2 . 

Average oe bal- 
ance b2 . 

1 High because of the presence of particles of faces. 

ail fecal matter was separated from the hair before it was analyzed. 

| +0.429 

—0.200 

+0.229 

+0.011 

+0.453 

—0.200 

+0.253 

+0.036 

—0.725 

—0.170 

—0.895 

—0.227 

2 See Tables V and VIII. 

In the succeeding periods 

See page 178. 

the quantity eliminated after the first hemorrhage, were somewhat 

less in amount than after the second bleeding. The rise in amount 

of excreted solids was especially great after the fourth hemorrhage 
(Period VII), reaching the maximum of our records, just as was 
the case with nitrogen and sulphur elimination at the same time. 
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Glycosuria. — The facts in this connection in the third experiment, 

referred to on page 227, were subsequently verified in the urines of 

this experiment, also. 

TABLE X. 

ToraL SOLIDS IN THE URINE. 

PERIODS. 

Conditions. 

lst hemorrhage. 1V. Anesthesia and operation VII. 4th hemor- 
| rhage. 

combined. VI. 3d hemor- II. Anesthesia, operation, and 
| III. Anzsthesia 

V. 2d hemor- rhage. 
| I. Normal. | alone. | | | | 

Total solids, in 
grams, per day 21.6 25.4 24.11 24.31 ~ ex oS w cS i=) 

1 Largely chloride. See Table VII. 

TABLE XI. 

QUANTITIES OF FACES AND CAST-OFF HAIR FOR EACH PERIOD. 

PERIODS. 

if Il. IH t Live Vie VI. BALI 
12 days. | 16 days | 10 days. | 13 days. | 21 days. | 7 days. | 4 days. 

| 

FACES. 

Total weight— | grams grams grams grams grams grams grams 

Breshene est: 400.9 524.4 | 359.3 455.4 768.8 308.0 164.0 

Davies oe | 224.4 | 280.5 | 194.3 | 237.5 | 417.6 | 1309 | 75.5 

Av. daily weight— 
Bresh: 208) «| 2393/4 32.8 35.9 35.0 36.6 44.0 41.0 

Diy) nope 187 es 19.4 18.3 19.9 18.7 18.9 

CAST-OFF HAIR. 

3 1.] 12 1.1 1.0 

Total weight . . 22.9 24.6 12.9 | 14.8 25.3 7.6 4.1 
| 

Av. daily weight . he, 1.5 Ick 
| 
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Feces and cast-off hair.— There seems to have been no particular 
effect on the amount or consistency of the faces (page 188). 
Neither was there any observable influence on the quantity or 
chemical quality of the cast-off hair. See Table XI. 

Intestinal putre faction. —That there was little effect on intestinal 

putrefaction was shown by the uniformity not only in appearance of 

the faeces, but also in the urinary indican reaction.1 
Blood. — Chemical analysis of the blood indicated that after the 

first hemorrhage, and during the two succeeding periods, the total 

proteid content of the blood increased, but that thereafter it de- 

creased with each succeeding hemorrhage. These facts harmonize 

with the catabolic results for nitrogen and sulphur already noted. 
Although the total quantity of nitrogenous matter in the blood 

decreased, the phosphorus content remained practically the same. 

The compensating factor in this connection was doubtless increasing 

leucocytosis after each hemorrhage with augmented production of 

nucleoproteid. Increase of the latter substance in sufficient amount 

to keep the small phosphorus figure constant would not materially 

affect the results for nitrogen and sulphur. The specific gravity of 

the blood fell with the decrease in proteid matter and with the grow- 
ing watery appearance noted at the times of withdrawal. In spite 

of its dilution in the last hemorrhage, the blood showed a very marked 

clotting tendency, which was due, of course, to the increased content 

of fibrinogen and perhaps other coagulation factors. See supple- 

mentary data, Table II. 

IV. Second METABOLISM EXPERIMENT. 

A. First part. Influence of hemorrhage on proteid catabolism, — 

Our second metabolism experiment was divided into two main parts. 

The first part was carried out on the plan of the preceding experi- 

ment, for the purpose of checking our former results. The conditions 

of the second part were somewhat different, as our intention was 
to obtain special data on volume of urine and on body-weight 

(page 212). 

The animal made use of in this experiment was a slender, short-haired 

dog, weighing about 12 kilos. The dog of the first experiment was more 

fleshy and somewhat stronger. 

1 In special experiments now in progress in this laboratory we find that the 

amounts of combined SO, in the urine are not particularly affected after hemorrhage. 
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Diet. — The food was the same in kind each day, and like that given through- 

out the first experiment. Its quantitative characters were uniform. Its 

composition is given in Table XII. 

TABLE XII. 

COMPOSITION OF THE DAILy D1ET.! 

| 

Hashed | Cracker | | 474. Water. 
Ingredients. beef? meal. 

grams grams grams grams 

Weight. . . . .| 200 ii tess 8 375 

Nitrogen =) = 7.518 0.806 0.004 0.002 - sei 8.330 

Sulphur... . i 0.576 0.069 | 0.004 0.005 aed 0.654 

Phosphorus 0.440 0.070 | 0.013 1.423 nick 0.195 

1 In the second part of the experiment the diet was changed somewhat. See 

Table XIV. 
2 See fifth footnote, page 179. The percentage-composition of this beef is there 

recorded as that of the “fourth preparation.” 

Preparatory period. — A preparatory period of seven days on the above diet 

was sufficient to get the dog into approximate nitrogenous equilibrium. 

During this time the weight of the animal fluctuated between 12.36 kilos 

and 11.85 kilos. At 5 P.M., on June 1, 1903, the collection of analytic 

data was started. 

First period. Normal conditions. Maintenance of nitrogenous equilib- 

rium. Days, 1-9; June 1-9, 1903.— The animal was further accus- 

tomed to its environment. 

Second period. Combined effects of anzsthesia and operation (without 

ligature of the artery). Days, 10-18; June 10-18.— In the preceding 

experiment we determined the influence of anzesthesia and operation 

combined (Period IV). The operation of the first hemorrhage period 

(II) was exactly duplicated, even to the ligaturing and severing of the 

corresponding branches of the femoral artery. In that experiment, also, 

the first hemorrhage preceded the anesthesia controls. 

In this experiment we determined the combined influence of anzesthesia 

and operation Jefore hemorrhage. We varied this control, also, by making 

the “ operation” only an incision, without disturbance of the circulation. 

We laid bare the right femoral artery, just above the point at which the 

saphenous branch left it, and loosened adjacent tissue without doing any 

damage to the nerve. The incision was purposely made a little longer 

and the wound somewhat deeper, than at any time in the previous experi- 
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ment, so as to bring out the full effect on catabolism of the associated 

healing process. 

Schedule of operations. — 8.22 A.M., anesthesia begun. 8.55, incision 

made; exposure continued until 9.30, when the wound was sewed up 

and the anesthetic discontinued. 10.00, dog sat up. The dog seemed 

to be much weaker at this stage than the previous animal, and was appar- 

ently more susceptible to the influence of the ether. 

Third period. Combined effects of anesthesia, operation, and rapid 

hemorrhage. Days, 19-23; June 19-23. — The combined effect of the 

anesthesia and incision of the previous period was a well-marked stimu- 

lation of nitrogenous catabolism (Tables XIII-XV). Even though the 

dog was considerably smaller than the first one, the relative increase in 

excreted nitrogen was somewhat greater than in any of the covtrods of the 

previous experiment. The incision was the largest and deepest of any 

made in our experiments, and healing was very rapid, but it is improbable 

that this increased output of nitrogen was due to the healing process 

alone. It is possible, of course, that the ether had an opposite effect 

to that shown in the anesthesia control of the preceding experiment. 

The fact noted above, that this dog was more susceptible to the influence 

of the anesthetic than the previous one, may account for the observed 

difference in metabolism. Again, it may be that the effect of ether before 

hemorrhage is different from that afterward (see Period IV; also pages 

183, 218). 

In this period we next proceeded to ascertain the added effects of 

hemorrhage, and the interruption of circulation associated with it. It 

had been our intention to use for this purpose the femoral artery which 

had been exposed in the preceding operation, but the healing process 

was so rapid that a new incision became necessary. We therefore ex- 

posed the femoral artery at the same point on the opposite leg (left), 

making the incision as short and superficial as possible. In the previous 

experiment we observed a cumulative effect on nitrogenous catabolism 

with each hemorrhage, but each loss of blood came from a larger artery, 

and was associated with a greater disturbance of local circulation. In 

this case we took the blood from the main trunk of the femoral artery 

to begin with, thus effecting as great disturbance of circulation at the 

start as was caused at any time in the previous experiment. 

The blood was drawn rapidly. The immediate effect on the dog was 

very decided, as indicated by changes in pulse and respiration, and the 

hemorrhage was discontinued somewhat earlier than had been intended. 

That this pronounced effect was due in part to the rapidity of withdrawal 

seemed evident from the fact that the dog rallied very quickly. More 

blood might well have been drawn. 

Schedule of operations. — 8.15 a.M., anzesthesia begun. 8.35, operation 



started. 

9.15, wound sewed up. 

up. 

previous period. 

DAILY RECORDS OF THE “ FIRST PART” OF 

I. First period. Maintenance of nitrogenous equilibrium. 

TABLE 

8.53, hemorrhage commenced. 

9.20, anaesthesia discontinued. 

XIII. 

P. B. Hawk and Witham /. Gres. 

8.58, hemorrhage concluded. 

9-50, dog sat 

The animal was apparently no weaker at this point than in the 

THE SECOND METABOLISM EXPERIMENT. 

June 1-9, 1903. 

DAY. 
No. 

Bopy- 
WEIGHT. 

11.63 

11.68 

URINE. 

Volume. 
Specific 
gravity. 

1016 

1018 

1020 

1020 

1017 

1018 

1019 

1018 

1020 

Nitrogen. 

grams 

7.63 

6.99 

7.58 

9.65 

Ou2 

FACES. 

| Period av’ge to date. Weight. 

Volume. 

c.c. 
390 

403 

398 

419 

404 

423 

420 

405 

410 

Nitrogen. Fresh. | Dry. 

grams 

7.63 

Test 

7.40 

7.96 

1.43 

7.80 

7.85 

7.56 

fete) 

grams 

22.8 

30.8 

21.4 

23.9 

ey so) 

. Second period. 

.26 

11.10 

11.06 

11.03 

11.00 

of artery). 

1019 

1019 

8.56 

Combined effects of anzsthesia and operation (without ligature 

June 10-18. 

PO ee 
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TABLE XIII — continued. 

III Third period. Combined effects of anaesthesia, operation, and hemorrhage 

(311%). June 19-23: 

URINE. FACES. 

Day. Bopy- ; 4, 
aoe | Period av’ge to date. Weight. 

No. | WEIGHT. ye 
| Volume. pees Nitrogen. 

Pay | Volume. | Nitrogen. | Fresh. | Dry. 

kilos | c.c. grams | ccs grams } grams ; grams 

19 10.47 | 442 1020 8.96 442 8.96 37.6 26.5 

20 | 10.63 323 1028 | 9.59 383 959 | 

21 10.60 | 418 1019 8.51 394 8.51 | 375 | 283 

22 10.58 | 445 | 1023 9.94 407 9.94 

23 10.48 503 1021 10.34 426 10.34 41.0 19.8 

IV. Supplementary data. Periods I-III. [See also Tables XIV-XVI.] 

PERIODS. 

BLOOD AND EXCRETIONS. 
I. 9days. | II. 9 days. III. 5 days. 

grams grams grams 

A. Urine: | 
Total nitrogen : 

WailytractionS.? =. =... 7) 2 69.570 79.110 47.340 
“Composite” samples! . . (69.920) (78.820) (46.820) 

B. Cage-Washings : 
teRO Senet e ye Mar slat io os “5 0.880 0.720 0.870 
Sulpaur 42 EN. Se 0.079 0.084 0.042 
IDOSPDOTUS< os Syyyi< esp oe > 0.072 0.079 0.045 

C. Blood: ; 
Percentage content: per cent 

INTirORENE 3. a). ae ee eet metic 3.168 
Sol piigetae ho) eiese ees cane Sao8 0.156 
EHGSDHOKUSH.) 6s) Masbeaee fou ate Berets 0.048 

1 See footnote, page 198. 

Blood. —The amount of blood withdrawn was 342.5 grams, a quantity 

equal to 3.11 per cent of the weigiit of the dog at the end of the eighteenth 

day. 

Nitrogenous excretion in this period was about 80 per cent greater than 

in the previous one (Tables XIII-XV). ‘This result occurred in spite of 

the fact that the wound was the smallest made at any time in our experi- 

ments, and healed very rapidly. At the same time we did not check, in 

the preceding period, the influence of ligature and the consequent dis- 
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tirbance of circulation in the limb. The dog immediately used both 

limbs with equal freedom, however, so that this disturbance must have 

been relatively slight. 

B. Second part. Influence of increased diet on recovery from hem- 

orrhage. — The first part of this experiment was intended to check the 

analytic results of the preceding one. In this part of our work we deter- 

mined, as a final control, the effect of anaesthesia alone. We also ascer- 

tained the influence, on body-weight after hemorrhage, of an increase of 

both the solids and the water of the food. Further, after the dog had 

had sufficient time to recover pretty thoroughly from the effects of the 

first loss of blood (first part, nineteenth day), we subjected him to another, 

and almost fatal hemorrhage (forty-fourth day). Lastly, a few days having 

been allowed for partial recovery, we determined the effects of a further 

loss of blood on the flow of urine directly from the ureters of the same 

animal (page 231). In this part of our experiment only a few analyses 

were made of excreta. These were confined to the urine, our previous 

results having shown that metabolic changes were registered oe in 

the urinary products (page 200). 

Fourth period. Effects of anesthesiaalone. Days, 24-31; June 24-July 1. 

—In the first half of this experiment we checked the influence of anzes- 

thesia with incision defore hemorrhage. At this stage, after hemorrhage, 

the effect of anzesthesia was determined zthout incision. The results 

were essentially the same as in the first experiment. The anesthetic was 

administered on the twenty-fifth day, after the results for urine volume on 

the previous day showed that conditions were favorable for the manifes- 

tation of its influence. 

Schedule of operations. — 9.30 A. M., anzesthesia begun. Continued in 

the usual manner until 10.30. 10.50, dog sat up. 

Fifth period. Influence of increased content of water in the diet on 

recovery from the effects of hemorrhage. Days, 32-35; July 2-5. — 

The usual temporary diuretic effect of the ether was clearly shown in the 

preceding period (Table XIV), the average daily volume (427 c.c. for 

the previous period) falling from 575 c.c. for the first two days to 443 

for the seven days. On the last three days of the anesthesia period 

the volume of urine was so uniform in amount, and so far below the 

usual elimination, and the dog showed such a uniform daily gain in 

weight, that retention of water seemed to be indicated. It seemed prob- 

able that more water was needed by the animal. Accordingly the amount 

of water in the food was increased by one-half its volume. 

Sixth period. Influence of increased content of water and solids in the 

diet on recovery from the effects of hemorrhage. Days, 36-43; July 

6-13. — The retention of water was quite decided in the previous period 
(Table XIV). 
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On the day before hemorrhage (eighteenth) the weight of the dog was 

11.0 kilos. On the opening day of this period the weight was 10.39 kilos. 

Other facts, also, indicated that the animal had not yet recovered from 

the effects of the hemorrhage. 

In this period, therefore, both the volume of water and the weight of 

solids in the food were increased one-half over the amounts given in the 

first four periods. 

Seventh period. Effects of a second (slow) hemorrhage, with increased 

diet. Days, 44-49; July 14-19. — The condition of the animal at the 

end of the forty-third day was such as to indicate that it had almost 

entirely, if not wholly recovered from the effects of the previous treat- 

ment (page 215). Moreover, the animal was in a condition of pro- 

gressive anabolism, due to the increased amount of food and drink it 

was receiving. The dog obtained much more water than it needed, 

and instead of being in nitrogenous equilibrium, as it was just before 

the previous hemorrhage, it was now daily storing up water and nitrog- 

enous matter, and gaining in weight. 

The diet of this period was the same as that of the sixth. At this 

hemorrhage the blood was drawn slowly from the saphenous branch of 

the right femoral artery. It had been our intention to remove blood 

equal in amount to about 4 per cent of the weight of the dog, but when 

3 per cent of his weight had been taken, the blood flowed so slowly, even 

though there was no clot in the tube, respiration was so much impaired, 

and heart action so weak, that it seemed necessary to discontinue. In 

fact, we thought we had removed too much blood. While suturing the 

wound, however, the dog rapidly recovered, but he was much weaker dur- 

ing the rest of the day than at any time heretofore. Recovery gradually 

became complete. The blood was thinner than normal, it seemed to 

be a little darker in color, the red cells were diminished in number, and 

the leucocytes were more conspicuous than before. 

Schedule of operations. — 8.15, anesthesia begun. 8.35, operation 

started. 8.55, blood-letting commenced. 9.10, hemorrhage stopped. 

9.12, administration of ether discontinued. 9.15, wound stitched, 10.20, 

dog sat up. 

Blood. — The amount of blood withdrawn was 372.5 grams, a quantity 

equal to 3.44 per cent of the weight of the dog at the end of the forty- 

third day, or 3.39 per cent of body-weight at the end of the eighteenth 

day. 

This hemorrhage also resulted in a distinct, though only slight increase 

in nitrogenous catabolism (Table XIV). This increase was greater, how- 

ever, than that observed after the preceding hemorrhage, although the 

wound was smaller, and only a branch of the femoral artery ligatured. 

Flow of urine from the ureters after hemorrhage. — See page 231. 
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Supplementary data. — The following additional facts should be noted with 

the observations recorded above. (Compare with data on page 187.) 

The fluctuations in the temperature of the room were between 20°—28° C. 

Temperature was usually about 24°-26° C. The wounds were not ban- 

daged. Healing was-very rapid. No signs of edema appeared. ‘There 

were no instances of accidental hemorrhage. Our remarks on page 187 

regarding losses in the weight of the previous dog on the day of opera- 

tion, as well as those pertaining to the reaction of his urine, apply with 

TABLE XIV. 

DAILY RECORDS OF THE “SECOND PART” OF THE SECOND METABOLISM 

EXPERIMENT. 

I. Fourth period. Effects of anasthesia alone. June 24-July 1, 1903. WN of diet 

= §.33 grams; H,O of diet = 375 c.c. 

URINE. F ACES. 

Bopy- Volume. Weight. 
WEIGHT. Specific 

pala Average gravity. 
Daily. es ce 

Nitrogen. 

kilos. c.c. c.c. 
10.44 432 — 1017 

10.39 1015 

10.24 2 1014 

10.29 : 1019 

10.31 1016 

10.32 468 1018 

10.34 é : 1017 

10.39 1015 

Fifth period. Influence of increased content of water in the diet on recovery 

from the effects of hemorrhage (third period, first part). July 2-5. N of 

diet = 8.33 grams; H,O of diet = 568 c.c. 

10.35 | 631 1013 

10.41 5 585 1012 

1012 

599 1011 Bc 35.7 

1 Intermediate day. See page 212. See also footnote 2, next page, where data 

for this day are included with those for the third period. 

* The anzsthetic was administered on this day. 
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TABLE XIV. — continued. 

III. Sixth perio&.1 Influence of increased content of water and solids in the diet on 

recovery from the effects of hemorrhage (third period, first part). July 6-13. 

N of diet = 12.49 grams ; H.O of diet = 568 c.c. 

URINE. F ACES. 

E aoe Volume. Specific Rs Weight. 

O. Daily. —— gravity. 1trogen. | Lary tes 

kilos c.c. c.c. "grams =| grams | grams 
36 10.52 535 535 | 1015 

Sl 10.41 624 580 1016 57 52.1 29.0 

38 10.62 559 573 1017_—s| 

39 10.67 551 567 10L7 =| 110.50 | 78.7 43.1 

40 10.87 | 464 546 1017_—s | 9.01 | 

41 10.85 590 554 | 1017 | 9.87 | 54.1 | 30.0 

10.80 1016 10.05 27.9 

10.83 631 1015 9.84 2:7 29.2 

IV. Seventh period.” Effects of a second hemorrhage (3.44 %), with increased diet. 

July 14-19. N of diet = 12.49 grams ; H,O of diet = 568 c.c. 

10.37 534 534 ie =| (963 69.2 36.0 

10.61 626 580 1021 | 1225 | 

10.53 670 610 1018 11.91 54.8 30.7 

10.60 1019 

1017 10.63 62.9 32.8 

wip)", 38.3 20.1 
| 

10.76 

1 The days of the sixth period were extremely warm, but the temperature of the 

room in which the animal was kept did not go above 28° C. 

2 Supplementary data for nitrogen-content of the urine: 

Ee IV. VI. VII. 

ReEMOdS a te4 <i gee eee havea st 3 days 3 days 5 days 5 days 
Total nitrogen . . . . . .27.80gms. 26.59gms. 49.27 gms. 56.29 gms. 

Average daily output of N. 9.27 gms. 8 86 gms. 9.85 gms. 11.26 gms. 

equal pertinence to the same matters in this experiment. The former 

observations on specific gravity and reaction of the urine, on the qualities 

of the blood and faeces, on inhibited secretion of saliva during anaesthesia, 
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on respiration, blood-pressure, heart-beat, etc., after hemorrhage, were 

all confirmed in this experiment. 

Analytic results. — Our more important daily results are recorded in Table 

XIII (“ First part’’) and Table XIV (“Second part’). See also Tables 

XV and XVI. ' 

Discussion of results. rst part.— The figures in Table XIII show 

the following facts, among others, in harmony with the observations 

previously recorded (see page 193). There was a steady fall in 

the weight of the dog on a uniform diet, — from 11.85 kilos to 10.48 

kilos. The daily volume of urine fluctuated between 298 c.c. (eighth 
day) and 560 c.c. (eleventh day). On the day of anzsthesia (tenth 

day), the volume of urine was more than the previous daily average, 
with the saxzmal volume on the second day of the period, and a 

steady decline to the mznzma/ point on the fifth day. After the 
hemorrhage, on the other hand, the volume of urine on the same day 

was /ess than the previous average, fell on the following day to the 

minimal point in the period, and then steadily rose to the maximal 

point, on the fifth day of the period. This opposite tendency of the 

two conditions was as strongly marked as previously (see page 194). 

The catabolism of nitrogen and sulphur compounds was stimulated 

somewhat after anzsthesia-operation (Period II) but more so after 

the hemorrhage. Only a slight effect was manifested on the output 
of phosphorus, but this was in the direction of decreased elimination 

after anzsthesia-operation and still more so after hemorrhage (see 

Table XV). The remarks made on page 198, regarding the appear- 

ance of counter-balancing effects at the ends of the periods, apply to 

this experiment also. That the increased catabolic effects were 

shown almost entirely in urinary products is seen at a glance in — 

Table XV, under “average daily amounts in excretions,” where the 

differences between “ Balance a” and.“ Balance b” are also shown 

(page 197). 
The significance of other data for the entire experiment may be 

seen in Table XVI. 

Second part.— The figures in Table. XIV show that the effect of 

anaesthesia alone in the fourth period (after a hemorrhage) was essen- 

tially the same as under similar circumstances in the first experi- 

ment, — decreased nitrogen catabolism, increased elimination of 

water. The effect of anazsthesia alone was different from that after 

anzesthesia with incision (Period II). These facts suggest that the 

healing process in the latter instance was responsible for the differ- 
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TABLE XV. 

ANALYTIC TOTALS AND AVERAGES—‘“ FIRST PART” OF THE SECOND METABOLISM 

EXPERIMENT.1 

Elements .-. NITROGEN. SULPHUR. PHOSPHORUS. 

II. LiL: Il. III. i wl tee ule UU fe 
9 days.| 5 days. 9 days.| 5 days. || 9 days. | 9 days.| 5 days. 
Anzs-| Hem- Anzs-| Hem- || Nor- | Anzes-| Hem- 
thesia. | orrhage. thesia. |orrhage.| mal. thesia. |orrhage 

Periods . 

grams grams grams grams || grams | 
Hood . . . 74.97 | 41.65 5.886| 3.270 i] 17.514 

Excretions . 84.78 | 51.08 6.382| 3.821 | 17.779 

Balancea . . —9.81 | —9.43 —0.496 | —0.551 —0.265 
i} 

PIGOd as  aliesss | ose. -1—10:85 oars wees |—0.535 | 

Balanceb. .|.... | .... |—20.28 Ee a. |—1.086 |] 

AVERAGE DAILY BALANCES. 

l ] 
Balancea . .|—0.10}—1.09 | —1.88 ||-o.001 —0.053 | —0.110 ||—0.030 01025-0017 

Balance: Des. a l-S owwull «hw |) 405 te So oe OAL at «s+ |—0.050 

TAL AMOUNTS IN EXCRETIONS. 

Urine and cage- 
washings .| 70.45] 79.83 | 48.21 4.349) 4.850} 2.970 |) 3.696 | 4.355 | 

Feces . . .| 4.42) 3.87 2.32 1.334] 1.285] 0.723 || 13.984 | 13.276 

Pair. #0 «4. 0.98 1.08 0.55 0.210} 0.247} 0.128 || 0.099 | 0.105 

Total-. . .|75.85| 84.78 | 51.08 6.382} 3.821 || 17.779 | 17.736 

AVERAGE DAILY AMOUNTS IN EXCRETIONS. 

Urine and cage- 
washings .| 7.83] 8.87 9.64 || 0.483} 0.538 

Feces . . .| 0.49] 0.43 0.46 || 0.148} 0.142 

Miaiiess -« «| O11) O12.) ) OA1.)} 0.022) 0.027 

shotale. .6 <| (S44: 942.) 10-21 0.653 | 0.707 

1 See also Table XIV, Supplementary Data, footnote 2. 
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TABLE. XVI. 

QUANTITIES OF Faces AND CAST-OFF Hair, PERIops I-VII. 

| PERIODS. 

| 
| iE i: ~ |) Til |) TW. ie | ee ee 
| 9 days. | 9 days. 5 days. | 8 days. | 4 days. | 8 days. | 6 days. 

FACES. 

Total weight: 
Breshi (5 2 = S90 «| 2290} q 2101 116.1 
Diva g eee ee | a to 126.1 74.6 

Average daily weight: 
Fresh : Fae 27.0. | 23:3 23.2 
Dryness | Tee 16.1 14.0 | 14-9 

| grams | grams grams 

CAST-OFF HAIR. 

Total weight : 
Average daily weight 

ence (page 183), or that the effect of ether after hemorrhage is dif- 

ferent from that before (page 209). The second hemorrhage (Period 

VII) produced the usual results. Thus, for example, during the five 

days preceding the hemorrhage (Period VI) the average daily excre- 

tion of nitrogen in the urine was 9.85 grams. During the five days 

following hemorrhage the average urinary nitrogen was 11.26 grams. 

Reference is made on page 226 to the influence on body-weight, 

etc., of the changed dietary conditions prevailing during the last three 

periods. 

Glycosuria. — The facts in this connection in the third experiment, 

referred to on page 227, were subsequently verified in the urines of 

this experiment also. 

V. GENERAL DISCUSSION OF THE RESULTS OF THE FIRST Two 

METABOLISM EXPERIMENTS. 

Our results seem to indicate that the body contains more blood at 
all times normally than the organism usually needs, and that some of 

this excess may be lost without particular detriment.! That this 

excess is in the nature of a reserve supply is indicated after hemor- 
rhage by the prompt regeneration of volume, corpuscles, and soluble 

1 “Tuxus blood” of Maragliano. 
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constituents. During special periods, of hard labor and the like, 

however, the body probably needs all of the oxygen resources of the 
whole supply of blood. 

Each of-our first two metabolism experiments has given results 

indicating a relatively slight and only temporary increase in nitroge- 

nous elimination after hemorrhage, even when large volumes of blood 

were withdrawn and when the losses of blood occurred at short inter- 

vals. The catabolic effects became cumulative with each successive 

hemorrhage. This result was observed in spite of the fact that in the 
particular dogs under observation the anesthesia itself appeared to 

exert an opposite effect. Under the very carefully controlled condi- 

.tions of these experiments the catabolic effects swere less striking 

than those referred to by Bauer and Jiirgensen. 

It is hardly necessary to remind the reader that our results in this 

connection are to be regarded as the balance of effects produced by 
several antagonistic forces. Loss of blood, if considerable, at once 

affects the higher nerve centres by diminishing the supply of material 

available for their nutrition. Such a changed condition of these 

nerve centres naturally disturbs various important chemical and physi- 

cal functions. Immediately after hemorrhage, the “ blood-making 

organs,” chiefly the bone-marrow, are stimulated to exceptional 

activity. Increased activity of these parts after loss of blood results 

in unusual production of their normal catabolic products. These 

waste products soon appear in the urine, just as in the case of other 

groups of cells when stimulated to perform special labor.! Old 

erythrocytes disintegrate more quickly at first, but new ones are 

rapidly produced until the normal number is restored. New hzmo- 

globin is made. Fluid from the tissue spaces, and leucocytes from 

the lymphatic tissues, rapidly enter the blood-vessels until the volume 

is again normal and the colorless cells far exceed those usually 

present. The thirst and increased appetite of the animal under such 

circumstances show how much the organism needs new material for 

constructive purposes. Circulating and organized protoplasmic sub- 

stance has been lost or decomposed. The supply of each kind is 

gradually renewed, Anabolism and catabolism are apparently in- 

1 An example of this may be cited in the observations by RIAZANTSEFF, 
among others, that nitrogen-elimination in the urine is increased during ‘sham 

feeding” of dogs because of the increased secretory activity of the digestive 

glands resulting therefrom. See HAMMARSTEN: Lehrbuch der physiologischen 

Chemie, 1899, p. 587. 
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creased in some parts of the body, and decreased in others, in re- 

sponse to the sudden call for a new supply of normal constituents. 

Sugar and other constituents are present for a while in the blood 

above the normal proportions.! That metabolism is also unusual in 

other respects, after hemorrhage, is evidenced by the fact that sub- 

stances like albumin and lactic acid appear in the urine? In the 

anabolic tendencies to replace constructive material, cellular matter 

appears to be worked over and a slight increase of nitrogenous and 

other waste matter is caused. All these changes take place on a 

plane of diminished resources and a small absolute increase of any 

constituent in the urine after hemorrhage is, in fact, a relatively 

large increase under the conditions then prevailing. 

The more rapid influx of lymph into the blood after hemorrhage 

may have had something to do with the catabolic effects we have 

noted. That such abstraction of fluid from the tissue spaces does 

occur after hemorrhage has been shown repeatedly in various studies 

of blood-regeneration.? Immediately after hemorrhage the currents 
of diffusion from the tissue spaces are increased in speed and vol- 

ume, specific gravity of the blood falls, and waste products, such as 

ammonia compounds, creatin, purin bases, and the like, may for a 

time appear in the blood in larger proportion than under normal cir- 

cumstances, and may be excreted in the urineas a result of such quan- 

titative abnormality. This appears to be true, also, of even the water 

of the blood. 

In this connection, also, we are reminded of other influences upon 

nitrogenous excretion of increased elimination of fluid from the tissue 

spaces. The results obtained by several observers* lead us to the 
conclusion that the immediate withdrawal of fluid from the tissues 

after hemorrhage, to replace the volume of the blood, serves in itself 
to stimulate somewhat proteid catabolism, besides ‘‘ washing out” 

1 SCHENCK: Jahresbericht der Thier-chemie, 1894, xxiv, p. 152. 

* ARAKI: Zeitschrift fiir physiologische Chemie, 1894, xix, p. 424. 

® The increased flow of lymph into the blood after hemorrhage, as shown, for 

example, by the steady increase in percentage-content of water (MEYER and GIES: 

results not yet published) seems to take place largely by transudation, —at first at 

least. Other experiments in progress in this laboratory show that after hemorrhage 

the flow of thoracic lymph is diminished. See POSNER and Gres: Proceedings of 

the American Physiological Society, 1904, This journal, x, p. xxxi. 

* LANDAUER: Jahresbericht der Thier-chemie, 1894, xxiv, pp. 531, 532. Also 

STRAUB, cited by SpecK: Ergebnisse der Physiologie zweiter Jahrgang (Bio- 

chemie), 1903, p. 26. 
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the catabolic products already in and about the cells. The feeding 

conditions of our experiments were, however, against a striking effect 

in this direction, for more than enough water to replace the losses 

was received shortly after hemorrhage. 

We observed that after hemorrhage urinary volume was at first 

diminished, then increased, and that after a few days it fell to 

approximately the normal again. An examination of the various 

tables also shows that the increase in nitrogenous elimination accom- 

panied the increase in volume of urine. The condition of the animal 
shortly after hemorrhage is similar in many respects to that after 

fasting. It is not improbable, therefore, that the quantity of water 

given uniformly in each period was, for a time after each hemorrhage, 

actually in excess of the amount the animal could at once make use 

of. This seems to be indicated by the steady rise in the figures for 

average daily volume of urine of each hemorrhage period, as body- 

weight and the plane of equilibrium fell. Consequently part of the 

observed cumulative increase in excreted nitrogenous compounds 

after each hemorrhage may have been due to the action of such 

relatively increasing excesses of water in the food.! 

It is not improbable that during the first few hours after a hemor- 

rhage there may be subnormal metabolism, followed by a greatly 

stimulated metabolism. The fall in blood-pressure and in tempera- 

ture immediately after hemorrhage, and the rapid return to the 

normal, with even a higher temperature than usual, and a some- 

what greater consumption of oxygen, facts observed by various in- 

vestigators, tend to support such a view. That moderate hemorrhage 

has a stimulating influence has been asserted recently by Robin? and 

others, after many years of observation of the effects of blood-letting 
on man. But that the effects of even a ‘‘ moderate” hemorrhage are 

at first somewhat depressant has also been frequently observed. 

In all probability, as Jiirgensen and others have stated, the increase 

of eliminated nitrogen is relatively much greater after hemorrhage in 
fasting animals than in well-nourished ones. In the latter each new 

supply of food aids the cells in the increased anabolic changes at 

once set up after the hemorrhage. In the former instance the cells 

themselves must furnish much of the new material needed to restore 

the blood and keep its composition constant, and after such en- 

1 Voir: HERMANN’S Handbuch der Physiologie, 1881, Bd. vi, Th. i, p. 153. 

2 Cited by SMALL: Reference Handbook of the Medical Sciences, 1901, ii, p. 71. 
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forced and unusual intracellular modifications the waste of material 

is probably greater than when extracellular sources are chiefly drawn 

upon in the usual manner. It is probable, as we have already sug- 

gested, that immediately after hemorrhage the animal, even if pre- 
viously well nourished, is in a condition similar to that of the fasting 
animal, and that, in spite of its immediate requirements, a large part 

of the proteid nitrogen of. the food (if the dog had been previously 

in equilibrium) may be quickly eliminated before all the needs are 

supplied. In our experiments it is possible that the diet, which was 
just sufficient to maintain equilibrium before hemorrhage, was more 

than enough to do so just after the loss of blood, and that it re- 

mained excessive until equilibrium was established on a lower level 

of body-weight, etc. The steady increase in daily average volume 
of water eliminated by the kidneys lends support to such a con- 

clusion. Under such conditions the temporary excesses of proteid 

in the diet would themselves stimulate catabolic processes. 

The work of Bauer, Voit and Rauber, Pembrey and Giirber, and 

others, makes it probable that there was little, if any, interference 

with general oxidation after hemorrhage in these experiments, and 

that our results are not to be viewed from the standpoint of par- 

ticularly abnormal internal respiration.1. Stimulated heart-action and 
quickened lymph currents after moderate hemorrhage result in main- 

taining the normal gaseous exchange. We are unable to accept 

Frankel’s deduction that oxidation after moderate hemorrhage is 

necessarily greatly reduced for any great length of time, nor to 

attribute to such assumed reduction, as he does, the posthemorrhagic 

increase in proteid catabolic products in the urine. That total mus- 

cular power is lessened immediately after hemorrhage stands to rea- _ 

son, and has been shown by Jiirgensen and others, but there is as 

much evidence of quickened gas metabolism in the vesting animal, 

after hemorrhage, as the reverse — observations in harmony with the 

fact that oxidation occurs almost entirely in the tissues and only 

slightly in the blood itself.2 That oxidation was at first lessened 
somewhat in the limb operated on was, of course, always the case, 

especially when the blood was drawn from the femoral artery itself 
and its main trunk permanently closed. This was shown in the im- 

1 SpecK: Ergebnisse der Physiologie, zweiter Jahrgang (Biochemie), 1903, 
p23; 

* The slight fall in temperature immediately after hemorrhage is probably due 
o greater radiation rather than lessened production of heat. + i 
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mediate fall of temperature in the leg from which blood was with- 

drawn. But the normal temperature was soon restored, there was 

little interference with the use of the limb, and there is no reason to 

believe that the metabolic effects of this interruption of circulation 

were appreciable. 
The sulphur-elimination ran parallel with the nitrogenous, as is 

usually the case when proteid catabolism is increased." But hem- 

orrhage seemed to cause a variable effect on the excretion of phos- 

phorus compounds, mainly a decrease. We are inclined to attribute 

this decrease to the stimulated nuclear anabolism following loss of 

blood (increased number of leucocytes and production of nucleated 

red cells), with the consequent retention of phosphorus because of 
nucleoproteid formation.2 Possibly in this special utilization of phos- 

phorus in nuclear anabolism, nitrogen and sulphur radicles are 

broken away from the proteid elements transformed in the process. 
It has been stated by several writers that acute anemia interferes 

decidedly with digestion,® and Jiirgensen quotes Ranke to the effect 

that the flow of bile is markedly diminished after loss of blood. 

Manassein ® stated that after hemorrhage the gastric glands secreted 

less acid than normally and also a less active juice. Recently it was 

observed by London and Sokolow® that loss of blood effects a decided 

inhibition of the total secretion of gastric juice. This decided effect 

was noted by them even when the ordinary stimuli were in operation, 

and for periods as long as six hours after the beginning of acute 
aneemia. The character and amount of the faces, the apparent 

relish with which the food was taken after each hemorrhage, and 

the entire lack of vomiting indicate that in these experiments there 
was no appreciable effect on the process, of digestion as a whole 

(pages 185, 188). 

We have already noted the fact that the wounds connected with 

the hemorrhages were not bandaged. The dog was permitted to 

lick them. Although a small amount of proteid matter was carried 

1 SHERMAN and Hawk: This journal, 1900, iv, p- 25. 

2 In fasting dogs, LEPINE and FLAVARD observed increased elimination of 

PO,. Cited by Hayem: Lecons sur les modifications du sang, 1882, p. 328; 

JURGENSEN also noted an increase. 

8 FLINT: Text-book of physiology, 1882, p. 251. 
4 HEIDENHAIN: HERMANN’S Handbuch der Physiologie, 1883, Bd. v, Th. i, 

perZ03- 

5 MANASSEIN: Jahresbericht der Thier-chemie, 1872, ii, p. 217. 

6 LonpoNn and SoKoLow: Centralblatt fiir Physiologie, 1903, xvil, p. 179. 
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in this way from the wound to the stomach, and there digested, no 

appreciable effect could have been exerted by such a trifling variation. 

The increase of eliminated nitrogen was always highest immediately 

after the operation. By the time the lips of the wound parted, and 

the dog could lap the little exudate then forming, the nitrogen 

balance was restored (page 188). 

Bauer and Jiirgensen both state that the surgical procedure in 

their experiments had no observable effects. Our own data indicate 

that the operation or the healing process or some associated factor 

connected with each hemorrhage had an appreciable, though slight, 

influence in increasing the output of catabolic products. The wound 

was always small and superficial,’ healing rapidly, with only slight 

inflammation and scarcely any exudation. The attendant leuco- 

cytosis may have been a contributing catabolic as well as anabolic 
factor. But by the time the healing process might have been 

supposed to exert sfectal influence on metabolism, the observed 

posthemorrhagic effects had practically worn off, and the dog was 
again in equilibrium. Effects caused by interference with local cir- 

culation (resulting from ligature of the blood-vessel) were not deter- 

mined directly. Stasis naturally interferes to a certain extent with 

functional activity by reducing the nutrition of the cells, and because 

of the pressure of accumulated plasma. Edema was observed only 

once (page 187). Acute anzmia below the ligature would likewise 

interfere with nutritional activity. But at various times after some 
of our operations blood promptly appeared when slight incisions 
were made through the skin of the foot. The results of the last two 

or three hemorrhages in our first experiment, when the main trunk 

of the femoral artery was entered, might be attributed in part to 

greater local destruction of proteid matter, and increased absorption 

of nitrogenous material into the lymph and thence into the circula- 
tion. At the same time the results of our second experiment indicate 

that such an effect must have been inconsequential. The ease with 
which the animals always used their limbs, even when each femoral 

artery had been ligatured, suggests that, even if interfered with toa 

certain extent at first, metabolism must have been essentially the 

same in the limbs afterward, because of sufficient collateral circulation 

to maintain approximately normal conditions of oxidation, lymph 

flow, etc. 

1 The exception is referred to on page 208. 
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VI. Turrp METABOLISM EXPERIMENT. — INFLUENCE OF HEMORRHAGE 

ON Bopy-WEIGHT. 

There are many statements in the literature of the subject of 
blood-letting to the effect that repeated losses of blood result in 

general fattening, with a consequent increase of body-weight. Fatty 

degeneration of the heart, capillary system, and various glands has 

been observed to occur in many individuals subjected to numerous 
hemorrhages. Bauer likens this effect to that following phosphorus 

poisoning. Various clinical reports agree with Van Swieten’s refer- 

ences to a woman who gained 150 pounds in weight as a result of sixty 

bleedings in a few months, and Lister is repeatedly quoted as saying 

that in England calves were made so fat by frequent bleedings that 

the serum became like milk." 
In our first metabolism experiment we started with a dog that was 

in nitrogenous and weight equilibrium. In spite of the fact that the 

same amount and kind of food was fed each day throughout the 

entire experiment, the dog failed to regain the weight lost with each 

hemorrhage. Although the experiment continued for eighty-five 

days,” there was a fairly uniform loss of weight, from 16.8 to 12.6 
kilos, with little or no recovery at any time.*® This experiment 

seemed to make it evident that the increased weight noted by Tal- 
matscheff and other previous investigators was not due to hemor- 

rhage directly, but indicated that changed feeding conditions after 

the bleedings were perhaps largely if not wholly responsible for such 

observations. After even a moderate hemorrhage, thirst is experi- 

enced and appetite is increased. In gratifying this special desire for 

food and drink, much more than enough to meet the real needs of the 

body would doubtless be taken by the subject in anzemia, with a con- 

1 Cited by JURGENSEN. 
2 We are unable to find any record of a longer experiment of this kind. 

8 This general result has again been obtained in experiments of a similar char- 

acter now in progress in this laboratory. 

4 It may also be possible that hemorrhages of small amount (1 to 2 per cent) 

have a different effect from losses of large quantities (3 to 4 per cent), even ona 

constant diet. The results obtained by TALMATSCHEFF and others harmonize with 

this view, although TALMATSCHEFF’S dogs were not brought into equilibrium to 

begin with, and it is therefore impossible to draw any very definite conclusions, 

in this connection, from his observations. TALMATSCHEFF: HOPPE-SEYLER’S 

medicinisch-chemische Untersuchungen, 1866, p. 396. 
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sequent storing up of constructive material and a necessary gain in 

weight. 
This deduction was tested in the second half of the second experi- 

ment. In the fifth period of that experiment it was found that a 50 

per cent increase in the amount of water in the food resulted in the 

retention of only a small portion of the extra amount. The weight 

remained the same. But in the sixth period, with an increase, also, 

of 50 per cent of the solid matter in the food, there was still more 
retention of water, a storing up of solids, and a steady increase in 

weight,— effects which seemed to confirm the explanation offered by 

us for such of the usual posthemorrhagic gain in weight. These 

results in the second metabolism experiment were obtained rather 

late, however, in the period of recovery from hemorrhage. Immedi- 

ately after loss of blood they might have been even more decided. 
We observed that the food was not as great in quantity as the dog 

desired it to be. If his appetite had been fully satisfied, the gain in 

weight might have been greater. 

In the third metabolism experiment these matters were further 

tested as follows: 

A healthy, well-nourished dog weighing 10 kilos was offered an excess 

of the mixed diet used in the previous experiments, and was allowed 

to take it in such amounts as his desires determined. The feeding 

occurred daily at5 p.m. The weight of the dog was taken at 9 o’clock 

each morning. At intervals blood was drawn in moderate amount from 

the femoral artery. ‘Two withdrawals were made from one artery and 

three from the other during the experiment. The operations were con- 

ducted under aseptic conditions, and the wounds healed rapidly with a 

minimum amount of inflammation. Ether was the anesthetic used in the 

operations. ‘The experiment continued for about six weeks. The essen- 

tial facts in the record of results are indicated in Table XVII, on the fol- 

lowing page. 

The dog became quite stout during the latter part of the experiment, 

used his legs freely at all times, recovered quickly from each loss of blood, 

and suffered no apparent ill effects from the treatment. ‘The animal’s 

appetite was always especially strong after the hemorrhages, particularly 

after the last three. 

The influence of full gratification of the appetite after hemorrhage 
seems to be very clear in this experiment. Immediately after the first 

hemorrhage there was the usual loss of weight by difference. But 
on a free diet, increased appetite soon sent the weight up again. j 

§ 
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TABLE XVIL 

Bopy-WEIGHYT AFTER SUCCESSIVE HEMORRHAGES. 

Bopy-WEIGHT. 1 BLOOD WITHDRAWN. 

= | ‘ | Kilos. || Day trecor | Grams | sais 
10.56! 

10.30? 

10.54 

10.85 

TL57 

12.33 
| 

13.17 | 

1 During the preliminary period, on the same dietary conditions, the weight of 

the dog fluctuated between 10.6 and 10.1 kilos. 

2 The minimum weight was recorded on the fourth day, when it fell to 9.9 kilos. 

Each successive hemorrhage showed a cumulative effect in this 

direction in spite of the losses of the blood itself. Although 1.2 

kilos of blood was taken during the first twenty-eight days, the body- 

weight increased a kilo in the meantime. The gain in weight was 

even more rapid later, when blood-letting was discontinued. 

Pathological constituents were looked for in the urines of this 

experiment.' The only observed abnormality was a s/igh¢ transient 

glycosuria after the first two hemorrhages. This result was attributed 

to the anesthetic. It led us to examine the urines of the previous 

experiments, which had been carefully preserved with powdered 

thymol. 

On testing the urines of the first metabolism experiment, sugar was 

detected in the anzsthesia (III), anesthesia-operation (IV), and 

second hemorrhage (V) periods but in no others. In the urines of 

the second metabolism experiment, sugar was found after anzesthesia- 
operation (II), and anzsthesia alone (IV), but not after anzsthesia 

and bleeding combined? In the latter two experiments the glycosu- 

' The urines were tested for the following substances, by the usual methods: 
sugar, albumin, proteoses, diacetic acid, aceton, bile pigment. 

* This result was obtained by Mr. WuiTE and verified by Dr. Gigs, after Dr. 

HAwk retired from this department to begin his work at the University of Penn- 
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ria may have been due in part to the chloroform administered in the 

early stages of anaesthesia. Schenck, Araki, Rose, and others have 

observed an increased percentage-content of sugar in the blood after 

hemorrhage. This fact might lead us to expect a special elimination 

of sugar in the urine after bleeding, but Schenck found that at the 
time of hemorrhagic glycemia the urine was, nevertheless, free from 

sugar.) In later experiments, in which we obtained urine from the 

ureters of dogs, in morphia-atropin narcosis, sugar was absent, in any 

appreciable amount, both before and after hemorrhage. 

VII. Tre INFLUENCE OF HEMORRHAGE ON THE FLOW OF URINE. 

In each of our metabolism experiments hemorrhage always caused a 

temporary decrease in the excretion of urine, to be followed by stimula- 

tion for adayortwo. Anzesthesia and anzsthesia combined with the 

operative procedure, were invariably followed, within twenty-four hours, 

by a temporary zvcrease in the flow of urine (see Tables II, III, IV). 

The observed diuretic influence of the ether was unexpected, for 

statements have been repeatedly made that this anzesthetic inhibits the 

flow of urine. Thus, Lawson Tait observed that when ether anesthesia 

became profound urine entirely stopped flowing from the ureters.” 
Kemp recently called attention to the contracting influence of ether on 

the renal arterioles of the dog, by which effect the flow of urine is much 
diminished, or may be stopped entirely. Anzesthesia in all our experi- 

ments was very light; just enough to keep the animal quiet. Whatever 

inhibition of urine flow there may have been, was surely of short dura- 

tion, and must have been followed, as our results show, by actual stim- 

ulation. The current statements to the effect that ether anzsthesia 

causes concentration of the blood are of interest in this connection.* 
As has already been indicated, our original purpose had been to 

investigate the effects of ether itself, besides those of hemorrhage, but 

lack of time for our work in collaboration prevented (page 175). 

It was evident incidentally in all of the preceding experiments, how- 

ever, that under the prevailing conditions of anaesthesia, ether stimu- 

lated a daily flow of urine. Hemorrhage, on the other hand, was 

sylvania. Dr. HAwk there independently noted a similar glycosuria in dogs in 

his study of the effects of ether anesthesia. See page 176, footnote. 

' Von NoorveENn: Lehrbuch der Pathologie des Stoffwechsels, 1893, pp. 316, 

337: 
* Cited by Patton: Anesthesia and Anesthetics, 1903, p. Iot. 

* Cited by CusHny: Text-book of Pharmacology and Therapeutics, 1got, p. 158. 
* PATTON: Loeuort, 
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immediately followed by decided inhibition of flow, in spite of the 
counter-influence of the associated anzesthesia (Table III). The 

subsequent stimulation of excretion in all of the hemorrhage periods 
of our metabolism experiments may have been dependent on the 

increased percentage-content of water in the blood." 

In a few special experiments we attempted to ascertain more 

directly the facts connected with urine flow after hemorrhage. These 

experiments were conducted by the usual methods. Well-nourished 

dogs were subjected to light morphia-atropin narcosis,” and cannulas 

placed in the ureters. Care was taken to prevent undue pressure on 

or occlusion of the latter. The animal was kept under suitable cover- 

ing, and temperature was maintained as well as possible, with the aid 

of a hot water bag. After preliminary observations of the flow of 
urine under these conditions, blood was drawn from a large artery, as 

in previous experiments, and the subsequent flow of urine again 

observed. The data of two of our experiments will suffice here to 

show the essential points observed in this connection. 
First experiment. Effects of two hemorrhages. — A dog weighing 26 kilos 

was used. The animal had been well fed previously. A heavy meal was 

eaten late the night before. Narcotics were injected at 9.20 A.M. Oper- 

ation was begun at 10.30. Ether was used occasionally, when necessary. 

Cannulas were placed in the ureters, and into the left femoral artery, and 

unobstructed flow of urine was observed at 11.10 A.M. The following 

data are quoted directly from our records: 
Preliminary period: 

QUANTITY OF URINE: COLLECTED: 

FRACTIONS. TOTAL. 

TIME. = aes ; 4 
Right kidney. Left kidney. | 20 minutes. ] hour. 

a.m. cc. c.c. oe tabs 

11.12-11.32 AS | 2.60 5.35 

11.32-11.52 2.45 | 2.60 5.05 

11.52-12.12 2.80 2.80 5.60 | 
| 

Total per hour . 8.00 8.00 Ee 16.00 

1 MEYER and GIEs find, in experiments now in progress in this laboratory, 

that even during a continuous hemorrhage the percentage-content of water in the 

blood steadily rises to the end. See page 193. 

2 A concentrated aqueous solution of morphine sulphate (6 mgms. per kilo) 

and atropin sulphate (0.6 mgm. per kilo) was injected subcutaneously. 
8 The animal did not come in contact with the bag. The latter merely kept 

warm the air under the blanket covering the dog. 
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First hemorrhage. —— 12.12, first hemorrhage was begun; continued 

until 12.19. Amount of blood withdrawn was 829.5 grams = 3.14 per 

cent of body-weight. 12.13, flow of urine from left kidney decreasing 

rapidly. 12.19, same true of flow from right kidney. 12.20, flow of 

urine stopped. entirely. 12.40, first sign of renewed flow, from each 

kidney simultaneously. 

QUANTITY OF URINE COLLECTED. 

FRACTIONS. TOTAL. 

Right kidney. Left kidney. 20 minutes. 

c.c. c.c. cc. p.m. 

12.20-12.40 0.0 0.0 0.0 

12.40-1.00 ; ; 3.40 

1.00-1.20 Zi 4.50 

Total (40 min.) 

| 
1.20-1.40 | 

1.40-2.00 

2.00-2.20 | 

Total per hour 

Total per hour 

Second hemorrhage. At 3.20, second hemorrhage was begun; con- 
tinued until 3.26. Amount of blood withdrawn was 403 grams = 1.55 

per cent of body-weight. [Total amount of blood in both hemorrhages, 

1232.5 grams = 4.69 per cent of body-weight.] 3.27, flow of urine from 

each kidney decreasing ; suspended entirely at 3.29. 4.15, excretion 

from right kidney beginning ; at 4.20 from the left. 

8.40, flow of urine has continued very slowly since 4.15 —1.5 c.c. 

from the right kidney, 1.7 c.c. from the left. The animal did not recover 

from the shock of the second hemorrhage. At 9.00 the urine had ceased 

flowing. The animal died at 11.15. MHeart-action, respiration, and blood- 

pressure, accorded with the usual phenomena under similar circumstances. 
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In this experiment it was evident that a hemorrhage of 3 per cent 

of body-weight stopped the flow of urine immediately, but the inter- 

ference lasted for only about a half hour. In three hours, however, 
the flow gradually returned to the normal quantity per hour and 

began to exceed it. A second hemorrhage proved fatal, but at first 

it also was followed by complete inhibition of the flow of urine and 
then by gradual resumption as before. The results in the latter 

connection indicate that if the first hemorrhage had been greater, 

and yet not fatal, the initial inhibitory effects would have been as 
marked as they were in our metabolism experiments. It is quite 

probable, also, that the subsequent stimulating effects would have 

appeared as late as they did in those experiments.’ See page 194. 

Second experiment. Effects of two hemorrhages and subsequent return 

of each portion of blood (defibrinated).— The animal taken for this 

experiment was the one used in the second metabolism experiment.’ 

The dog weighed 10.85 kilos. He had been well fed during the previous 

experiment in which he had been used, and at 8 a.M., on the day of this 

experiment, had eaten a hearty meal. Narcotics were injected at 11.15 

A.M. At 12.15 the operations were begun ; completed at 12.35. Ether 

was used as occasion required. Cannulas were put into the ureters and 

into a carotid and jugular. Blood was drawn slowly from the carotid. 

Later, after having been defibrinated and filtered, the blood was returned, 

at 38° C., by way of the jugular. Further details are quoted directly 

from our summaries. 

Preliminary period : 

QUANTITY OF URINE COLLECTED. 

FRACTIONS. TOTAL. 

Right kidney. Left kidney. 15 minutes. 5 minutes. 

c.c. p. m. «Cc. 

12.40-1 10 7 7.9 

1.10-1.40 : 7.4 

Total per hour 

1.40-2.25 

1 The different effects of the narcotics employed must, of course, also be taken 
into account. 

2 That experiment was concluded on July tg, 1903. This experiment was 

carried out two days later. 
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First hemorrhage. — At 2.25 first hemorrhage was started ; concluded 

at 2.30. Amount of blood withdrawn was 387 grams = 3.57 per cent 

of body-weight. 2.26, fow of urine stopped entirely. Breathing slow and 

shallow. Heart-beat very rapid. Pulse almost imperceptible. Blood- 

pressure very: low.- 2.28, hemorrhage nearly fatal. Occasional gasps. 

Respiration stimulated mechanically until 2.50, when improvement was 

noticed. 2.55, respiration and heart-beat approximately normal. 3.10, 

urine suddenly began to flow from each cannula. 

QUANTITY OF URINE COLLECTED. 

FRACTIONS. TOTAL. 

"Right kidney. | Left kidney. 15 minutes. 5 minutes. 

Total per 3-hour 

First return of defibrinated blood. — At 3.40 began injection of blood 

into the jugular ; concluded at 3.54, when all had been returned. No 

effect on flow of urine was evident until about 200 c.c. had been injected, 

—at 3.43. when the flow from each cannula increased. Respiration 

gradually became deeper and slower, the pulse firmer and less rapid. 

After 3.53 the urine leaving the cannulas contained an increasing though 

only small amount of hazmoglobin, but no corpuscles [hamoglobin had 

probably been liberated into the serum in the defibrination process]. 

QUANTITY OF URINE COLLECTED. 

FRACTIONS. | TOTAL. 
TIME 

_ Right kidney. Left kidney. 15 minutes. | 5 minutes. 

p.m. c.c | c.c. 

3.40-3.45 3.0 2.5 

3.45-3.50 3.0 2.5 

3.50-3.55 a 3.9 

3.55-4.00 3.1 3.0 

4.00-4.05 2.9 20 

4.05-4.10 3.0 3.0 

Total per }-hour . 18.3 17.4 

ES A NE 
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Second hemorrhage. — At 4.11 the second hemorrhage was started ; 

concluded at 4.21. Amount of blood taken was 330 grams = 3.04 per 

cent of body-weight. 4.12, fow of urine stopped entirely. Respiration 

and heart-beat not seriously affected this time. No flow of urine up 

to 4-41. 

Second return of defibrinated blood.— At 4.42 injection of blood was 

begun. No effect on urine flow until 4.48, when 200 c.c. of blood had 

been injected. At 4.48 urine began to flow rapidly. No more was 

injected. 

At 5.20 the animal was chloroformed and the experiment discontinued. 

QUANTITY OF URINE COLLECTED. 

FRACTIONS. TOTAT: 

Right kidney. Left kidney. | 15 minutes. 5 minutes. 

p. m. ¢.c. tc; ese, 

4.48-5.03 11.5 be 21.0 

coesig . | 7: : 14.0 
| 

Total per 34-hour . 19.0 

In this experiment the results were similar to those of the preced- 

ing one. Hemorrhage of 3.5 per cent of body-weight resulted in 

immediate cessation of the flow of urine. For three-quarters of an 

hour urine failed to appear. In the previous experiment the first 

inhibition period was shorter, evidently because the amount of blood 

withdrawn was less and the hemorrhage was not so nearly fatal. 

After the second hemorrhage in the previous experiment, however, 

this interval was about the same. On returning about one-half of 

the blood, urine at once began to flow, exceeding in a few minutes 

the normal amount. Repetition of the process gave the same 

results. 

Immediately after hemorrhage, blood-pressure sinks, and there are 

other symptoms of shock. After a three to four per cent loss of 

body-weight in blood there is obviously sufficient fall in blood- 

pressure to entirely prevent urine formation for a period of varying 

length. Vasomotor influences, together with the increasing volume 

of inflowing lymph, doubtless operate to restore the usual pressure 

and normal conditions in a relatively short time, as may be done at 
once by returning the blood itself. The continued influx of lymph 
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after hemorrhage not only raises blood-pressure, but also increases 

the water-content of the remaining blood. This increasing content 

of water in the blood, together with the absolute increase in volume 

after the return of the blood, doubtless accounted for the increased 

output of water in the urine after the initial posthemorrhagic inter- 

ruption of flow had ceased (see page 194). 

These results confirm the early observations of Goll! and the sub- 

sequent deductions of Bauer. 

VIII. SuMMARY OF GENERAL CONCLUSIONS. 

A, External hemorrhage, equal to from 3 to 3.5 per cent of the 

body-weight, of dogs, was observed to cause the following more 
important effects: 

In well-nourished animals, in weight and nitrogen equilibrium, and 

fed continuously on a diet of constant composition, there was a 

temporarily increased output of nitrogenous and sulphur-containing 

products in the urine, and a variable effect on the elimination of phos- 

phorized substances, though mainly a decreased excretion of the latter. 

Total solids in the urine were increased with the nitrogen and sulphur 

catabolism. These effects were relatively slight after one bleeding 

of moderate amount, but became more marked and lasted longer with 

repeated losses of blood. Healing of the necessary wounds in the 
operations, material lapped from these wounds, disturbance of circu- 

Jation in the part fed by the artery from which blood was taken, and 
associated influences, combined to produce a part though only a 

minor share of the observed catabolic effects. 

The increased elimination of the catabolic products referred to 

above occurred only in the urine. The amount, consistency, and 

composition of the feces were apparently unaffected by the hemor- 

rhage. Digestion did not appear to be materially disturbed at any 

time, even after several severe hemorrhages at short intervals. 

There was little or no effect on intestinal putrefaction. 

Body-weight steadily declined on the original equilibrium diet after 

each bleeding. When the animal was allowed to eat freely, hemor- 
rhages were followed by gradually increased weight. Moderate loss 

of blood markedly increased the appetite and caused thirst, even 

during periods when the animal was receiving an excess of food. 

Excessive losses of blood had temporarily an opposite effect. 

1 GoLL: Zeitschrift fiir rationelle Medizin, 1854, iv, p. 78. 
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Volume of the urine and its specific gravity fell at first after 
hemorrhage, then rose far above the average for several days, return- 
ing shortly to the usual quantity. With each succeeding hemorrhage, 

the low volume for the first twenty-four hours was slightly increased, 

but the cumulative rise after the first twenty-four hours became more 

decided and was longer continued. Hemorrhage caused an immedi- 

ate stoppage of the formation of urine, a subsequent retardation of 

flow, and finally a decided stimulation. On returning the blood 

(defibrinated), urine immediately began to form, and flowed under 

special stimulating influences. Hemorrhage inhibited the hyperse- 

cretion of saliva during ether anesthesia. 
The urine was always decidedly acid in reaction before hemorrhage, 

slightly amphoteric occasionally. After hemorrhage, however, it was 

strongly amphoteric for several days. 
The only observed abnormality of the urines was a transient 

glycosuria. This appeared to be due solely to the anesthetic. 

Effects on respiration, heart-beat, blood-pressure, and on the quali- 

ties of the blood, such as number of erythrocytes, leucocytosis, and 

clotting tendency, were essentially the same as those repeatedly 

observed by others. 

After successive hemorrhages, the percentage-content of proteid 

and nitrogen in the blood gradually fell; that of phosphorus, sulphur, 

and ash remained practically stationary. Specific gravity fell, and 

water-content rose in each sample of blood, even when taken at very 

wide intervals. 

&. Light ether anesthesia, in these experiments, caused decreased 

elimination of nitrogen and sulphur, but zzcreased output of chloride 

and total solids in the urine, with no special effect on specific gravity 
and none on phosphorus metabolism. For about twenty-four hours 

after light anzesthesia, urinary volume was markedly increased. After 
twenty-four hours there was a corresponding temporary fall below 

the average daily volume. 
Ether caused transient glycosuria. 
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foe CAUSE OF THE PHARMACOLOGIGAL ACTION OF 

THE IODATES, BROMATES, CHLORATES, OTHER 

OXIDIZING SUBSTANCES AND SOME 

ORGANIC DRUGS. 

By A. B.LMATHEWS. 

[From the Hull Physiological Laboratories, University of Chicago. | 

HIS paper contains an explanation of certain exceptions noted 

in my paper on the relation between physiological action and 

solution-tension.! It was shown in that paper that inorganic salts 

act on protoplasm by means of the electrical charges on the ions. The 

kind and degree of action was determined chiefly by the sign of the 

charge, whether negative or positive, and by the solution-tension 

or ionic potential of the ion. The chemical composition of the ion 

was of little importance. The poisonous power of a salt was shown 

to be inversely proportional to its decomposition-tension. The iodates 

were found to be exceptions to this law, and the action of the organic 

drugs, many of which do not appreciably ionize, was left unexplained. 

In this paper I wish to consider both these points. 

The iodates have a high decomposition-tension, and, according to 

my hypothesis, should be inert and even less poisonous than the 

chlorides. I found them, on the contrary, to be quite poisonous in 
their action on Fundulus eggs, and I suggested that the iodates must 

have a solution-tension lower than had been supposed. During the 

past winter I have found that sodium iodate acts upon the motor 

nerve of the frog like a salt of which the anion has a high solution- 

tension, this ion being relatively inert. 

How shall we explain this discrepancy? Upon the nerve the iodate 

follows the rule and is inert, acting like a salt of high decomposition- 

tension; upon Fundulus eggs it is an exception and acts like a salt 

of low decomposition-tension. This discrepancy is but one instance 

of many familiar to pharmacologists, in which marked variations have 

1 MATHEWS : This journal, 1904, x, p. 290. 
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been observed in the poisonous action of salts on the different tissues 

of the same animal, upon different animals, or upon the same tissue 

under different conditions. 
The iodates belong to a class of compounds which includes the 

chlorates, bromates, chromates, permanganates, ferricyanides, and 

nitrites. All of these salts are oxidizing agents. That the physi- 

ological power of these salts is correlated with their oxidative powers 

is shown by a comparison of the poisonous action of the chlorates, 

bromates, and iodates. The minimum fatal doses for Fundulus eggs 
were as follows: for potassium iodate, #5; for the bromate, 74; and 

for the chlorate, 37. Dreser! states that the salts arrange themselves 

in this order of poisonous power for yeast, fishes, frogs, and mammals. 

This order, as Dreser and Binz have pointed out, is the same as the 

order of their oxidative powers,-and these authors recognize that 

their pharmacological action has a casual relation with their oxida- 

tive action.2. The relative oxidizing action has been particularly 

studied by Burchard.? If the cause of the variations in their 

oxidative powers were undersiood, we might understand the cause 

of the variation in the physiological action. 

According to the theory of Ostwald,! an oxidizing substance is 
one which contains positive electrical charges with which it readily 

parts, or, what amounts to the same thing, one having an affinity 
for negative charges. The power of oxidation depends upon the 

ease with which the oxidizing substance gives up these charges, or 

upon the solution-tension, better called the ionic potential, of the 

cation. According to his view, therefore, all positive ions are oxidiz- 

ing ions, although they differ greatly in power, and all negative ions 

are reducing ions. 

While this hypothesis makes it easy to see how ferric chloride 
oxidizes, because the three-charged ferric ion gives up a positive 

charge with great ease, going thereby into the two-charged ferrous 

state; and why silver, platinum, gold, and copper salts are strong 

oxidizing agents, in all of which the oxidizing part is a cation of high 

potential, it is difficult to understand the oxidizing power of the 

permanganates, chlorates, iodates, bromates, ferricyanides, chromates 

1 Binz: Archiv fiir experimentelle Pathologie und Pharmakologie, 1894, 

XXXIV, P. 204. 

2 BING: ac e7iaups207. 

> BURCHARD: Zeitschrift fiir physikalische Chemie, 1888, ii, p. 796. 

* OstwaLp: Grundriss der allgemeinen Chemie, 3d ed., 1899, pp. 439 ff. 
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and nitrites, in which the cation is without strong oxidative powers 

and oxidation is plainly due to that part of the molecule which, ap- 

parently at any rate, is in the negative ion. 

To explain the action of the latter compounds Ostwald has made 

the suggestion that these oxidize, because in solutions of such salts 

there are present not only the ions generally supposed to be there, 

but also other ions of very low solution-tension. For example, the 

oxidizing action of nitric acid, according to Ostwald, is not due 

either to the hydrogen ion or to the nitrate ion, but to the fact that 

nitric acid dissociates in small amounts into NO,OH. The oxidizing 

action is due to the small number of NO, ions present, these having 

a very low solution-tension. When silver is dissolved in nitric acid, 

the reaction is to be written as follows: 

— — a a 

Ag + NO.OH + HNO, = AgNO, + H.O + NO. 

In this equation the positive NO, ions oxidize metallic silver to 

the ionic state. Similarly, in a solution of the permanganates, a small 

number of manganese ions, with a valence of seven, are present 

combined as the hydrate, as follows: 
++4+44+4+ 

HMnO, + 3 H.O = Mn(OHR),. 

Although at any instant so small a number of such ions are 

present that they can hardly be detected, yet as soon as they are 

removed or used up in oxidation, more are instantly formed, thus 

permitting the reaction to go on very rapidly. This interpretation is 

supported by many well-known facts for which reference may be 

made to Ostwald’s discussion. 

THE IODATES. 

How far may similar reasoning explain the action of the iodates? 

We may first consider the action of sodium iodate on potassium 

iodide. As is well known, no reaction takes place between these 

salts as long as the solution remains neutral or alkaline, but in the 

presence of even small amounts of acid the iodate oxidizes the iodide, 

setting free iodine. This reaction shows on Ostwald’s hypothesis, 

that as soon as sodium iodate is made acid, it contains positive ions 

of a kind which were not present while it was neutral or alkaline, 

or which were present in much smaller numbers, and that these 

positive ions are not the hydrogen ions, but must be ions having 
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an ionic potential much higher than these, since hydrogen will 

oxidize iodine only very slowly. What are these new ions which 
are formed so soon as the iodate becomes acid? On _Ostwald’s 

reasoning, they should be positive iodine ions, the dissociation taking 

place as follows: 
+++ 

IO, f 2 FLO LOR). 

To test this hypothesis, I electrolyzed neutral and acid solutions 

of the iodate. In the neutral solution, the iodine comes off only at 

the anode; in the acid solution, it comes off both at the anode and 

cathode, but chiefly at the latter, thus indicating-that in such solu- 

tions the iodine is present as a positive ion, as well as in the 

negative. The objection to this experiment is that the fodate is 

reduced at the cathode to iodide, by the nascent hydrogen formed, 

a reaction which really takes place, and that the acid then causes 

the ordinary reaction between hydriodic and iodic acids. To this 

objection it may be answered that the analogy between the iodates 

and sodium silver cyanide strongly supports the view that the separa- 

tion of the iodine is, in part at least, a primary process, and that 

in any case there is in reality no difference in kind between primary 

and secondary electrolytic reactions. 

Whether this explanation of the iodate action be correct or not, 

I wish to emphasize the fact that an iodate in an alkaline or neutral 

solution has different properties from an iodate in acid solution, inas- 

much as in the last solution it is an intense oxidizing agent, whereas 

in the others it is not. Upon Ostwald’s hypothesis, this variation in 

action of the iodate is probably to be ascribed to the fact that the 
character of the dissociation changes as soon as the solution be- 

comes acid.! 

We may now apply these facts to the explanation of the divergence 

noted in the action of the iodates on the different kinds of protoplasm. 
Toward Fundulus eggs, an iodate is a poison; toward the nerve it is 

relatively inert. The difference between these tissues is primarily a 

difference in metabolism. Fundulus.eggs produce during division, 
judging from analogy with sea-urchin eggs,” large quantities of car- 

bon dioxide, while the metabolism of the nerve is known to be very 

1 For indications that similar changes in dissociation occur in organic com- 

pounds, following changes in acidity, see Ner, Liebig’s Annalen, 1899, cccix, 

p- 156 

* Lyon: This journal, 1904, xi, p. 52. 
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small. This carbon dioxide probably renders the egg-substance, or 

the water immediately in contact with it, far more acid than the 
nerve, and the result of this is an enormous increase in oxidative 

power of the iodate, probably due to the formation of a small number 
of positive ions (iodine) of very high ionic potential, which are, 
accordingly, very poisonous. 

To make the matter more certain, that the acidity of the tissue 

may make the iodate greatly more active than when it is neutral, 

I tried the following experiment. If the gastrocnemius muscle of 

the frog is immersed in neutral % solution of sodium iodate, it under- 

goes little or no shortening for several minutes. If, however, the 

iodate be made very slightly acid, so that it contains about Tt Ssul- 

phuric acid, the muscle is quickly coagulated, causing a sharp rise 

in tone and rigor, preceded by fibrillary contractions. Complete 

coagulation ensued in about one-half an hour. To show that the 

hydrogen ions were not responsible for this coagulation, the other 

muscle of the same frog was placed in % sodium chloride of the 

same acidity. This muscle showed little or no shortening, and was 
still irritable when the other was coagulated. I observed, also, that 

the iodate is a much more intense poison for the muscle, which 

turns acid easily and produces carbon dioxide, than for the nerve. 

By this explanation of the action of the iodates, it is seen that 
these salts, instead of being exceptions to the law stated in my 

former paper, confirm the hypothesis that ionic potential determines 

physiological action. It is, I think, highly suggestive that a slight 

difference in reaction of two tissues may be sufficient, if Ostwald’s 

hypothesis be correct, to produce a difference in the ionization of 

salts, and cause thereby a difference in the physiological response. 

THE CHLORATES. 

The action of the chlorates, and the other salts of which the anion 

apparently oxidizes, may be explained in the same manner. No good 

explanation has been given of the peculiar difference of action of the 

chlorates in different animals. In the frog, Temporaria, and rabbits 

these salts are much more inert than in dogs. In the animals affected 

by the drug, methemoglobin is formed, and to this the poisonous 

action is often attributed,! but that this is not a complete explanation 

of its action, I think pharmacologists generally will admit. In rabbits 

methemoglobin is formed with difficulty, and the animals are much 

1 CusHny: Pharmacology, 2d ed., 1go1, p. 512. 
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more immune than dogs. It has been suggested that in the dog the 

salt can penetrate the red corpuscle, and thus oxidize the haemoglobin, 

while in the rabbit it cannot. In fact, dog’s blood can be oxidized 

more easily than rabbit's. It is probable that the same factor in 
the blood which’ determines that the corpuscles of the rabbit are 

not dissolved by the chlorate, probably determines in the tissues their 

immunity to the chlorates. I have found that the laked rabbit’s blood 

is hardly, if at all, more readily oxidized to methemoglobin than is the 
unlaked blood, thus showing that a failure to penetrate the corpuscle is 

not the true explanation.. If, however, a current of carbon-dioxide be 

passed through the blood of dogs or rabbits, the action of the chlorate 

takes place very rapidly, and methzemoglobin is quickly formed. It is, 
therefore, clear that while the arterial blood of the dog or rabbit is quite 

resistant to the action of the chlorate, the venous blood will be quickly 

acted on in both cases. This experiment shows that the conversion 

probably takes place in the body in that part of the circulation where 

the blood is most acid, z.e.,in the venous system. That the conver- 

sion of hemoglobin to methamoglobin is not entirely sufficient to ex- 

plain the action of the chlorates, or their lack of action, is shown, also, 

by the fact that in Rana Esculenta the iodates are intense poisons, 

while in Kana Temporaria they are not; yet in the first frog, the 

blood does not contain methemoglobin after their action.! 

Whether rabbit’s blood is more alkaline than dog’s I have not ob- 

served, but the fact that the herbivorous animals secrete a strongly 

alkaline urine, and that their diet is one which we know by experiment 
increases the alkalinity of blood generally, would indicate that such 

was the case; the dog’s urine, on the other hand, is strongly acid, and 

his diet of meat would increase the acidity of the blood. 
If such a difference in alkalinity exists, it is sufficient to account for 

the greater immunity of the rabbits. 

The objections raised by Cushny? to ascribing the action of the 
chlorates to their oxidizing action, because the chlorates are excreted 

for the most part unchanged, is immaterial, for the reason that a small 

portion of the chlorate is not accounted for, and it is probably the 

portion which is used up which exerts an action. The bromates and 

iodates are certainly changed in part, at least, to the form of halides, 

so that the chlorates are probably changed also. 

That the pharmacological action of the chlorates, like their oxida- 

t BING = 100: ifs, Pp: 207. 

3. CUSHNY = 2200.-627.5-ps 501s 
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tive action, is enormously facilitated by the presence of small quanti- 
ties of acid, may be shown easily by the experiments already referred 

to upon the action of carbonic acid on chlorate blood. It can also be 

shown by allowing an ¥% solution of sodium chlorate, slightly acidified, 

to run over a gastrocnemius muscle. Such a solution causes an in- 

stantaneous contraction; while the neutral chlorate, or a chloride 

solution of the same acidity, isinert. Upon tetanized muscle, also, 

the chlorate is much more poisonous than upon non-tetanized. I tried 

the following experiment. One sciatic nerve of a frog was stimulated 

intermittently for fifteen minutes. Both gastrocnemius muscles were 
then removed and suspended in the same solution of sodium chlorate 

%- The tetanized muscle underwent fibrillary contractions; its tone 
steadily increased; there were no large contractions; and the muscle 

was coagulated the next morning. The untetanized muscle under- 

went no shortening; it contracted rhythmically and strongly almost 

from the time of immersion; and the next morning was irritable and 

not coagulated. 

From these experiments I see no escape from the conclusion already 

reached by Binz that the pharmacological action of the drug is deter- 

mined by its oxidative action, and that this is increased by the pro- 
duction in any tissue of carbon dioxide, or other acid. The variations 

in oxidative power are due then to variations in the acidity of the tis- 

sues; the more acid the tissue, the more intense the action of the drug. 

We may add to Binz’s conclusion the following: This increase in oxi- 

dative power is due, on Ostwald’s hypothesis, to the chlorate having 

in it, in acid solution, positive ions of low solution-tension, which are 

present in the alkaline solution only in very small amount. The char- 

acter of these positive ions is uncertain; but from analogy they should 

be chlorine ions with a valence of five. In other words, we reach the 

conclusion by this path, to which Binz came from other directions, that 

the action of the chlorate is due to its halogen atom. The fact that 

the acid chlorates are far less poisonous than the acid iodates is cor- 

related with the fact that the chlorates are far less intense oxidizing 

agents than the iodates, as may be seen by a comparison of their 

actions on potassium iodide. 

BICHROMATES AND OTHER SALTs. 

The same conditions govern the oxidative action of the ferricyanides, 
bichromates, and permanganates. In the chromates and bichromates 

the oxidizing agent is the chromium ion; in the permanganates the 
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manganese ion; and in the ferricyanides, the ferricion. Ostwald + has 
suggested for the ferricyanides that the oxidizing action is due to the 

three-charged ferricyanide anion going over to the four-charged state. 

It seems to me more probable from analogy, and the fact that the 

oxidizing action is more powerful in acid solution, that the action 

must be due to the presence of ferric ions.? 
For all these compounds the following general rule may be stated: 

Oxidising salts, such as the chlorates, which have the oxidizing prop- 

erty connected apparently with the anion, oxidize most powerfully in 

acid solutions ; those which have the oxidizing portion in the cation, as 

cupric salts, oxidize best in alkaline solutions. Pharmacologically 
the rule may be put as follows : All compounds of the first class act 

the more powerfully the more acid the tissue; all compounds of the 
second class act more powerfully the more alkaline the tissue, The 

explanation of this rule has already been given. 

As an example of the application of this rule, I believe the action 
of copper salts on mould spores may be cited. As mentioned in my 

former paper, some forms of protoplasm and particularly moulds are 

very resistant to copper. It is well known that the oxidative power 

of copper salts is much greater in aikaline than in acid solutions. 

For example, copper acetate in strongly acid solutions is unable to 

oxidize any of the sugars; if we gradually reduce the acidity, the 
increase in oxidative power may easily be seen. Levulose is oxidized 

by fairly acid solutions; as the acidity is reduced, glucose can be 
oxidized ; then galactose ; then maltose ; and finally, in alkaline solu- 

tion, lactose may be oxidized. It is not uninteresting that this is the 

order in which the body is able to utilize the sugars as foods. This 
experiment shows that in alkaline copper acetate, there must be 

present positive ions of higher ionic potential and greater power than 

in acid. It must therefore happen that if protoplasm is acid, copper 
will be relatively inert, while toward alkaline protoplasm it should be 

more powerful. There are reasons for believing that the protoplasm 

of moulds is acid, since these grow best in acid media, and Buchner 

and Hahn® state that the ‘“ Press-saft”’ of yeast is always acid, how- 

ever fresh it may be. 

1 OsTWALD: Loc. cit., p- 439. 

2 That the ferricyanide dissociates in part into ferric ions is indicated also by 

the behavior of the corresponding ferrofulminic acid salts which in acid solutions 
decompose completely in this way (NEF: Proceedings Amer. Acad., 1894, p. 188). 

8 BUCHNER and HAHN: Die Zymasegarung, Miinchen, 1903, p. 292. 
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Tue AcTIon oF SopIUM SILVER CYANIDE. 

Another principle of pharmacological importance is brought out by 

a study of these oxidizing salts and of sodium silver cyanide. The 
latter salt dissociates chiefly into sodium and silver cyanogen ions. 
There are, however, a few positive silver ions present, aithough their 

number is very small so long as the solution remains alkaline. It 

might be supposed from the chemical behavior, that silver ions were 

not present, but that they are present may be shown if the solution 

is electrolyzed, when silver is deposited at the cathode. Practically, 

the whole of the silver may be thus deposited. While, therefore, at 

any instant there are present so few silver ions that they cannot be de- 

tected by ordinary reactions, the whole of the positive electrolysis is 
carried out by these minute quantities of ions. This is made possi- 

ble by the fact that there is an equilibrium in the solution between 

Na, is AgCn,, Cn ions, and (Na, AgCn,) molecules. When one 

silver ion is removed by electrolysis, another is quickly generated.! 
It seems to me that the electrolytic behavior of this salt is in the 
highest degree significant for pharmacologists. It enables us to see 

how substances may act powerfully on protoplasm, although they 

are so slightly ionized that they appear not to be ionized at all. If 

any tissue is capable of removing silver ions from the ionic form, say 

by combining with them, it will act just like the cathode, and in a 

solution of this salt, such a tissue will cause all the silver ultimately 

to become active in the ionic form. Furthermore, if the conditions 

in any tissue favor the formation of such ions, more than in another 

tissue, and if the tissue can combine with such ions, as all tissues 

can, that tissue will appear to exert a selective action. on the silver ; 
it will pick it out and be poisoned by the salt more than another 

tissue. Such conditions may easily prevail, for, as stated, it is only 

necessary to decrease the alkalinity or increase the acidity to increase 

greatly the number of silver ions. Sodium silver cyanide, in other 
words, is an oxidizing agent like the iodates, only instead of splitting 

off positive iodine, it splits off positive silver. The fact that the 

silver cyanides split off small numbers of the silver ions strongly 

confirms the hypothesis that the iodates and chlorates dissociate 

small numbers of the iodine and chlorine ions. 

Organic chemistry is full of instances showing the importance of 

1 OsTWALD: Loc. cit., p. 473- 
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these substances formed as intermediate products of reactions, sub- 

stances which may be present at any instant only in minute traces, 

and yet a large quantity of a reacting substance may pass with great 

rapidity, molecule by molecule, through such stages.!' I believe the 

application of this principle will ultimately harmonize the action of 

the organic drugs with the hypothesis that inorganic and organic 

salts act on protoplasm by the electrical charges on the ions, the 

degree of action being determined by the number and ionic potential 

of these ions. 

Two or three instances will suffice to indicate this more precisely. 

Amyl nitrite and sodium nitrite produce nearly the same physio- 

logical result. Sodium nitrite in acid solutions is a strong oxidizing 

agent. It acts pharmacologically not by means of its sodium ions or 

its negative nitrite ions, which are present in large numbers, but 

undoubtedly, from what has been said of the relation of pharmaco- 
logical to oxidizing action, by means of small quantities of positive 

NO ions its solutions contain. These ions have a very high ionic 
potential, and cause thereby an intense oxidation and pharmacological 

action. Such ions will be set free in the more acid tissues. I have 

found that the nitrite is relatively inert toward alkaline tissues, but 

poisonous toward acid. Now amyl nitrite does not dissociate electro- 

lytically, except very slightly, nevertheless there is reason for thinking 

that it does dissociate somewhat because it will break up in water 

with the formation of amyl alcohol, and it is easy in reactions to 

replace the nitrite group, showing it to be loosely bound. Besides 

this, tertiary amyl iodide is known to split very rapidly in water into 

tertiary amyl alcohol and hydriodic acid. If amyl nitrite does dis- 
sociate these same NO ions, as its chemical behavior indicates, it 

is clear that it must exert a similar action to the inorganic nitrites.” 

For even though at any time there are present but small amounts 

of such ions, so great is their combining power that they are at once 

removed by the tissues, and new ions are generated to take their 

place. Amy] nitrite, or any nitrite capable of this dissociation, must 

produce the same pharmacological effect. 

The second instance is chloroform. Chloroform in all its physio- 

1 NEF has particularly emphasized the importance of these dissociated mole- 

cules of organic compounds, both for chemical and physiological reactions (see 

Liebig’s Annalen, 1899, cccix, p. 156; Igo1, cccxviii, p. 2). 

* Binz: Archiv fiir experimentelle Pathologie und Pharmakologie, 1880, xiii, 
p. 13a. 
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logical reactions bears a remarkable resemblance to atomic chlorine, 

as has been pointed out by Binz. Negative chlorine is a stimulant, 

but atomic chlorine, according to the theory, is positively charged, 

and must hence have an opposite or depressant action. Chlorine 

gas is an intense oxidizing agent. This shows, it seems to me, that 

it must contain positive ions of high potential, although in small 

quantities. Now chlorine gas acts on protoplasm, as Binz has 

shown, as an anesthetic.) Frogs are anesthetized by it; nerves 

lose their irritability; muscles exposed to its vapors undergo a 

prolonged tetanic rigor exactly similar to that produced by acids 

or chloroform or other anzsthetics. Both chloroform and chlorine 

are intense irritants to skin and mucous membranes, although the 

chlorine is the more powerful. The sole difference in action is a 

difference in degree. 

Evidence is not lacking that chloroform does dissociate small 

quantities of chlorine ions. The fact that methyl chlorides do 

ionize, though slowly, is shown by their behavior. Hydrolytic 
decomposition takes place in small amounts, as follows: 

CH;Cl + H,O = CH;0H + HCl. 

The halogen atoms in such compounds react slowly with silver 

nitrate, this is particularly true of the iodides, forming silver halides. 

After chloroform is given, the chlorides are increased in the urine,” 

though the chlorine is not derived wholly from the chloroform. 

When ethyl bromide is given, bromides appear in the urine.® 

Methyl and ethyl bromides and iodides react in the test tube more 

rapidly with silver nitrate than do the chlorides,* and they are more 

intense depressants than the chlorides.® The iodine and other halo- 

gens in the ethyl compounds are less easily split off than the same 

halogens in the methyl compounds,® and corresponding with this the 

ethyl chlorides and bromides are less strongly anesthetic, molecule 

for molecule, than the methyl.’ The pharmacological action of 

1 Binz: Archiv fiir experimentelle Pathologie und Pharmakologie, 1880, xiii, 

Pp- 139; 1894, xxxiv, p. I99.. 

2 Kast: Zeitschrift fiir physiologische Chemie, 1888, xii, p. 277. 

8 Binz: Archiv fiir experimentelle Pathologie und Pharmakologie, 1891, 

XAVili, p. 201. 
* MEYER and Jacosson: Lehrbuch der Organischen Chemie, I, p. 183. 

5 OVERTON : Studien tiber die Narkose, Jena, Igol, p. 103. 

6 MEYER and JAcoBSON: Loc. cit. 

7 DIEBALLA: Archiv ftir experimentelle Pathologie und Pharmakologie, 1894, 

XXXIV, p. 137; OVERTON: Studien tiber die Narkose, Jena, 1901, p. 103. 
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chloroform is in every respect that of a substance forming positive 
ions of high potential. It is immaterial whether the chlorine or the 

methyl or methylen (Nef) is the negative or positive ion. In any 

case it is the positive ion which predominates. Inasmuch, however, 

as the CH, ion, if formed, must be of much lower solution-tension 
than hydrogen, it is probable, I think, from the law of mass action, 

and the relative solution-tensions of chlorine and methyl, that the 

chlorine will be dissociated in part, at least, as a positive ion. 
The hypothesis of the decomposition of chloroform is confirmed, 

also, by the action of chloroform on albumin. Albumin is coagulated 

by acids, or strong positive ions. It is, for example, coagulated by 

any strong acid, but particularly by nitric acid, which contains the 

powerful positive NO, ions. It is precipitated by bromine, chlorine, 

or iodine zz statu nascendi, that is, by the positive halogens. It is 

precipitated by the bichromates and other oxidizing agents in acid 

solution. It is also precipitated by chloroform. If we turn to other 

organic haloids, similar relationships are seen. Glycerine does not 

precipitate albumin; monochlorhydrin precipitates it very little or 

not at all. It coagulates muscle very slowly, and is a very weak 

anesthetic. Dichlor- and trichlor-hydrin precipitate albumin readily 

and are more powerful anesthetics. 
The third instance is ammonium hydrate. In my opinion, the 

pharmacological action of this substance cannot possibly be referred 
either to the NH; or the OH ions its solutions contain. That the 

NH, ion is not responsible for its action, is shown by the fact that 

ammonium chloride is not particularly poisonous for many forms of 
protoplasm. Similarly, the few hydroxyl ions present in the hydrate 

solutions cannot be made responsible for its intense action. This 

action is extraordinary. A very minute amount of the vapor causes 

muscle to shorten quickly, and go into a rigor, accompanied by coagu- 

lation. Exactly the same effects are produced by strong acids, and 

the anesthetics. It is an intense poison also for many eggs, Z. @. 

Arbacia (Lyon). It is quite evident, I think, that the pharmaco- 

logical action of this compound is due to compounds (ions) present 

in very small numbers, but intensely active. It is not impossible 
that there is some hydroxylamine present, or possibly a dissociation 

of NH, into NH, and H. Whatever these ions may be, the pharma- 
cological action is, I think, due mainly to them, and not to the 

obvious ions NH, and OH. 

* MARSHALL and HEATH: Journal of physiology, 1897, xxii, p. 38. 
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There is hence good reason for thinking that both the nitrites and 
chloroform, and probably other drugs as well, do dissociate slightly ; 
that their physiological action is, roughly at any rate, proportional 

to their chemical activity, which is, in its turn, greatest in those which 

decompose into ions most easily; and, since the physiological effects 

are identical with those produced by ions, we may conclude, as has 

already been concluded by Binz, that they act by means of these 

dissociation products, or, as we now call them, ions. 

Other examples might be given to illustrate these general prin- 

ciples. If they are true, it follows that the organic drugs owe their 

action to ions of very high ionic potential, generally present in small 

amounts at any one time, but formed readily and formed in different 
amounts under slightly different conditions. The chemical composi- 

tion of these ions is of no importance, as has already been stated in 

my former paper;? it is their ionic potential, sign and numbers 

which determine their action. The instances cited will suffice to 

show the importance of these two generally neglected pharmaco- 

logical principles: 2 ¢.: (1) changes in the kind of dissociation due to 

changes in the reaction of the tissues; and (2) the tmportance of tons 

(dissociation products) present in minute traces, but tn equilibrium 

with other tons ang molecules. 

What causes the dissociation to change in acid solutions? This 

can only be conjectured, but I believe the fact that it does change 

indicates the truth of the suggestion of Richards” that the atomic 
volume and its correlate solution-tension varies with the solution- 

tension or power of the oppositely charged ion present. I drew such 

a conclusion from the physiological behavior of the salts. It may 
be that in the presence of the very positive ion sodium, the iodine in 

an iodate is more negative than is usual. Its solution-tension is 

higher. It remains almost altogether in the anion. In the presence, 

however, of the weak positive ion hydrogen, the iodine is not so 

negative; its solution-tension for the negative charge falls, and a 

part of the iodine actually takes a positive charge, so that there are 
present a few positive iodine ions. While this hypothesis may be 

altogether wrong, the facts may be interpreted in harmony with it. 

It remains to be seen whether it can be harmonized with the theory 

developed by Nernst for concentration chains. 

1 This disposes of the objection raised against Binz’s explanation of the chloro- 
form action, that many anesthetics contain no halogens. 

2 RICHARDS : Zeitschrift fiir physikalische Chemie, 1902, xl, p. 172. 



THE INFLUENCE OF THE STROMATA AND LIQUID OF 

LAKED CORPUSCLES ON THE PRODUCTION OF 

HAMOLYSINS AND AGGLUTININS. 

By G. Ni STEWAKE. 

[From the Hull Physiological Laboratory, University of Chicago.] 

HAVE previously shown ! that colored corpuscles laked in certain 
ways (by foreign serum, freezing and thawing, heating, standing 

for a time either under septic or aseptic conditions) lose their 

haemoglobin completely without any marked increase taking place 

in the electrical conductivity of the blood or of a suspension of cor- 

puscles in salt solution. Other laking agents, like saponin (in more 

than strictly minimal doses) and water, cause an absolute or relative 

increase of conductivity, accompanying the exit of the haemoglobin. 

A similar increase in conductivity is caused by the addition of 

agents of the second group to the ghosts or shadows of corpuscles 

laked by any one of the first group. The simplest explanation of 

these facts is that the haemoglobin is discharged under the influence 

of laking agents of the first group, without any important escape of 

electrolytes, while the second group causes, in addition, and perhaps 

subsequent to the discharge of the hemoglobin, such an alteration in 

the stroma as leads to the escape of electrolytes as well. I have been 

endeavoring in various ways to throw light upon the nature of the 

change in the stroma or envelope associated with hamolysis. Here 
will be described briefly some experiments, which I hope to continue, 

on the effect of injection of the stromata and of the substances which 

escape from the corpuscles respectively, in hazmolysis caused by 
various laking agents, as regards the production of specific agglu- 

tinins and lysins. Jt seemed not impossible that quantitative or even 

qualitative differences might be detected in this respect, depending 

1 STEWART: Journal of physiology, 1899, xxiv, p. 211. 
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on the method of laking, and especially differences between the 

products of laking by the two groups of hemolytic agents mentioned. 

For the escape of electrolytes caused by the second group suggests 

that they bring about a more profound alteration in the stroma than 

the first. 
In connection with this investigation the question was also studied, 

whether formaldehyde-fixed corpuscles, which have been shown! to be 
still susceptible in certain respects to the action of some laking 

agents, have any power of causing, on injection into an animal, the 
production of specific bodies similar to those formed after injection 
of fresh corpuscles. Since saponin, for instance, causes in formalde- 

hyde-fixed corpuscles an increase in conductivity as great as that 

produced by it in fresh corpuscles, certain constituents of the cor- 

puscles may be supposed not to be fixed, or at any rate not to be fun- 

damentally altered by the formaldehyde; and it was of interest to 

determine whether, among these the substances which on injection 

into an animal of another species give rise to the production of 

agglutinins and hemolysins (the agglutininogens and hemolysinogens 

or, more briefly, lysinogens), might not be included. 

Not a great many experiments have previously been made on the 

question whether the ghosts or the liberated contents of laked cor- 

puscles contain agglutininogens or lysinogens, and, so far as I am 

aware, the few which have been made have all been on corpuscles 

laked by water, an agent which, according to my observations, is 

perhaps, on account of the violence of its action, less suitable than 

any other for use in observations concerning the normal distribution 

of these substances in the corpuscle. It is also more difficult, in the 

case of mammalian corpuscles at any rate, to obtain considerable 

quantities of ghosts free from haemoglobin with water-laking, than 

when other agents are used. 

Bordet? states that the injection of water-laked rabbit’s stromata, 

free from hemoglobin, into the peritoneal cavity of a guinea-pig caused 

the production of hamolysin which was épecific for rabbit’s cor- 
puscles. The injection of the hamoglobin-containing liquid gave a 

negative result. 
V. Dungern®? came to the opposite conclusion. He laked bird’s cor- 

1 STEWART : Journal of physiology, 1901, xxvi, p. 470. 

2 BoRDET: Annales de l'Institut Pasteur, 1900, xiv, p. 257; quoted by 

ASCHOFF: Zeitschrift fiir allgemeine Physiologie, 1902, i, p. 156. 

8 Von DuUNGERN: Miinchener medicinische Wochenschrift, 1899, xlvi, p. 449. 
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puscles by water, and hastened the separation of the shadows by 

shaking up with a little ether. He then washed the shadows on 

a filter with ether-containing water till all the haemoglobin was 

removed. The shadows were injected into the peritoneal cavity of 
one guinea-pig and the hemoglobin-containing liquid into another. 

After ten or eleven days he injected into the peritoneal cavity of 

each guinea-pig some normal bird’s corpuscles. In neither case was 

any heemolysis of the normal bird’s corpuscles produced. He there- 

fore asserts that the substance in the corpuscles which gives rise to 

the hemolysin in the serum of guinea-pigs injected with intact bird’s 

corpuscles, is not contained in the shadows, nor is it the haemoglobin. 

It is to be noted, however, that this author not only employed a vio- 
lent laking agent (water), but also caused further changes in the 

stromata by washing them with ether, which is itself a laking agent, 

and possesses the power of dissolving out substances like cholesterin 

and lecithin, not only from stromata, but from fully fixed formaldehyde- 
hardened corpuscles. His results, therefore, are not calculated to 

throw much light on the normal distribution of the lysinogenic sub- 

stance in the intact corpuscle. 

P. Nolf! injected the stromata of water-laked chicken’s corpuscles 

intraperitoneally into rabbits. The stromata were washed with salt 

solution. Into other rabbits the hamoglobin-containing liquid was 
injected. After a sufficient interval had elapsed, he examined the 

agglutinating and hemolytic power of the rabbit’s serum for intact 

chicken’s corpuscles. The serum of the rabbits which had received 

stromata caused strong agglutination, but comparatively little haemol- 

ysis. The serum of the rabbits injected with the liquid was strongly 

hemolytic, but had comparatively little agglutinating power. He 

concluded that the stroma constituents only give rise to the produc- 

tion of agglutinin; the “cellular contents,” only to the production of 

the specific hamolytic antibody (intermediary body of Ehrlich). 

This ‘‘ diagrammatic” result, the sharpness and simplicity of which 

are only attained by assuming that the relatively feeble lysinogenic 

action of the shadows, and the relatively feeble agglutininogenic 

action of the liquid, are due to mutual contamination, is perhaps not 

unconnected with this observer's “ diagrammatic” conception of the 

structure of the corpuscle, which he looks upon as a vesicle contain- 

ing hemoglobin in solution. A complete topographic separation of 

1 NoiF: Annales de 1’Institut Pasteur, 1900, xiv, p. 297. 
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the active substances in the corpuscle will appear far less likely, 

if the stroma be regarded as a mass of protoplasm in whose meshes 

the hamoglobin is contained, or to some of whose constituents it is 

united. 
I desire to avoid the term “cellular contents,” which Nolf applies 

to the constituents of the corpusclé discharged in water-laking, as it 

implies that the whole contents of the corpuscle, except the stroma, 

escape unaltered, and that the stroma contributes nothing whatever 

to the extruded liquid. This may, perhaps, be the casein the gentler 

kinds of laking, but is unlikely to be true in water-laking. I prefer, 

therefore, to speak of the solution of ejected substances as the extra- 

corpuscular liquid, or the hemoglobin-containing liquid, or, for the 

sake of brevity, where no ambiguity can arise, simply as the liquid. 

My experiments were all made on guinea-pigs and rabbits. The 

guinea-pigs were injected intraperitoneally or subcutaneously with 

the stromata and liquid, respectively, of rabbit’s laked corpuscles. In 

one case a guinea-pig was treated with dog’s blood which had been 

allowed to undergo autolysis for three years. The rabbits were in- 

jected subcutaneously with the stromata or liquid of dog’s corpuscles. 

Before laking, the corpuscles were thoroughly washed with 0.9 per 

cent salt solution, and after laking the ghosts were washed with the 

same liquid. When water-laking was employed, the separation of 

the stromata was facilitated by the addition of a sufficient amount 

of sodium chloride in substance, or of ag per cent solution of it to 

make the strength of the liquid in which the ghosts were suspended 

approximately that of ao.9 per cent solution. The salt solutions used 

for washing the corpuscles and ghosts, and the water used for laking, 

were sterilized by boiling. The injections were made with aseptic 

precautions. Control experiments were done in which unlaked 

washed rabbit’s corpuscles were injected into a guinea-pig, and intact 

washed dog’s corpuscles into a rabbit. The sera obtained from these 

animals furnished a standard with which to compare the other sera, 

as regards intensity of action. It must, however, be remarked that 

quantitative results obtained in this way can only be approximately 

accurate, unless indeed such a large number of experiments is per- 

formed as is necessary to eliminate the influence of idiosyncrasy. 
Further, owing to the fact that-the injections, for various reasons, 

could not all be made at the same time, nor the specimens of blood 

be all obtained after the same interval, control serum was not always 
available. Although, as is well known, the most active sera are 

’ 
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obtained after repeated injections, I purposely refrained in most 

experiments from giving more than one, with the idea that if, as Nolf 

supposed, the appearance of some agglutinin after injection with 

liquid and of some lysin after injection with stromata is due to mutual 

contamination, the secondary product might be present in insig- 

nificant amount. As a consequénce, rather larger quantities than 

usual of the serum to be tested were employed. The single injection 

was usually large, and the reaction was unmistakable. In these ex- 

periments I thought it well first to establish the presence or absence 

of a marked hzmolytic reaction without attempting to show in each 
case that the hemolytic power was due to a specific intermediary 

body. In one animal, however, it was proved that an intermedi- 

ary body had been produced (guinea-pig J (8) to (12) ). In further 

experiments now going on this point will be examined more closely. 

In all, nineteen guinea-pigs, weighing from 500 to 850 grammes, 

and five rabbits, weighing from 2 to 3 kilos, received injections. 

Of the guinea-pigs, nine survived, or were allowed to live, only two 
days or less, as they rapidly developed toxic symptoms. These will 

be referred to briefly later on. One guinea-pig lived only five days. 

The remaining nine and the five rabbits furnished the material from 
which the conclusions as to the specific agglutininogenic and lysin- 

ogenic power of the stromata and liquid, respectively, are entirely 

drawn. With one exception, only the protocols of these experiments 

are reproduced. 

Of the nine guinea-pigs which survived indefinitely, or at any rate 
long enough to provide suitable material, one (A) received the 

stromata of rabbit’s corpuscles laked by dog’s serum; one (B), heat- 

laked rabbit's stromata with some of the extra-corpuscular liquid; one 

(F), normal washed rabbit’s corpuscles ; one (H), washed rabbit’s 

corpuscles incompletely fixed with formaldehyde; one (1), the extra- 

corpuscular liquid of rabbit’s corpuscles laked by alternate freezing 

and thawing; one (K), the washed stromata of the same corpuscles 

laked by freezing and thawing; one (J), the extra-corpuscular liquid 

of rabbit’s corpuscles laked by heat; one (J’), the washed stromata 

of the same heat-laked corpuscles; and one (QO), the extra-corpuscular 

liquid of rabbit’s corpuscles laked by the minimal quantity of water 
necessary for complete discharge of the haemoglobin. 

Of the five rabbits, one (A) received washed dog’s corpuscles, fully 
fixed with formaldehyde; one (B), the washed stromata of dog’s cor- 

puscles laked with excess of water; one (C), the liquid from the same 
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water-laked dog’s corpuscles; one (D), normal washed dog’s cor- 

puscles ; and one (E), the washed stromata of dog’s corpuscles laked 

by saponin (minimal dose). The choice of the material injected 

into the rabbits was determined by the desire to fill, as far as pos- 

sible, the blanks in the series caused by the rapid death of so many 

of the guinea-pigs. Rabbit C was seen to be dying on the ninth 

day after injection, and was killed. Rabbit D had also developed 

serious symptoms by the fourteenth day, and was then killed. The 

remaining three survived indefinitely. 
The results for the nine guinea-pigs and five rabbits summarized 

in Table I seem to justify the following conclusions: 
1. Both the stromata and the hemoglobin-containing liquid of 

colored corpuscles laked by water, by freezing and thawing, and by 

heat, possess the power of causing the production of sera with specific 

hemolytic and agglutinating power, when injected into an animal of 

a different species. The same is true of the stromata of saponin- 

laked corpuscles,! and of corpuscles laked by foreign serum.! 
2. The injection of the stromata of corpuscles laked by the milder 

agents (heat, freezing and thawing, foreign serum) causes the pro- 

duction of sera whose agglutinating power is more marked than their 

hemolytic power. The injection of the stromata of corpuscles laked 

by a minimal dose of saponin has the same effect. 
3. The injection of the hemoglobin-containing liquid after laking 

by the milder agents (heat, freezing and thawing) causes the pro- 

duction of sera whose hemolytic power is more conspicuous than 

their agglutinating power, when compared with the sera produced 

after injection of the corresponding stromata. 
4. The injection of the stromata of water-laked corpuscles causes 

the production both of specific agglutinin and of specific hamolysin. 

The same is true of the hemoglobin-containing liquid. But the 

serum produced under the influence of the stromata is weak in 

agglutinating power, and that produced under the influence of the 

liquid strong in agglutinating power, in comparison with the sera 

produced under the influence of the stromata and liquid, respectively, 

of corpuscles laked by the milder agents. On account of the diffi- 
culty of completely freeing the stromata of non-nucleated corpuscles 

from hemoglobin after water-laking, more experiments are required 

on this point, and these are now going on. 

1 The hemoglobin-containing liquid was not tried in these cases, as it might be 

expected to produce direct toxic effects. ° 
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5. The injection of corpuscles fully fixed by formaldehyde causes 

the production of serum with specific agglutinating and haemolytic 

powers, but the agglutinating action is more marked than the hzemo- 

lytic. The injection of corpuscles partially fixed by formaldehyde, 
but still capable of being slowly laked by water, causes the production 
of a serum with strong specific hamolytic, as well as strong agglu- 

tinating, power. 

6. The lysinogen, like the specific hamolysin (intermediary body) 
to which it gives rise, and unlike the complement, is relatively ther- 

mostable, not being destroyed by the temperature of heat-laking 

(60-62). The same is true of the agglutininogen. 

The most reasonable assumption which will explain the above 

results is that the corpuscles contain agglutininogens and lysinogens 

partly in the form of a relatively firm combination in the stroma, 

and partly in solution or loosely bound to the stroma. The agglu- 

tininogens seem to be in the main firmly united with the stroma, 

and the lysinogens in the main more loosely united, or perhaps in 

part dissolved in the “cell contents.” When the corpuscles are 

laked by the milder agents, lysinogens easily escape from them in 

considerable amount, agglutininogens in comparatively small amount. 

When the corpuscles are laked by water, which causes more profound 

changes in the stroma, more of the agglutininogens may be supposed 

to be liberated. 

The fact that formaldehyde-hardened corpuscles, in which the 
hemoglobin is completely fixed, give a positive agglutininogenic 

reaction lends support to the view that the agglutininogens are 

largely in the stroma or envelope. Since the lysinogenic power of 

corpuscles partially fixed by formaldehyde is greater in proportion to 

the agglutininogenic power than in fully fixed corpuscles, we may 

conclude that the lysinogens are sooner and more completely altered 

by formaldehyde than the agglutininogens. This agrees with the 

idea that the lysinogens are ina different condition from the agglu- 

tininogens, and perhaps less closely associated with the stroma. 

Nicolle and Trenel' have expressed the view that in bacteria 

the power of being agglutinated and the power of producing an 

agglutinin always reside together, every agglutinable microbe being 

capable of causing agglutination, and every non-agglutinable microbe 

being incapable of causing agglutination. Since formaldehyde-fixed 

' NICOLLE and TRENEL: Annales de I’Institut Pasteur, 1902, xvi, p. 562. 
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corpuscles still possess the power of causing the production of specific 
agglutinins when injected into animals, we might expect that they 

would still be capable of being agglutinated by specific sera. This is 

the case, as is illustrated in Tables II and III. In the agglutination 

of formaldehyde-fixed corpuscles by specific serum, while clumping 
was very distinct, under the microscope, and the agglutinated corpus- 

cles sank rapidly to the bottom of the test-tube, the agglutination 

was more easily broken up by shaking, than in unfixed corpuscles 

agglutinated by the same serum (after heating to 60° to ‘prevent 

hemolysis). Aggregation without increase of viscidity of the corpus- 
cles seemed to be the characteristic phenomenon. This is in favor 

of the view that the agglutination of normal corpuscles is in part, 

and perhaps essentially, due to a tendency to aggregation produced 

by a change in the colloids of the corpuscle, not necessarily accom- 

panied by an increase in the viscidity of the envelope. That aggre- 

gation and the actual sticking together of the corpuscles are not 

occasioned by the same agency is perhaps further illustrated by the 

fact, previously pointed out by me,! that saponin, which in minimal 

dose causes agglutination of unfixed corpuscles and their ghosts, the 

ghosts forming a mass at the bottom of the tube, which can only be 

shaken up with difficulty, produces on formaldehyde-fixed corpuscles 

an effect the opposite of agglutination, the corpuscles remaining sus- 

pended longer, and being shaken up more easily than in the absence 

of saponin. Now saponin certainly brings about some change in the 

envelopes of formaldehyde-fixed corpuscles, as is shown by the 
marked increase of conductivity which it causes. If this action is 

similar to that which produces agglutination in the unfixed corpus- 

cles, the consummation of the agglutinative process may be prevented 

by some inhibitory effect of the saponin on aggregation of the 

corpuscles after the preliminary changes in the envelope have been 

accomplished. No change in the conductivity of a suspension of 

dog’s formaldehyde corpuscles was produced by the agglutinative 

serum of Rabbit D. 
Putting everything together, we may pretty safely conclude that 

the property of the corpuscle on which agglutination by specific sera 

depends, and which is not destroyed by formaldehyde, is a property 

of the envelope or stroma, in which also the agglutininogenic power 

of the corpuscle must, mainly at any rate, be supposed to reside. 

The fact that formaldehyde-fixed corpuscles also possess lysinogenic 

1 STEWART: Journal of experimental medicine, 1902, vi, p. 259. 
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power seems to indicate that the stroma contains lysinogens which 

are not destroyed by formaldehyde, unless, indeed, we suppose that 

the precipitated methemoglobin produced from the hemoglobin is still 
lysinogenic. But, so far as J am aware, it has never yet been demon- 

strated that even crystallized oxyhemoglobin has any lysinogenic 

action. Much unaltered oxyhzmoglobin was still present in the au- 

tolysed blood injected into Guinea-pig G, yet the reaction was nega- 

tive as regards the serum of the guinea-pig, although the liquid from 

the thoracic cavity showed some hemolytic power. The experiment, 

however, which was made for the purpose of investigating the action 

of blood submitted to autolysis, and not of haemoglobin, is inconclu- 

sive, as the animal only lived five days. 

It would be interesting to determine the effect on the agglutinino- 

genic and lysinogenic power of formaldehyde-fixed corpuscles, of 
acting on them before injection with saponin, bile salts, and perhaps 

other laking agents, including biological hamolysins, and of extract- 

ing them with ether and other solvents. The effect of other fixing 

agents than formaldehyde, and of temperature on the agglutinino- 

genic and lysinogenic activity of corpuscles, ought also to be studied. 

The effect of injections of the ghosts of corpuscles laked by the milder 

agents, and then acted on by the more violent ones, which cause them 

to lose electrolytes, might also throw light upon the nature and dis- 

tribution of the agglutininogens and lysinogens. It isto be expected 

that other animal cells than red corpuscles and bacteria may still 

preserve some power of causing the production of agglutinins, lysins, 

or antitoxins after fixation with formaldehyde, or perhaps with other 

reagents. The practical aspects of such a possibility are not to be 

overlooked. The investigation of the effects of saponin, ether, etc. 

on formaldehyde-fixed corpuscles, in regard to their power of being 

agglutinated by specific sera, might also throw light on the mechan- 

ism of agglutination. The fact that the Widal-Griinbaum reaction, 

as Ficker has shown,! succeeds with typhoid bacilli after they have 

been acted on by a preservative liquid, is suggestive, as it is a 
phenomenon analogous to the agglutination of formaldehyde-fixed red 

corpuscles by specific serum. Ficker has refrained from publishing 

his process, so far as I am aware. It would be interesting to see 

whether formaldehyde would not be a suitable “‘ preservative.” 

1 FICKER: Berliner klinische Wochenschrift, 1903, xl, p. fo21.  ~Seergiss 

MEYER: J/éid., Feb., 1904; and RapzIkOWsK1: Wiener klinische Wochen- 

schrift, 1904, p. 276. 
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One or two incidental observations are perhaps worthy of notice. 
In water-laking of blood or washed corpuscles, as Nolf! has pointed 

out, the last trace of haemoglobin is not very readily removed by wash- 

ing from the ghosts of chicken’s corpuscles. I have observed that 

this is the case in dog’s corpuscles even when a very considerable 

excess of water is employed in laking, ¢.g., twenty volumes of 

water to one volume of blood. If the ghosts are separated by 

centrifugalizing after the addition of sodium chloride in substance, 
or in strong solution till the strength of the mixture is about that of 

a 0.9 per cent sodium chloride solution, the ghosts form a markedly 

red sediment. If the hamoglobin-containing liquid be removed, and 

excess of water again added to the ghosts, they lose some more of 

their hemoglobin, but only with difficulty, and even after several 

washings, the addition of sodium chloride being employed in each 

case to hasten their separation, they still contain some blood-pigment. 

Two possible explanations suggest themselves. (1) The swollen 

ghosts may be simply filled with a solution of haemoglobin of the same 
strength as the extra-corpuscular liquid, the haemoglobin passing 

freely through the distended envelope in both directions, although 

obviously in regard to sodium chloride the envelope must act asa 

semi-permeable membrane, else the ghosts would not shrink on addi- 

tion of that substance. If now when the ghosts shrink the hzmo- 

globin in solution in their interior is unable to pass out through the 

envelope, they will, of course, be more deeply tinged than the extra- 

corpuscular liquid. (2) The other and more likely explanation is that 

the stroma, while readily parting with the main portion of the hamo- 

globin, retains a residue, which is either in firmer combination with it 

than the rest,— in some such condition, for example, as the hemoglobin 

of striped muscular fibres, or is perhaps mechanically entangled in it 

by the precipitation of globulins by the water. To determine whether 

stromata, once completely deprived of hamoglobin, would take it up 

from solution, and retain it when caused to shrink, blood-corpuscles 

were laked with water, and washed repeatedly till free from hamo- 
globin. They were then added to the hemoglobin-containing liquid 

of water-laked blood or washedcorpuscles after removal of the ghosts. 

The mixture was allowed to stand over night, and the stromata were 

then separated by the centrifuge after addition of sodium chloride. 

They did not appear to contain any hemoglobin. 

Another experiment was made in the following way. Dog’s blood 

1 NouF: Loc. cit. 
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was laked by water. The stromata was separated as well as possible 

by centrifugalization, without the addition of sodium chloride. The 

supernatant liquid was pipetted off. It still contained ghosts, but not 

so many as the bottom of the tubes. To a given volume of the 

supernatant liquid, a known amount of sodium chloride solution was 

added, and the mixture was labelled A. To the suspension of stro- 

mata from the bottom of the tubes sodium chloride solution was 

added in the same proportion, and the mixture labelled B. A 

and B were now centrifugalized. The supernatant liquids of A and B 

contained the same proportion of hamoglobin, as estimated colorimet- 

rically. Now if the ghosts in shrinking had_ retained all the 

hemoglobin in solution in them while the water passed out, the 

supernatant liquid of B ought to have been weaker as regards hamo- 

globin than that of A, since the ghosts in B made up a greater part 

of the total volume of the suspension than the ghosts in A. The 

hemoglobin in ordinary solution in the ghosts must therefore have 

passed out of them, as they shrank, in the same proportion as the 

water. The stromata after separation from A and B were distinctly 

red, which can only be explained in accordance with (2). 

It is much more difficult to completely free dog’s water-laked ghosts 

from hemoglobin by repeated washings with salt solution, than it is 

to free chicken’s ghosts, because, possibly on account of their being 

ballasted by the nuclei, the chicken’s ghosts can be quantitatively 

recovered after each washing. In the case of the dog’s ghosts, there 

is always great loss. 
The protective influence of the serum of a given kind of blood on 

its own corpuscles, against the action of a specific haemolytic serum, 

has often been observed in the course of this work, for instance in 

Rabbit A, Experiments (3) and (4), March 15, in Rabbit C, (3) and 

(5), in Guinea-pig K, (1) and (2), (7) and (11). 

The fact that the serum of the foetus need not share in the specific 

hemolytic and agglutinating properties of the serum of the mother 

is well illustrated in Guinea-pig K, Experiments (8), (9), and (10). 

While the serum of the mother, which had been injected with the 

stromata of rabbit’s corpuscles laked by freezing and thawing, caused 

laking and good agglutination in rabbit’s corpuscles, the serum of 

the embryos had no such effect. The amniotic and allantoic liquids 

were likewise without action (K, (4), (5), (12), and (13) ). 

The foetal blood-corpuscles in this case were scarcely laked by 

rabbit’s serum, while the maternal corpuscles were rapidly laked. 
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In one instance (Rabbit C, (8) ) heating to 60° abolished the 

agglutinative action of a specific serum for dog’s corpuscles, in the 

presence of dog’s serum, but not for washed dog’s corpuscles. The 

specific serum was obtained from a rabbit which had received an 

injection of the hzmoglobin-containing liquid of dog’s water-laked 

corpuscles. | 
It was observed that the serum from two guinea-pigs, which, so 

far as was known, were normal and had not received injections of 

foreign blood, caused laking and agglutination of normal rabbit's 

washed corpuscles (B, (3), (4), (12),(13) ), although the action was 

less marked than in the case of the artificially produced specific serum. 

The serum of the normal guinea-pigs did not lake or agglutinate 

normal rabbit’s corpuscles in the presence of rabbit’s serum. 

The attempt was made to determine whether and when, in aseptic 

autolysis of blood, the agglutininogen and lysinogen are so altered as 

to lose their activity (Guinea-pig G). Dog’s blood which had been 

kept for nearly three years in sealed tubes was injected into a guinea- 

pig. Unfortunately the animal only survived five days. As the 

blood had clotted in the vessels, only a little blood-serum con- 

siderably diluted with salt solution, could be obtained, and this gave 

a negative result with dog’s corpuscles. Some liquid which was 

removed from the thoracic cavity of the guinea-pig, and which was 

mixed with blood, gave a positive haemolytic reaction with dog’s cor- 

puscles. So that, although it would be unjustifiable to draw conclu- 

sions from such an experiment, the possibility may be admitted, that 

even after that long interval the lysinogenic substance had not been 

destroyed. If hemoglobin has lysinogenic powers, this would receive 

an easy explanation. As soon as material has been prepared, I hope 

‘to repeat this experiment, and to extend it so as to embrace an 

examination of the effect of autolysis of blood or blood-serum on the 

production of precipitins. 
A few words may be said about the guinea-pigs which died or were 

killed, two days or less after injection. Of these one (C) received 

the washed corpuscles of 5.5 c.c. of rabbit’s blood; one (D), the 

stromata of 6c.c. of the same rabbit’s blood, laked by freezing and 

thawing, with a small amount of the hemoglobin-containing liquid. 

The injection in D was intraperitoneal. In less than forty-eight hours 

the guinea-pig was dead. Under the skin there was much cedema 

liquid containing hemoglobin, and having a fairly strong hemolytic 

action on washed rabbit’s corpuscles, and also on the blood of Guinea- 
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pig E. The diluted blood-serum of D, obtained by rubbing up clot 

from the heart in sodium chloride solution, had also a fair laking action 

on rabbit’s corpuscles. A guinea-pig (E), which received the washed 

stromata of rabbit’s washed corpuscles (corresponding to § c.c. of 

blood), laked by heating to 55°, and then to 61°, and a further injection 
on the following day, corresponding to 3 c.c. of rabbit’s blood, died in 
less than forty-eight hours from the first injection. There was some | 

cedema liquid, not containing hemoglobin, under the skin ; also some 

liquid in the peritoneal cavity. The peritoneal liquid, when added to 

washed rabbit’s corpuscles, and put at 30° C., clotted to a firm jelly, 

and caused considerable laking of the corpuscles. . The blood-serum, 

diluted with sodium chloride solution, was not lytic for rabbit’s 

corpuscles. 

A small guinea-pig (H’) received intraperitoneally the mixed ghosts 

and extracorpuscular liquid of a suspension of washed rabbit’s cor- 

puscles (corresponding to 5 c.c. of blood), laked by a trace of saponin 
in substance so small that it only caused complete laking in fifteen 

minutes at 40°. In a little more than twenty-four hours it was dead. 

There was much red liquid under the skin of the abdomen. The 
muscles in this region had a sodden and semi-digested appearance. 

The liquid caused good laking of dog’s and rabbit’s washed corpuscles, 
which was abolished by heating it to 59° for fifteen minutes. The 

dilute blood-serum obtained by rubbing up the partially clotted blood 

in the heart with sodium chloride solution caused no hemolysis either 

of rabbit’s or dog’s corpuscles. 

A guinea-pig (L) received intraperitoneally the washed ghosts of 

rabbit’s washed corpuscles (corresponding to 10 c.c. of blood), laked 

by a small dose of saponin in substance. There was a very large 

sediment of ghosts, forming a coherent mass at the bottom of the 

centrifuge tube. In thirty-six hours L was dead. The peritoneal 

cavity contained a slimy reddish liquid with numerous cocci, many 
leucocytes, and some red corpuscles. On centrifugalization, a liquid 

practically free from hemoglobin was obtained. Dilute blood-serum 
was got by rubbing up clot from the heart with sodium chloride solu- 

tion. The diluted blood-serum caused some laking of rabbit’s washed 
corpuscles, and still more of dog’s washed corpuscles. The peritoneal 

liquid caused considerable laking of rabbit’s corpuscles, but not of 

dog’s. The hamolytic action both of the serum and the peritoneal 
liquid was abolished by heating to 59°. The muscles of the abdominal 

wall next the parietal peritoneum were altered microscopically and 

ee 
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macroscopically, as in H’, although the changes were not so marked. 

The majority of the fibres showed nocross-striation. The muscles of 
the thigh were normal. 

Two guinea-pigs (M and N) received, intraperitoneally and sub- 

cutaneously respectively, washed rabbit’s formaldehyde corpuscles, 

corresponding to 5 c.c. of blood fully fixed. M was dead in less than 

forty-eight hours. Its peritoneal cavity contained a good deal of a 

glairy fluid full of leucocytes. No formol-fixed corpuscles could be 
seen. The blood-serum had no hemolytic action on rabbit’s corpus- 

cles. N was dying, and was killed exactly twenty-four hours after 

the injection. The blood-serum had some hzmolytic action on 
washed rabbit’s corpuscles, and this was abolished by heating it to 58°. 

A considerable amount of liquid was found under the skin, with a 

foul odor and containing numerous bacilli. No trace of formaldehyde- 

fixed corpuscles could be seen. Many bits of muscular fibres, in 

which the stripes had sometimes disappeared, were found in the sub- 

cutaneous liquid. A kind of rapid digestion of the subcutaneous 

tissues seemed to have occurred. 

Into Guinea-pig P was injected subcutaneously about 1.5 c.c. of a 
sediment of ghosts obtained by laking rabbit’s washed corpuscles 

with sterile water, and then washing with sterile sodium chloride 

solution. In forty-two hours it was dead. There was marked 

subcutaneous cedema, the muscles of the abdominal wall being sodden, 

dissected-looking, and hemorrhagic. The liquid had a foul odor. 

The animal contained two well-developed embryos. The amniotic 

fluid had no hemolytic action on rabbit’s corpuscles suspended in 
rabbit’s serum. 

Into another guinea-pig (Q), the washed water-laked ghosts corre- 

sponding to 5 c.c. of rabbit’s blood were injected subcutaneously. 

Next day the animal was evidently ill. Forty hours after the injec- 

tion, it was dying, and blood was obtained from it. There was exten- 

sive subcutaneous cecema, the liquid being somewhat turbid and 

containing hemoglobin. The muscles of the abdominal wall had 

the same sodden appearance previously noted, and the microscopic 

appearances were also similar. The putrid odor of the liquid was 

evident, although not so marked as on previous occasions, when the 

autopsy was made some time after death. The blood-serum, and 

especially the cedema liquid, caused good laking of washed rabbit’s 

corpuscles (abolished by heating to 60°). Marked agglutination, 
not affected by heating to 60° was also caused, particularly by the 
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cedema liquid, in which the agglutinated corpuscles seemed to carry 

down the turbidity and hemoglobin. 

It does not seem possible to attribute all these deaths to faulty 
technique in the slight operation of injection, particularly as in every 

case the rapidly fatal result followed the injection of stromata or 
entire corpuscles; while animals which received hamoglobin-contain- 

ing liquid, injected in the same way, survived, although the risk of 

accidental infection would certainly not be less. The post-mortem 

appearances showed considerable similarity, and seem to suggest that 

substances toxic for guinea-pigs may be produced in the stroma of 

the rabbit’s corpuscle by certain laking agents. If this is the case, 

one of the effects of such toxic substances may be to reduce the 

defensive power of the tissues against bacterial invasion. In the 

case of the formaldehyde-fixed corpuscles, it is possible that formalde- 

hyde, liberated from its combination with the stroma or blood-pig- 

ment, may have some such effect, since it has been shown by 

Guthrie! to restrain the action of hzemolysins. Where saponin- 

laked ghosts were injected, the direct toxic influence of the saponin 

has, of course, to be taken into account. 

CONCLUSIONS. 

1. The stromata and hemoglobin-containing liquid of colored cor- 

puscles, laked by various agents (for details, see summary, p. 255), 

cause, when injected into animals of a different species, the produc- 

tion of specific agglutinating and hzmolytic substances. In general, 

the agglutinating effect is most marked after the injection of stromata, 

and the hemolytic effect after the injection of liquid. But the results 

do not warrant the conclusion that in the intact corpuscle the agglu- 

tininogen (the substance which causes the production of agglutinin) 

is all in the stroma and the hzmolysinogen (the substance which 

causes the production of hzmolysin), all in the “cellular contents” 
(in Nolf’s sense). 

2. Corpuscles fully fixed by formaldehyde cause, on injection, the 

production of specific agglutinins, and, to a smaller extent, of specific 

hzemolysins. 

3. Corpuscles fully fixed by formaldehyde are capable of being 

agglutinated by specific sera. 

1 GUTHRIE: This journal, 1903, ix, p. 187. 
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Material injected. 

Saponin-laked ghosts 

Intact corpuscles 

Intact corpuscles 

Ghosts laked by freez- 
ing and thawing 

Liquidafter laking by 
freezing and thawing 
Heat-laked ghosts 

Heat-laked liquid 

Heat-laked ghosts 
(with some liquid) 

Ghosts laked by for- 
eign serum 

Water-laked ghosts 
(excess of water) 

Liquid from water- 
laked ghosts (laked 
with excess of water) 

Liquid from water- 
laked ghosts (laked | 
with minimum of 
water) 

Formaldehyde cor- | 
puscles (fully fixed) 

Formaldehyde cor- 
puscles (imperfectly | 
fixed) 

Animal. 

Rabbit E 

Rabbit D 

G.-p. F 

G.-p. K 

G--p. 

G.-p. “ 

G.-p. J 

| G.-p. 

G.-p. 

EABLE 4. 

Agglutination. 4 

Very strong 

Very strong (both for 
serum and peritoneal 
fluid) 

| Good 

Good 

Good 

Good (fair agglutination 
after 72 days) 

Good (some agglutina- 
tion after 72 days) 

| Good 

lo4 

Rabbit B | Fair 

Rabbit C | Good 

G.-p. O 

Rabbit A 

G.-p. H 

Good 

Good 

Good 

265 

Laking. 

Fair (less than in Rabbit 8) 

Strong for serum, stronger 
than in Rabbit A (little for 
peritoneal fluid) 

Strong 

Fair 

Fair 

Fair (still fair laking after 
72 days) 

Strong (still fair laking after 
72 days) 

Good 

Fair (but less than in G.-p. B) 

Fair (better than in rabbit 
E; about the same as in 
Rabbit A) 

| Weak (not abolished by heat: 
ing to 60° C) 

| Fair 

| Fair (about the same as in 
Rabbit B) 

Strong 

Approximate arrangement of the rabbit’s sera, as regards agglutinating and hemolytic 

power. 

Agelutination. — E. (saponin-laked ghosts), D (intact corpuscles), C (liquid from 

water-laked corpuscles), A (formaldehyde fixed corpuscles), B (water-laked ghosts). 

Laking. — D (intact corpuscles), A and B equal (formaldehyde corpuscles and 

water-laked ghosts), E (saponin ghosts), C (liquid from water-laked). Perhaps 

C did not live long enough to develop hemolysin, although long enough for 

agglutinin. 

1 Observations on agglutination are missing in the notes on this serum. 
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TABLE Il. 

March 16. — Washed dog’s formaldehyde-fixed corpuscles many times with 

NaCl solution. The dog’s blood was obtained on February 15. The 

corpuscles were then washed and to a suspension of them in NaCl solu- 

tion, containing about as many corpuscles as the same volume of blood, 

an equal volume of a 3 per cent solution of formaldehyde in NaCl solu- 

tion was added. . The corpuscles were fully fixed, and the addition of 

excess of water caused no escape of blood-pigment in several hours. 

Made a 5 per cent suspension of the fixed corpuscles in NaCl solution (F). 

Also made a 5 per cent suspension of rabbit’s formaldehyde-fixed cor- 

puscles (F’), obtained on February g and fixed in the same way as the 

dog’s. ‘Tested the agglutinating power of the serum of rabbits A, B, D, 

and E, of the serum from the clotted peritoneal fluid of D, and of normal 

dog’s and rabbit’s serum on the formaldehyde-fixed corpuscles. In every 

case 0.5 c.c. of F or F’ was used. 

Omen Ateerase The corpuscles sink to the bottom much 

0.2 c.c. A serum (heated to 60°) + F. Caer aa in : In few minutes 

a completely sunk. 

0.2 c.c. NaCl solution + F. The corpuscles remain long suspended. 

0.3.c.c. Dserum+ F. Rapid agglutination or precipitation at 40°. 

O.3cc. A serum + F. Rapid agglutination or precipitation, though not so rapid 

nor so marked as in 4 or 8. - 

0.3 c.c. NaCl solution + F. j No agglutination or precipitation at 40°, the cor- 

0.3 c.c. dog’s serum + F. | puscles remaining long suspended. 

0.3 c.c. peritoneal from D+ F. Marked agglutination. 

0.3 c.c. D serum + F’. 

0.3 c.c. A serum + F’. No agglutination at 40° in 1 hour. 

0.3 c.c. NaCl solution + F’. 

In the above experiments. the agglutination can be seen with the naked 

eye, and under the microscope the agglutinated specimens show numerous 

small groups of corpuscles. The agglutination is not difficult to break up 

by shaking, but under the microscope the clumps can be seen to rapidly 

form again. The appearances are quite different where salt solution or 

non-specific sera are added to the formol-fixed corpuscles. It is to be 

noted that the blood-serum and the serum from the coagulated peritoneal 

fluid of Rabbit D, which have a stronger agglutinative action than the 

blood-serum of Rabbit A on dog’s fresh corpuscles, have likewise a stronger 

agglutinative action on dog’s formol-fixed corpuscles. No laking of the 

formol-fixed corpuscles was produced during the period of observation. 

Sut after standing at room temperature for 10 days there is laking in all 

the test-tubes, including the NaCl control test-tubes, the methemoglobin 

spectrum being changed into that of oxyhaemoglobin. 
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TABLE, IUi1. 

March 17.— 10 a.M.: Removed salt solution from the suspensions of dog’s 

bee 

and rabbit’s formol-fixed corpuscles (F and F’) used in experiment of 

March 16, making the concentration about ro per cent in each case. In 

the following observations used always 0.5 c.c. of F or F’. Tested serum 

of rabbits A, B, D and E, and peritoneal fluid of D. 

0.3 c.c. A serum + 0.2 c.c. dog’s serum + F. Marked agglutination or precipitation 

in5 minutes at room temperature. Kept 1] hour at 40°, and then all night 

at room temperature. Shookup. The corpuscles sink more rapidly than 

in (2). 

0.3 c.c. A serum + 0.2 c.c. NaCl solution + F. Marked agglutination or precipita- 

tion in 5 minutes at room temperature. Kept 1 hour at 40°, then all night 

at room temperature. 

0.3 c.c. D serum + 0.2 c.c. dog’s serum + F. Same as (1), but the agglutination 

is more marked. : 

0.3 c.c. D serum + 0.2 c.c. NaCl solution + F.- Same as (1), but the agglutination 

is more marked. 

0.3 c.c. D serum + F’. No agglutination or precipitation in 5 minutes at 40°. 1] 

hour at 40°, all night at room temperature. Shook up. Settles far more 

slowly than (3) or (4). 

0.15 c.c. D peritoneal (heated to 58°) + F. Marked agglutination at room tem- 
perature in 7 minutes. 

March 18: 

0.3 c.c. B serum + F. No agglutination in 5 minutes at 40°. Good agglutination 
in 15 minutes at 40°. 

0.3 c.c. Eserum + F. Marked agglutination in 5 minutes, even at room temperature. 

03 .c.c. NaCl solution + F. No agglutination in 30 minutes at 40°. 

0.3 c.c. Eserum + F’. The corpuscles settle somewhat more quickly than in (9), 

but far more slowly than in (7) or (8). 

0.2 c.c. dog’s serum (obtained yesterday) + F’. The precipitation is more marked 

in 20 minutes at 40° than in any of the tubes (12) to (14). 

0.2 c.c. normal rabbit’s serum + F’. No agglutination or precipitation in 20 minutes 

at 40°. No agglutination in 12 hours at room temperature. 

0.2 c.c. normal rabbit’s serum + F. Same result as (12). 

0.2 c.c. NaCl solution + F. Same as in (12) and (13). 

March 19: 
0.3 c.c. E serum (heated to 60°) + F. Marked agglutination in 3 or 4 minutes at 

room temperature. 

0.3 c.c. NaCl solution + F. No agglutination. 

0.15 c.c. D peritoneal (heated to 60°) + F. Marked agglutination in 7 minutes at 
room temperatnre. 

0.15 c.c. A serum (heated to 60°) + F. Good agglutination in 7 minutes, but not 

so much as (17). 

0.3 c.c. B serum (heated to 60°) + F. Rapid and complete precipitation at room tem- 

perature. 

Rabbit A.— 3 kilos. Feb. 14.—5 p.M.: Injected subcutaneously dog’s 

formaldehyde-fixed corpuscles (after thorough washing with NaCl solution) 

equivalent to ro c.c. of blood. The corpuscles were obtained by washing 

fresh dog’s blood on February 9. To the washed corpuscles of 60 c.c. of 
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blood 60 c.c. of a 3 per cent solution of formaldehyde in 0.9 per cent 

NaCl solution was added. The corpuscles were completely fixed. A 

little haemoglobin had escaped during fixation, as is always the case, but 

none is removed by washing, and the corpuscles are not laked by distilled 

water even in several hours. 

Feb. 25. — 4 P.M.: Injected subcutaneously a further quantity of the 

same washed formaldehyde corpuscles corresponding to 15 c.c. of dog’s 

blood. , 

March 15.— 3 ~.M.: Drew some blood from carotid of A, and sewed 

up wound. Obtained serum from the blood, and tested it on a suspension 

of dog’s washed corpuscles (S) containing 5 per cent of corpuscles, and a 

dilution of dog’s defibrinated blood with NaCl solution (S’) containing 

ro per cent of blood. 0.5 c.c. of S or S’ was always used. The measure- ° 

‘ments of the liquids were made in long capillary pipettes, the same pipettes 

being always employed. ‘The liquids were put into very small test-tubes. 

l. Olcec. A serum + S. Good agglutination in few minutes. Slight laking in 30 

minutes at 40°, somewhat increased in 16 hours at room temperature, 

but far less than in (2) or (4). 

2. 0.2cc. A serum + S. Good agglutination in few minutes. Good laking in 30 

minutes at 40°, complete after 16 hours at room temperature. 

3. Olcc A serum + S’. Good agglutination in few minutes. No laking in 30 
minutes at 40°. Very slight laking in 16 hours at room temperature. 

Less than in (1). > 

4. 0.2cc. A serum + S’. Good agglutination in few minutes. Slight laking in 30 . 
minutes at 40°, increased after 16 hours at room temperature, but much 

less than in (2). 

March 16.— 2 P.M.: | 
l. O.l cc. Aserum+S. Some laking in 14 hours at 40°. 

2. 0.2c.c. A serum +S. Complete laking in 40 minutes : 
at 40°. 4 ete : 

3. O.lc.c. A serum (heated to 60° for 15 minutes) + S. ae aS ; 

No laking in 2 hours at 40°. ; 

4. 0.2cc. A serum (heated to 60° for 15 minutes) + S . 

No laking in 2 hours at 40°. : 

March 16.—8 P. M.: 
5. 0.2 c.c. A serum (heated to 60°) + 0.1 cc. dog’s serum+S. Some agglutination . 

in 5 minutes at 40°, but much less than in (12) and (13), Rabbit D. : 

Nearly complete and good agglutination in 15 minutes at 40°. Corpuscles 

are comparatively easily shaken up. No laking after 14 hours at room. 

6. 0.2 c.c. NaCl solution + 0.1 c.c. dog’s serum + S. No agglutination or laking. 

7. 0.3 c.c. dog’s serum + 0.2 c.c. NaCl solution + 0.5 c.c. of suspension of A’s 

washed corpuscles. Complete laking in 20 minutes at 40°. 

8. 03 c.c. dog’s serum + 0.2 c.c. A serum + 0.5 c.c. of suspension of A’s washed 

corpuscles. Complete laking in 20 minutes at 40°. 

9. 0.5 c.c. NaCl solution + 0.5 c.c. suspension of A’s washed corpuscles. No laking 

in 2 hours at 40°. 

10. 0.2c.c. A serum + 0.5 c.c. of a 5 per cent suspension of normal rabbit’s washed 

corpuscles. No agglutination or laking. 
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Rabbit B. 3 kilos. eb. 19.—1.45 P.M.: Injected subcutaneously the 

washed ghosts of 7 c.c. of dog’s washed corpuscles after complete laking 

by water (controlled by microscopic examination), one hour after with- 

drawal of the blood. Although laking seemed complete, the liquid being 

perfectly transparent, and the sediment on centrifugalization of a small 

sample being colorless, the addition of excess of o.g per cent NaCl solu- 

tion caused a heavy precipitate of ghosts, which, on separation by the 

centrifuge, were’ seen to be more strongly tinged with hemoglobin than 

the supernatant liquid. This sediment was washed twice, each time with 

15 times its bulk of NaCl solution. Then water was added to the sedi- 

ment, so as to be sure that laking was complete. 

8 p.M.: Injected subcutaneously into B an additional quantity of 

washed water-laked ghosts corresponding to 4 c.c. of dog’s blood. 

March 1.—7¥.M.: Injected subcutaneously the washed water-laked 

ghosts (corresponding to 20 c.c. of dog’s blood) separated from the 

hzmoglobin-containing liquid injected into Rabbit C. 

March 17.— 3 e.M : Got blood from B. 

March 18.— Made a 5 per cent suspension (S) of dog’s fresh washed 

corpuscles. 

0.2 cc. B serum + 0.5 cc. S. Fairagglutination in 7 minutes at 40°, but not nearly 
so rapid as in Rabbit E (1). In 20 minutes at 40° good agglutination and 

fair laking. In 1 hour at 40°, complete laking. Control with NaCl solu- 

tion. No laking. 

0.2 c.c. Bserum + 0.5 c.c. of a 5 per cent suspension of normal rabbit’s washed 

corpuscles. No agglutination or laking in 1 hour at 40° and 12 hours at 

room temperature. 

Rabbit C. 2 kilos. Jfarch 1.—5 p.M.: Injected subcutaneously the hemo- 

is 

globin-containing liquid (freed from ghosts) of dog’s washed corpuscles, 

corresponding to 20 c.c. of blood, completely laked by the addition of 

55 c.c. of water, as shown by the microscope. 

March 10.—2p.M.: Is dying. There is a growth on the jaw. Got 

blood, and from this, serum practically free from hemoglobin. 

March 11.— 2 p.M.: Got blood from a dog. Made a suspension con- 

taining 5 per cent of dog’s washed corpuscles (S), and a dilution of the 

dog’s blood with NaCl solution, containing 10 per cent of blood (S’). 

0.5 c.c. of S or S’ was always used. 

0.1 c.c. C serum+ S. Little if any laking at 46° in 1 hour. Some laking after 

2 hours at 40° and 14 hours at room temperature, but quite incomplete. 

Good agglutination, coming on almost at once. 

2. 0.2cc. C serum+ S. Little if any laking at 40° in 1 hour. Some laking in 2 hours 

at 40°, not much increased in 14 hours at room temperature. Agglutina- 

tion quite marked, coming on almost at once. 
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0.4cc.C serum+S. No laking in 30 minutes at 40°, and little in 14 hours at 

room temperature. After ] hour more at 40°, and shaking up sediment, 

decidedly more laking than in (6). 

O.l cc. C serum +S’. No laking at 40° in 2 hours. Good agglutination. Practi- 

cally no laking in 14 hours more at room temperature. 

0.2 c.c. C serum:+ S’.- No laking at 40° in 2 hours. Good agglutination. Slight 

laking in 14 hours more at room temperature, but less than in (2). 

0.4c.c.C serum+S’. No laking in 30 minutes at 40°, and very little in 14 hours 
at room temperature. Somewhat more after shaking up sediment and 

1 hour more at 40°. 

0.2 c.c. C serum (heated to 60°) +S. No laking at 40° in 30 minutes. Good 

agglutination. Still good agglutination after 14 hours at room temperature, 

and slight Jaking. After 1 hour more at 40°, laking is as good as in (2). 

0.2 c.c. C serum (heated to 60°) + S’.. No laking at 40° in 30 minutes. No 

agglutination after ]4 hours at room temperature and another hour at 

40°, still no agglutination. Slight laking, but decidedly less than in (7). 

0.2 c.c. NaCl solution + S’.. No laking after 2 hours at 40° and 14 hours at room 

temperature, except a slight ring above sediment. 

In al] this experiment the laking is inconspicuous and not abolished by heating the 

serum. The agglutination is the striking feature. 

Rabbit D. 2 kilos. March 1.— 11.30 A.M.: Injected subcutaneously washed 

i) 

A) a 

6. 

dog’s corpuscles corresponding to 27 c.c. of blood. 

March 15.—2 P.M.: Looks ill and emaciated. Salivating consider- 

ably. Swelling on right upper jaw. An abscess under skin of abdomen 

containing inspissated pus. No injection was made in this situation. 

Got blood-serum free from hemoglobin. Much clear liquid in peri- 

toneal cavity which clots rapidly on withdrawal. Obtained serum from 

this clot, and tested its hemolytic and agglutinating power. Used suspen- 

sion of dog’s washed corpuscles containing 5 per cent of corpuscles (S). 

Also dilution of dog’s blood containing ro per cent of blood (S’). 0.5 c.c. 

of S or S! was always used. 

0.1 c.c. D serum +S. Complete agglutination, although not so rapidly as in (7). 

Marked laking in 20 minutes at 40°. 

0.2 c.c. D serum +S. Complete agglutination in 1 or 2 minutes. Marked laking 

in 20 minutes at 409. 

ONicic!) 

0.2 c.c. § 
0.2 c.c. D serum (heated to 60°) + S’.. Marked agglutination. No laking in 30 

minutes at 40°, but slight laking after 1 hour more at 40° and | hour 

at room temperature. 

0.2 c.c. D serum (heated to 60°) + S. Marked agglutination. No laking at 40° in 

40 minutes. Slight laking in 2 hours at 40° and ] hour at room tem- 

perature, though distinctly less than in (5). 

0.1 c.c. peritoneal + S. Complete and rapid agglutination as in (1). No laking in 

2 hours at 40°. 

0.2 c.c. peritoneal + S. Complete and rapid agglutination as in (1). No laking in 

2 hours at 40°. 

D serum + S’. Same as (1) and (2). 



10. 

11. 

2: 

13. 

Ls 

15; 

16. 

The Production of Hlemolysins and Agglutinins. 271 

0.1 c.c. peritoneal + S’.. Marked agglutination. Very little laking in 2 hours at 

40° and 1 hour, room temperature. 

0.2 c.c. peritoneal + S’. Marked agglutination. Very little laking in 2 hours at 

40° and 1 hour, room temperature, but somewhat more than in (9), though 

far less than in (3) and (4). 

0.2 c.c. peritoneal (heated to 60°) + S’.. Marked agglutination. No laking in 2 

hours at 40°, and 1 hour at room temperature. 

March 16.—8 P. M.: 

0.2 c.c. D serum (heated to 60°) + 0.1 c.c. dog’s serum +S. Complete agglutina- 

tion in 5 minutes at 40°, more rapid than in (13) or in Rabbit A (5). 

After 14 hours at room temperature, slight laking. The corpuscles form 

a solid mass, not easily shaken up, at bottom of tube. 

0.2 c.c. peritoneal (heated to 60°) # 0.1 c.c. dog’s serum + S. Almost complete 

agglutination in 5 minutes at 40°, complete in 10 minutes at 40°. After 

14 hours the corpuscles form a solid mass, not easily shaken up. Slight 

laking, more than in (12). 

0.2 c.c. NaCl solution + 0.1 c.c. dog’s serum + S. No agglutination or laking. 

March 18.— 5 P. M.: 
0.2 c.c. D serum + 0.5 c.c. of a 5 per cent suspension of normal rabbit’s washed cor- 

puscles. No agglutination or laking in 1 hour at 40° and 12 hours, at 

room temperature. 
0.2 c.c. peritoneal + 0.5 c.c. of the suspension of rabbit’s corpuscles. No laking in 

1 hour at 40° and 12 hours at room temperature. Possibly slight agglu- 

tination. It is more difficult to shake up into complete suspension than 

(15), but does not settle more rapidly. 

Rabbit E. 2 kilos. March 7.—8 p.m.: Injected subcutaneously the twice- 

Ls 

oe 

3. 

washed ghosts of dog’s washed corpuscles (corresponding to 25 c.c. of 

blood) after laking with 2.5 c.c. of a 3 per cent solution of saponin in 

0.9 per cent NaCl solution. The saponin solution was boiled before 

being added. It did not produce rapid laking, and the quantity added 

was probably not far from the minimal dose for complete laking. 

March 8.— 11 A.M.: Injected subcutanecusly the washed saponin- 

laked ghosts corresponding to 5 c.c. more of the dog’s blood. 

March 17.— 3 ».M.: Got blood from E, and allowed to clot. Kept in 

ice-chest. 

March 18.— Made a 5 per cent suspension of dog’s fresh washed 

corpuscles (S). Obtained serum from the blood of E. 

0.2 c.c. E serum + 0.5 c.c. S. Almost immediate complete agglutination. Shook 

up. In 20 minutes at 40° some laking, but less than in Rabbit B (1). In 

1 hour at 40°, almost complete laking. 
0.2 c.c. NaCl solution + 0.5 c.c.S. No laking in] hour at 40°. 

0.2 c.c. E serum + 0.5 c.c. of a 5 per cent suspension of normal rabbit’s washed cor- 
puscles. No agglutination or laking in 1 hour at 40° and 12 hours at 

room temperature. 

Guinea-pig A. 750 grams. Yan. 18.— To 25 c.c. of asuspension of washed 

rabbit’s corpuscles corresponding to 6.5 c.c. of blood added 15 c.c. 

of dog’s serum. Placed the mixture at 40° for 25 minutes. Laking 
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complete. Washed the ghosts repeatedly with NaCl solution, and injected 

them intraperitoneally into A. 

Feb. 11, — 11 A.M.: Got defibrinated blood, and separated the serum 

at once by centrifuge. Tested at 2 P.M. on a suspension of washed 

rabbit’s corpuscles containing about 25 per cent of corpuscles, and, on 

a suspension of dog’s washed corpuscles of the same strength. 

lc.c. A serum + 1 c.c. rabbit's suspension. Good laking at 40° in less than 1] hour. 

lc. A serum (heated to 58°) + rabbit’s suspension. No laking after ] hour at 

40° and 20 hours at 0°. 
lec. A serum +1 c.c. dog’s suspension. No laking in 2 hours at 40°. Slight 

laking after 20 hours at O°. 7 

Dog’s serum +-A’s blood (serum and corpuscles). Complete laking at 40° in 1 hour. 

Dog’s serum + rabbit’s suspension. Fair laking at 40° in 1 hour, but not nearly as 

much as in (4). 

Dog’s serum + A’s washed corpuscles. Complete laking in a few minutes at 40°. 

Dog’s serum + excess of A’s serum + A’s washed corpuscles. Complete laking in 

few minutes at 40°. 

Normal guinea-pig’s serum + A’s washed corpuscles. No laking. 

February 13 : 
A serum (kept at 0° since Feb. 11) + rabbit’s washed corpuscles + an equal volume 

of rabbit’s serum Practically no laking in 1 hour at 40° and 16 hours 

at room temperature. 

A serum + rabbit’s washed corpuscles. Some laking, but the laking power of A 

serum is now feeble compared with (1), although distinctly greater than 

in (9). 

Guinea-pig B. Yan. 18. — Laked a portion of the same suspension of rab- 

bit’s washed corpuscles as was used for Guinea-pig A, by heating to 55° C. 

for 40 minutes and then to 61° for 4 minutes. Even about 55° to 58° a 

brownish precipitate came down. Centrifugalized off a portion of the 

hemoglobin-containing liquid, and injected the sediment, with the balance 

of the liquid, into B intraperitoneally. The amount injected contained 

the ghosts of 5 c.c. of blood. Another specimen of the suspension of 

rabbit’s corpuscles was heated to 58° for 15 minutes. The same brownish 

precipitate came down. The same was the case for specimens heated to 

61° and to 64°. The precipitate was very copious, and under the micro- 

scope was seen to consist of ghosts covered with numerous blackish 

granules, suggesting hematin, many of them free. All the corpuscles 

seemed to have lost their hemoglobin. With the most cautious heating 

which would cause laking it was found impossible to avoid this precipitate 

in suspensions of washed corpuscles. It is quite different when entire 

defibrinated blood is laked by heat, possibly because the alkaline reaction 

of the latter prevents the heat-coagulation of the pigment even at 62° to 

63°. On heating some of the hemoglobin-containing liquid to 61° a fair 

precipitate came down. 
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Feb. 12. — Obtained defibrinated blood, and immediately centrifugal- 

ized off the serum. Used the same suspension of rabbit’s washed cor- 

puscles (S) as was used for testing Guinea-pig A’s serum. 

B serum + S. Complete laking in 30 minutes at 40°. 

B serum (heated to 58°) + S. No laking in 2 hours at 40°. 

Serum of normal guinea-pig + S. Some laking in 1} hours at 40°, but much less 

than in (1). 

Serum of normal guinea-pig (heated to 58°) +S. No laking in 1 hour at 40°, and 

16 hours at room temperature. 

Serum of normal guinea-pig + S + equal volume of rabbit’s serum. Practically no 

laking in 1} hours at 40°. In a second experiment no laking whatever in 

1 hour at 40° and 16 hours at room temperature. 

Repetition of (5) except that the serum of normal guinea-pig was heated to 58°. No 

laking. 

B serum + S + equal volume of rabbit’s serum. Good laking in 1} hours at 40°. 
In a second experiment, practically complete laking in ] hour at 40° and 

16 hours at room temperature. 

Rabbit’s serum + B’s blood + excess of B’s serum. Complete laking at 40° in 40 

minutes. 

February 14. — 5.30 P. M.: 
B serum (heated to 59°) + equal volume rabbit’s serum + 3 volumes S. Good 

agglutination in 15 minutes at 40°. No laking in 40 minutes. 

1 volume B serum + 1 volume rabbit’s serum + 3 volumes S. Fair laking in 15 

minutes at 40°. Good agglutination. After 40 minutes at 40°, the lak- 

ing is still not so great as in (1), but distinct. 

1 volume B serum + 1 volume 0.9 per cent NaCl solution + 3 volumes S. Good 

laking and agglutination in 15 minutes at 40°. After standing 14 hours 

at room temperature, no alteration in (9), (10), or (11). 

1 volume of another normal guinea-pig’s serum + 3 volumes S. Fair laking after 

15 minutes at 40°. Also agglutination, the corpuscles being mostly 

round and swollen. Laking not increased after 2 hours at 40°, and 18 

hours at room temperature. Repeated (12) with normal guinea-pig’s 

serum heated to 58°. No laking or agglutination. Corpuscles mostly 

round, not crenated. 

1 volume normal guinea-pig’s serum + ] volume rabbit’s serum + 3 volumes S. No 

laking or agglutination in 2 hours at 40°, and 18 hours at room tem- 

perature. The corpuscles are much crenated in general. 

Guinea-pig F. 500 grams. an. 20. — Injected intraperitoneally rabbit’s 

Ih 

2: 

corpuscles (corresponding to 3 c.c. of blood) washed with NaCl solution. 

March 2.— Obtained blood from carotid. Sewed up wound. In the 

following experiments used a suspension of rabbit’s washed corpuscles (S), 

and a dilution of rabbit’s blood (S!), each containing 5 per cent of 

corpuscles. 

0.1 c.c. F serum + S. Complete laking in 15 minutes at 40°. 

0.1 c.c. F serum + S’. Complete laking in 30 minutes at 40°. 
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March 7: 
0.2 c.c. dog’s serum + 0.§ c.c. of a 5 per cent suspension of F’s washed corpuscles. 

Complete laking in 30 minutes at 40°. 

02 c.c. rabbit’s serum + 0.5 c.c. of a 5 per cent suspension of F’s washed cor- 

puscles. Slight laking at 40° in 30 minutes. Still incomplete in 2} 

hours at 40°. . 
0.2 c.c. F serum + 0.5 c.c. of a 5 per cent suspension of dog’s washed corpuscles. 

No laking at 40° in 1} hours. Slight laking in 3 hours at 40°. 

0.2 c.c. dog’s serum + 0.5 c.c. of a 10 per cent dilution of F’s blood. Complete 

laking at 40° in 10 minutes. 

0.2 c.c. rabbit’s serum + 0.5 c.c. of a 10 per cent dilution of F’s blood. Very 
little laking in 10 minutes. Fair laking in 2 hours at 40°. 

0.2 c.c. F serum + 02 cc. rabbit’s serum + 0.5 c.c. of a 10 per cent suspension of 

rabbit’s washed corpuscles. Good agglutination and fair laking in 15 

minutes at 40°. Good laking after 1] hour more at 40° and 16 hours at 

room temperature. 

0.2 c.c. F serum + 0.2 c.c. dog’s serum + 0.5 c.c. of the same suspension of dog’s 

corpuscles as was used in K (19). No laking at 40° in 1} hours. 

Slight laking in 3 hours at 40°, but less than in K (19). After 16 hours 

at room temperature, laking not marked. 

0.2 c.c. F serum (heated to 58°) + 0.2 c.c. rabbit’s serum + 0.5 c.c. of 10 per cent 

suspension of rabbit’s washed corpuscles. No laking in 40 minutes at 

40°, but good agglutination. No laking in 2 hours at 40° and 16 hours 

at room temperature. 

Guinea-pig G. Fan. 23, 1904. — 3 c.c. of dog’s blood kept in sealed tubes 

at room temperature since Feb. 18, 1901, when it was drawn under 

aseptic conditions, was injected intraperitoneally into G. 

Fan. 24, 1904. — Injected subcutaneously into G some of the sediment 

after washing with NaCl solution, and also some of the hamoglobin-con- 

taining liquid. The blood was obtained from the dog’s carotid by pushing 

the points of sterile pipettes through the vessel wall and then breaking 

them off. The points were sealed in the flame. The clot had not 

entirely disappeared. It was broken up by rubbing in NaCl solution, and 

portions of the suspension and of the heemoglobin-containing liquid were 

injected. The spectrum before breaking the tubes was observed. The 

bands of oxyhamoglobin were well marked. There was no band in the 

red in the position of the methemoglobin or acid hematin band. The 

reaction was about neutral to blue and red litmus paper. The blood was 

well laked. The spectrum was not altered by opening the tubes and 

diluting a specimen with water. Bouillon tubes inoculated with the blood 

showed no growth. 

Microscopically, some ghosts of normal size were seen, and numerous 

smaller colorless bodies, often irregular in shape, perhaps shrunken ghosts 

or portions of such; numerous clumps of blood-pigment granules, not 

containing any intact corpuscles; many beautiful tyrosin crystals in 

sheaves, half-sheaves, and isolated needles, soluble only in large excess 
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of water, insoluble in Ae also some cholesterin crystals. Some 

reddish crystals are also present, in the form of tables, perhaps reduced 

hemoglobin. If oxyhamoglobin, they are atypical in form. They are 

not hzmatoidin, because easily soluble in water and insoluble in chloro- 

form, and they do not give Gmelin’s reaction. Chloroform takes up none 

of the red pigment in this long-kept blood. Some yellowish-red balls are 

present which are soluble in water, and suggest leucin, but are insoluble 

in alcohol. Even boiling alcohol does not seem to take up anything from 

the blood. All the pigment in the sediment, after washing it with NaCl 

solution, is not soluble in water. A considerable brownish residue 

remains which is soluble in dilute potassium hydrate, but practically 

insoluble in dilute mineral acid (nitric acid). The insoluble pigment 

when pressed between two glass slides shows no distinct spectrum. On 

the addition of ammonium sulphide, a strong hamochromogen spectrum 

is obtained. Dissolved in water some of the sediment containing the 

reddish crystals. The red liquid gives a faint spectrum, two poorly 

defined bands in the position of the oxyhemoglobin bands. Boiled the 

solution. The pigment is not all precipitated by boiling, and therefore 

the filtrate shows the same spectrum. ‘The addition of ammonium sul- 

phide to the filtrate gives good hemochromogen bands. 

For the original fresh dog’s defibrinated blood, on Feb. 18, 1got, the 

conductivity (at 5° C.) 10% was 34.12; for the hamoglobin-containing 

liquid on Jan. 23, 1904, it was g2.85 ; and for the mixture of liquid and 

sediment, 75.22, expressed in reciprocal ohms. 

The point of the pipette in which one of the samples of the dog’s blood 

was taken got broken in transportation two years after the blood was 

drawn. It was found sealed up by some dried blood. The contents had 

no putrefactive odor, but a musty smell. No tyrosin crystals were 

present. The clot had not entirely disappeared. All the corpuscles 

were laked, and intact ghosts were not to be found. Bouillon tubes 

inoculated from this pipette immediately after it was opened showed a 

good growth containing numerous micrococci and a smaller number of a 

motile bacillus. 
Fan. 28. —G is dead. Got clotted blood from the right heart. The 

left heart is empty. Broke up the clot in NaCl solution, and centrifu- 

galized. Obtained from thoracic cavity some liquid containing red 

corpuscles. Centrifugalized. The supernatant liquid is nearly f-ce from 

haemoglobin. ; 

1 c.c. of a suspension of dog’s washed corpuscles + 1] c.c. of G’s dilute blood-serum. 

No laking after 2 hours at 40°. 

l c.c. of dog’s suspension + 1 c.c. of G’s dilute blood-serum (after heating 20 min- 

utes to 59°). No laking in 2 hours at 40°. 

l c.c. of dog’s suspension + 1 c.c. thoracic liquid from G. Good laking in 2 hours. 

at 40°. 
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+. lc.c. of a suspension of rabbit’s washed corpuscles (corresponding to 0.] c.c. blood) 

+ 1 c.c. of G’s thoracic liquid. Complete laking in 1} hours at 40°. 

5. lc.c. of rabbit’s suspension + 1 c.c. NaCl solution. No laking after 14 hours at 40° 
and 14 hours at 0°. 

6. 1 c.c. of rabbit’s suspension + 1 c.c. G’s diluted blood-serum. No laking after 1} 

hours at 40°. and 14 hours at 0°. 

7. 1c.c. of rabbit’s suspension + 1 c.c. G’s thoracic liquid (after heating to 59°). No 

laking after 1} hours at 40° and 14 hours at 0°. 

Guinea-pig H. Yan. 21. — 8.30 p.M.: Injected washed rabbit’s corpuscles 

imperfectly fixed by formaldehyde, and then thoroughly washed with 

NaCl solution. A week ago a suspension of rabbit’s washed corpuscles, 

containing the same proportion of corpuscles as the original blood, was 

made. To this was added half its volume of a 3 per cent solution of 

formaldehyde in NaCl solution. 

The fixing was not so complete but that water caused complete laking. 

But there was no putrefaction. A little hemoglobin was present in the 

NaCl solution after each washing, even the last, and it did not per- 

ceptibly diminish in the last few washings, indicating that the NaCl 

solution was producing slight laking of the corpuscles. (I have previously 

shown that NaCl penetrates more easily than normal into corpuscles in the 

first stage of fixing by formaldehyde.) 

Feb. 16.— 11.30 A M.: Got blood from carotid. Sewed up wound. 

Made a dilution of rabbit’s blood containing 5 per cent of corpuscles. 

To two samples of this added, respectively, H’s serum and serum from a 

normal guinea-pig in the same amount. Complete laking in the tube 

with H’s serum in ro minutes at 40°. Good agglutination. No laking in 

the other. After 2 hours at 40° and 16 hours at room temperature, slight 

laking in tube with normal serum. 

H’s serum + washed rabbit’s corpuscles (a). Fair laking after 2 hours 

at 40° and 16 hours at room temperature. 

Normal guinea-pig’s serum + washed rabbit’s corpuscles (4). Little 

laking after 2 hours at 40° and 16 hours at room temperature. 

After 1 hour at 40° (during which there was some laking in tube a, none 

in 6) added to a portion of @ and of 6 excess of rabbit’s serum. After 

1 hour more at 40°, and 16 hours at room temperature, laking was about 

the same in @ + rabbit’s serum, asin a at end of same period. In 6+ 

rabbit’s serum, the laking was even less than in 4. 

Guinea-pig I. an. 27.— Injected intraperitoneally the heemoglobin-contain- 

ing liquid of 15 c.c. of a suspension of washed rabbit’s corpuscles (cor- 

responding to 7.5 c.c. of blood) after complete laking by freezing and 

thawing 4 times, and prolonged centrifugalization. 

Feb. 7. — Ill, refuses food. 

Feb. 8. — Killed at 9 p.m. Got serum from defibrinated blood. No 

pathological appearances under the skin or in the peritoneal cavity. 
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Feb. 9. —1 serum + suspension of rabbit’s corpuscles. Complete 

laking. 

I serum (heated to 57°) + suspension of rabbit’s corpuscles. No lak- 

ing in 3. hours at 40° and 17 hours at room, but strong agglutination. 

Normal rabbit’s serum + washed corpuscles of I. Good laking at 40° 

in 23 hours. 

Normal rabbit’s serum + unwashed corpuscles of I. Fair laking at 40° 

in 2} hours. 

I serum + washed corpuscles of N. Little, if any, laking in 2} hours 

at 40°. A little laking in 16 hours at room temperature. 

Guinea-pig J. 600 grams. Yan. 26.— Injected subcutaneously the hemo- 

globin-containing liquid from washed rabbit’s corpuscles (corresponding 

to 7 c.c. of defibrinated blood) after laking by heating to 60° for 15 

minutes, and prolonged centrifugalization. 

Feb. 16. — Obtained some blood from the ear of J. Shook up with 

some NaCl solution and centrifugalized. Added the clear liquid to a 

dilution of rabbit’s blood and to a suspension of washed rabbit’s cor- 

puscles. Very little laking in either after 2 hours at 40° and 16 hours at 

room temperature. Good agglutination in both. 

Feb. 18. — Got blood from carotid of J. Ligated vessel and sewed up 

wound. 

J serum + rabbit’s blood dilution. Complete Jaking in 15 minutes at 

40°. Good agglutination. 

J serum + rabbit’s washed corpuscles. Marked laking in 15 minutes 

at 4o°. Good agglutination. 

April 7. — Got blood from carotid of J. Sewed up wound. Madea 

5 per cent suspension of washed rabbit’s corpuscles (S), and a ro per cent 

dilution of rabbit’s blood (S'). Used always 0.5 c.c. of S and S’. 

0.l c.c. J serum +S. Slight laking in 30 minutes at 40°. Fair laking in 45 minutes 

at 40°. After 12 hours at room temperature, laking still incomplete. 

0.2 c.c. J serum +S. Good laking in 30 minutes at 40°, but not complete. Then 15 

minutes more at 40°. After 12 hours at room temperature, practically 

complete laking. 

0.2 c.c. J serum (heated to 60°) +S. No agglutination to eye in 45 minutes at 40° 

and 12 hours at room temperature. 

0.2 c.c. NaCl solution + S. No laking or agglutination. 

Repeated (1) to (4) with S! instead of S. Same result, except that in 

tube corresponding to (2) laking was not quite complete. 

Microscopically, J serum causes fair agglutination of S and S’ in the 

proportion of 2 of the serum to 5 of S or S’. 

The same is true of J serum after heating to 62° for 7 minutes. The 

agglutination is less than with J’ serum. 
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April 8. — Laked 3.5 c.c. of rabbit’s blood by heating to 62° for 15 

minutes. Centrifugalized off the ghosts thoroughly, as shown by the 

microscope. Injected the liquid subcutaneously into J. 

April 28.—10A4.M. Obtained blood from J. Used the same sus- 

pension of rabbit’s corpuscles (S) and the same dilution of rabbit’s blood 

(S!) as were used in testing the serum of J’. Always 0.5 c.c. of S or S!. 

1. 0. cc. J serum + S. Some laking in 8 minutes at 40°, but distinctly less than in 

corresponding tube with J’ serum. Good agglutination. Nearly complete 

laking in 20 minutes at 40°. Complete in 40 minutes at 40°, but a greater 

sediment of ghosts than in J’. 

2. O.lc.c. J serum (heated. 20 minutes to 60°) + S. Even after 1} hours there is little 

if any, agglutination. No laking. 

3. 0.05 cc. J serum + S. Some laking in 5 minutes at 40°, but less than in the 

corresponding J’ tube. Laking still incomplete in 25 minutes at 40°. 

Complete in 40 minutes at 40°, and one hour at room temperature. 

4. 0.05 cc. J serum+S. Atroomtemperature, for 12 hours. Strong agglutination, all 

the corpuscles being in a mass, which is not easily shaken up. No laking. 

April 29.— 10 A.M.: 
5. O.. cc. J serum +S’. Complete laking at 40° in 9 minutes. 

6. Ol cc. J serum (heated to 56° for 18 minutes) + S’. Good agglutination in 20 

minutes at 40°. Shook up and left at room temperature for 30 minutes. 

Some laking. None in control tube with NaCl. 

0.1 c.c. J serum (heated to 60° for 20 minutes) + S’. After 10 minutes at 40%, and 

4 hours at room temperature, some agglutination, and slight laking. None 

in control. Microscopically, both J and J’ serum, heated to 56° for 12 

minutes, cause marked agglutination of washed rabbit’s corpuscles, much 

better marked than in the case of same sera after being heated to 60° 

This suggests that the agglutinin formed after the injection of stroma, 

or liquid which has been heated to 60°-62°, is perhaps rendered inactive 

at about the same temperature, though not at 56°, while agglutinin pro- 

duced under the influence of stroma, or liquid which has not been heated, 

is not rendered inactive by heating it to 60°. 

Mixed J serum and a sediment of rabbit’s washed corpuscles, both previously cooled 

to 0°, and allowed the mixture to stand in ice for 2? hours. Then cen- 

trifugalized off the serum. Call the serum B. It is somewhat tinged with 

hemoglobin. 

Olec. B+ S. Little, if any, laking or agglutination in 30 minutes at 40°. 

9. O.l cc. J serum (heated to 56°) + 0.05 c.c.B+S. Fair laking and good agglutina- 

tion in 30 minutes at 40°. After 40 minutes more, at 40°, marked laking. 

Much more than in tube 8, though not yet so much as in 10. 

10. 0.1 c.c. J serum +4- 0.05 c.c. NaC] solution + S. Good laking and agglutination in 

10 minutes at 40°. Washed the sediment of corpuscles with which B was 

in contact, and made a 5 per cent suspension of it in NaC] solution. 

ll. 0.5 c.c. of this suspension + 0.1 c.c. B. ‘Some laking in 1 hour at 37°, and marked 

agglutination. In 30 minutes more, fair laking. In 16 hours, at room 

temperature, good Jaking.* Some agglutination, but no laking, in a control 

tube with NaCl solution instead of B. 

12. 0.5 c.c. of the suspension + 0.1 c.c. B (heated to 56°). No laking. 
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Guinea-pig J’. 850 grams. an. 26. — Injected intraperitoneally the washed 

a 

sediment of a suspension of washed rabbit’s corpuscles (corresponding to 

7 c.c. of defibrinated blood) laked by heating to 60° for 15 minutes. The 

hemoglobin-containing liquid was injected into J. The sediment was 

washed repeatedly with NaCl solution. 

Feb. 17. — Got blood from carotid. Sewed up wound. Used to per 

cent dilution of rabbit’s blood (S’). 

J’ serum + S!. Good laking at 40° in 1 hour. 

J’ serum (heated to 58°) + S’. Good agglutination. No laking in 

2 hours at 40° and 16 hours at room temperature. 

Serum of normal guinea-pig + S’. No laking in 2 hours at 4o° and 

16 hours at room temperature. 
April 7. —Got blood from carotid. Sewed up wound. Used 5 per 

cent suspension of washed rabbit’s corpuscles (S) and 10 per cent dilution 

of rabbit’s blood (S’) (always 0.5 c.c.). 

0.1 c.c. J’ serum + S’. Little, if any, laking in 30 minutes at 40°. In 3 hours at 40° 

considerable laking. 

2. 0.2 c.c. J’ serum + S’%. Complete laking in 15 to 20 minutes at 40°. 

3. 0.2 c.c. J’ serum (heated to 60°) + S’%. No laking. No agglutination (to eye) in 30 

uw 

minutes at 40°. Fair agglutination (to eye) in 3 hours at 40°. 

(1) to (3) were repeated with S, with similar results. Also repeated 

with a ro per cent dilution of dog’s blood instead of S and S’/, with a 

negative result as regards both laking and agglutination. 

Microscopically, J’ serum caused good agglutination of S and S! when 

added in the proportion of 2 of the serum to 5 of S or S’. 

April 8.— Injected subcutaneously into J’ the thoroughly washed heat- 

laked ghosts of 3.5 c.c. of rabbit’s blood (whose liquid was injected into J). 

April 28.—10 a.M. Obtained blood from external jugular. Sewed 

up wound. Madea 5 per cent suspension of washed rabbit’s corpuscles 

(S), and a 10 per cent dilution of rabbit’s blood (S'). Used always o.5 

ee. of S or.5!. 

0.1 c.c. J’ serum + S. Complete laking in § minutes at 40°. 

0.1 c.c. J’ serum (heated 20 minutes to 60°) +S. Little, if any, agglutination. No 

Jaking. 

0.05 c.c. J’ serum+ S. Fair laking in 5 minutes at 40°, and complete laking in 20 

minutes at 40°. 

0.05 c.c. J’ serum +S. Atroom temperature for 12hours. Strong agglutination, No 

laking. Same as in corresponding J tube. The contrast between J (4) 

and J’ (4), on the one hand, and J (2) and J’ (2), on the other, is great. In 

the latter two tubes the sediment, after standing 15 hours at room tem- 

perature, shakes up about as readily as in the control with NaCl solution. 

April 29. — 10 A.M.: 

0.1 c.c. J’ serum + S%. Complete laking at 40° in 9 minutes. 
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6. 0.1 cc. J’ serum (heated to 56° for 18 miuutes) + S’. Good agglutination in 20 

minutes at 40°; the precipitation of the corpuscles is more complete than 

in the corresponding J tube. Shook up and left 30 minutes at room 

temperature. Some laking. None in control tube with NaCl. 

Guinea-pig K.—Soo grams. Yan. 27.— The sediment of ghosts (corre- 

ed 

Dnt 

sponding to 7.5 c.c. of rabbit’s blood, laked by freezing and thawing), 

whose extracorpuscular liquid was injected into Guinea-pig I, was washed 

with NaCl solution and injected intraperitoneally into K. 

March 2. — Obtained blood from carotid. ‘The animal contained two 

embryos, from which a little blood was got, also some amniotic and allan- 

toic fluids. Used the same suspension of washed rabbit’s corpuscles (S), 

and the same dilution of rabbit’s blood (S’), each containing 5 per cent 

of corpuscles, as was employed in testing the serum of the control Guinea- 

pig F. 0.5 c.c. of S or S! was always used. 

0.1 cc. K serum +S. Good laking (not complete) in 1 hour at 40°. Still incom- 

plete after 2} hours at 40° and 15 hours at room temperature. With F 

serum, complete in 15 minutes at 40°. See F (1). 

0.1 cc. K serum + S’%.. Veryslight laking in 2 hours at 40° and 15 hours at room 

temperature. With F serum, complete in 30 minutes at 40°. See F (2). 

0.25 c.c. Kserum+S% Marked laking in 10 minutes at 40°, and good agglutination. 

0.25 c.c. amniotic liquid + S. ) No- laking or agglutination in 2} hours at 40°. 

0.25 c.c. allantoic liquid + S. Same for S’. 

0.2 c.c. K serum (heated to 58°} + S. No laking in 2 hours at 40° Good 

agglutination. 

0.2 c.c. K serum + S. Complete laking in 30 minutes at 40°. 
0.1 c.c. embryo’s serum +S. No laking in 10 minutes at 40°. 

0.2 c.c. embryo’sserum + S. No laking in 2 hours at 40° and 15 hours at room tem- 

0.3 c.c. embryo’s serum + S. perature. 

0.2 c.c. K serum +S’. Fair laking in 2 hours at 40° and 15 hours at room tem- 

perature, but far less than in (7). 

0.2 c.c. K serum (heated to 60°) + 0.2 c.c. 

amniotic liquid + S. | No laking in 3 hours at 40°. (No 

0.2 c.c. K serum (heated to 60°) + 0.2 c.c. | complement in the liquids.) 
allantoic liquid + S. 

K’s blood + normal rabbit’s serum. Marked laking at 40° in 30 minutes. 

Embryo’s blood + normal rabbit’s serum: No laking at 40° in 30 minutes, nor in 

13 hours at 40°, but slight laking in 15 hours at room temperature, 

while control with NaCl solution shows no laking. 

March 4: 

0.2 c.c. K serum + 0.5 c.c. of a 5 per cent suspension of dog’s washed corpuscles. 

No laking at 40° in 14 hours, Slight laking in 3 hours at 40°. 

0.2 c.c. dog’s serum + 0.5 c.c. of a 5 per cent dilution of K’s blood. Complete 

laking at 40° in 10 minutes. 
0.2 c.c. rabbit’s serum + 0.5 c.c. of a5 per cent dilution of K’s blood. Very little 

laking in 10 minutes. Fair in 2 hours at 40°. 

0.2 c.c. rabbit’s serum + 0.5 c.c. of a 5 per cent suspension of washed K’s cor- 

puscles. No laking in 10 minutes, good laking in 2 hours at 40°. 
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18. 0.2c.c. dog’s serum + 05 c.c. of a 5 per cent suspension of washed K’s cor. 

puscles. Complete laking in 10 minutes at 40°. 

19. 0.2c.c. K serum + 0.2 cc. dog’s serum + 0.5 c.c. of a 5 per cent suspension of 

dog’s washed corpuscles (the same as was used in F (5) and F (9)). No 

‘Jaking at 40° in 1} hours. Some laking at 40° in 3 hours, but even after 

16 hours at room temperature laking 1s not marked. 

The rabbit’s serum was the same as that used in F (4), (7), (8), and (10). 

Guinea-pig O. 2. 9.— Injected partly intraperitoneally and partly subcu- 

taneously the hzemoglobin-containing liquid from rabbit’s washed cor- 

puscles (corresponding to 8 c.c. of blood) laked with a minimum of 

distilled water and centrifugalized for a long time. 

Feb. 18. — Has not been looking well for 3 days. A considerable 

abscess was found on the back, not in the position of the injection 

puncture. Opened and washed with corrosive sublimate and then boiled 

water. 

Feb. 19. —I1s dying. Got blood and separated the serum at once. No 

pathological lesion except the abscess could be found. Used a ro per cent 

suspension of rabbit’s defibrinated blood (unwashed). 

O’s serum + suspension. Very fair laking in 14 hours at 40°, not quite 

complete in 16 hours at room temperature. 

O’s serum (heated to 58°) + suspension. Good agglutination. No 

laking. 

Normal guinea-pig’s serum + suspension. No laking in 1} hours at 

40° and 16 hours at room temperature. 
Feb. 24. — 0.15 c.c. of O’s serum (kept in ice-chest 5 days) + 0.5 c.c. 

of a 5 per cent suspension of rabbit’s washed corpuscles + rabbit’s serum. 

Some laking in 1} hours at 40°. Fair laking in 3 hours at 4o°. 



THE ACTION OF INTRAVENOUS INJECTIONS OF GLAN- 

DULAR EXTRACTS AND OTHER SUBST ANGES 

UPON THE BLOOD-PRESSURE. 

By WALTER W. HAMBURGER. 

[From the Hull Physiological Laboratory, University of Chicago. | 

LIVER and Schafer, ! in 1894, showed that intravenous injection 

of a very small quantity of an aqueous extract of the medullary 

substance of the suprarenal capsule produced a great rise of arterial 

pressure. Since that time many investigators have tried the effects 

of various tissue-extracts on the blood-pressure. 

In the light of the recent results of Pawlow” and others on the 

activation of trypsinogen by enterokinase, and of Cohnheim® on 

the marked increase which takes place in the glycolytic action of 

muscle and pancreas when combined, it seemed to me of some 

interest to try whether one internal secretion might not exert a 

similar activating effect on another. 

With this view I made a considerable number of experiments 

to determine the mutual action on the blood-pressure of the active 

substances of various organs and tissues when injected together 
or successively. I thought it well to begin with the active substance 

which is best known of all those hitherto investigated in tissue- 

extracts, viz., adrenalin, and to combine with it a substance capable 

of exerting by itself a definite and comparatively well-studied action 
on the blood-pressure, and opposite to the action produced by 

adrenalin, viz., albumose or peptone. 

In addition to these experiments, I injected saline extracts of 

the kidney, pancreas, liver, thyroid, and pituitary body, singly and 

combined in various proportions, with varying intervals between 

1 OLIVER and SCHAFER: Journal of physiology, 1894, xvi, p. i. 

2 PaAwLow: Le travail des glandes digestives, Paris, 1gol. 

® COHNHEIM: Zeitschrift fiir physiologische Chemie, 1903, xxxix, p. 336. 
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the time of mixing them and the time of injection. The results, 
with the exception of the work on the pituitary, are not enough 

to warrant publication at this time, and will be reserved for a 

later paper. 

In this paper I shall give the results of, (1) experiments upon the 

simultaneous injection of adrenalin and peptone; (2) experiments 

upon injection of extracts of the pituitary body; and (3) experi- 

ments to determine if possible-the mode of action of some of the 

above-named agents on the lumina of vessels. 

Part I]. THE EFFECTS OF SIMULTANEOUS AND SUCCESSIVE 

INTRAVASCULAR INJECTIONS OF ADRENALIN AND PEPTONE. 

Following the publication of Oliver and Schafer’s paper referred 

to above, many papers dealing with the same subject appeared, the 

most important of which were those of Cybulski and Syzmonowicz,! 

Oliver and Schafer,? Syzmonowicz,* E. v. Cyon,! Lewandowsky,° 

Boruttau,® Salvioli and Pezzolini,’ Salvioli,’ S. J. and Clara Meltzer.® 

As a result of. the endeavors of these experimenters, a number 

of facts have been definitely established and verified. Of these, 
the following have a direct bearing on the experiments about to be 

described. 

1. Extracts of the suprarenal substance cause upon intravenous 

injection a marked contraction of the smaller arteries. 

2. A rise of blood-pressure is experienced upon injection of such 

an extract, even when the vagi are intact. With cut vagi, this rise 

becomes very much greater. 
3. With cut vagi the injection causes augmentation and acceleration. 

4. The above results may be obtained by use of any of the following: 

a. Aqueous, saline, alcoholic, or glycerine extracts of the fresh or dried glands 

6. Epinephrin (Abel). 

¢ Adrenalin (Takamine). 

1 CyBULSKI and SyzMONOWICz: Wiener medicinische Wochenschrift, 1896, 

xlvi, pp. 214, 255. 

2 OLIVER and SCHAFER: Journal of physiology, 1895, xviii, pp. 230-279. 

8 SyzMoNowIcz: Archiv fir die gesammte Physiologie, 1896, Ixiv, p. 97. 

4 Cyon: Jbid., 1899, xxiv, p. 97. 

® LEWANDOWSKyY: Centralblatt fiir Physiologie, 1899, xii, p. 599. 

6 BoRuUTTAU: Archiv fir die gesammte Physiologie, 1899, Ixxviil, p. 97. 

7 SALVIOLI and PEZZOLINI: Archives italiennes de biologie, 1902, xxxvii, p. 380. 

8 SALVIOLI: /bid., 1902, xxxvii, pp. 383, 390. 

® MELTZER: This journal, 1903, ix, p. 147. 



284 Walter W. Hamburger. 

Peptones and albumoses exert on the organism: first, a narcotic 

action, resembling that of chloroform; second, an anti-coagulant 

effect, when injected intravenously ; and third, an effect on the blood 

pressure (Schmidt-Milheim! and Pollitzer?). The first two ac- 
tions have no immediate connection with the third (the one with 

which this paper deals), and therefore will not be considered. W.H. 

Thompson * made a minute investigation of the relation of pep- 
tones to blood-pressure, bringing out many interesting points which 

have been subsequently verified by other physiologists. The follow- 

ae two are of particular interest to the problem in hand: 

. In doses as low as 15-10 mgm., Witte’s peptone produces 

a fal of blood-pressure. 

2. All the ingredients of Witte’s peptone, with ie exception of 

anti-peptone, possess undoubted vasodilating properties. 

With these points as to the contrasted activities of suprarenal 

extracts and peptones clearly in mind, I shall describe my ex- 

periments. 

METHODS. 

In all of my injections I used Parke, Davis, & Company’s solution 
of adrenalin chloride 1-1000, diluted fifty times with 0.9 per cent salt 
solution. The peptone was injected as a 10 per cent solution of 

Witte’s peptone in 0.9 per cent sodium chloride. As a routine 

procedure, I used 10 c.c. of each of the above solutions, except 

where otherwise mentioned. The solutions were injected alone or 

combined, the proportion of the two constituents being varied at 

will; they were always made up fresh for each experiment, and when 

simultaneously used were combined just before the injection took 

place. The injections were all made on dogs averaging from 9g to 

11 kilos in weight. The dogs were anesthetized with ether, having 

previously received a hypodermic of a 2 per cent morphine solution 

in amounts of 1 c.c. for every kilogram of body-weight. The 
solutions were run into the right femoral vein by hydrostatic 

pressure. The tracings were taken from the left carotid with the 

usual mercurial manometer, 2 per cent solution of sodium citrate 

’ ScHMIDT-MULHEIM: Archiv ftir Physiologie, 1879, p. 39. 

* POLLITZER: Journal of physiology, 1886, vii, p. 283. 

3 THOMPSON : /6zd., 1896, xx, p. 455; 1899, xxiv, p. 374. 
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being used as a wash solution for tubes and cannule.! Before any 

tracings were taken, the vagi on both sides were cut. In all, twenty- 

two injections were made. 

RESULTS. 

The combined action of adrenalin and peptone is as follows: The 

first effect noted after the injection of a mixture of the two solutions 

is an immediate rise of blood-pressure. This is accompanied by 

the usual augmentation peculiar to adrenalin when the vagi are cut. 

Figure 1.— Experiment 16. Table I. November 27, 1903. Left carotid tracing. 

x, point of injection of 10 c.c. of a solution containing 5 c.c. peptone and 5 c.c, adrenalin. 

Greatest rise, 60 mm. mercury, greatest fall, 22 mm., from the original mean pressure. 

The straight line is the line of mean pressure at the beginnng of the experiment. 

This rise is only transient and is immediately followed by a fall of 
pressure below that at the beginning of the experiment. This fall 

is accompanied by a weakened heart-beat. Gradually the pressure 

re-approaches the normal, the low pressure persisting longer, how- 

FIGURE 2.— Experiment 17. Table I. November 27, 1903. Left carotid tracing. 

Shows tracing due to the injection of 15 cc. of a solution containing 11.25 c.c. pep- 

tone and 3.75 cc. adrenalin. Greatest rise, 48 mm. mercury, greatest fall, 80 mm., 

original mean from pressure. The figure shows only the last two-thirds of the tracing, 

the point of injection and initial rise having been cut off. 

1 Eight minutes as an average elapsed between successive injections. This 

interval sometimes was as short as five minutes, at others prolonged to nine. 
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ever, than the earlier rise. The amount of fall or rise stands in 

direct relation to the amounts of adrenalin and peptone injected. 

Both effects are always present, and may be noted notwithstanding 

that in some cases a large excess of one or the other constituent 

is used, Further, the adrenalin effect is always noted first, the 

peptone fall coming in subsequent to it. 

Figures 1 and 2 illustrate the above points. Table I contains 

the results of five such experiments. 

TABLE I. 

ADRENALIN. PEPTONE. 

Experiment 
number. 

Amount injected | Rise in mm. of | Amount injected | Fall in mm. of 
Mec: mercury. in c.c mercury. 

60 | Si 22 

11.25 80 

10.625 54 

10.00 Not taken 

16.80 50 

This table shows a fairly uniform proportion between the amount 

of substance injected and the fall or rise obtained. The lessening 
in the absolute amount of fall in the last three experiments is due 

to general loss of tone of the vascular system, as shown by the per- 
sistent low blood-pressure. This was substantiated by the next two 

experiments, 21 and 22. In these tracings the pressure was so low 

that the injection of as much as 8.85 c.c. peptone in two successive 

injections caused no further fall of pressure. On the other hand, 

concomitant injection of as little as. 1.15 c.c. adrenalin caused a 

demonstrable rise. 

The experiments cited above, together with a number of others, 

show that the blood-pressure responds to a long-continued series 

of injections of adrenalin better than it does to a similar series of 
injections of peptone. And further, the action of peptone persists 

for a much longer time, finally (after several injections of medium 

or large doses) causing a permanent vasodilatation to such a degree 

that further injection will not affect the pressure. However, even 

—. 
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when such an extreme vasodilatation is reached, adrenalin always 

causes a constriction sufficient to raise the pressure to a marked 

degree. On the other hand, when even a small adrenalin rise was 

taking place, a large peptone injection caused no lessening of the 

rise, and the characteristic fall associated with peptone action was 

not seen until the adrenalin rise had persisted for its normal period. 

These differences between the action of adrenalin and peptone are 

of interest in connection with the question discussed in Part III, 

whether adrenalin and peptone act on the nervous or on the muscular 

elements of the vessel wall, and will be referred to again in that part 

of the paper. 

Part II. Tue EFFrects oF INTRAVASCULAR INJECTION OF EXTRACTS 

OF THE Pituitary Bopy. 

Oliver and Schifer ! obtained a rise of blood-pressure on injection 

of pituitary extracts, occurring more slowly and being maintained 

longer than that brought about by suprarenal extract. They found, 

further, that pituitary extract was less active than suprarenal. 

Syzmonowicz,? who, however, performed only two experiments, 

obtained results opposed to those of Oliver and Schafer, viz., a slight 

lowering of the blood-pressure instead of a rise. 

The discrepancy seemed to be explained by Howell’s® observa- 

tion that while extracts of the large anterior or hypophyseal lobe 

caused little or no perceptible change in blood-pressure or heart- 

rate, extracts of the small posterior or infundibular lobe caused an 

increase of pressure, accompanied by a slowing of the heart. He 

showed further that the result of one dose is to diminish or even 

annul the action of a second. 
Schifer and Vincent * came to the following conclusions: 

1. The infundibular lobe contains two active substances, a pressor 

and a depressor, the former soluble in salt solution and insoluble in 

alcohol and ether, the latter soluble in all these solvents. 

2. The characteristic effects of extracts of the infundibular lobe are 

probably not due to the gray nervous matter of which it is largely 

composed. 
3. The pressor substance acts both upon the heart and upon the 

OLiverR and SCHAFER: Journal of physiology, 1895, xviii, p. 276. 

SyzMonowicz : Archiv fiir die gesammte Physiologie, 1896, Ixiv, p. 97- 

HowELt: Journal of experimental medicine, 1898, iii, p. 245. 

1 

8 

4 SCHAFER and VINCENT: Journal of physiology, 1899, xxv, p- 87. 
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peripheral arteries. Its action is a prolonged one; the action of 

the depressor is evanescent. 

4. The pressor effect may be accompanied by cardiac slowing. 

In addition, Osborne and Vincent,! Halliburton,? Schafer and 

Magnus,® and Golla* have experimented upon injections of the 

gland, but their results have no direct bearing upon the subject 

as I have taken it up. 

METHODs. 

The methods followed were similar to those employed in the work 

described in Part I, except as to the nature of the solvents. The 

fresh material was obtained as needed from the skulls of oxen, through 

the courtesy of Swift and Company, Union Stock Yards. Saline 
extracts at room-temperature were separately made of the infundibu- 

lar and hypophyseal lobes, and were injected singly and combined 
with each other. The two lobes were carefully isolated, particular 

care being taken to separate cleanly the infundibular process (the 

stalk uniting the infundibular lobe to the infundibulum proper) from 

the enveloping hypophysis. This point of most intimate union 

between the two lobes was, for a number of experiments (see 

Table V), excised, with a safe margin of tissue on either side, and the 

remnants of the two lobes, now free beyond question from mutual 

contamination, as regards the morphological elements at any rate, 
were extracted singly. 

Besides the saline extracts, glycerine, alcoholic, and ether extracts 

of the dried material were made at room-temperature. The alcohol 

and ether extracts were made as follows: dried hypophyseal and in- 
fundibular lobes were extracted with 95 per cent alcohol, the extract 
filtered, and the alcohol allowed to evaporate. The residue was then 
treated with ether, which took up a portion of it and left a portion in 
the dish. This second residue, after decanting off the supernatant 
ether solution (see below), dissolved readily in 0.9 per cent salt 
solution, the saline extract of hypophysis constituting solution No. 

1 (to be referred to later, Table IV), while the saline extract of in- 
fundibulum constituted Solution No. 2. 

The ether solution was then filtered, and the filtrate evaporated, the 

* OsBoRNE and VINCENT: British medical journal, March 3, 1900, p. 38. 
* HALLIBURTON: Journal of physiology, 1go1, xxvi, p. 229. 
* SCHAFER and MAGNus: Journal of physiology, 1901, xxvii, p. ix. 
* GoLLa: Lancet, Feb. 15, 1902, p. 442. 
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residue being suspended in 0.9 per cent salt solution, in which it dis- 

sclved but slightly. This saline suspension of hypophyseal material 

constituted Solution No. 3; that of the infundibular lobe, Solution 

No. 4. 

In all, thirty-six injections were made. 

RESULTS. 

The results are given in Tables II-V. 
In Experiment 1, Table II, is seen a characteristic fall produced by 

injection of 10 c.c. of a saline extract of the hypophyseal lobe. The 

blood-pressure fell from 126 to 58 mm. of mercury in thirty-four 
seconds after the start of the injection — thirteen seconds being con- 

Figure 3.— Experiment 1]. Table II. February 2, 1904. Left carotid tracing. 10 c.c. 

saline extract hypophysis injected. Pressure fell from 126 mm. Hg to 58 mm., and 

then rose to 88mm. Pulse at start, 108. After injection, 132. Note weakened 

heart action. Time marks on base line mark seconds. 

sumed in the injection of the solution. This fall was accompanied by 

an acceleration of from 132 to 108 beats per minute, together with a 

weakened heart action. Figure 3 illustrates this experiment. Simi- 

lar results are shown in Experiment 1, Table III, the fall, however, 

being succeeded by a slight rise of 4 mm., which may be due to a 
specific pressor substance or simply to the reaction of the vessels 

following the great fall of 46 mm. 
Experiment 2, consisting of an injection of infundibular extract, 

followed Experiment 1, producing a marked rise in blood-pressure. 

The pressor effect and slowing of the pulse agree with Schafer and 

Vincent’s results.1 

1 SCHAFER and VINCENT: Loc. cit. 
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Experiment 2, Table III, shows, after the rise of pressure produced 

by injection of infundibular extract, an interesting secondary fall, 
which may be caused by the presence of a depressor substance. 

Such a secondary fall is analogous to the combined effect of the 
simultaneous injection of chemically distinct pressor and depressor 

substances (adrenalin and peptone), investigated in Part I of this 

paper. 
‘In Experiment 3, Table II, a second injection of hypophyseal 

extract produced no effect on the blood-pressure, as always happens 

FIGURE 4.— Experiment 7. Table II. Left carotid tracing. 25 c.c. 0.9 per cent solution 

of sodium chloride injected as a control to show the mechanical “ injection rise ” (Ex- 

periment 7, Table II). 

if the second injection is made immediately after the first. The same 

result was obtained in Experiment 6, Table II, and in Experiments 5, 

8, and 9, Table III. 

This absence of change in the pressure is analogous to a similar 
phenomenon noticed in the case of the infundibular lobe by Schafer 
and Vincent, on injection of repeated doses of infundibular extracts. 

Sometimes, however, they obtained a fa// of pressure instead of the 
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pressor effect which the first dose gave. They explain the depressor 

action by the presence of a specific depressor substance in the pos- 

terior lobe. I shal! refer again to this phenomenon in the case of the 

anterior lobe, in mentioning some later experiments. In Experiment 4, 

Table II, a second injection of infundibular extract gave but a slight 

rise of 16 mm. Hg, while a rise of 56 mm. was caused by the first 

injection. In Experiments 3 and 6, Table III, a second injection 

was followed by an initial fall, with no pressor effects whatever. 

The experiments in Table IV were undertaken to determine if 

possible whether the active principle which the previous work had 

shown to exist in the anterior lobe could be approximately isolated 

with alcohol and ether. Such was found to be the case, and in 

addition a number of interesting accessory features were revealed. 
A saline extract of the peculiar orange-yellow, semi-translucent, 

hyaline substance often found in varying amounts between the two 

lobes was injected, with negative results (Experiment 1, Table IV). 

This colloidal substance was sometimes in a liquid, extremely viscous, 

and gelatinous state, while in other instances it had solidified to form 

a firm plate which followed the contour of the contiguous lobes. It 

was found to be practically insoluble in cold or boiling acid and 
alkali, as well as alcohol, ether, chloroform, etc. 

In Experiment 2, Table IV, Solution No. 1 of the hypophyseal lobe 

caused a measurable fall (18 mm.), and a subsequent rise to 118 mm. 

of pressure. This rise is of interest, inasmuch as an analogous rise 

was obtained in Experiment 1, Table III, by using the saline extract. 

I immediately injected a second dose of Solution No. 1 (Experiment 3, 

Table IV), and instead of getting no change in pressure, as in the 

case of the saline extract, the pressure fell 28 mm., and was followed 

by a rise to 137mm. Apparently, then, the second injection of an 

alcoholic extract of the dried lobe, after the removal of those portions 

of it which are soluble in ether, will produce a fall of pressure, even 

when made immediately after the first. These experiments, like 

Experiment 1, Table III, already discussed, may perhaps indicate the 

presence of a pressor substance whose action in this case manifests 

itself subsequently to the fall, instead of, as is usual, preceding it. The 
ability of this alcoholic extract to produce a fall of pressure on suc- 
cessive injections may indicate that some “ inhibitory substance” 
present in the saline extract had been eliminated. Moreover, the 
coincidence that this fall produced by injection of the alcoholic 
extract was succeeded by a rise, may point to an intimate relation 
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between the absence of this inhibitory substance and the pressor 

effect. 

Experiments 4 and 5, Table IV, confirm Schafer and Vincent’s 

statement ‘that the pressor substance is insoluble in alcohol and that 

the depressor effect may be obtained on repeating the injections. 

Experiments 7-9, Table IV, show no characteristic fall on injection 

of Solution No. 3, though there is a s/zgft fall in the case of the last 
two. The depressor substance is, therefore, apparently absent from 

this solution, being insoluble in ether and soluble only in alcohol and 

salt solution. Of course the possibility must be granted that a 

depressor substance might be present in the solution, and yet be 

inactive in an animal submitted, as this dog was, to repeated previous 

injections of Solutions 1 and 2, just as we find that the saline extract 
was inactive on a second injection. 

The ether-soluble part of the alcoholic extract of the infundibulum 

(Solution 4) produces the characteristic depressor fall, as shown 

by Experiments 10 and 11, Table IV, this fall being more marked, 

if anything, than the fall produced by the alcoholic, ether-insoluble 

portion (confirmatory of Schafer and Vincent, though a new detail 

in technique is added, viz., the separation of the ether-soluble and 

ether-insoluble substances of the alcoholic extract). 

In Experiments 13 and 14, Table 1V, glycerine extracts were used 

simply for the sake of completeness. The initial fall, which occurs 

very abruptly, is due to the glycerine alone, as shown by control 

experiments (Halliburton!), while the subsequent secondary fall 

is due to the depressor substance extracted by the glycerine. 

The experiments in Table V were undertaken to decide whether 

the depressor effect invariably produced by the anterior lobe was due 

to intrinsic substances in its cells and not to any possible mixture 

with the depressor substances of the posterior lobe. 

Experiment 1, Table V, shows that the injection of a saline extract 

of the anterior lobe from which the posterior portion in contact 

with the infundibular lobe had been removed, produces a character- 

istic fall of 28 mm. of mercury, thus forcing the conclusion that 
the active agent is an integral constituent of the lobe in question. 

Two successive injections of the same solution, given immediately, 

failed to produce a fall, entirely in accord with many other similar 
trials described earlier. , 

1 HALLIBURTON: Loc. cit. 



rger. Walter W. Hambu 296 

‘(16Z 
aded 

aas) 
potad 

sty) 
S
u
t
m
p
 
paseaioap 

A
p
y
s
y
s
 

dutinp 
[wuarue 

ay} 
uo 

auop 
Sutsq 

y
o
m
 

[
e
y
u
a
u
a
d
x
a
 

ou 
‘asdvja 

o} 
pamoy[e 

a19M 
saynuttu 

say-Ayuany 
“f pur 

Q syuatutiodxy 
usamjog 

‘asf 
SuryjAue 

uvy} 
[O1}UOD 

v 
Sv 

aTOWW 
Po}NASUL 

Sem 
}] 

| 

‘astt Arve 

-puooas 

Sutmp 

paroqey] 

pue 

Mojs 

£ [yey Duranp yeam A19A ‘paqoayye 

Ajpayseur 

uonestdsat: 

pue 

asing 

‘
p
o
u
s
y
e
o
m
 

A
Q
y
s
y
s
 

y
a
v
a
y
‘
p
a
s
u
r
y
o
u
n
 

oa
si
ng
 

0} SY] Jo 
“ULL UL [ [BJ 

Atepuosag 

0} 
S
y
]
 
Jo 

“
U
U
 

UL OSL 
A
r
e
p
u
o
s
a
g
 

*soyou [euonippy 

| 

di
ns

sa
id

-p
o 

>[
q 

ay
) 

pu
e 

pa
se
ai
ou
r 

A
y
y
s
y
s
 

se
m 

as
tn

d 
ay

] 

-L 

‘s
oU
BI
YI
UT
IS
 

Ie
pn

oy
te

d 
ou

 
se

q 
uo

yn
to

d 
po
st
ox
a 

ay
y 

fo
 

uo
no
al
ur
 

ay
y,

 
; 

a
t
 

W
U
 

g G 

*(
88

Z 
ad

ed
 

aa
s)
 

sa
qo
[ 

om
} 

OY
) 

U
I
M
J
a
q
 

UO
LU
N 

d
y
e
 

ys
OL
U 

Jo
 

yu
Lo
d 

ay
} 

Jo
 

Uo
Is

Io
xa

 
ay

y 
Aq

 
19
43
0 

BY
} 

10
 

aq
o]
 

A
u
 

Jo
 

V
O
L
U
L
L
U
L
J
U
O
D
 

[
e
o
o
[
o
y
d
i
o
w
 

W
o
y
 

9a
1f
 

pa
te
da
id
 

se
m 

sy
ua
tu
ti
ad
xo
 

as
ay
) 

Ul
 

pa
sn
 

[e
LI

a}
eU

t 
ay

, 
_ 

89
 

as
ue
ys
 

O
N
 

aduryo 
O
N
 

a
d
u
v
y
o
 

O
N
 es 

a
s
u
r
y
o
 
O
N
 

0}
 

By
] 

yo
 

“w
ut
 

UT
 

ey eau] 

‘A 
W
I
V
 

asurys 
O
N
 

ad
ur
yo
 

O
N
 

a
d
u
r
y
o
 
O
N
 

60
1 

aduvyo 
O
N
 

0} OT] 

yo 

“Uta 

UI 

ast 

[eyiwy 

O8 

‘uonoalut 

a1ojaq 

Spy 

Jo 

“WLU 

UT 

ons 

-said 

uva]q 

s
i
s
f
y
d
o
d
 

q
q
 

*9
°9

 
OT
 

si
sf
yd
od
4}
yz
 

*9
°9

 
OT
 

. 
. 

. 
. 

. 
(
s
o
q
o
[
 

q
i
o
q
 

Jo
 

s
y
e
d
)
 

, 
uo

ny
 

-t
od
 

 p
as
io
xa
 

‘9
°9

0 
OL

 

(
s
a
q
o
|
 

qyyoq 
Jo 

syred) 
, 
w
o
 

-t
od

 
=
 

pa
st

ox
a 

"9
9 

Ol
 

wn
pN
Gi
pu
nz
uy
 

*9
°9
 

QT
 

st
sX
{y
do
dA
yy
 

*9
°9
 

0]
 

stsXydodA zy *9°9 OT 

p
p
a
y
o
a
l
u
r
 

y
o
v
a
y
x
y
 

‘
O
N
 

yUSUILLAd x4] 



The Action of Intravenous Lnjgections. 297 

Following the last of these injections, twenty-five minutes were 

allowed to elapse, in order to see whether a fall could then be pro- 

duced by a further injection. During this period the pulse was 

slightly increased and the pressure slightly decreased. A fourth 

injection of hypophyseal extract was now made, with the result 

that a distinct fall of 10 mm. of pressure was recorded, lasting for 
three-fourths of a minute. 

This suggests again that some definite substance is present along 

with the depressor substance, which prevents a second injection 

(given immediately) from producing an effect, and further, that 

this “inhibitory” substance is slowly removed (by oxidation or other 

process) from the blood-stream, or at least loses its “inhibiting” 

influence if allowed to remain for a certain period in the body. And, 
as shown earlier, this inhibitory substance is not present in the 

ether-insoluble part of the alcoholic extract of the dried lobe (Solu- 

tion No.1). The fact that this inhibitory substance always manifests 
itself in successive injections of the hypophyseal lobe except in 

(1) successive injections of Solution No. 1, and in (2) injections of 
saline extracts when a considerable time interval has elapsed between 

successive injections, may explain why previous investigators failed to 

get a depressor effect. In view of the fact, however, that no details 

are given in the papers quoted, regarding the experiments on the 

hypophyseal iobe, the above explanation can merely be offered as a 

suggestion. 

I now wish to speak briefly of the results of the injection of 
combined extracts of the two lobes. In Experiment 5, Table II, and 

Experiment 7, Table III, injections of a mixture of saline extracts of 

both lobes were made. No decided results were obtained, there 

being a shght initial rise followed by a measurable fall in each case, 

the sequence of which conforms to that of adrenalin and peptone. 

In Experiment 6, Table IV, a combined solution of Extracts No. 1 

and No. 2 was used, and in Experiment 12, Table IV, a combined 

solution of Extracts No. 3 and No. 4. In each case a decided fall 

was observed, which might be explained by the absence of the 

“inhibitory substance,’ as well as the pressor substance. 

Part III]. Do ADRENALIN AND PEPTONE ACT ON THE NERVOUS OR 

MuscuLaR APPARATUS OF THE VESSEL WALL? 

When any substance capable of affecting the blood-pressure is 

injected intravenously, it may cause a change in the lumen of the 
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vessel by (1) setting up a reflex, thus involving the vasomotor centres 

in the medulla; (2) direct stimulation of vasomotor nerve endings in 

the vessel wall; or (3) direct stimulation of the muscular elements of 

the vessel wall without the intervention of any nerve ending or fibre. 
Schafer and Oliver! in regard to suprarenal extract, write as fol- 

lows: ‘That the contraction of the arterioles is due to direct action 

of the active principle of the gland (suprarenal) upon the muscular 

tissue of the blood-vessels is shown by the experiment of perfusing 
through the blood-vessels of the frog Ringer’s circulating fluid con- 

taining suprarenal extract after the nervous system had been de- 

stroyed ; it is also demonstrated by the fact that it occurs equally 

well after section of the spinal cord, and after section of the nerves 

going to the limb.” 

Against this view Cybulski and Syzmonowicz,” and also E. v. Cyon,? 

state that the marked rise of blood-pressure is due to stimulation of 

the vasomotor centres, and not to direct action on the vessels. 

Lewandowsky,! however, showed that the intravascular injection 

of suprarenal extract produced a contraction of smooth muscles of the 

eye (cat), even after the connection with the central nervous system 

had been destroyed by excising the superior cervical and jugular 

ganglia, attended with concomitant degeneration of nerve fibres and 

endings. Oliver and Schafer’s hypothesis was further substantiated 

by Boruttau,’ although working along other lines, and again by Sal- 

violi® in 1902. 

S. J. and Clara Meltzer,’ in 1903, removed the superior cervical 

ganglion in rabbits, and cut the third cervical nerve and its connect- 

ing branches, thereby depriving the blood-vessels of the ear on the 
operated side of all central innervation. On the day of the oper- 

ation, and again, after an interval of seven days, they injected adren- 

alin intravenously, with the following results : 

1. The degree of constriction which blood-vessels attain under 

the influence of adrenalin in the ear on the operated side is about the 

same as that of the ear on the normal side. 

OLIVER and SCHAFER: Journal of physiolgy, 1895, xviii, p. 230. 

CYBULSKI and SyZMONOWICZ: Loc. cit. 

3° CYON Hees 200. C28. 

4 LEWANDOWSKY: Loc. c7t. 

5 BORUTTAU: J/.0¢. cit. 

® SALVIOLI: Archives italiennes de biologie, 1902, xxxvii, p. 390. 

7 MELTZER: Loc. cit. 

nme 
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2. The constriction, however, sets in later, and develops more 

slowly on the operated side than on the non-operated side. 

3. On the normal side constriction is usually followed by a moder- 
ate but distinct vasodilatation. Such an effect is absent on the 

operated side. 

4. On the operated side constriction lasts longer than on the non- 

operated side. 

In a later communication ! they say that in normal rabbits a large 

distinctly poisonous dose of adrenalin, injected subcutaneously, causes 

blanching of the ears ; a medium dose causes a moderate but distinct 

dilatation of the blood-vessels. In rabbits in which the vasomotor 

nerves were cut on one side, a medium dose induced a distinct con- 

traction of the vessels on the operated side, and a dilatation on the 

non-operated. 

In a preliminary report” of experiments elaborating the work of 

Lewandowsky on the dilatation of the pupil produced by suprarenal 

extracts, the same observers stated the results of subcutaneous injec- 

tion and subconjunctival instillation of adrenalin upon the pupils of 

rabbits whose superior cervical ganglion had been removed. They 

found that subcutaneous injection or installation into the conjunc- 

tival sac of a medium dose produces a maximum dilatation on the 

ganglion-free side, but no dilatation on the normal side. They 
showed further that the entire ganglion must be removed, for if only 

two-thirds are removed, or if only the connecting nerves be severed, 

adrenalin produces no such effect. 

Brodie and Dixon® have likewise recently published some .obser- 

vations on the action of suprarena]l extract which have a bearing on 

the subject. In their work on the innervation of the pulmonary 

blood-vessels, they reach the following conclusions: 

1. While barium chloride produces a constriction of the pulmon- 

ary vessels similar to that observed in the systemic vessels, adren- 

alin, pilocarpine, and muscarine produce a dilatation. 

2. Barium chloride acts directly on muscle fibre. Adrenalin, 

pilocarpine, and muscarine excite constriction by acting on nerve- 

endings. 

The animals used by me were rabbits. The superior cervical 

1 MELTZER: This journal, 1903, ix, p. 252. 

2? MELTZER: Centralblatt fiir Physiologie, 1904, xvii, p. 651. 

% Broptk and Dixon: Journal of physiology, 1904, xxx, p. 476. 
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ganglion was completely removed on one side with from one to one 

and a half centimetres of attached sympathetic nerve. The ganglion 

and nerve on the other side were either left undisturbed or the nerve 

simply cut across. In the latter case, a normal, unoperated rabbit 

served as a control. 

In an animal whose superior cervical ganglion had been completely 

removed nine days before, on the right side, and whose left side had 

not been disturbed, I dropped adrenalin ;,54,55 into the right eye. 

The conjunctival surface of both upper and lower eyelids, as well as 

the sclerotic vessels, became pale instantly — having been normal 

before. The eye was immediately washed with 0.9 per cent sodium 

chloride solution and a 10 per cent solution of peptone added. The 

eye remained pale. Paleness persisted for from seven to ten minutes, 

at the end of which time the normal color could be seen. This was 

repeated at intervals of from fifteen to thirty minutes, with constant 
results in each case. The same results were obtained in similar ex- 

periments fourteen days after the operation. 

As a control, the above experiments were exactly repeated on the 

left eye and on the eyes of an unoperated animal, with similar results, 
except that an application of peptone subsequently to the application 

of adrenalin was accompanied by a distinct flushing of the vessels of 

the eye and eyelid. 

The above experiment was also tried five days after the operation 

on a rabbit whose superior cervical ganglion had been removed on the 

left side, and whose sympathetic nerve had been severed on the right 

side. Adrenalin produced a paling in the right eye, and after removal 

of the adrenalin with salt solution, peptone caused an immediate flush- 

ing. On the left side (ganglion-free), the same paling was observed 

as before, but repeated peptone administration had no effect on the 

local anzemia, no flushing being observed until ten or fifteen minutes 

had elapsed. The above experiments were repeated several times on 

this same day, and also ten days after, and again fourteen days after 

operation, with confirmatory results on each occasion. 

Fourteen days after the operation, the flushing of the right eye upon 

the introduction of peptone was less marked, and required a longer 

time to take place than five days after the operation, and the flushing 

was slower than that obtained from a control unoperated animal. 

Extracts of hypophyseal lobe of the pituitary body of the ox caused 
marked flushing in both eyes, while extracts of the infundibular lobe 
caused a slight flushing on the right side and none on the left. 
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From these results, we may conclude that the nerve elements of the 

vessel wall are not necessary for its constriction by adrenalin, since 

it produced its effect in regions where the nervous control had been 

eliminated by the extirpation of the ganglion from five days to two 

weeks previously. On the other hand, such nerve elements seem to 

be necessary for the effects of peptone to become manifest, inasmuch 

as the vessels of regions in which the nerve fibres and endings may 

be assumed to have degenerated, or at least to have suffered impor- 
tant functional and structural change, could not be caused to dilate 

upon its administration. 

The effects of the pituitary extracts were not particularly strongly 

marked, and were inconstant in comparison with the action of adrena- 

lin and peptone. This apparent indefiniteness may be explained by 

the simultaneous presence of the pressor and depressor substances 

in the one solution. 

As confirmation of Meltzer’s work, I might say that with adrenalin 

an extreme dilatation of the pupil was always seen first, and was 

most pronounced on the side from which the ganglion had been com- 

pletely removed, the other pupil sometimes remaining perfectly nor- 

mal. At such a moment, the pupil on the ganglion-free side showed 

no reaction to light, while the pupil of the normal eye showed a con- 

striction followed by a quick dilatation when the light was shut off. 

The fact that the peptone solution always produced an effect on 

the unoperated animal is in accord with the conclusions reached by 

Chittenden, Mendel and Henderson,! and independently by Ledoux? 

and Thompson *: that although the anti-coagulable power of peptone 

may be due to the subsequent formation by the liver or other organ 

of a second substance, the depressor effect is due to the constituents 

of the peptone itself. 

SUMMARY OF RESULTS. 

Part I. —1. Ina simultaneous intravenous injection of adrenalin 

and peptone, the adrenalin rise is present first, and is succeeded by 

the peptone fall. This rise and fall always occur in a regular 

sequence, and may be detected, though the amount of either con- 

stituent be enormously in excess of the other. 

1 CHITTENDEN and OTHERS: This journal, 1899, ii, p. 142. 

2 Lepoux: Archives de biologie, 1896, xiv, p. 63. 

3 THOMPSON : Loc. cit. 
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2. The adrenalin rise appears after a very short latent interval, and 

is transitory. The peptone tall occurs more slowly, persists longer, 

and soon becomes permanent. Administration of peptone imme- 

diately after an adrenalin injection will in no way interfere with the 

extent or duration of the rise. On the contrary, the administration 
of adrenalin subsequent to a peptone injection is adequate to check 

the fall and produce a normal adrenalin rise. 

Part II. —1. The intravenous injection of a saline extract of the 
hypophyseal (anterior) lobe of the pituitary body produces a distinct 

fall of blood-pressure. This fall is accompanied usually by an ac- 
celeration and weakening of the heart. 

2. A second injection of ‘a saline extract of hypophyseal lobe, 

immediately following the first, fails to produce any change in blood- 

pressure. If a considerable interval be allowed to elapse, a second 

injection will produce a fall. 
3. The active depressor substance is soluble in alcohol, glycerine, 

and salt solutions, but insoluble in ether. Repeated doses of the 

alcoholic extract, following each other immediately, are active. 

4. A secondary rise above the normal follows the depressor effect 

produced by alcoholic extract of the hypophyseal lobe. It is also 

sometimes seen after injection of a saline extract. This may be due 

to an active pressor substance present in small amounts in the hypo- 

physeal lobe, or to the elimination of the “ inhibitory” substance, 

present in the saline extract. 

Part III.— 1. The experiments on the eyes of rabbits support the 

view that adrenalin produces its constrictor effect by acting directly 

on the musculature of the vessel wall. 

2. Witte’s peptone causes dilatation of the vessels of the eye when 
applied directly, by acting on the vasomotor nerve-endings alone. 

This effect is produced by an immediate action of some of its constit- 
uents, and not by a new substance formed under the influence of 

the body, as is the case with its effects on the coagulation of the 
blood. 

In conclusion, I desire to express my appreciation and thanks to 

Professor Stewart, under whose direction this work was pursued, for 
invaluable advice and criticism. 



METHODS FOR THE QUANTITATIVE CHEMICAL 

AMALYSIS. OFe THis BRAIN .AND» CORD. 

By WALDEMAR KOCH. 

[From the Laboratory of Phystological Chemistry of the University of Missourt, 

Columbia, Mo.| 

ee of the various quantitative chemical analy- 
ses of brain tissues, so far recorded in the literature, indicates 

most plainly that methods involving separation by means of solvents 

can be of value only for the isolation of groups of substances. Only 

under most exceptional conditions can these methods be carried to such 

refinement as to bring about the complete separation of two chemical 

individuals without loss of material. In mixtures containing a large 

number of compounds, the influence which one substance exerts on 

the solubility of another is so great that the solubility of a substance 
when pure is no criterion of its behavior in a mixture. It becomes 

necessary, therefore, to devise for each constituent a method depend- 

ing on some radicle or group of atoms characteristic of itself and not 

found in any one of the other constituents. If, however, two or more 

constituents have the same radicle, they must be determined as a 
group, and then distinguished from one another by certain other 

characteristics. 
After all the constituents of a tissue have been determined by 

methods, devised as outlined above, and the total adds up to or 

nearly to 100 per cent, so that there is reason to believe that every- 
thing has been accounted for, it is necessary further to check the 
result by making a determination of the total phosphorus, nitrogen, 
and sulphur in, for instance, the alcohol-ether-soluble portion of the 

tissue. The amount of phosphorus, nitrogen, and sulphur repre- 

sented by each constituent of the tissue belonging to the alcohol- 

ether-soluble portion is then calculated with either the structural 

formula or the elementary analysis of the substance as a basis. After 
everything has been accounted for, the ¢otal calculated phosphorus, 

nitrogen, and sulphur should check the ‘otal found phosphorus 

393 



304 Waldemar Koch. 

nitrogen, and sulphur within the limits of error of the determination. 

If, on the other hand, all the elements are not accounted for in terms 

of compounds, or the total of the constituents does not add up to 

100 per cent, a consideration of the elements not accounted for 

will then give some clue as to the nature of the compound or com- 

pounds remaining to be isolated. The same principle can then be 

applied to that portion of the tissue insoluble in alcohol and ether. 

A separation of the anatomical elements of a tissue preparatory to 

chemical analysis would indeed be very desirable, but is evidently an 

impossibility. Such elements as blood-vessels, connective tissue, and, 

if possible, the blood should, however, be removed wherever feasible. 

The brain represents a most favorable tissue for such work, as all the 

large blood-vessels can easily be removed with the pia mater, and there 

is very little connective tissue. In an animal it is easily possible to 

remove all the blood by transfusing salt solution. (In the human 

subject this is hardly possible, and the blood thus represents the 

most serious source of error in comparative work.) After removal 

of the blood, there remain, then, in the cortex, for example, neuroglia 

cells, some blood-vessels, medullated and non-medullated nerve fibres, 

and the various types of nerve cells. If in such a tissue chemical 
differences were to be observed as a result of physiological nerve 

activity, it would seem reasonable to refer these differences to 

changes in the nerve cells, rather than to the neuroglia cells or the 

cells in the blood-vessel walls, which can be assumed to undergo less 

active metabolism. In the study of pathological material, in which 

proliferation of neuroglia cells is liable to have taken place, this 

source of error must be as nearly as possible determined by micro- 

scopic examination, which should be made in any case. The sub- 

stances introduced by the presence of medullated nerve fibres can be 

approximately determined by an analysis of a pure mass of medul- 
lated fibres as found in the corpus callosum. Any attempt to obtain 

cortical grey matter free from medullated fibres would evidently be 
useless. 

The results to be expected from such a quantitative study of the 

brain are as follows: 

1. It may be possible to obtain some clue as to the physiological 

significance of the various substances by following out the time at 

which they appear during embryological development! of the tissue, 

1S. Hatalt has undertaken this part of the work in the Neurological Laboratory 

of the University of Chicago. 
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and the ease with which they disappear as the result of prolonged 

chronic pathological changes,’ correlating the results thus obtained 

with variations of functional activity. 

2. A study of the relation of the various substances to one 

another, and to their intermediate and ultimate decomposition pro- 

ducts, may give some insight into the obscure processes of the meta- 

bolism of*the nerve cell. 
3. Variations from the normal, in the proportion of the various 

constituents, produced by such acute changes as lack of oxygen or 

the action of drugs, may be the means of giving a chemical basis for 

pharmacological investigation. 

Results obtained in this way can then be further correlated by a 

study of the distribution of the various constituents by microscopic 

methods. At present such methods have not been sufficiently devel- 

oped from the chemical side to be of much value. 

METHOD OF COLLECTING THE MATERIAL. 

As there is no fluid in which such a tissue as the brain can be pre- 

served as a whole, for quantitative chemical work, without introducing 

serious sources of error, it becomes necessary to weigh the material 

as soon as collected, and to determine immediately the amount of 
water. 

White matter.— The method of procedure for white matter is as 
follows: The corpus callosum is used as representing the largest 

amount of pure white matter to be found in the central nervous sys- 

tem. It is freed as much as possible from blood-vessels, and then cut 

into slices, which are immediately placed in weighed glass stoppered 

bottles. At the same time somewhat thinner slices are placed 

between weighed watchglasses (fitted with a clip) for the water 

determination. This insures that the material used for extraction is 

in about the same state of hydration as that used for the water deter- 
mination. It is best not to incur the risk of the material becoming 

too dry, in any attempt to prepare it in a fine state of division for 

extraction. As will be described later, after the second or third 

alcohol and ether extraction, the material can be pulverized in a mor- 

tar much finer than it could possibly be cut in the moist state. For 
the water determination from 1.0 gm. to 1.5 gm. should be taken. For 

the extraction it is better not to take less than 5 gm. and a larger 

1 This investigation is being carried on in this laboratory with material collected 

at the Pathological Laboratory of the Claybury Asylum, London. 
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amount than 10 gm. would seriously interfere with the com- 

pleteness of the extraction. If more material than 10 gm. is avail- 

able, it is better to collect another sample and place it in a second 

bottle. The water determination should be made immediately, to 
insure the material against decomposition. The extraction can be 

postponed by preserving the material in three times its weight of 

absolute alcohol. As the weight of the moist material is kfiown, and 

the amount of water determined in the separate sample, this method 

of preservation introduces no source of error, as the alcohol in which 

the material is kept is also used in the first extraction. 

Grey matter.— The largest aggregation of grey matter in the 

human brain is to be found in the cortex, although spread over a 

considerable area. As all the layers of the cortex, even the upper- 

most ones, contain medullated nerve fibres, it is useless to attempt the 

collecting of pure grey matter. In fact, for the investigation for 

which this work is to be a basis, it is essential to obtain all of the 

cortex, and not merely to shave off the top layers in an attempt to 

avoid the white matter. The best method, as suggested by Dr. 

Watson, was found to be as follows: Sections about 4 mm. thick are 

cut as much as possible perpendicular to the convolutions, and at 

right angles to the fissures. The easily visible layer of grey matter 

which, if the section is exactly perpendicular to the convolution, is 

of nearly the same thickness on both sides, is then trimmed off by 

running a knife as close as possible along the line of division between 

the grey and the white. Before placing in the weighed bottle, this 
strip is examined carefully, and any adhering white matter snipped off 

with a fine pair of scissors. The advantage of this method is that the 
white matter is always exposed to the view, and that if any small 

particles do adhere, they can easily be seen and removed. The 
water determination, the weighing and preserving are done exactly 

as described for the white matter. In order to localize somewhat for 

future work the place from which the material was taken, two and 

occasionally three parts of the cortex were always used. 

I. The prefrontal area. — Including approximately the anterior two- 
thirds of the first frontal, and corresponding portion of the median 

surface of the cortex, the anterior two-thirds of the second frontal, 

and the anterior third of the third frontal convolutions. 
I]. The motor area.— Ascending frontal as far as the bottom of 

the fissure of Rolando, and neighboring parts in front, including 
Broca’s convolution. 
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III. The visuosensory area. — Lower lip of the anterior calcerine 

fissure, both lips and surrounding parts of the posterior calcerine 

fissure, and a small portion of outer aspect of occipital pole. 

For microscopic examination, samples were taken from these 

regions. One was preserved in Miiller’s fluid, after hardening in 

formol for determining the amount of degeneration in the fibres by 

Marchi’s method, and the amount of wasting by the Pal Weigert- 
method. Another sample, after hardening in formol, was dehydrated 

with alcohol and imbedded in paraffine for studying the changes in 

the neuron cell with Nissl’s methylen blue method. 

CHEMICAL CONSTITUENTS OF BRAIN-TISSUE. 

The substances so far isolated from the brain which must be con- 

sidered in devising quantitative methods of determination, as outlined 

in the introduction, are: 

I. Water, H,O, present in largest amount. 

2. Simple and compound proteids [C, H, O, N,S, P]. 

Globulin coagulating at 47—-50° C. (Halliburton '). 
Globulin coagulating at 70° C. (Halliburton). 

Neurostromin (Schkarin*) : extracted by sodium hydrate, present only 

in small amount. 

Nucleoproteid (Levene*): contains 0.57 per cent phosphorus. ‘The 

nucleoalbumin of Halliburton’ and the neuroglobulin of Schkarin ? may be 

considered to be identical or closely related to the compound isolated by 

Levene. 

Neurokeratin (Kiihne and Chittenden*): an albuminoid insoluble in 

sodium hydrate and not digested by ferments. 

3. Extractives (water soluble) [C, H, O, N, S]. 

fypoxanthin: C;H,yN,O (Thudichum®). It seems curious that Thudi- 

chum should mention this as the only purin base found, when Levene 

gives, as the purin bases of his nucleoproteid, adenin and guanin, and 

states that hypoxanthin was not present. 

1 HALLIBURTON: Collected papers from the Physiological Laboratory, of 

King’s College, London, 1893, No. 1. 

2 SCHKARIN: Inaugural Dissertation, St. Petersburg, 1902. 
8 LEVENE: Archives of neurology and psychopathology, 1899, v, II. p. I. 

4 KUHNE and CHITTENDEN: Zeitschrift fiir Biologie, 1890, xxvi, p. 291. 

5 THUDICHUM, J. L. W.: Die chemische Konstitution des Gehirns des Menschen 

und der Tiere, tgo1, F. Pietzcker, Tubingen, p. 319. 



308 Waldemar Koch. 

Both evidently derived 

from post-mortem de- 

composition, 

Urea : CH,yNO (Gulewitsch *): its presence is not due to contamina- 

tion with blood: (essential constituent). 

*ptones and Albumoses: Thudichum‘ considers the osmazon of the 

French chemists to be closely related to this group. 

Sarcolactic acid (Thudichum *). 

Formic, acetic, succinic, and lactic acids (Thudichum®): may be con- 

sidered to be derived from post-mortem decomposition. 

Znosit : CsHy.0, * 2H,O (Thudichum *). This substance has been con- 

firmed by a number of investigators. 

Besides the above-mentioned substances, the fellowes have been occa- 

sionally found to be present, under pathological conditions, by various 

authors, and must be considered on account of introducing sources of 

error in the methods of determination, especially with pathological mate- 

rial. They are: Neuridin (Brieger’), uric acid (Thudichum *), kreatin 

(not confirmed by Thudichum®), cholin (Mott and Halliburton’), also, 

according to Gulewitsch," present as a normal constituent, trimethyl amin 

(Thudichum ™”), evidently the result of post-mortem change. 

Tyrosin » CyH,,NOs (trace) (Thudichum *). 

Leucin: CgH3NOz (trace) (Thudichum ”). 

4. Inorganic constituents. 

Na, K, NH,, Ca, Fe, present partly as dissociated ions, and partly in 

organic combination. 

Cl, SOx, POy, COs, present as dissotiated ions, or as neutral molecules 

combined with the cations mentioned above, not in organic combination. 

Lecithans [C, H, O, N, P] (Phosphatids). 

Lecithins : Stearyloleyl lecithin, CyyHs,.N PO, - OH; 

Margeryloleyl lecithin, Cy;H,s,NPO, - OH ; 

Palmityloleyl lecithin, Cy.Hs2.N PO; - OH ; 

on 

~ THuUDIcHUM, J. L.. W.: £oc./¢it.,ip:"330: 

TRUDICHUM,, J. Lee Wes Woc.1cil4"p: S32 

GULEwITscH, W.: Zeitschrift fiir physiologische Chemie, 1899, xxvii, p. 81. 

* THuDicHuM, J..L..W.: Loc. .c77.4 pp. 316,,307- 

5 THUDICHUM, J. L. W.: Loc. cit., p. 520°) 

6 THUDICHUM: Loc. cit., p. 319: 

7 BRIEGER: Jahresbericht tiber die Fortschritte der Tierchemie, 1884, xiv, p. 92. 

8 THUDICHUM: Loc. ctt., p. 318. 

THUDICHUM: Loc. cit., p. 321. 

© Mort and HALLiBpuRTON: Philosophical transactions of the Royal Society 
of London, Igo, exciv, p. 437- 

11 GULEWITSCH, W.: Loc. cit. 

2 THUDICHUM: Loc. cit., p. 330. 

eo nw 

© 

—— 
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isolated as a mixture of isomers and homologues by Thudichum! and 

Koch? are all characterized by the presence of three methyl groups 

attached to nitrogen. One methyl] group splits off quantitatively at 

240° C: with hydriodic acid, the remaining two split off at 300° C. These 

lecithins have basic properties, form double salts with cadmium chloride, 

but do not form insoluble lead salts. They are soluble in alcohol and 

ether. Phosphorus, 4 per cent; nitrogen, 1.8 per cent. Proportion 

Of i) 2-1 

Amidolecithins : Amidomyelin, Cy,HsgN2PO,. Isolated so far only by 

Thudichum,’? who has not published complete analyses. From the 

empirical formula, this substance evidently is closely allied to the leci- 

thins, and should have three methyls attached to nitrogen. The quan- 

titative results indicate that this substance can be present only in 

extremely small amount. Nitrogen, 3.5 per cent ; phosphorus to nitrogen 

as I: 2. 

Kephatns : Kephalin, Cy.H7g.N PO,3 (Thudichum,* Koch °) ; 

Oxykephalin, CysH;gNPO,, (Thudichum °) ; 

Peroxykephalin, Cy.H;gNPO,; (Thudichum *) ; 

Myelin, Cy)H;;N PO,  (Thudichum *). 

These substances are derived from the lecithins by the loss of two methyl 

groups and an oxidation of the oleic acid radicle, the chemistry of which 

is still very obscure. In consequence of the nitrogen becoming a triad, 

the basic properties are lost and these substances consequently give 

insoluble lead salts. The methyl group is split off quantitatively at 240° C. 

with hydriodic acid. No more methyl is split off above that temperature. 

A comparison of the formula makes it evident that kephalin Cy, . . . is 

derived from stearyloleyl lecithin Cy, .. . and myelin Cy... from 

palmityloleyl lecithin Cy, . .. . These substances are soluble in ether, 

insoluble in alcohol. Phosphorus, 3.7 per cent; nitrogen, 1.7 per cent. 

Proportion of 1 : 1. 

Amuidokephalins : Amidokephalin, Cy.Hg)N2PO;s. Isolated so far only 

by Thudichum,’ may be considered to be derived from the amidomyelin 

by the loss of two methyl groups and an oxidation similar to kephalin. 

The empirical formulz support this theory. Phosphorus to nitrogen as 1: 2. 

1 THUDICHUM: Loc. cit., p. 322, 123, 110. 

2 Kocu, W.: Zeitschrift fiir physiologische Chemie, 1902, xxxvi, p. 134. 

® THUDICHUM: Loc. cit., p. 322, 123, IIo. 

4 THUDICHUM: Lac. cit., p. 320, 130. 

SAICOCH:: ear. ctr. 

6 THUDICHUM: Loc. cit., p. 138. 

7 Tuupickum: Lac. cit., p. 138. 

8 THUDICHUM: Loc. cit., pp. 323, 156. 

9 THUDICHUM: Loc. citt., p. 107. 
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Besides the above-mentioned, there have been isolated by Thudichum, 

but not so far confirmed by me and difficult to classify, Jaramyelin, 

Cs3;H;;N POs, probably related to lecithin, sphingomyelin, C5.Hi04N2POo, 

probably related to the amidolecithins [nitrogen, 3 per cent], containing 

however no glycerine and assurin, CygHo,N2P2O,. [Phosphorus, 7 per 

cent ; nitrogen, 3.2 per cent.| 

6. Cerebrins [C, H, O, N]. 

Within recent years these substances have been studied on human 

material by Thudichum! and Thierfelder,? on sheep’s brains by Koch,? 

and on horse’s brains by Bethe.* As there is very little difference in the 

cerebrins derived from different species it will simplify matters to compare 

them regardless of their source. 

Phrenosin, CyH7g3NOs;, Thudichum® may be said to be identical or 

isomeric with the substance isolated by Thierfelder and by Koch, as will 

be seen from a comparison of the analyses. 

Thudichum. Thierfelder. Koch. 

Carboni is bee 69.00 69.16 68.73 

Hydrogen. - . . 11:08 11.54 11.83 

INTELORen cee leo 1.76 1.64 

Phrenosin splits off galactose on heating with dilute mineral acids. 

Kerasin, CyyHgsNOs (Thudichum *), probably identical with Bethe’s 7 

amidocerebrin acid glycosid, CyyHs,NOs. Both are undoubtedly homo- 

logues of phrenosin and like it split off galactose. 

Phrenin, isolated by Bethe, was obtained by myself as a decomposition 

product from cerebrin after boiling with dilute hydrochloric acid. ‘The 

analyses agree very well. 

Bethe.? Koch. 

Garbon@ate es: een le oO 71.60 
Hydrogen . . . I1.95 12.14 

INifrogens =...) = salas 1.89 

‘This substance does not split off a reducing sugar as do phrenosin and 

kerasin. 

1 THUDICHUM: Loc. cit., p. 178. 

* THIERFELDER. H.: Zeitschrift fiir physiologische Chemie, 1900, xxx, p- 549. 

8 Kocu: Loc. cétt. 

* BeTHE, A.: Archiv fiir experimentelle Pharmakologie und Pathologie, 1902, 

xviii, p. 78. 

®° THUDICHUM: Loc. cit., p. 184. 

6° THUDICHUM: Loc. cit., p. 218. 

7 BETHE: Loc. cit., p. 184. 
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Cerebrin acids so far only isolated by Thudichum.* 

Cerebrin acid, CygyHggNOy, and sphaerocerebrin, CsgH23NO;; are char- 

acterized by forming lead salts insoluble in hot alcohol. This distinguishes 

them from kerasin and phrenosin, which do not combine with lead. 

Cerebrin acid, according to Thudichum, splits off galactose. A compari- 

son of the percentage of carbon found by Thudichum makes it extremely 

probable that these substances are intermediary oxidation products of 

phrenosin and kerasin, as indicated by the following figures : 

Phrenosin. Cerebrin acid. Sphaerocerebrin. 

Carbon. » «4. "69 67.00 62.75 

Hydrogen... .. 2E08 11.36 11.08 

Nitrogen (- .9. =. 396 159 1.23 

The large number of carbon atoms given by Thudichum in the empiri- 

cal formula is based on the nitrogen determination, which is not strictly 

correct. 

No other substances have been isolated which may be said to belong to 

the group of the cerebrins. The cerebrinphosphoric acid of Bethe is 

only an impure mixture which undoubtedly contained sulphur, for which 

he neglected to test. None of the members of this group can be said to 

be pure until they are free from sulphur and phosphorus, both of which 

elements cling to them most tenaciously. All the cerebrins, when pure, 

are insoluble in ether and soluble in hot alcohol. The cerebrin acids are 

more soluble in glacial acetic acid than phrenosin. 

Cholesterin [C, H, O], C.;H,;OH, said to occur in the brain as free 

cholesterin and in the form of esters. Soluble in hot alcohol and cold 

ether. 

Sulphur compounds [C, H, O, N, P, S}. 

Any extract of brain tissue with alcohol and ether will be found to con- 

tain considerable amounts of sulphur. None of this sulphur is, however, 

present as cystein sulphur, as saponification of the extract with sodium 

hydrate, and subsequent treatment with lead acetate will give no lead 

sulphide. Thudichum ? has isolated an impure mixture containing a large 

amount of sulphur [4 per cent] and also some phosphorus, mixed with 

some of the cerebrin acids. On this account, he is inclined to look upon 

them as cerebro sulphatids. Any ordinary preparation of cerebrin will 

contain sulphur, and one might be inclined to look upon the sulphur as a 

constituent element. I have been able, however, by means of solvents to 

obtain, on the one hand, a cerebrin free from sulphur, and on the other 

1 THupicuuM: Loc. cét., p. 221. 

2 THupicuumM: Loc. cit., p. 224. 
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hand, a compound containing up to 4 per cent of sulphur and free from 

any reducing sugar. The preparation also contains about 2 per cent 

of phosphorus, 5 per cent of nitrogen, and some fatty acids. It is un- 

doubtedly still impure. ‘The substance obtained from sheep’s brains is so 

difficult to manipulate that I will have to use for this work human brains, 

which yield a much more tractable preparation. As the collection of 

sufficient material for this investigation will of necessity be rather slow, I 

should like to reserve the study of this interesting sulphur compound a 

little longer, and will describe the methods of preparation and give 

analyses when I have been able to obtain the substance in larger quantity. 

The largest amount obtained so far was 0.3 grams and that was impure. 

Amidofats es HH, NO}: 

Krinosin, C3,H7NO;- 

Bregenin, CyHs,NO;. 

These substances have so far been only isolated by Thudichum.1. They 

are distinguished from fats by their insolubility in ether. The quantitative 

determinations indicate that they may be present in small amount only. 

They most probably represent post-mortem decomposition products. 

Monophosphatids [C, H, O, P]. 

Lipophosphoric acid, butophosphoric acid. Isolated by Thudichum,? 

but not analyzed completely. Contain about 4 per cent of phosphorus, 

and are free from nitrogen. May be present in slight amount in white 

matter, as not quite all the phosphorus is accounted for. Most probably, 

however, they are either post-mortem decomposition products or the result 

of chemical manipulations. 

This completes the list of substances isolated or supposed to have 

been isolated from brain tissues. Free fats and fatty acids have 
never been found to be present in normal brain tissue. Bethe® 

mentions stearic acid, but adds a question mark, which is a wise pro- 

vision, as he has been rather unfortunate in describing decomposition 

products as primary constituents (phrenin, see above). Protagon, I 

will not attempt to resurrect, as the work of Thierfelder * and of 

Gies® has settled its fate. 

1 THUDICHUM: Loc. cét., p. 227. 

* THUDICHUM: Loe. cit., p. 177- 

3 BETHE: Loc. czt., p. 86. 

4 THIERFELDER: Loc. ctt., p. 540. 

* LesEM, W. W., and Gigs, W. J.: This journal, 1902, viii, p. 183. 
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DETERMINATION OF WATER. 

in devising a method for the determination of the amount of water 
in a tissue, it is necessary to consider the colloidal nature of the sub- 

stances present. In every tissue there may be said to be a tendency 

towards an equilibrium between the water existing in the free state 

and that imbibed by the colloid, on the one hand, and the water im- 

bibed and the water of constitution, on the other hand. In other 

words, water of constitution cannot become free without passing 

through the intermediary state of imbibed water. This equilibrium 

is subject to considerable variations, depending on temperature and 

pressure, and to a large extent also on the presence of inorganic salts. 

The simplest method of removing the water from such a system would 
be to raise the temperature, which would cause the imbibed water to 

become free and evaporate. The combined water would also evapo- 

rate, but only towards the end. The objection to this method lies in 

the fact that the colloids coagulate, as the temperature is raised, and 

form a firm crust at the surface, through which even the free water 

can only evaporate with difficulty. Another method, which indeed 

would be the ideal one, would be to extract the water with some sol- 

vent, like absolute alcohol, which, however, must not dissolve anything 

else, —a condition that no solvent fulfils. The only method which re- 
mains, therefore, is to allow the water to evaporate at as higha tem- 

perature as possible, but below the point at which the colloids 

coagulate (40-42° C.). As sucha process would be extremely slow, 

it must be hastened by a good vacuum pump. Even in a vacuum, 

however, as the space surrounding the tissue becomes filled with 

water vapor, there is a tendency for the water to go back into the 

tissue, probably in the state of imbibed water. The presence of a 
good drying agent, like calcium chloride, is, therefore, a necessity, and 

greatly accelerates the process. The advantage of this method of 

drying lies in the fact that as the surface becomes dry, it can take up 

moisture from the lower layers on account of its ability to imbibe 
water. The tissue, therefore, becomes uniformly dried throughout, 

and constant weight is reached in a remarkably short time. The 
drying should, however, extend over at least a week, to be thorough. 

Between each weighing there should be a period of drying in a con- 

stant vacuum for at least twenty-four hours. To test the efficiency of 
this method in affecting a complete drying, two samples of cortical 
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grey matter,and one sample of corpus callosum were first dried 

between weighed watchglasses, fitted with a clip, to constant weight 

at 40° C. and then heated to 95-100’ C. The copper vacuum oven 

employed, was surrounded with a water jacket and was capable of 

holding a vacuum for at least two days. 

I grey. II white 

Weight of material as collected . . . 0.7761 1.6180 

Weight after 36 hours drying at 40° C. 0.1365 0.4917 

Weight after 60 hours drying at 40° C. 0.1340 0.4837 

Weight after 84 hours drying at 40° C. 0.1350 0.4831 

Weight after 108 hours drying at 40° C. 0.1340 0.4803 

Weight after 132 hours drying at 40° C. 0.1340 0.4803 

Weight after 18 hours drying at 95° C, 0.1336 0.4801 

Percentiofiwater at400G. > ac cmene 82.74 70.31 

Percent of water af. 95O'G, . 2) 3: 0.05 0.01 

This method gives, therefore, an accurate determination of the 

amount of water present in the tissues as free and imbibed water under 

the conditions of temperature and concentration of salts at which the 

tissues happen to be at the time of the experiment. The presence of 

fats, by preventing the free evaporation of the water, interferes very 

much with the determination and makes it much more tedious. It 

is well after the first weighing to loosen the tissues from the watch- 

glass (to which they usually stick rather firmly) in order to expose a 

larger surface for evaporation. The determination of water is of no 

value in establishing differences between normal and pathological 

material, as too many factors enter in and cause considerable varia- 

tions. These factors are: 

1. ‘The amount of blood in the tissue at death, whether congested or anex- 

mic. 

The accidental and almost incontrollable variations in the amount of dry- 

ing during the collection of the material. 

3. In the case of cortical grey matter the varying amounts of white matter 

tN 

introduced in the process of collection or actually present as fibres in the 

cortex. ‘This error can, however be determined and probably eliminated. 
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In spite of these objections, it is, however, necessary to determine 

the amount of water in an investigation of this kind, in which every 

constituent is to be determined with a view to adding the sum total 

up to 100 per cent. 

DETERMINATION OF PROTEIDS (INCLUDING THE EXTRACTION OF 

THE OTHER CONSTITUENTS). 

A consideration of the constituents of nerve tissues mentioned 

before shows that they all dissolve in either alcohol or ether or both, 

with the exception of the proteids, some of the inorganic salts, and 

possibly the small amount of albumoses and peptones that may be 

present. The various proteids are distinguished from one another 

as follows: The neurokeratin is insoluble in ferments and sodium 

hydrate; the nucleoproteid is characterized by its phosphorus; and the 

simple proteids can be determined by difference. The extraction of 

the alcohol-ether-soluble and the water-soluble constituents is carried 

on as follows : 

5 to 10 gm. of the substance after weighing are extracted first with 

hot alcohol (just below the boiling point) for six hours, filtered hot 

and washed several times with hot alcohol. The filtering is done 

through a filter paper which has been tared against another filter 

paper, so that small adhering quantities of insoluble matter may not 

be lost in the final weighing of the proteids. The insoluble residue 

is then allowed to stand in a flask with cold ether over night. The 

hot alcoholic filtrate deposits on cooling a number of substances 

which would be immaterial, if only one determination were to be 
made. In the complete determination of all the constituents of 

nerve material, however, this would multiply the number of extrac- 

tions to an inconvenient amount, and it is preferable to introduce a 

slight error by making up the warm filtrate to 110 c.c. in a grad- 

uated flask with warm alcohol, and dividing it into four portions with 

a warmed 25 c.c. pipette. This gives four determinations to one 

extraction, which greatly simplifies the work. The extra 10 c.c. left 

in the flask must be corrected for in the final calculation, and go to 

correct slight sources of error, such as the amount of solution adher- 

ing to the sides of the flask or lost in the transferring. The ether 

extraction, after filtering, is distributed in the same manner, but must 

not be mixed with the alcohol in order to save solvent in making up 

to the mark until after the third ether extraction, as otherwise an 

insoluble precipitate is formed, which cannot be distributed with any 
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degree of accuracy. The alternate extraction with hot alcohol during 
the day and cold ether during the night is continued for ten days. 

After the third ether extraction, it is well, however, to transfer the 

material to a mortar and pound it into fine shreds with a pestle. It 

is astonishing to' see how tissues which at first are so difficult to 

obtain in a fine state of division will break up under this treatment into 

the finest fragments, which can be very thoroughly extracted. After 

ten days’ extraction, it is needless to continue the ether extraction, 

but the alcohol should be continued at least five days longer, in order 

to remove the last traces of lecithin from the now coagulated proteid. 

All the insoluble residue is transferred to the tared filter paper, and 

dried to constant weight in a vacuum oven at 4o° C. The residue is 

then moistened with chloroform water, and extracted several times to 

remove the remaining inorganic salts.and organic extractives. The 

amount extracted is determined as described under the determination 

of the extractives, and subtracted from the above weighing. The 
result represents the fotal proteids. The neurokeratin is then deter- 

mined according to the method of Kiihne and Chittenden! in one 

sample. In another sample the phosphorus is determined (after 

destruction of the organic matter) by the molybdate method, and the 

approximate amount of Levene’s xucleoprotetd determined by multi- 

plying the phosphorus found, by the factor 175.4. The remainder, 

after subtracting the nucleoproteid and neurokeratin from the 

total proteids, represents the szmple proteids or globulins of Halli- 

burton. It would be desirable further to check the determination 

of Levene’s nucleoproteid by an estimation of the nuclein bases. 

These are present, however, in such small amount, and the present 

methods contain so many sources of error, that no reliance could 

be placed on such a result. 

THE DETERMINATION OF EXTRACTIVES (WATER SOLUBLE) 

AND INORGANIC SALTS. 

The usual method of determining the extractives and inorganic 

salts by extraction with water and removal of the proteids by boiling 
in slightly acid solution cannot be employed in the case of brain 

tissues on account of the large proportion of lecithans present. The 

lecithans go into colloidal solution and cannot be removed by boiling. 

In slightly acid solution (0.32 HCl) the lecithans can, however, very 

easily be precipitated by addition of a little chloroform. The solu- 

1 KUHNE and CHITTENDEN: Loc. cit., p. 295. 

er ee 
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‘tion, at first opalescent, becomes cloudy, and in the course of a day 

the precipitate settles out leaving a clear solution which can then be 

decanted off. Unfortunately, the proteids are not removed by this 

method, and it becomes necessary to harden or render them insoluble, 

first by long treatment with alcohol. As this hardening is best com- 

bined with the usual extraction described before, the following 

method has been found to yield the best results. As the largest 
part of the extractives and inorganic salts is found in the ether- 

alcohol soluble portion their determination will be described first. 

A. Determination of the extractives and inorganic salts in alcohol- 

ether-soluble portion. — All or a known portion of the alcohol-ether 

extract is carefully evaporated to a small bulk on the water bath and 
the remaining liquid removed in a vacuum desiccation over calcium 

chloride. This avoids any danger of breaking up the larger mole- 

. cules by heating to a high temperature. The residue is emulsified 

with 40 c.c. of water, and transferred to a graduated 100 c.c. flask, 

I c.c. of concentrated hydrochloric acid, and fifteen drops of chloro- 
form are added, the mixture thoroughly shaken and made up to the 

mark. After settling, which takes longer with grey than with white 

matter, the now perfectly clear solution is filtered through a dry filter 

paper and 80 c.c. evaporated to dryness on the water bath in a plati- 

num dish, dried at 105° C., and weighed. (Total extractives and 

inorganic salts.) The residue should again dissolve easily in water 

to form a clear solution, which should give no cloudiness on shaking 

with chloroform water. This residue can then be used for the deter- 

mination of the inorganic sulphates, phosphates, the extractive nitro- 

gen, or the total inorganic salts. 

Inorganic salts. —The residue is heated to a dull red heat, not high 

enough to volatilize chlorides, and still sufficiently high to burn all the 

carbon and leave a pure white ash. The weight of zxorganic salts 

is then subtracted from the weighing obtained above, and the differ- 

ence represents the organic extractives. 

The sources of error in this method appear to be /irst¢, the danger 

of splitting up larger molecules (cerebrin) with the hydrochloric 

acid. This may be reduced to a minimum by keeping the solution 

fairly cool, and not leaving the acid for too long a time in contact 

with the colloids. Second, the possibility of some of the extractives 

dissolving in the chloroform. This source of error may be reduced 

to a minimum by using only a small amount of chloroform, and also 

by counting in its volume in making up the solution to the mark. 
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The error due to the action of the acid is very slight, as will be seen 
from the following figures : 

g. 2899 gm. of corpus callosum were extracted with alcohol and 

ether, and the extractions divided into four portions. Two portions 

were used for this determination. One was allowed to stand with 

the acid one day, the other seven days. They were made up to 

100 c.c. and 80 c.c. used for the evaporation. 

I. 1 day. II. 7 days. 

Residue on evaporation . . 34.1 mgm. 33.1 mgm. 

Percent.of total. 5 ee) Lion 1.78 

The one exposed to the acid for a longer time contained even less 

than the other, the variation is, however, within the limit of error. 

b. Determination of the extractives and inorganic salts in the alcohol- 

ether-insoluble portion. — Al] of the extractives and inorganic salts 

do not dissolve in the alcohol and ether. It is necessary to extract 

the residue (left after the last alcohol extraction: see proteid deter- 

mination) with water to which a little chloroform has been added. 

About three or four extractions are sufficient, the solution is evapo- 

rated to dryness in a platinum dish, dried and weighed and the 

inorganic salts determined by ignition. The organic extractives are, 

as before, represented by the difference. The following figures will 
give an idea of the relative amount of material to be found in the 

two portions: 

Per cent. 

Total residue. Residue on ignition. Organic. Inorganic. 

Alcohol-ether-soluéle portion 165.6 mgm. 57.6mgm. 1.16 0.62 
Alcohol-ether-zzsoluble portion 50.2 mgm. 18.6 mgm. 0.35 0.20 

1.51 0.82 

The value obtained for the inorganic salts by this method is espe- 
cially satisfactory, as it comes very near the amount required of an 

isotonic salt solution. The organic extractives are given as a whole, 

the determination of the individual constituents will have to be 

preceded by a more careful qualitative study. At present very little 

is known of this important group. 

DETERMINATION OF THE LECITHANS. 

The members of this group, as far as investigated, have all been 

found to be characterized by one or more methyl] groups attached to 
nitrogen. Cerebrins and the sulphur compound do not contain such 
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a group. Among the extractives there may at times be present, 

neuridin, cholin, and other substances which contain methyl attached 

to nitrogen. In applying Herzig and Meyer’s method of determining 

the methyls attached to nitrogen, to the estimation of the lecithans, 

in the case of tissues like the brain, it is always necessary, therefore, to 

determine the amount of methyl groups present in the extractives by 

a separate analysis, and apply a correction. Although this correction 

is hardly ever very great, calculated as cholin, when calculated as 

lecithin, on account of the higher molecular weight, it may amount 

to as much as o.5 per cent. The members of this group contain 

either one or three methyl groups. No substance with two methyl 

groups has so far been found. To distinguish between the mem- 

bers of this group, the temperatures at which the methyls split off 

are made use of. The following gives the classification in a tabulated 

form: 

Split off one CH, below 240° C.; Split off one CHg below 240° C.; two CH; 

none above 240° C. below 300° C., and above 240° C. 

Kephalin Stearyloleyl lecithin 
(Oxykephalin) Margeryloley] lecithin 

(Peroxykephalin) 

Myelin Palmityloleyl lecithin 

The amidomyelin, amidokephalin, sphingomyelin, and assurin have 

not been investigated with reference to their methyl groups. As 

they contain a higher percentage of nitrogen than the other members 

of this group, some idea as to their quantity may be arrived at from 

a consideration of the difference between the wztrogen calculated 

present as lecithin, myelin, kephalin, cerebrin, sulphur compound 

and extractive on the one hand, and the fotal nitrogen found in the 

ether-alcohol extract on the other hand. As this difference falls 

within the limits of error of the determination, these so-called amido 

lecithans can be present only as traces. Their high percentage of 

nitrogen makes it indeed probable that they may be ordinary lecithin 

or kephalin mixed with some of the sulphur compound. It is quite 

as difficult to separate this compound from the lecithans as from the 

cerebrin. Thudichum does not mention testing his preparations for 

sulphur. The existence of paramyelin I have not been able to con- 

firm, and it may, therefore, be neglected. 
Determination of lecithins and kephalins: All ora definite part of the 

alcohol-ether extract is evaporated in a dish or in the double bulb be- 
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longing to the apparatus previously described.by me.!’ On account of 

the small size of the double bulb, the evaporation of the always con- 
siderable amounts of alcohol and ether is very laborious, and the de- 
termination is often lost on account of the tendency of the ether to 
superheat and as'a result boil over. It is more convenient, therefore, 

to evaporate in an open dish to small bulk, and dry in vacuum until 

most of the alcohol is removed. The residue is then transferred to 

the bulb by dissolving as much as possible in ether, and transferring 

the insoluble portion mechanically, taking great care, however, not to 

lose anything. The ether is then evaporated by gentle heating, and 

the residue dried in a stream of dry air at about 50° C. to remove 

every ast trace of alcohol. Slight amounts of moisture introduce 

no serious error. 

After the residue is thoroughly freed from alcohol it is heated 

in the apparatus previously mentioned, with ammonium iodide and 

hydriodic acid (sp. gr. 1.5) to a temperature not exceeding 240° C. 

As the thermometer is placed in a sand bath, this temperature is 

not absolute and may be subject to considerable variation. (The 

bulb of the thermometer should be about even with the bottom 

of the double bulb.) Usually the alcoholic silver nitrate solution in 

which the methyl iodide is converted into silver iodide begins to 

become cloudy when a temperature of 160° C. is reached in the sand 

bath. If the temperature is not raised too suddenly, a point is reached, 

after twenty minutes or so, at which the silver nitrate solution 

becomes perfectly clear, and the precipitate has all settled to the bot- 

tom. With the experiment properly adjusted, the temperature of 

240° C. should be reached at just about the time at which the solution 

becomes clear. If the silver nitrate solution has not become clear, the 

temperature should be kept below 240° C. until it does. The precip- 

itate of silver iodide and the supernatant excess of silver nitrate 

are then removed, and represent all the methyl from kephalin and 
myelin and one group from the lecithins. Another flask, containing 

silver nitrate solution, is now attached, and the temperature allowed 

to rise to 300° C. The liquid should remain clear for a considerable 

time, as there is quite a range of temperature between the point at 

which the first and the last two methyls split off. Usually at 280° C. 

the second portion of the methyl iodide begins to come over as in- 

dicated by the silver nitrate solution becoming cloudy. When a tem- 

1 Kocn, W.: University of Chicago, Decennial Publications, 1902, x, p. 95. 
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perature of 320° C. is reached, the liquid is again clear, and the 

determination atanend. The two portions of silver iodide are poured 

into twice to three times their bulk of water, first freed from alcohol 

by heating on the water bath and then acidified with nitric acid, 

filtered through a Gooch crucible, washed, dried, and weighed. The 

amount of silver iodide obtained at 300° C. (minus the amount ob- 

tained for the extractives in a separate determination), multiplied by 

the factor 1.661, gives the amount of lecithins (assuming 4 per cent 

phosphorus and 1.8 per cent nitrogen). The amount of silver 

iodide obtained below 240° C. (minus the amount obtained for the 

extractives in a separate determination), multiplied by the factor 

3.325, gives the total amount of lecithins, kephalin, and myelin. The 

amount of lecithins found previously must then be subtracted from 

this total, and the remainder represents approximately the kephalin 

and myelin. To obtain their exact value, this result must be divided 

by the factor 0.925, which corrects for the relatively smaller amount 

of phosphorus found in kephalin, and its larger molecular weight. 

To distinguish between kephalin and myelin would be of no more 
value than to distinguish between stearyloleyl lecithin and palmityl- 
oleyl lecithin, as they stand in the same relation to one another, being 
homologues. The following may serve as an illustration of the 

methods of calculation described above : 

10.0661 gm. of cortical grey matter were extracted with alcohol and ether, and 

the extractions divided into five portions. One was used to determine the 

total methyl ; in another the extractive methyl was determined ; the re- 

mainder were used for other determinations. 

Silver iodide below 240°C. . . . . 25.1 mgm. AgI 

Correction for CHI, inextractives . . 2.0 mgm. Agl 

23.1 X 3.325 = 76.81 mgm. total. 

Silver jodide at. 300°C. ..... 2. «=. 39.6 AgI 
Correction for CH; in extractives . . 1.6 Agl 

38.0 X 1.661 = 63.12 mgm. lecithin. 
= ue 7G kephalin. 0.925 + 13.69 = 14.80 mgm. cual 

In per cent of total: 3.14 percent lecithins; 0.74 per cent kephalin and 

myelin. 

VI. DETERMINATION OF THE CEREBRINS. 

The members of this group areall characterized by splitting off 

galactose with dilute hydrochloric acid. Phrenin need not be con- 
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sidered as it is a decomposition product of phrenosin. The cerebrin 

acids give lead salts insoluble in hot alcohol, which distinguishes 

them from phrenosin and kerasin. No other substances found in 

the alcohol-ether-soluble portion of brain-tissues contain a reducing 

sugar as a part of their molecule. There may occasionally be some 

sugar present in the extractives, but this error can be eliminated. 

The method of determining these substances by the amount of 

copper sulphate reduced in alkaline solution by the sugar split off 

with dilute acid, has already been made use* of by Noll! for the esti- 
mation of protagon. As his analyses have been made carefully, 

it is merely necessary to recalculate them by multiplying the amount 
of copper reduced with the correct factor. The method of titrating 

the copper with potassium cyanide employed by him is not suffi- 
ciently accurate for the small amounts of cerebrin occasionally found 
under pathological conditions, especially in the cortex. It is prefera- 

ble therefore to filter the reduced cuprous oxide through a Gooch 

crucible, and oxidize to copper oxide by heating to a red heat for half 

an hour. The danger of incomplete oxidation is very slight with the 

small amounts of copper to be considered in these analyses (less than 

100 mgm. ). 
Determination of copper value of phrenosin (cerebron ). — [The sample 

of phrenosin (cerebron) was prepared from brains of the insane, and 
carefully purified by recrystallization from glacial acetic acid and 

alcohol until it was free from phosphorus and contained less than 

0.07 per cent of sulphur. The sample was also free from cerebrin 
acids, as it gave no precipitate with lead acetate in alcohol solution. 

Whether or not a substance prepared from brains of the insane is of 

value for the comparison of normal and pathological brains cannot 

be decided off hand. A comparison will have to be made with a 

preparation from normal brains as soon as sufficient material can be 

obtained. The phrenosin was dried in vacuo, 1 gm. weighed out 

and split up with 150 cc. of 1 per cent hydrochloric acid by 

heating over a free flame to gentle boiling under a return con- 

denser for twenty hours.2, The results obtained were plotted as 

copper oxide and phrenosin, and from the plot the following table 

arranged : 

' NOLL, A.: Zeitschrift fiir physiologische Chemie, 1899, xxvii, 370. 

* The solution was made up to 250 c.c., and the copper reduced determined for 
the following quantities : 50 c.c.; 40 C.C.; 35 C.C.; 30 C.C. 3 25 C.C.; 20€.C.; 15 C.c. 
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Table giving the amount of copper oxide (CuO) corresponding to a given quantity of 

phrenosin (cerebron), (also essentially the same for kerasin, cerebrin, and cerebrin 

acids). 

i| 
| Phrenosin. | uO. Br iesccis | CuO. | Phrenosin.|) CuO. | Phrenosin. 

| milligrams =| milligrams milligrams milligrams milligrams ; milligrams milligrams 

18.4 | 27 65.9 48 3. 69 160.9 
| 

20.7 | 68.2 ; 5: 70 

69.5 

a. Determination of total cerebrins. All or a known portion of 

the alcohol-ether extract of a weighed quantity of brain tissue is 

evaporated to small bulk on a water bath and completely freed from 

alcohol in a vacuum desiccator. The residue is emulsified with 

water, transferred to a graduated flask, and hydrochloric acid and 

chloroform added, as described in the determination of the extractives. 

After the precipitate has settled, the liquid is filtered off and any 

sugar which may be present in the free state thus removed. The 



324 Waldemar Koch. 

residue is dissolved in hot alcohol, transferred to a 200 c.c. flask, the 

alcohol evaporated and the residue heated to gentle boiling for twenty 

hours with 1 per cent hydrochloric acid under a return condenser 

over a free flame. The solution is transferred to a graduated flask, 

and enough saturated solution of sodium sulphate added to obtain 

a clear and rapid filtration. An aliquot part of the clear filtrate is 

neutralized with sodium hydrate and 10-20 c.c. Fehling’s solution 

added in the cold. The solution, if free from precipitate, is warmed 

on a water bath, heated to boiling over a free flame, and again 

allowed to stand on a water bath for several hours. This insures 

the formation of a coarse-grained brick-red precipitate which filters 

very easily. The liquid over the precipitate must be of a deep blue 

color and not a pale greenish blue, otherwise the reduction has not 

been properly made. The concentration of the sugar in the solution 

should never exceed 0.2 per cent. The precipitate is filtered through 

a Gooch crucible, washed thoroughly with hot water, dried, ignited, 

and weighed. (Total cerebrins.) 

b. Determination of cerebrin acids. — Another portion of the alcohol- 

ether extract is freed from ether by gentle warming, to the warm 

alcohol solution a little ammonia water added, and then an excess of 

alcoholic lead acetate. The precipitate is transferred to a large 

porcelain Gooch crucible, and washed with hot alcohol until nothing 

more dissolves. From the filtrate a precipitate separates out on cool- 

ing, which does not contain any cerebrin acids. The precipitate in 

the Gooch crucible is treated with dilute hydrochloric acid as de-. 
scribed before for total cerebrins. The amount of cerebrin acids 

usually found is so small that there is no serious error in calculating 

them from the table given for phrenosin. The amount of copper oxide 

found is subtracted from the copper oxide found for total cerebrins 

and the amount of phrenosin corresponding to the remaining copper 

oxide read off from the table. A comparison of phrenosin as deter- 
mined by me, and a result of Noll recalculated, gives the following 

very interesting agreement : 

Noll! (protagon, 6.33). Koch. 

Per cent of phrenosin in white matter . . . . . 4.67 per cent 4:5 

Noll’s preparation of protagon contained about 75 per cent of cerebrin, 

the remainder consisted of sulphur compound and either lecithin or 

more probably kephalin. 

1.NOLL, A.: Loc. cit. 
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THE DETERMINATION OF CHOLESTERIN. 

The cholesterin is best determined according to the very excellent 

method of Ritter All or a known portion of the alcohol-ether 

extract is saponified with sodium hydrate, the alcohol evaporated, the 

excess of alkali almost neutralized with hydrochloric acid, evaporated 

to dryness, and sufficient sodium chloride added to permit the grinding 

up of the slightly alkaline mass in a mortar. The perfectly dry 

powder is extracted with ether, the ether evaporated, and the residue 

again dissolved in perfectly dry ether, and evaporated. The glycerine 

is left behind in this manner. The residue is dried at 105 C. and 

weighed. A comparison of an analysis by Baumstarck (quoted by 

Hammarsten) with my analysis shows a fair agreement. This 

method has a tendency to give a better yield of cholesterin than any 

so far devised. 

Baumstarck.? Koch. 

Per cent of cholesterin in white matter . . . . .. . . 4.52 486 

DETERMINATION OF SULPHUR COMPOUND. 

In the absence of more definite knowledge of the chemical structure 

of the sulphur compound, it must be determined by the amount of 

sulphur found. As inorganic sulphates are always present and inter- 

fere with this determination it is necessary to treat the alcohol-ether 

extract as described for extractives. The sulphur in the solution and 

in the precipitate is then determined. The sulphur found in the pre- 

cipitate multiplied by 25 gives the approximate amount of sulphur 

compound. This assumes that the pure compound has 4 per cent 

of sulphur, which may be too low. For purposes of calculation, the 

phosphorus may be assumed to be 2 per cent and the nitrogen 5 

per cent. 

Amipo Fats AND MONOPHOSPHATIDS. 

There is at present no method of determining these substances 

directly. They most probably represent post-mortem decomposi- 

tion products, and can be present only in very small quantity, as the 

amount of phosphorus and nitrogen not accounted for in terms of 

other constituents is within the limits of error. The existence or 

non-existence of these substances in normal, unchanged nerve tissue 

1 Ritter, E.: Zeitschrift fiir physiologische Chemie, 1901, xxxiv, p. 456. 

2 HAMMARSTEN, O.: Lehrbuch der physiologischen Chemie, 1899, p. 371. 
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must, therefore, be decided with larger amounts of material. In nerve 

tissues undergoing active degeneration, they may be present in larger 

amount. 

SUMMARY OF ANALYSES. 

Of the analyses so far made with the methods outlined above, I will 
give two, with the reservation, however, that they be regarded as 

preliminary and merely illustrative of the methods. The determina- 

tion of the composition of the healthy human brain will require a 

large number of analyses. ; 
The material with which the following two analyses were made 

was obtained from an epileptic who had died during a seizure. The 

post-mortem was made twenty-four hours after death, and the material 

immediately collected and analyzed. 

CHEMICAL COMPOSITION OF HUMAN BRAIN (EPILEPTIC). 

Corpus callosum. Cortex (prefrontal) 

Wiaterd aks J Gs) ba.0 8 eR OW OT 84.15 

Simpleproteids . .. .. . 3.2 (by difference) 50 (by difference) 

Nuheleoproteids ==) =) = eros 3.0 

Neurokeratiny 27.5.) = et ee en eevee bittenden)) 0.4 (Chittenden) 

Extractivess er, bbe?) 5 eee 1.58 

Inorganicsalisme, ee eae Oe 0.87 

Lecithinss 5 =) < a-ha eee ORL 3.14 

Kephalin and myelin Pee ities WoT Oo, 0.74 

Amido lecithans™ 4)... o8)) trace trace 

Phrenosin and kerasin . . . . 4.57 155 

Cerebunracids) ye) Sune eee ETAGe none 

Cholesterin’ =. lie) ein ee ACO 0.7 

Sulphurcompound .... . 1.40 1.45 

99.41 102.58 } 

The total for the corpus callosum indicates that pretty nearly 

everything has been accounted for. The rather high result of 

the grey matter is probably due to the greater difficulty in obtaining 

a uniform sample. Such a number of analyses could not possibly 

be made on one sample. The distribution of the nitrogen and 

phosphorus and comparison with the total found indicates that 

the most important constituents of the alcohol-ether soluble 

portion at least have been accounted for, as will appear from the 

following tables. 

S | 

ed 
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PHOSPHORUS. 

CORPUS CALLOSUM. | CORTEX (PREFRONTAL). 

Calculated | Total found | Calculated Total found 
in per cent. in per cent. in per cent. in per cent. 

Wecitiim .6, 2 fs) 0.208 

| 
| 

Kephalin and myelin. 0.129 

Inoreanic (dee) =... . 0.031 

Sulphur compound . . 0028 

0.396 

Not accounted for + 0.022 

In per cent of total phosphorus + 5% 

NITROGEN. 

CoRPUS CALLOSUM. CORTEX (PREFRONTAL). 

Calculated Total found Calculated | Total found 
in per cent. | in per cent. in per cent. in per cent. 

| 

Pegithin 6 oem «| 0.093 eee 0.057 

Kephalin and myelin. O09 ~ inewhre 0.013 

@erebrin (1.9%)... 0.087 ee 0.029 

Sulphur compound . . 0.070 eae 0.073 

Extractives (det.). . . 0.134 

0.443 

Not accounted for 0.004 

In per cent of total nitrogen —1% 

For a better comparison of the relative composition of white and 

grey matter (with the exception of the inorganic salts), the following 

table, calculated in per cents of solids, is interesting : 
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Cortex Grey oO 
| Corpus callosum. sey free from 

(prefrontal). | white. 

Simple proteids . . soe 10.0 27.71 PANT | 

Nucleoproteids .... = | 11.56 16.66 9.66 

Nenrokeratine.) be alse 8.4 2.22 

Extractives.4 «<< 3 + | 4.75 8.78 

Iseetthins) sarees ue ec evame | 16.22 Wis ss 

Kephalin, myelin. . . . . | 4.11 

Phrenosin, kerasin . .. . 8.61 

Cholesterin on bc a UA oe oats : 3.89 

Sulphur compound , 8.06 

MotalSONdS ai 1.8 0 eee aReu Cane 18 per cent 

The third column of figures given above is obtained by calculating 

the amount of medullated nerve fibres (white) in the cortex, with 

phrenosin and kerasin as a basis and subtracting. Noll has shown 

that the substances (called by him protagon, now known to consist of 

cerebrins) which contain the reducing sugar are only present in the 

myelin sheath and not in the grey matter. An approximate idea of 

the quantity of white fibres present can therefore be arrived at from 
the amount of cerebrins (phrenosin and kerasin) in the cortex. 

Calculating now the amount of other constituents introduced with the 

fibres into the cortex, and subtracting them, the very interesting 
result is arrived at, that cortical grey matter, free from white fibres, 

besides containing no cerebrins, also contains no neurokeratin, 

cholesterin, and kephalin or myelin. Grey matter, therefore, has a 

very simple composition consisting of a mass of proteids, lecithin, and 

the sulphur compound. This result needs further confirmation by 
other analyses before any far-reaching conclusions can be based upon 

it. It serves, however, to indicate some of the possibilities of this 

method of attacking the problem. 

In conclusion, it gives me great pleasure to express my thanks to 

Dr. F. W. Mott, F. R. S., for placing at my disposal the exceptionally 

fine resources of the Pathological Laboratory of the Claybury 
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Asylum, London, and to his assistant, Dr. Watson, for his many 

kind suggestions in the collecting of the material. The funds for 
carrying on the greater part of this work, and for collecting a large 
amount of valuable material, some of which still remains to be an- 
alyzed, were kindly supplied by the Rockefeller Institute for Medical 
Research. 



A PRELIMINARY STUDY OF THE. DIGESTIBILITY OF 

CONNECTIVE TISSUE MUCOIDS IN PEPSIN- 

HYDROCHLORIC ACID. 

By E. R. POSNER anp WILLIAM J. GIES. 

[From the Laboratory of Physiological Chemistry of Columbia University, at the College of 

Physicians and Surgeons, New York.]| 

HISTORICAL. 

BOUT nine years ago Gies made, at Chittenden’s suggestion, an 
examination of the results of Loebisch’s! study of tendomucoid. 

In the investigation published subsequently by Chittenden and Gies,? 

the proteid products resulting in acid hydrolysis of tendomucoid were 

found to be albumid, albuminate, proteoses, and peptone.® 

Shortly after the publication of the paper giving these results, Gies 

tried the digestibility in pepsin-hydrochloric acid of some of his 

samples of pure tendomucoid. A few preliminary experiments made 

it evident that the substance was digestible in that medium. During 

the next few years numerous tests of additional preparations which 

had been made in connection with class instruction, gave the same 

results, and favorable opportunity was awaited for detailed study of 

the zymolytic products. 
At that period (1896-99), statements were current to the effect 

that connective tissue mucoids (szucins)° are “ not digested by arti- 

1 LoepiscH: Zeitschrift fir physiologische Chemie, 1886, x, p. 4o. 

2 CHITTENDEN and Gigs: Journal of experimental medicine, 1896, i, p. 186. 

Also Gres and COLLABORATORS: Biochemical researches, 1903, i, Reprint No. 13. 

8 Similar products have been obtained by HAMMARSTEN and his pupils. See 

Fo.in : Zeitschrift fiir physiologische Chemie, 1897, xxiii, p. 345. 

4 These results were well known to the workers in this laboratory as early as 

1898. 

5 No little confusion in our understanding of glucoproteid relationships has 

resulted in the past from indiscriminate use of the terms * mucin ” and “ mucoid ” 

Thus, the glucoproteids in saliva and tendon have been regarded as mucins, and 

the similar product from cartilage is termed szcoid. Yet the resemblance between 

the glucoproteids obtainable from tendon and cartilage is much closer than that 

33° 
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ficial gastric juice,’ and that these substances are “insoluble in solu- 
tions of hydrochloric acid containing less than 1 per cent of the 

acid,”? although Schmiedeberg had shown that chondromucoid is 

converted, .during artificial gastric digestion of cartilage, into a 
A number of products, such as “‘ peptochondrin”’ and “ glutinchondrin,” # 

and Miller? had observed that the glucoproteid from the respiratory 

passages was also digested by pepsin-hydrochloric acid. We have 

since shown in this laboratory that the mucoids are soluble in hydro- 

chloric acid of less strength than that of a 1 per cent solution.* 
In the paper by Chittenden and Gies,’ attention was called to the 

unexpectedly high sulphur content of the tendomucoid preparations 

described by them. Their results in this connection differed widely 

from those previously obtained by Loebisch.6 Loebisch found 0.8 per 

cent of sulphur in his preparations; Chittenden and Gies, 2.3 per 

between the glucoproteids in tendon and saliva. We have lately shown in this 

laboratory that the connective tissue glucoproteids are so much alike that at 

present they may be regarded as almost identical. Several years ago we wrote as 

follows regarding the glucoproteid from tendon: “ Following COHNHEIM’S sugges- 

tion (Chemie der Eiweisskorper, 1900, p. 259), we use the term ‘ mucoid,’ zzstead 

of the previously accepted ‘ mucin, to designate this substance. We agree with 

* COHNHEIM that, for the sake of definiteness, the term ‘mucin ’ may be best applied 

to the glucoproteids elaborated by true secretory cells, and the term ‘ mucoid’ to 

similar substances in the tissues. Inthe present unsettled state of our chemical 

knowledge regarding these bodies, such a distinction is at best of only temporary 

convenience. The original differences have little importance in the light of the 

results of recent researches.”” See CUTTER and Gres: This journal, 1901, vi, p. 

155; Biochemical researches, 1903, i, Reprint No. 5. 

' HALLIBURTON: Text book of chemical physiology and pathology, 1891, pp. 

479 and 481. 

2 SCHMIEDEBERG: Archiv fir experimentelle Pathologie und Pharmakologie, 

18QI, Xxvili, p. 355. 

8 Fr. MULLER: Jahresbericht tiber die Fortschritte der Thier-chemie, 1896, xxvi, 

p- 6. MULLER’s work gave results suggesting a close relationship between con- 

nective tissue mucoids and secreted mucins. His products from sputum yielded 

ethereal sulphuric acid, formic acid, and acetic acid, data similar to SCHMIEDE- 

BERG’S for chondromucoid. These substances were also obtained directly from 

submaxillary mucin. See also similar data for ovomucoid obtained by SEEMAN: 
Jahresbericht tiber die Fortschritte der Thier-chemie, 1898, xxviii, p. 18, and for 

mucins of the digestive tract by Jaczwicz: /dzd., 1896, xxvi, p. 8. Compare, also, 

with the results subsequently obtained by PANZER and LEVENE, page 333. 

* Gres and COLLABORATORS: This journal, IgoI, v, p. 400; 1902, vii, p. 117; 

also, Biochemical researches, 1903, i, Reprints Nos. 3 and 4. 

5 CHITTENDEN and Gigs: Loc. cit. 
68 LorBIscH: Loc. cit. 
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cent in theirs. Unfortunately, Chittenden and Gies failed to appre- 

ciate the close relation of tendomucoid to chondromucoid suggested 

by their figures for its sulphur content and elementary composition 

in general.| The above-mentioned digestive results for tendomucoid, 
contrasted with those for chondromucoid published a few years previ- 

ously by Schmiedeberg,” first suggested to Gies this relationship. 

The intimacy of this relation was then noted also in a comparison 

of the elementary composition of the two substances as expressed 
in the following figures for percentage content: 

: e H N S O 
Tendomucoid (Chittenden and Gies*) . 48.76 6.53 11-75 2.33 30-63 

Chondromucoid (Morner*). «. . . 47-30 6.42 12.58 2.42 s30e 

Occasional examinations of the osazone and sulphur-containing pro- 

ducts obtainable from each also led, a few years ago, to the con- 

clusions that chondromucoid and tendomucoid are more intimately 
related than had been supposed,® and that a// the connective tissue 

mucoids are very much the same.® 

This idea was strengthened by the publication of Hammarsten’s 7 

views on the “chondroproteids”’ (into which group chondromucoid 

and amyloid were placed because of the similarity of their proteid 

and ethereal sulphuric acid radicles), and also by Panzer’s ® observa- 

tions, shortly afterward, on the properties of another “ chondropro- 

teid,” viz., ovariocolloid, which likewise was found to contain an 

1 They said: “ We present these figures with some doubt in our own minds, 

but, having obtained them as the result of most careful work, we see no possible 

explanation other than that this amount of sulphur is actually present in the mole- 

eule.” 

2 SCHMIEDEBERG: Loc. Cit. 
8 It has been shown frequently that Lorsiscn’s figures for sulphur content of 

tendomucoid were too low. The higher figures obtained by CHITTENDEN and GIES 

have been verified repeatedly. 

4 C. TH. MORNER: Skandinavisches Archiv fiir Physiologie, 1889, i, p. 210. 

5 CuTTerR and GIES: Proceedings of the American Physiological Society, 
1899; this journal, 1900, iii, p. vi; 1901, vi, p. 155; also Biochemical researches, 

1903, i, p. 38 and Reprint No. 5. 

6 CuTTeR and Gigs: Loc. cét.; also MEAD and GieEs: Proceedings of the 

American Physiological Society, 1901; this journal, 1902, vi, p. xxviii; Bio- 

chemical researches, 1903, i, p. 53. 

7 HAMMARSTEN: Lehrbuch der physiologischen Chemie, 1899, p. 47. 

* PANZER: Zeitschrift fiir physiologische Chemie, 1899, xxviii, p. 363 (see 

also the third footnote, page 331). 

sel 
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ethereal sulphuric acid radicle similar to chondroitin sulphuric 

acid,} 
Some months after the publication of the very suggestive results 

obtained by Panzer, Levene? reported similar facts connected with 

tendomucoid, submaxillary mucin,? and carcinoma mucoid. The 

ethereal sulphuric acid product obtained by Levene was found to 

resemble chondroitin sulphuric acid in some respects, but also to 

differ from it in others, a discovery still further emphasizing the 

resemblance between chondromucoid and tendomucoid. 

In the preparation of his glucothionic acid, Levene also found that 

tendomucoid was digestible in artificial gastric juice, although he 

did not give the results of any experiments to determine the chemical 

nature of the proteolytic products thus formed. 

About the time Levene was obtaining his results, Leathes * identi- 
fied a chondrosin-like substance among the hydrolytic products pro- 
duced from paramucin. In its preparation from paramucin, the latter 

body was digested in pepsin-hydrochloric acid, but the proteolytic 

products were not described. 

In Nerking’s® work on “ fat-proteid compounds,” it was noted that 
ovomucoid and sub-maxillary and snail mucins are digestible in 

pepsin-hydrochloric acid. The products of digestion were not 

studied. 

Shortly after Gies’s discovery of osseomucoid,® it was shown in this 

1 Ethereal sulphate was also obtained from tendomucoid by CHITTENDEN and 

Ges, but its significance was not comprehended until the comparisons were made 

in the course of the further study alluded to above. Their results in this connec- 

tion were referred to briefly as showing that the greater portion of the sulphur 

was “closely combined (2. ¢., as SO), a small amount only being in the form of 

the mercaptan group.” 

2 LEVENE: Journal of the American Chemical Society (Preliminary communi- 
cation), 1g00, ‘xxii, p. 80; Zeitschrift fiir physiologische Chemie, 1901, xxxi, p. 

395; 1903, xxxix, p.1. Also, Studies from the Department of Physiological Chem- 

istry in the Pathological Institute of the New York State Hospitals, 1902-1903, 

Reprint No. 8 (see also the third footnote, page 331). 

8 LEVENE’s results with submaxillary mucin extend the earlier data of a similar 

nature published by MULLER: Jahresbericht tiber die Fortschritte der Thier- 

chemie, 1896, xxvi, p. 6. 

4 LEATHES: Archiv fiir experimentelle Pathologie und Pharmakologie, 1899, 

xlili, p. 245. 

5 NERKING: Archiv fiir die gesammte Physiologie, 1got, Ixxxv, p. 330. 

8 Gres: Proceedings of the American Physiological Society, 1899; this jour- 

nal, 1900, iii, p. vii; also Biochemical researches® 1903, i, p. 31- 
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laboratory that the glucoproteid from bone is also digestible in 

pepsin-hydrochloric acid.!_ Similar facts were ascertained recently 

‘ with regard to the mucoids from ligament ? and cartilage.’ 

Four years ago we together took up the question of mucoid digesti- 

bility. The results presented below have been obtained in the pre- 

liminary experiments carried out occasionally in the mean time. * 

In most of our experiments tendomucoid was employed. Some 

facts on the digestibility of the mucoids from bone, cartilage, and 

ligament are also given. 

PREPARATION OF THE MUCOIDS. 

Tendomucoid.— This was prepared by the customary method of 
extraction from washed tendon sections in half-saturated lime-water, 

and precipitation of the filtered extract with 0.2 per cent hydrochloric 

acid. The sheath and shaft of the Achilles tendon of the ox were 

employed.® The precipitated mucoid was thoroughly washed with 

water until free from acid, dehydrated in alcohol, and then usually 

dried to thin scales on dishes at room temperature. Large quantities 

of tendons were used in each preparation, and several hundred grams 

of mucoid prepared at one time. The dried mucoid was much like 

dry gelatine in appearance,—hard, pliable, dark in color, and quite 

transparent. In this condition it readily absorbed water, and when 

immersed in it, the mucoid very soon became opaque, swollen, white, 

soft, and, on stirring, flocculent, like the freshly precipitated substance. 

It behaved in the same way when suspended in 0.2 per cent hydro- 

chloric acid. In some of our experiments the freshly precipitated 

material was used directly. 

While this work was in progress, Cutter and Gies* obtained results 

1 HAwk and Gies: This journal, tg01, v, p- 401; Biochemical researches, 

1903, i, Reprint No. 3. See also KRawkow: Archiv fiir experimentelle Path- 

ologie und Pharmakologie, 1897, xl, p. 195. Z 

2 RIcHARDs and GieEs: This journal, 1902, vii, p. 116; Biochemical researches, 

1903, i, Reprint No 4. 

8’ POSNER and Giles: This journal, 1902, vii, p. 331; Biochemical researches, 

1903, i, Reprint No. 35. 

4 Some experiments in this connection were also begun by MEAD and GIEs, 

but these were unavoidably interrupted. See Proceedings of the American 

Physiological Society, 1901; this journal, 1902, vi, p. xxviii; also Biochemical 

researches, 1903, i, p. 53- 

5 CuTTER and GiEs: Loe. cit. 

6 This occurred in several hours. 

7 CUTTER and Gigs: Loc. czf? a SS Oe ee ee 
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which led them to conclude that tendon contains more than one 

glucoproteid. They observed not only that the mucoids from the 
various parts of the Achilles tendon were different in composition, 

but also that successive lime-water extracts from the same parts of 

the tissue yielded mucoids of different composition and requiring 

increased amounts of acid for their precipitation. We have verified 

these results. 

Below we give the figures for content of ash and nitrogen (ash-free 

substance) of three mucoid fractions prepared from the same supply 

of tendon pieces (76 lbs.). Each product required an increased 

quantity of acid for its precipitation. The results are also compared 

with sample data from those given by Cutter and Gies. 

COMPOSITION OF MUCOIDS OBTAINED BY THE FRACTIONAL 

METHOD. 

MucoIp. NITROGEN. 1 

Fractions 

Prepared by 

Cutter and Gies 2 

Posner and Gies # 

1 In the experiments of CuTTER and GIEs periods of extraction different from those 

referred to below gave mucoid having the lowest nitrogen content in the second 

fraction. 
» 2“ Series D” (p.°160) obtained from the “sheath.” Periods of extraction in 

half-saturated lime-water, 2 c.c. per gram of tissue: First, 17 hrs. ; second, 20 hrs. ; 

third, 26 hrs. 

3 Obtained from whole tendons (“ shaft” and “sheath ’’). Periods of extraction in 

half-saturated lime-water, 4 c.c. per gram of tissue: First, 48 hrs.; second, 96 hrs. ; 

third, 168 hrs. 

Other mucoids. — Preparations of glucoproteid from cartilage, liga- 

ment and bone, which had been prepared for previous investigations 

in this laboratory, were at our disposal for several experiments. 

These products were separated and purified by methods already 

described.! 

1 HAwK and GIEs: Loc. cit. (osseomucoid); RICHARDS and GlEs: Lae. cit. 

(ligamentomucoid); POSNER and Gies: Loc. cit. (chondromucoid). 
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DIGESTION EXPERIMENTS. 

The essential results of our peptic digestions are briefly summarized _ 

below. 

First experiment. — ‘T'wo samples of dried tendomucoid were taken. Each 

weighed 15 grams. Digestion proceeded at 40° C. in : 800 c.c. of 0.2 per 

cent hydrochloric acid containing 0.2 per cent commercial pepsin." 

Sample A. — After four days, much of the mucoid had disappeared into 

a yellowish solution, leaving behind a brown floceudent residue. Free acid 

was present in the solution. On neutralizing the filtrate the fluid remained 

perfectly clear—acidalbumin absent. On saturating the filtrate with 

ammonium sulphate, a heavy precipitate of proteoses was obtained. The 

filtrate from the proteoses was evaporated to a thin syrup, and peptone 

separated and identified with Kiihne’s method,? The amount of peptone 

was quite small. 

Proto-, hetero-, and deutero-proteoses were separated from the crude 

proteose mass, and identified with Kiihne’s methods.* Secondary pro- 

teose predominated. 

Sample B was digested for seven days. Free acid was present con- 

tinuously. ‘The results were qualitatively the same as before. ‘The residue 

was less in amount, the primary proteose was diminished also. The 

secondary proteoses and peptone were increased. 

Indigestible matter. — The residues from both samples were combined 

and treated with 0.25 per cent sodium carbonate in which the substance 

readily dissolved. On _ neutralization and further acidification with 

0.2 per cent hydrochloric acid a heavy white flocculent precipitate 

was thrown down. After precipitation in this way, this albumid-like 

body in the moist condition had the general appearance of mucoid 

itself. 

Second experiment.— Three samples of freshly precipitated tendomucoid 

were taken. The substance was prepared from a second extract* of ten- 

' All of the digestions were carried out in flasks covered with watch-glasses 

and placed in an incubator. The flasks were repeatedly uncovered and shaken. 

The pepsin used in all of these experiments was taken from samples of the 

‘““1-2000” product prepared by Parke, Davis,and Co. Each pepsin-hydrochloric 

acid solution prepared by us manifested strong proteolytic action. The pepsin 

preparations were free from sulphate and did not yield reducing substance on 

hydration with acid. 

2 See Hoppe-SEYLER (THIERFELDER): Handbuch der physiologisch- und 
pathologisch-chemischen Analyse, 1903, p. 326. 

8 Jbid., p. 321. 

* CuTTER and GIEs: Lac. cit. 
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don. Each sample contained about 30 grams of the moist precipitate. 

‘Digestion was carried out at 40° C., in 700 c.c. of an acid-pepsin solution 

equal in strength to that used in the previous experiment, and continued 

three days. Free acid was present to the end. 

Acidalbumin was absent. ‘The proteose and peptone results were iden- 

tical with those of the first experiment, except that a larger proportion 

of primary proteose was found in this experiment. Kiihne’s methods? 

were used for separating these products. 

The residue from each sample in this experiment was brown and soft, 

having a doughy consistency. It was sticky and gummy while moist at 

40° C., but on drying the moist precipitate, at room temperature, it was 

hard and quite black (mucoid dried under similar circumstances is light 

brown in color). It showed the same qualities as those noted for the 

residues of the first experiment. 

Third experiment. — Three samples of dried tendomucoid, each weighing ex- 

actly 20 grams, were digested three days at 40° C. in rooo c.c. of 0.2 per 

cent hydrochloric acid containing o.1 per cent commercial pepsin. Free 

acid was present throughout. 

The usual qualitative results were obtained. In this experiment the 

residue was the same in appearance as that of the first. A small amount 

of albuminate was separated, and some dysproteose was detected with 

the other proteoses and peptone. Kiihne’s methods’ of separation were 

again employed. 
The indigestible substance in the three flasks was thoroughly washed 

with water? and alcohol, and dried. The combined products weighed 12 

grams. Thus a total of 48 grams of the original substance had “ di- 

gested,” under the conditions of the experiment, a quantity equal to 80 

per cent of the tendomucoid. 

Eleven grams of the residue were again subjected to digestive influences. 

The material was repeatedly shaken in 800 c.c. of 0.2 per cent hydrochloric 

acid containing 0.25 per cent commercial pepsin, and the digestive 

process continued at 4o° C. for five days. 

At the end of that time free acid was present, and considerable residue 

remained. This was no longer flocculent, but doughy, as in the second 

experiment. All traces of unaltered mucoid had disappeared. 

The residue was again treated with a fresh portion of the previous di- 

gestive mixture. Digestion continued two days under the usual condi- 

1 See Hopre-SEYLER (THIERFELDER): Handbuch der physiologisch- und 

pathologisch-chemischen Analyse, 1903, p. 326. 

2 During this process it was observed that the interior of some of the larger 

flakes was white, a fact suggesting the presence of unaltered mucoid. 
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tions. The appearance of the residue remained about the same. When 

dry, it was black. It weighed 3.8 grams.’ 

By the end of the third digestion 55.2 grams? of the original substance 

had gone into solution in the pepsin-hydrochloric acid —at least 92 per 

cent was digested. 

All of these residues resembled albumid. Analytic results are tabulated 

on page 347. 

Fourth experiment. — Three portions of dry tendomucoid, each weighing ex- 

actly 25 grams, were digested for a week at 4o° C. in 800 c.c. of 0.2 per 

cent hydrochloric acid containing 0.06 per cent commercial pepsin. Free 

acid was present throughout. 

Although the volume of digestive fluid was less than before, and the per- 

centage amount of pepsin much reduced, no albuminate was detectable in 

the filtrate from the residue. The latter had the appearance of that of 

the first experiment. The quantity of primary proteoses was less than we 

expected. The amounts of secondary proteose and peptone were greater 

than usual. Kiihne’s methods ® were used for the separations. 

The combined dry residues weighed 18.7 grams. A total of 56.3 grams 

of the mucoid had disappeared into solution —a digestion of 75.1 per- 

cent. Seventeen grams of the residue were again subjected to digestion, 

this time for eleven days at 40° C. in 1000 c.c. of o.2 per cent hydro- 

chloric acid containing 0.2 per cent commercial pepsin. At the end of 

that long period, with free acid present in abundance and the pepsin very 

active, a residue of 7.5 grams still remained. By this time 65.8 grams of 

the original substance had disappeared into soluble products, —a diges- 

tion of at least 87.7 per cent. 

The properties of the final residue were the same, at this stage, as in 

the previous experiment. See analytic data, page 347. 

Fifth experiment. — In this experiment we used the mixed tendomucoids pre- 

pared fractionally with the method of Cutter and Gies, and referred to on 

page 335. The quantity of mucoid was the largest taken thus far. It 

was divided into five equal portions, and each was digested two days at 

40° C. in 800 c.c. of 0.2 per cent hydrochloric acid containing 0.05 per 

cent commercial pepsin. Free acid was never absent. 

The usual qualitative results were obtained. Considerable residue re- 

mained. The filtrate was free from albuminate, but contained a large 

1 All of the filtrates in these and subsequent experiments showed very strong 

digestive power when tested with fibrin. This was not ascertained in the previous 

experiments. 
2 One gram was used for analytic purposes. 

® HOPPE-SEYLER (THIERFELDER): Loc. cit. 
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quantity of proteose, chiefly secondary, only a moderate amount of proto- 

proteose, less heteroproteose, hardly any peptone. Kiihne’s methods! 

were used for identifying these bodies. 

In the moist condition the residue was flocculent, brown in color, with 

snow white interior (undigested mucoid). After drying, it was brownish 

black. The combined dry residues weighed 46.5 grams. 

Forty-five grams of this residue were again subjected to digestive influ- 

ences. This quantity was divided into two equal parts and each treated with 

1000 c.c. Of o.2 per cent hydrochloric acid containing o.1 per cent 

commercial pepsin. Digestion continued for six days at body-tempera- 

ture. Free acid was present continuously. By the end of that period 

the appearance of the residue had altered very little, although the total 

quantity had decreased to 15 grams. ‘The final residue was flocculent in 

the moist condition. 

Analytic data are tabulated on page 347. 

Sixth experiment. — A relatively large quantity of freshly prepared, moist ten- 

domucoid, corresponding to about 100 grams of dry material, was divided 

into four equal parts, and each portion digested two days at 4o° C. in 

800 c.c. of 0.2 per cent hydrochloric acid containing 0.6 per cent com- 

mercial pepsin. 

Considerable digestion occurred. The residue was white and granular. 

After drying, it weighed 29 grams. Acidalbumin could not be detected 

in the filtrate. Proteoses and peptone were separated with Kiihne’s 

method.” The primary proteoses were separated with Pick’s method,? in 

which process considerable heteroproteose was obtained, though proto- 

proteose predominated. 

Twenty-eight grams of the residue were digested five days more, under 

the conditions previously prevailing. At the end of that time 13 grams 

still remained undissolved. The second residue was still granular and a 

dark gray in color. 

Twelve grams of the second residue were again subjected to the same 

digestive conditions for another period of five days. A residue of 5 grams 

persisted.* In the moist condition this was finely granular ; when dry it 

was dark brown. 

Free acid was continuously present in all of the digestive fluids of this 

experiment. Analytic data are given on page 347. 

1 HoOpPE-SEYLER (THIERFELDER): Loc. cit. 

2 Tbid. 

8 Jbid., p. 323. 

4 The alcoholic washings of the residues deposited, on standing, a light, white 

gelatinous precipitate. The amount was small. Its nature was not determined. 
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Seventh experiment. — From 4 to ro grams of dry samples of osseomucoid, 

chondromucoid, and ligamentomucoid were subjected to digestive condi- 

tions equivalent to those of the first experiment.’ Free acid was present 

throughout each digestion. 

Albuminate could’ not be detected in the filtrates from the residues. 

Proteoses and peptone were identified with Kiihne’s methods. Second- 

ary proteose predominated. 

The residues were brown and doughy, while moist ; dark brown and 

hard, when dry. 

Eighth experiment. — Portions of the proto-, hetero-, and deuteroproteoses and 

the peptones of the fourth and sixth experiments were combined and sep- 

arated with Pick’s method.? Proto-and heteroproteoses, deuteroproteoses 

A, B, and C, and peptones A and 3B were obtained in the process. Deu- 

teroproteose B greatly predominated over deuteroproteose A and C, and 

all other products. 

Ninth experiment. — A mixture of samples of the various residues available, 

amounting to 9 grams, was subjected to digestion for four days at 4o° C., 

in 500 c.c. of 0.2 per cent hydrochloric acid containing 0.2 per cent 

commercial pepsin. Most of the residue remained insoluble and was un- 

changed in appearance. The filtrate was free from albuminate, but con- 

tained secondary proteoses and peptones, though in relatively small 

amount.’ The residue retained its usual properties, including that of 

yielding reducing substance in abundance on hydration with dilute acid 

(see page 342). 

General results and conclusions. — The preceding experiments gave 

digestive results in perfect harmony with the qualitative data pre- 

viously obtained by Gies.* In all cases, as soon as the digestive 
mixture became lukewarm, the mucoid began to diminish, the density 

of the solution immediately above the mucoid was seen, on shaking, 

to be greater than that of the rest of the fluid, the snow-whiteness 

of the solid gradually disappeared, the residue changed its consistency 

and increased its brownish color, and the solution deepened in a 

yellowish brown tinge, such as fairly concentrated solutions of 

proteoses always exhibit. . 

The digestive media were so active, and the periods of digestion 

1 PosNER and GIEs: Loe. cit. 

* HOPPE-SEYLER (THIERFELDER) : Loc. cit., p. 322. 

® This quantity was greater than any that may have been introduced with the 
pepsin. 

4 GIES: See page 330. 
—. _.<.  ,. 7 
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relatively so long, that acidalbumin was almost always absent, 

although, as indicated in the third experiment, it is undoubtedly formed 

as an intermediate product. Albumid-like products, primary and 

secondary proteoses, and peptone invariably resulted. As a rule, the 

quantity of secondary proteoses obtained was greater than that of 

any of the other soluble products. 

The foregoing results make it evident that the connective tissue 

mucoids are digestible in gastric juice. That mucoids are more 

resistent to the action of pepsin-hydrochloric acid than many other 

proteids is very evident, however, from these experiments, for the 

proportion of insoluble matter was always quite large, even after long 

intervals of treatment with particularly vigorous artificial gastric 

juice’ At best, digestion is relatively slow and gradual under the 

conditions of these experiments.” 

ON THE NATURE OF THE INDIGESTIBLE MATTER. 

In all of our pepsin-hydrochloric acid digestions of the connective 

tissue mucoid under examination, a fairly large proportion of the 

material remained insoluble. We have already alluded to the fact 

that this residue possessed albumid-like properties, but it was unlike 

albumid in yielding much reducing substance, and considerable 

1 We have had several mucoid preparations digesting at room temperature, in 

the original digestive mixture, for about two years. At the end of that time free 

acid was present, the fluid had a strong solvent action on fibrin, but the residues 

were apparently almost as large in amount as they had been after the first week’s 

digestion. 

2 Trypsin appears to digest mucoid much more rapidly and thoroughly than 

pepsin. 

(a) In one of our experiments in this connection Io grams of crude tendo- 

mucoid were digested two days at 40° C. in 250 c.c. alkaline tryptic solution 

(0.25 per cent Na,CO;). At the end of that time practically all the substance had 

gone into solution, albuminate was missing, only a trace of proteose could be sep- 

arated, but a fairly large proportion of peptone could be detected. A very strong 

tryptophan reaction was given by the fluid, and tyrosin was conspicuous among 

the crystalline products. The peptone separated with KijHNE’s method failed to 

yield reducing substance on hydration with dilute acid (see page 345). 

(4) Three grams of residue obtained in previous peptic digestions were sub- 

jected to the treatment detailed under (a), with practically the same results. All 

of the material was converted into peptone and crystalline products. The trypto- 

phan reaction was only very faint, only a trace of proteose was detectable, and 

tyrosin was abundant. The peptone separated with KUHNE’s method again failed 

to yield reducing substance after acid decomposition (see page 345). 
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ethereal sulphate after decomposition with 2 per cent hydrochloric acid. 

The doughy consistency and other properties of these residues at 

times reminded us of Schmiedeberg’s peptochondrin! and led us to 

look, with success, for the above radicles on decomposition. 

It is now well known that the chondroitin sulphuric acid obtain- 

able from chondromucoid, and the glucothionic acids from various 

other mucoids, share the property of combining with proteoses and 

other proteids to form soluble or insoluble products in the presence 

of free acid, or under other conditions. ,That our indigestible residues 
were such compounds is certain.” 

Analytic data are tabulated on page 347. 7 

In the belief that the various digestive residues were glucothionic 

acid compounds similar to Schmiedeberg’s peptochondrin rather than 

typical albumid, we made several attempts to isolate such substances 

from the insoluble products. Our results are briefly summarized below. 

A. Schmiedeberg’s method of isolating chondroitin sulphuric acid was first 

tried. Portions of the digestive residues obtained in the first and second 

experiments were treated with 2.5 per cent hydrochloric acid at room 

temperature for about twenty-four hours. A dark brown turbid solution 

resulted. A very small amount of unidentified matter remained insoluble 

even after long standing and repeated stirring.’ On treating the filtrate 

with one-fourth its volume of 95 per cent alcohol, it remained perfectly 

clear. The substance in this filtrate had no reducing action. After boil- 

ing with 2 per cent hydrochloric acid, however, an abundance of reducing 

substance was produced. The above alcoholic filtrate was next treated, 

in excess, with a mixture of four volumes of absolute alcohol and one of 

ether, when a heavy white flocculent precipitate was obtained.* This 

material dissolved readily in dilute potassium hydroxide to a brown solu- 

tion. On adding to the latter four volumes of 95 per cent alcohol, a 

voluminous white gelatinous precipitate was thrown down. The filtrate 

was yellowish in color.° 

~ SCHMIEDEBERG: Loc. cit. 

* See page 349, for facts relating to our proteoses in this connection; also facts 

regarding “ chondralbumin”: SCHMiEDEBERG, Loc. cit. 

8 On warming this substance in 2.5 per cent hydrochloric acid, practically all 

of it dissolved. On decomposing it thoroughly in this acid, no reducing substance 
was obtained from it. 

* On adding to the filtrate a small quantity of 1o per cent solution of sodium 

chloride, an additional precipitate, presumably of the same substance, was formed. 

This product was not admixed with the first precipitate, however. 

® On neutralizing this filtrate, no precipitation occurred. On rendering it acid, 
the yellow color disappeared and a slight turbidity ensued. 
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a. The precipitate obtained in this way was found to be readily soluble 

in cold water. The solution was brownish and turbid. The turbidity 

did not increase perceptibly on boiling. The watery solution of the pre- 

cipitate -had no reducing action. After boiling a few minutes with 2 per 

cent hydrochloric acid, a strong reducing power was manifested, and an 

abundance of ethereal sulphate was detected. The precipitate seemed to 

be a crude basic potassium-glucothionate. 

At this point our product was divided into two approximately equal 

parts. One-half was used for the preparation of a potassium-copper salt. 

The other was treated with Levene’s method, as indicated under B. 

b. FPotassium-copper compound. -— The portion of the precipitate reserved 

for this preparation was first dissolved in water. This solution was treated 

successively with a moderate excess of copper acetate, then with potassium 

hydroxide until a deep violet color was produced, and next with a large 

excess of g7 per cent alcohol, when a heavy, bluish green, flocculent pre- 

cipitate was thrown down. This precipitate was dissolved in water, and 

the solution again poured into an abundance of g7 per cent alcohol; but 

only turbidity resulted, until the mixture was made faintly alkaline with 

potassium hydroxide, when the potassium-copper precipitate was again 

obtained in large flakes. The substance was re-precipitated a second 

time, thus freeing it almost completely from proteid radicles. 

This compound was readily soluble in water, and gave a slight biuret 

reaction. Added to an aqueous solution of Witte’s peptone, no precipitate 

resulted. On acidifying the mixture with acetic acid, however, a heavy 

percipitate formed at once. ‘The acetic acid had no such effect on either 

the aqueous solutions of our compound or of the Witte’s peptone. When 

the acidified solutions were mixed, heavy precipitates resulted. After de- 

composition in 2 per cent hydrochloric acid, heavy reduction of Fehling’s 

solution was manifested, and an abundance of sulphate precipitated as 

barium sulphate. 

The average amount of nitrogen contained in this product was 4.84 

per cent. These figures are high, doubtless because of the presence of 

admixed proteid, yet their nearness to those for the same compound of 

chondroitin-sulphuric acid is significant. 

-Levene’s method was next employed. One-half of the precipitate ob- 

tained, as indicated under ‘‘a”’ above, was dissolved in 2 per cent potas- 

sium hydroxide solution and allowed to stand nearly forty-eight hours. 

At the end of that interval, the alkali was nearly neutralized with acetic 

acid, the faintly alkaline solution was treated with a moderate excess of 

picric acid, and then made strongly acid with acetic acid. The filtrate 

from a slight precipitate was directed into 4—5 volumes of 95 per cent 

alcohol, and a heavy white gelatinous precipitate obtained. Nearly all of 
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the precipitate dissolved readily in water, and the process was repeated 

with the filtrate. 
The aqueous solution of the substance thus separated was acid to litmus 

and gave a slight biuret reaction. ‘The substance yielded reducing mate- 

rial and ethereal sulphate on decomposition, and showed the same | 

behavior in the presence of Witte’s peptone and acid as that indicated for | 

the potassium-copper compound under “b” on page 343. 

The nitrogen content was found to be 5.22 per cent. 

C. Levene’s method combined with Morner’s method was also used on 

two different mixtures of digestive residues designated below, I and II. 

La. Levene’s method. — The remaining portions of the second residues 

obtained in the fourth and fifth experiment were combined and dissolved 

in ro per cent sodium hydroxide. A greenish brown, slightly turbid fluid 

resulted. The process indicated in the first paragraph under “ B” was 

duplicated at this point, except that sodium hydroxide was used instead of 

the caustic potash, and the acid substance was reprecipitated a second 

time. 

Ib. ALirner’s method. —The precipitate thus obtained and correspond- 

ing in the main to that produced under “ B” was next entirely dissolved in 

5 per cent sodium hydroxide, to a yellowish brown solution. ‘This was . 

neutralized with acetic acid, the fluid remaining entirely clear. Tannic | 

acid was then added in moderate excess, when only a slight turbidity re- | 

sulted. On adding acetic acid in small quantity, the turbidity was not 

appreciably increased. Tannic acid was removed from the filtrate with 

lead acetate ; the excess of lead was precipitated from the next filtrate with 

hydrogen sulphide gas. ‘The lead-free filtrate was neutralized, concen- 

trated on the water bath at a low temperature, and the thin syrup that } 

resulted was poured into a large volume of alcohol. Only heavy turbidity . 

resulted at first. In a short time, however, a flocculent precipitate settled 

ee 

EEE 

out. 

Le. Levene’s method. — The precipitate obtained by the above purifi- 

cation process was dissolved in water and Levene’s method again applied 

to it. 

The precipitate that resulted was dissolved in water to a clear solution. 

This solution, whether neutral or acid, gave no further precipitation with 

either picric acid or tannic acid. The solution was ‘finally treated with 

alcohol in excess, and the precipitate washed and dehydrated for the 

usual analysis. 2.2 grams of purified substance were obtained. 

Id. The aqueous solution of the substance was acid in reaction. 

With potassium hydroxide and copper acetate it gave the product obtained 

under “ A, b.” The product appeared to be entirely free from biuret re- 

acting material. A proteose solution was not precipitated by a neutral 



The Digestibtlity of Connective Tissue Mucoids. 345 

watery solution of our compound; an acidified solution of proteose 

was heavily ‘precipitated by it. The usual reduction and sulphate 

reactions were obtained after decomposition in 2 per cent hydrochloric 

acid. . 

Our analytic results were the following: 

Ash — S.@r per cent 

Nitrogen—2:95 “* “ 

Sulphur. =5:901 “ “ 

Ila. Moérner’s method. — Combined residues obtained in the third 

experiment, amounting to 15.5 grams, were dissolved in 300 c.c. of 3.5 

per cent sodium hydroxide. An abundant precipitate of glucothionic acid 

was obtained by Morner’s method, as above. 

IIb. Levene’s method. — The alkaline solution of the substance pre- 

pared by the preceding process was treated with sodium hydroxide, and 

Levene’s method carried forward. The final substance was reprecipitated 

twice. 3.4 grams were obtained, — a quantity equal to 23.9 per cent of 

the residue taken at the beginning. 

This product seemed to be identical with the one referred to under 

al da” 

The following analytic results were obtained : 

Ash = 2.79 per cent 
“e “e Nitrogen = 2.43 

Sulphur = 6.66 “  “ 

General results and conclusions.— The residues obtained in the 

seventh experiment from chondromucoid and osseomucoid contained 

an abundance of the carbohydrate radicles, gave strong reactions for 

sulphate after decomposition with hydrochloric acid, and appeared to 

be practically identical qualitatively with the residue from the tendo- 

mucoid. The residue from the ligamentomucoid- was not examined 
in this particular connection, but its appearance indicated that identi- 

cal results would have been obtained with it. 

In our last two separations, under “C,” the products were practi- 

cally free from proteid radicles, as was indicated by negative biuret 

reactions, and they appeared to be acid substances directly compar- 

able to chondroitin sulphuric acid. On the next page we give com- 

parative figures: 
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NITROGEN AND SULPHUR IN GLUCOTHIONIC ACIDS. 

Substance.! Formula. Analyzed by | Nitrogen. | Sulphur. 

o, 
. Chondroitin sul-| ; ‘ 

phuricacid . . .| Cyglg;NSO,, (Calculated) 249 ipl 

. Glucothionic acid 
from mucoid diges- | L295 {5.91 
tive residues . . . estes Posnerand Gies a 2.43 | 1 6.66 

. Chondroitin copper | 
sulphate . . . «| CygHg;CuNSO,, + H,0O | (Calculated) 218 5.00 

. Chondroitin copper 
sulphate . . . .| CygHg;CuNSO,; + H,O | Schmiedeberg 249 496 

1 Similar results are given by MOrNeER: Skandinavisches Archiv fiir Physiologie, 

1889, i, p.210; also, LEVENE: Zeitschrift fiir physiologische Chemie, 1901, xxxi, p. 402. 

A comparison of the above results with those obtained by Schmiede- 

berg, Levene, and others, makes it evident, we think, that our residues 

contained a radicle similar to chondroitin sulphuric acid. . Our ana- 

lytic data show hardly any more variation than those obtained by 

previous investigators, and it is quite as likely that variable double 

compounds or mixtures were produced and analyzed in these experi- 

ments, as in the work of Schmiedeberg and of Levene. Schmeide- 

berg found that the glucothionic acid from cartilage decomposes 

readily, forming mixtures, ¢.g., of chondroitin and chondroitin sul- 

phuric acid; that it is very difficult to remove proteid from it, that 

it unites easily with other impurities, and that its compounds are 

transformed chemically to a certain extent even on drying in 

a desiccator over sulphuric acid at ordinary temperatures.! - 

The residues left behind in our digestive experiments are evidently 

compounds containing proteid and glucothionic acid radicles. Whether 

the residues represant resistant fragments of the mucoid molecule, or 
whether they are formed anew by a different union of proteid and 

glucothionic acid radicles split off in-the digestive process, can only 

1 Differences between the glucothiohic acids from chondromucoid and tendo- 
mucoid have been brought out, lately, in the experiments of ORGLER and NEvu- 

BERG (Zeitschrift fiir physiologische Chemie, 1903, xxxvii, p. 407) and of LEVENE 

(/bid., 1903, xxxix, p. 1; also Studies from the Department of Physiological 

Chemistry of the Pathological Institute of the New York State Hospitals, 1902- 

1903, Reprint No. 8). 
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be guessed at present. That they may result from such interactions 

of digestive fragments is evident from the fact that the glucothionic’ 
acids of the type here considered form various kinds of pseudo- 

mucoid products, such as Schmiedeberg’s peptochondrin, when 

brought into contact with gelatine, proteoses, etc., in acid solutions. 

Thus far we have not attempted to ascertain the nature of the pro- 
teid radicles associated in the residues with the glucothionic acid. 

Further facts regarding the digestive residues may be noted from 

the figures tabulated below. The nitrogen content of each residue 

was always less than that of the mucoid itself, and after each diges- 

tion the subsequent residue had a still smaller nitrogen content. 

These facts are in harmony with our preceding deductions, and 

indicate strongly that the proteid radicles were relatively decreased, 

either in number or complexity, or both, as the peptic treatment of 

the residue continued. 

PERCENTAGE CONTENT OF NITROGEN IN TENDOMUCOIDS AND 
DIGESTIVE PRODUCTS.! 

| UNDIGESTED PRIMARY MUCO- 
EXPERI-| ORIGINAL RESIDUE. PROTEOSE.” 
MENT. | ‘TENDO- 
No. | MUCOID. 

SECOND- 

ARY Mu- Muco- 
COPRO- | PEPTONE.* 
TEOSE.” 

First. Second. | Proto. Hetero. | 

| 10.73 | 9.70 

v | 12. 10.74 10.08 

vI | 1282 War | LOE 13.81 

III : 10.45 9.91 z | 

1 Ash-free substance. The analyzed substance had been dried to constant weight 

at 110° C. The figures are averages of closely agreeing duplicates. 

2 See page 348. 

As arule the percentage of nitrogen in the peptones is less than 

in the original proteids from which they were produced.1. The 

quantity of nitrogen in the mucopeptones is relatively higher than 

in the mucoids. This difference is due to the fact that the mucoid 

contains the glucothionic acid radicle (with its small nitrogen con- 

tent), whereas the mucopeptone does not. It is very probable that 

1 CHITTENDEN: Digestive proteolysis, 1895, p. 67 e¢ seg. 
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the nitrogen content of the proteid part of the mucoid molecule is 

considerably higher than that of our mucopeptones. 

ON THE PROPERTIES OF THE SOLUBLE DIGESTIVE PRODUCTS. 

So little albuminate was obtained in these experiments that no 

special attention was paid to it. 
Our various mucoproteoses' gave the well-known general reac- 

tions characteristic of the group to which each belonged. Thus the 

primary mucoproteoses, as separated with Kiihne’s method, were 

precipitated by concentrated nitric acid, and by acetic acid and 

potassium ferrocyanide; the secondary products were not. The 

latter were readily precipitated by trichloracetic acid and by potassio- 

mercuric iodide. All of these precipitates disappeared on warming 

and reappeared on cooling. Heteromucoproteose was separable on 

dialysis of its saline solutions, and was insoluble in water. On one 

occasion dysproteose was formed (page 337). 

The secondary mucoproteoses always predominated in amount in 
these experiments. The quantity of peptone was usually small. The 

physical properties of the various products were about the same as 

those of typical proteoses from other sources. 
On decomposing with acid, and testing the products with Fehling’s 

solution in the usual way, variable reduction results were obtained. 

The mucopeptones always failed to yield reducing products. The 

neutralized digestive filtrate was without reducing action, but after 

acid decomposition it gave a strong reduction of Fehling’s solution. 

In one instance protomucoproteose and in another heteromuco- 

1 HAMMARSTEN has prepared proteoses and peptones from various glucoproteids 

by treating them with alkali and acid. He designates the former mucina/éumoses, 

the latter, mucinpeptone. He has also separated from ascites fluid a product 

termed by him mucina/éumose (Zeitschrift fiir physiologische Chemie, 1891, 

xv, p. 206; see also Fotin: /67d., 1897, xxiii, p. 360). It appears to us that the 

terms mucoproteose and mucopeptone are, perhaps, better adapted for designating 

the proteoses and peptones obtained from the szcozds. We do not know that the 

proteid part of the glucoproteid molecule consists of a/éumin. The term * gluco- 

proteose”’ would also be unsatisfactory in this connection, because it has already 

been applied to deuteroproteose B prepared from fibrin and other proteids with the 

Pick method (Beitrage zur chemischen Physiologie und Pathologie, 1902, ii, p. 481). 

‘* Mucose,” already used in another connection by MULLER (Loc. czt.), would be 

apt to suggest a carbohydrate rather than a proteid product. The current use of - 

such names as albumoses, caseoses, myosinoses, globuloses, etc., warrants also, we 

think, the employment of the descriptive terms mucoproteoses and mucopeptones, 
as proposed above. 
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proteose slightly reduced Fehling’s solution defore their decompo- 

sition with dilute acid. In other instances, reducing power was 

manifested only after decomposition with acid. Occasionally xo 
veductton of. Fehling’s solution could be observed even after decom- 

- position of the proteose products in the usual manner. The deu- 

teromucoproteose obtained with Kiihne’s method yielded abundant 

reducing substance after hydration, not before.! Crystalline osazone 

products were obtained in several instances when the products re- 

duced Fehling’s solution.. These crystals resembled those of glu- 

cosazone. Deuteromucoproteoses B and C, obtained with Pick’s 

method, reduced Fehling’s solution after their decomposition with 

acid. The reduction was especially evident after removal of the 
proteid products from the reducing material, with Morner’s method 

of separating chondroitin sulphuric acid. 
At present we are unable to state the reasons for the observed 

variability in reducing powers of our proteose products after decom- 

position, but different conditions of digestion will doubtless be 
found to have an important bearing in this connection. 

In testing for loosely united sulphur, it was found that the primary 

mucoproteoses and deuteromucoproteose B gave very strong reactions. 

Deuteromucoproteose C did not give the reaction at all. Product 

A was not available. Mucopeptones A and B also failed to respond 

to the reaction with potassium hydroxide and lead acetate. 
The above reduction results suggested that the various mucopro- 

teoses in some cases contained, or were combined with, the gluco- 

thionic acid radicle separated previously from the insoluble matter. 

In one experiment, to test this probability, portions of primary 

mucoproteoses, obtained in the fifth and sixth experiments, were 

suspended in water, and the mixture treated with a combination of 

Morner’s and Levene’s methods, as indicated on page 344. The final 

product possessed all of the glucothionic acid properties of the sub- 

stance of similar nature separated from the insoluble residue. All 

of the product was used for qualitative tests, so that no quantitative 

analyses could be made of it. 
The above results indicate that the methods now in general use to 

separate the proteoses are inadequate for the removal of associated 

glucothionic acid, such as is broken from mucoid in peptic proteolysis, 

1 WITTE’s peptone, in quantities equal to those of the muco-products used by us 

in these tests, and under similar conditions, gave no reduction of Fehling’s solution 

either before or after decomposition. 
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or they show that the mucoproteoses separated by the usual methods 

from gastric digestive mixtures are substances of variable character, 

and that these variations are largely dependent upon the proportions 

of glucothionic acid radicles contained in, perhaps permanently 

combined with, these hydrolytic products. The qualities of the 

mucopeptones are more constant. 

These deductions are in harmony with the analytic data tabulated 

on page 347. 
The general conclusions on page 346, in connection with the 

indigestible matter, apply here equally well. 

Further investigation will be directed to a more detailed study 

of the zymolytic products of glucoproteids of various kinds in both 

gastric and pancreatic fluids. These studies will be extended to 

such products as ovomucoid, salivary mucin and amyloid. 

SUMMARY OF GENERAL CONCLUSIONS. 

Connective tissue mucoids are digestible in pepsin-hydrochloric 

acid. The digestive process is relatively slow and gradual, however, 

and considerable substance remains insoluble even under the most 

favorable zymolytic conditions. In all of our experiments the residue 
amounted to at least 10 per cent of the original mucoid. 

The soluble products are albuminate, primary mucoproteoses 

(proto-, hetero-, dysproteoses), secondary mucoproteoses (deutero- 

proteoses A, B, and C), and mucopeptones (peptones A, and B). 

The general properties of these bodies are identical with those of 

typical peptic products. 

The indigestible matter appears to consist mainly, if not wholly, 
of resistant compounds of proteid and glucothionic acid. In most 

cases the mucoproteoses were also found to be glucothionic acid 

products of varying composition. It is possible, however, that the 

customary methods used in the isolation of the proteoses are inade- 

quate for separating any associated giucothionic acid. 

A glucothionic acid similar to chondroitin sulphuric acid was 

separated from both the indigestible matter and the proteoses. The 

peptones did not contain the glucothionic acid radicle. At least 25 

per cent of the indigestible matter consisted of combined glucothionic 

acid. 

Connective tissue mucoids are readily digested by trypsin in 

alkaline solution. Tryptophan, leucin, and tyrosin are produced from 
them in abundance. 

‘ 
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ON THE RELATIONS GF AUTOLYSIS TO PROTEID 

METABOLISM. 

BY HS GrvEON WELLS. 

[From the Department of Pathology, the University of Chicago.] 

HROUGH the work of Salkowski, Jacoby, and others, we have 

recently become acquainted with the occurrence within the cells 

of the animal body of ferments that are capable of digesting these 
cells under certain conditions. Furthermore, it has been shown that 

these autolytic ferments can be found not only in all the cells of the 
animal body, but also in yeasts, bacteria, and other vegetable cells of 

various sorts, whence it seems that autolysis is a property common to 

all cell forms. As this autolysis is a form of proteolysis, and is a 
constant property of all cells, it is not going far to assume that the 

autolytic ferments are important factors in the proteid metabolism of 
the cells, if not the chief factors. This idea also fits in very nicely 
with the development of ideas concerning the reversible action of 

enzymes, permitting the conception that the autolytic enzymes act to 

maintain a nitrogenous equilibrium within the cells, building up and 

breaking down proteids as circumstances require. The study of auto- 
lytic processes is too new, however, to have permitted the complete 

establishment of a relationship, much less an identity, between the 

autolytic ferments of the cells and the cell elements controlling nor- 
mal proteid metabolism. A possible means of establishing this rela- 

tionship was suggested by recent developments concerning the 

interaction of bodies that is sometimes required to produce an active 

ferment. Enterokinase, producing an active enzyme by its action 

upon trypsinogen, as shown by Pavloff, must be considered the start- 

ing point of these latter researches, although there were examples 

known before this time. The similarity of this sort of interaction 

with that observed in the immune sera made Pavloff’s observation 

particularly timely and striking, and Delezenne has shown that there 

is actually a close resemblance between the formation of trypsin and 

the formation of hemolytic substances in immune sera. Cohnheim’s 

351 
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work with the glycolytic ferments, showing that it may be necessary 

for an internal secretion of the pancreas to combine with an otherwise 

inactive constituent of the muscle to produce an active glycolytic fer- 
ment, indicates the possibility of interaction occurring through the 

medium of the blood-stream. It seemed desirable, therefore, to apply 
these ideas to proteid metabolism, and to see if substances known to 

modify proteid metabolism have an effect upon cell-autolysis. 
As a favorable object, the thyroid was selected. It is well known 

that the thyroid has a marked effect upon nitrogenous metabolism. 

When the gland is removed, or is so diseased that its functional 

activity is decreased, the amount of nitrogen eliminated is much 

reduced, and the evidences of cell-activity are correspondingly de- 

creased. Conversely, administration of thyroid glands or active pre- 

parations from them, causes an increase in elimination of nitrogen. An 

example of an opposite effect is afforded by the kidney. Removal of 
one kidney seems to lead to an increased activity of nitrogenous 

metabolism, so that the remaining kidney may eliminate more nitro- 
gen than did the two originally. A natural inference in these two 
instances is that the thyroid produces a substance that in some way 

stimulates proteid metabolism, while the kidney produces something 

with an inhibitory effect. 
An attempt was made to see if these effects could be attributed to 

an action of some constituent of the thyroid and kidney upon the 
autolytic ferments of the body. Three series of experiments were 

performed as follows: Dog livers were ground to a paste, and fifty 

grams of the material used for each experiment. In most instances 

the dogs were killed by bleeding. Extracts were made of thyroid, 

kidney, spleen, and liver, by grinding these organs in a similar man- 

ner, mixing the mass with % salt solution, and straining through a 

fine sieve. In each experiment the ground liver was placed in a 

250 c.c. Erlenmeyer flask, and 100 c.c. of either water or % salt solu- 

tion added. To this was added a quantity of the extract of the other 
organs, in quantity representing five grams of the original tissue. 

Ten c.c. of pure toluol was added to prevent decomposition, the flasks 

tightly stoppered, and placed in the incubator at 37°, for from one to 
three weeks, being agitated daily. When the experiment was to be 

closed, the flasks were provided with cotton stoppers, and placed in 

a steam sterilizer at 100° for one hour, to check autolysis in all flasks 

at the same time. Each series of experiments consisted of the fol- 

lowing, either in duplicate or in triplicate: 1. liver with thyroid ex- 
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tract; 2. liver with kidney extract ; 3. liver with spleen extract; 4. 

liver with liver extract (as a control to the first three); 5. liver 

alone, boiled before being placed in the incubator (to indicate the 

amount of:autolysis in the other flasks). A few additional experi- 

ments were made, using thyroiodin and boiled thyroid extract, and 

the amount of autolysis in the extracts alone was also determined. 
The amount of autolysis was ascertained by determining the 

amount of nitrogen present at the end of the experiment: (1) ina 

form coagulable by heat; (2) the amount present in a noncoagulable 

form, but precipitable by zinc sulphate in acid solution, and (3) the 

amount of nitrogen not thrown down in either of these ways. The 
analyses were made as follows: Each flask was placed in boiling 

‘ water after its contents had been acidified slightly with acetic acid, 

and kept there thirty minutes. The coagulable substances were then 

collected on a folded filter, and washed with 500 c.c. of boiling water, 

slightly acidified with acetic acid. The residues were dried com- 

pletely, removed from the filters, weighed, and two quantities between 
one and two grams each taken for analysis by the Kjeldahl-Gunning 

method. From these results was calculated the amount of ‘ coagu- 

lable nitrogen.” The filtrate was reduced to 100 c.c. on the water 

bath, saturated with zinc sulphate, and sulphuric acid added in 

quantity to make the solution 0.5 per cent. The precipitate was col- 

lected on as small a filter paper as possible, and washed with 200 c.c. 

of saturated zinc sulphate solution with 0.5 per cent sulphuric acid. 

This precipitate, termed “ precipitable nitrogen,’ was analyzed, to- 

gether with the filter paper. 
The filtrate, containing “soluble nitrogen,” was made up to 250 c.c. 

with distilled water, and the nitrogen determined in each of two por- 

tions of 25 c.c. 
Because of accidents in the way of breaking of distilling flasks, etc., 

only one of the three series was determined completely, but the re- 

sults in all three, except for the gaps, were practically identical, so that 

the figures will be given only for the completed series, in which the 

duration of autolysis was twenty-two days. 
It is evident from these figures that there is no decided difference 

in the results obtained in the different experiments. The variations 

in the figures are not more than are to be expected in such experi- 

ments, and are not constantly in favor of any one of the sets of 
materials. If there were any real interaction among the organs 

demonstrable in this way, the differences in the results would prob- 
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7 Coagu- Precipi- : , 
Material. tania NT. en Soluble N. 

per cent per cent per cent 

Thyroid ext.+ liver ... . ‘jask 42.3 2.9 548 

Flask 2 41.2 3.1 GH 

Flask 3 | 39.4 2.8 57.8 

Kidney ext.+ liver... .| Flaskkl | 420 3.9 

Flak 2 | 43.2 3.2 

| 

Spleen ext.+ liver. . . . .|) Flask 1 40.8 4.) 

Flask 2 46.6 50) 

Liver ext.+ liver (control) . . Flask a4 43.8 3.8 

Flask 2 42.1 Fal 

Boiled liver (no autolysis) . . Flask 1] 90.4 4.2 

Flask 2 $7.1 4.9 

ably be very considerable. The results in all three of the series, 

which used materials obtained from different lots of dogs, agree so 

well with each other, as far as results could be obtained, that the con- 

clusion seems warranted that in the manner in which this particular 

series of experiments was conducted, it cannot be shown that extracts 

of thyroid, kidney, and spleen have any decided effect upon the au- 

tolysis of the liver of the dog. Certainly there is no such marked 

effect as Cohnheim! found in the case of glycolysis by extracts of 
pancreas and muscle. However, it is possible that other experiments 

performed with other materials or in a different manner, might give 

different results. 

In conclusion I desire to express my indebtedness to the Depart- 

ment of Chemistry of the University of Chicago for the facilities of its 
laboratories in performing the chemical portion of this research; and 

to Professor Julius Stieglitz for much kind assistance. 

* COHNHEIM: Zeitschrift fiir physiologische Chemie, 1903, xxxix, p. 336. 



WHE UTILIZATION OF VEGETABLE PROTEIDS BY THE 

ANIMAL ORGANISM. 

By ELBERT W. ROCKWOOD. 

[From the Sheffield Laboratory of Physiological Chemistry, Yale University.] 

HE experimental work on the digestibility of vegetable proteids 

has been carried out largely with mixed foods, or without 

attempting to purify the proteid, or to free it from the cellulose of the 

cell-walls. Thus Woroschiloff! compared the food values of meat and 
peas, making two series of trials on man with each. His conclusions, 

based upon the changes occurring in strength, as well as in the size and 

weight of the parts of the body, led him to believe that more energy 

was derived from the meat. Rutgers? gives the results of a ten- 

weeks experiment on himself and his wife for the purpose of com- 

paring the value of animal and vegetable proteids. First, nitrogen 

equilibrium was attained on a mixed diet of meat, rice, milk, wheat- 

bread, and vegetables; then the meat, milk, and rice were replaced 

by a vegetable mixture containing equivalent amounts of proteids, fats, 

and carbohydrates. These were not analyzed; but their composition 

was calculated from published analyses, corrections being made for 

indigestible residues according to the data of Stiitzer and Rubner. 
With the mixed diet, 8.1 per cent of the total nitrogen ingested was 

excreted in the feces; with the vegetable diet, 16 per cent to 23 

per cent was so excreted, nitrogen equilibrium being again attained 

with no loss of body-weight. Rutgers concludes that the vegetable 

proteid has the same food valueas that of animal origin. Avsitidiski® 

gives the result of a test conducted on inmates of a civil prison in five 

series of ten days each. A comparison was made between a vegetable 

and a mixed diet. The former consisted of bread, peas, buckwheat, 

macaroni, potatoes, rice, cabbage, butter, and sugar; the latter of 

1 WoROSCHILOFF: Berliner klinische Wochenschrift, 1873, x, p. 9o. 

2 RuTGERS: Zeitschrift fiir Biologie, 1888, xxiv, p. 351. 

8 AVSITIDISKI: Inaugural Dissertation, St. Petersburg, 1889. Abstract in 
ATWATER and LANGWorRTHY’s Digest of Metabolism Experiments, p. 25. 
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meat, bouillon, bread, butter, and’sugar. In the former 15 per cent to 

16 per cent of the nitrogen ingested was recovered in the faeces; in 

the latter, 7 per cent to 10 per cent. 

Cramer! investigated the food of a vegetarian, finding that 21 per 
cent of the nitrogen of the peas, potatoes, coarse breads, fruits, milk, 
and eggs, of which the diet consisted, left the body in the faeces. In 

the case of another vegetarian whose food contained, besides fruits 
and oils, ““ Pumpernickel” and graham bread, Voit? ascertained that 

41 per cent of the nitrogen was contained in the faeces. When ex- 

actly the same food, in kind and amount, was given to the laboratory 

servant, who was not a vegetarian, 42 per cent was thus excreted ; 

the last subject was not able to maintain his weight upon this diet. 

Rubner® made trials of the digestibility of a number of vegetable 

foods in man. They included maize, rice, potatoes, wheat and rye 

bread, peas, macaroni, cabbage, and carrots. The duration of each 

experiment was two or three days, and the substance under investiga- 

tion formed the chief part of the food. In all cases, where the result 
is stated, there was a loss of body proteid. Of the nitrogen taken in 

with macaroni mixed with gluten, 11.2 per cent was found in the faeces ; 

with the remaining foods the nitrogen thus eliminated amounted to 

from 17 to 39 percent. In an additional series Rubner?* states that 

from 20 to 30 per cent of the nitrogen of wheat flour appeared in the 
fzeces, the utilization varying with the fineness of the flour, and being 

best with the very fine. Mori® quotes Osawa,® who made experi- 
ments on men. He found 59.3 per cent of the undigested proteid of 

boiled barley in the faeces; of boiled rice, 20.7 per cent; of Soja 

beans, 24.7 per cent; and of “ Tofu,” 3.9 per cent. This was com- 

pared with raw fish, which yielded from 2.0 to 2.3 per cent, and 

dried fish (cod and herring), from 4.7 to 7.1 per cent. According 

to Mori’ the tofu is prepared by rubbing fresh Soja beans toa 
paste, bringing to a boil, and filtering when cold; from the filtrate 

the proteids are precipitated by the mother-liquor from the manu- 

facture of salt, —a fluid containing much magnesium chloride. This 

1 CRAMER: Zeitschrift fiir physiologische Chemie, 1882, vi, p. 346. 

* Voit: Zeitschrift fiir Biologie, 1889, xxv, p. 232. 

® RUBNER: Zeitschrift fiir Biologie, 1879, xv, p. 115. 

* RUBNER: /did., 1883, xix, p. 45. 

® Mort: Jahresbericht iiber die Fortschritte der Thierchemie, 1892, p. 468. 

OsAWA: Eiseikwai, Zasshi, 1887, No. 48. 

* Mort: Zeitschrift fiir Biologie, 1889, xxv, p. 102. 
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precipitate is filtered out, pressed, and eaten before fermentation has 

commenced. Mr. Mayesawa, a student at Yale University, states 

that in some parts of Japan the tofu is made by simply macerating the 

beans and pressing into a cake.. Prausnitz! determined the fzcal 

nitrogen from beans, boiled until soft, then cooked with butter and 

flour, as 30.3 per cent of the total content in the food. 

Many investigators have studied the digestibility of the proteids of 
bread. Menicanti and Prausnitz? in eleven experiments with rye 

and wheat bread, using both that with and without the outer coatings | 

of the grain, found that the fecal nitrogen was from 13.3 to 30.3 
per cent of the nitrogen intake. Among the other studies are those 

of Jacoangeli and Bonani® who found that with the best grades of 

Italian breads from 4.9 to 17.8 per cent, and with the whole wheat 

breads, from 18.5 to 35.4 per cent of the ingested nitrogen was ex- 

creted in the faeces. Woods and Merrill‘ give as the percentages of 

fecal nitrogen for fine wheat bread, from 10.6 to 13.6 per cent; for 

whole wheat bread, from 13.2 to 13.3 per cent, and for graham bread, 

from 23 to 24.5 per cent of the food nitrogen. 
Constaninidi® tried the utilization of the wheat gluten which is 

left as a by-product in the manufacture of starch, using dogs and 

men as subjects. To the former it was fed with lard, from 2.6 to 
3.3 per cent of the nitrogen passing off in the feces; for the men, 

the diet contained gluten, potatoes, and butter, 6.4 per cent of 

the nitrogen appearing in the feces; whereas with the same diet, 

without the gluten, they contained 25 per cent. Leipziger,® in metab- 

olism experiments on dogs with a diet composed of edestin (crystal- 

lized hemp-seed proteid), starch, and lard, and in addition, salts, 

meat extract, and water, found in two cases 3.9 per cent and 1.9 per 

cent of the ingested nitrogen in the feces. Zadik,’ with a similar 

diet, recovered 3.9 per cent and 3.4 per cent; and Ehrlich ® obtained 

3.6 per cent and 8.3 per cent of the ingested nitrogen in the faeces, 

1 PRAUSNITZ: Zeitschrift fiir Biologie, 1890, xxvi, p. 227. 

2 MENICANTI and PRAuSNITZ: /déd., 1895, xxx, p- 328. 

3 JACOANGELI and BonANI: Jahresbericht iiber die Fortschritte der Thier- 

chemie, 1898, p. 628. 

Woops and MERRILL: Bulletin 85, Office of Experiment Stations, 1goo. 

CONSTANINIDI: Zeitschrift fiir Biologie, 1887, xxiii, p. 438. 

LEIPZIGER: Archiv fiir die gesammte Physiologie, 1899, lxxviii, p. 402. 
ZADIK: Jbid., 1899, |xxvii, p. I. 

4 

5 
6 

7 

8 EHRLICH: Inaugural Dissertation, Breslau, 1goo. 
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Szumowski! tested the digestibility of zein (corn proteid) in vitro, 

and found that the crude substance was not much attacked by either 

pepsin or trypsin, but that 99 per cent of the purified zein was soluble 

in pepsin-hydrochloric acid and 95 per cent in trypsin solution. 

Hammarsten* expresses the opinion that the vegetable proteids 

are in part indigestible; Moore® likewise says that they are less 

readily digestible than the animal proteids. 

The results obtained by some of the above methods cannot be said 

to represent the real digestibility of the proteids, since this may be 

greatly modified by the other materials present, particularly by the 

cellulose. A few series of experiments were therefore carried out 

with the purified vegetable proteids, as well as some less pure prep- 

arations, to obtain further information regarding the utilization of the 
proteid and the conditions which affect it. The degree of utilization 
is assumed to be indicated by the difference between the nitrogen of 

the food and that excreted in the feeces. The fact is recognized that 

the latter, according to the investigations of Prausnitz,! contain much 
nitrogen from the epithelium of the alimentary tract and its secretions, 

as well as from the undigested food; yet it is believed that, keeping 

the other conditions as nearly constant as possible, this method of 

calculation at present furnishes the most satisfactory way for express- 
ing the comparative digestibility (or availability) of the proteid food. 

THE EFFECT OF COOKING ON THE DIGESTIBILITY OF 

Oat PROTEID. 

Experiments with dogs. — Paton® noted that dogs failed to absorb 
from 14 to 55 per cent of the proteids of “ oatmeal porridge.” The 

latter was prepared by heating the oatmeal with two to three and 

one-half times its weight of milk, the duration of heating not being 

stated. The amount of unabsorbed nitrogen was determined by 

subtracting that of the urine from the total quantity in the food, no 
evidence being given that the animals were in nitrogen equilibrium. 

It seemed desirable to repeat this work in order to learn whether the 

small utilization could be explained on the ground of insufficient 
cooking of the oatmeal. 

SZUMOWSKI: Zeitschrift fiir physiologische Chemie, 1902, xxxvi, p. 198. 

* HAMMARSTEN: Lehrbuch der physiologischen Chemie, 1899, p. 312. 

® Moore: SCHAEFER’S Text-book of Physiology: i. p. 442. 

PRAUSNITZ: Zeitschrift fiir Biologie, 1897, xxxv, p. 335. 

° PATON: Journal of physiology, 1902, xxviii, p. 119. 
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Two series of experiments were carried out with dogs. In the 

first the coarse oatmeal was added to three times its weight of boil- 

ing milk, and the heating continued as long as the mixture could be 

conveniently stirred without burning, — about seven to eight minutes. 

By this process the grains of the oatmeal were, in large part, not dis- 

integrated, and appeared again in the feces. In the second series 

the same weight of oatmeal was ground as finely as possible with a 

coffee-grinder, steamed with three times its weight of water from four 

to six hours, mixed with the required quantity of milk, and evaporated 

until it became dry enough to be swallowed easily by the dog. The 
day’s ration was given in the morning after catheterizing, washing 

out the bladder with sterile water, and weighing the animal. In no 

case was there any indication of fermentation in the bladder, the 
urine being constantly acid. Urine and washings were united, and 

the nitrogen determined by Kjeldahl’s method in duplicate. The 

feeces were marked off by lampblack or fine sand, and dried on a 
water-bath after the addition of alcohol to produce a friable consis- 

tency and to aid in the evaporation of the water. A few drops of 
sulphuric acid were used to prevent the escape of ammonia, and, 

after mixing the air-dry faces for the whole period, the nitrogen was 
determined in the same manner as in the urine. Mixed samples of 

each day’s milk were preserved by formaldehyde, and the amount of 

nitrogen estimated at the end of the period. The food was readily 

eaten; the feces were watery and appeared to contain much 

undigested material. 

Experiment A.— A fox terrier bitch whose urine contained no albumin or 

proteose was used. The experiment extended over three dietary periods 

of six days each. The first was one with slightly cooked oatmeal; the 

second, one with well cooked oatmeal ; and the third, with animal-proteid 

food. The fuel value of the food in the first two periods, as calculated 

from the usual composition,! was 468 calories ; in the last period, it was 

515 calories. The meat was chopped and preserved frozen, according to 

the method of Gies.?_ It contained 3.87 per cent of nitrogen. The 

dog’s weight was 4.6 kilos throughout. The diet contained : 

In the oatmeal periods. In the meat period. 

rcaeeee uber oe 24 /ahn pe 220) Ge IVINS rss hele og 8 chins Poh or TIE: 

Oatmicde Caen te een) «8 75) Sls Dean meat . . . - = ) J00gn- 

learnt) see kc 6 ne ee ON 

1 ATWATER and BRYANT: Chemical Composition of American Food Materials, 

1899. 2 Gres: This journal, 1go!, v, p. 235. 
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SUMMARY OF OUTPUT AND INTAKE. 

NITROGEN OUTPUT IN THE URINE. 

| 

Slightly Well 
cooked cooked 
oatmeal. oatmeal. 

grams 

3.04 

2.64 

ae if 

2.76 

Average daily output of N in the urine 

Average daily weight of air-dry faces 

Average daily output of N in faeces 

Average daily intake of N in food. 

Relation of faecal N to food N 

In a food like that of the first two periods, where the only varying factor 

is the mode of preparation, we may get the value of the latter by assuming 

that the utilization of the milk would be the same in both periods, and 

that the difference in the amount of nitrogen in the feces is due solely to 

the difference in the digestibility of the oat proteid. ‘This difference, or 

“indigestible increment,” as we may call it, can be obtained by subtract- 

ing the daily faecal nitrogen of one period from that of the other, and then 

finding the ratio of this difference to the daily nitrogen of the oatmeal. 

Thus, in Experiment A, we have for the daily difference in feecal nitrogen 

0.613 — 0.498 = 0.115 gm. ‘The nitrogen per day in the oatmeal was 

1.887 gm. The ratio, $414 = 6.0 per cent, represents the indigestible 

increment, or variable in digestibility, of the oat proteid due to the differ- 

ence in cooking. 

Experiment B, — A fox terrier bitch was fed, as in Experiment A, with oatmeal 

and milk, the cooking being short in one period and of long duration in 
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the other. The estimated fuel value was 784 calories. For comparison 

the experiment was concluded with a diet of animal food of an estimated 

fuel value of 793 calories. The body-weight gradually increased from 9.7 

to 10.1 kilos during the trial. The food was: 

In the oatmeal periods. In the meat period. 

Watmealy ce 0. 2) ic sos, ASR Reammeat . 4 < ; . .. 200/em: 

mms es ke se) 1, ogo SCR Tan Go Mit Sr ss oh oe cue SONae 
MARC heh yea ey we SEO) SE: 

SUMMARY OF OUTPUT AND INTAKE. 

NITROGEN OUTPUT IN THE URINE. 

Slightly Well 
cooked cooked 
oatmeal. oatmeal. 

grams grams 

3.10 2.33 

3.08 2.33 

2.80 3.02 

3.09 2.60 

3.08 

2.79 

Average daily output of N in the urine : 2.69 

Average daily weight of air-dry faeces 

Average daily output of N in faces 

Average daily intake of N in food . 

Relation of fecal N to food N 

The results obtained agree well with those of the preceding experiment. 

The indigestible increment, or variable due to cooking, was here 3.8 per 

cent. This indicates that the long boiling had very little influence on the 

utilization of the oatmeal. The analysis of the urine shows that this dog, 

unlike the one in Experiment A, was not in nitrogen equilibrium, but was 

storing a large proportion of the food nitrogen. 

Experiments with men. — To learn whether similar results would be 

obtained with human beings whose digestive organs are perhaps better 
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fitted for a vegetarian diet than are those of dogs, two experiments 

were tried with men, one living on a vegetarian diet, the other eating 

meat as a part of his food. The kind and amount of the food was the 

same throughout the trial, but no determination of the total food 

nitrogen was made. 

Experiment C. —The subject weighed, with clothing, 53.1 kilos at the opening 

of the series, and his weight remained constant. The daily diet was com- 

posed of: 

Oatmeal Spo cole 75 gm. 

(Shreddeduwheate iSCWIE | =. snc eee enn 310) 

‘Uneeda™ Bisenil kos <7 see eR ee, ee eos 

Sugar. Saree Sk Seem Se bt 100 “ 

Millenc Pe Stee Ce EO a sce bane ee. Samer 5 kere. 

It had an estimated fuel value of 2536 calories. The method of cook- 

ing the oatmeal was the same as in the experiments with dogs, and it was 

eaten with the sugar and part of the milk at the noon meal. The first 

period of four days was that of slight cooking ; the second, of three days, 

that with well-cooked oatmeal. Three days intervened between them. 

UTILIZATION OF OATMEAL N.—SUMMARY. 

Slightly cooked Well cooked 

oatmeal. oatmeal. 

Average daily weight of air-dry feces . . 27.5 gm. 26 2 gm. 

Average daily weight of Ninfeces . . 1.239“ MEIN 

These figures show that the food was utilized better in the second 

period than in the first, but the indigestible increment does not differ 

materially from that obtained with dogs. It is 5.8 per cent, the weight of 

the ingested oatmeal nitrogen being 1.93 gm. per day. 

Experiment D. — The body-weight was 66 kilos, with clothing. The diet con- 

sisted of : 

@atmiedl 2 us 4-0 e-em ee eee ce eee ORCI 

VWihest bread 4% sh titen et. | Sete Wed cee ee One 

Buttes’ Pte Abate Ab 6M Co See Geet ake 

Hamburginteak Sapte) ss) s-0 to) cokes es tee tae 

Sweet potatoes 27 sea. ts ae silat oy Somer 0) mate 
Mil as te, eves asp 6) Be Ce eee OU: 

COMCE WIL Spain oats fon ops oe een ee Ee 1 cup 

The oatmeal was not eaten at one time, but was divided between the 

three meals. There were two periods of three days each, during the first 

of which the oatmeal was cooked on a water-bath with 400 c.c. of water 
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for ten hours; in the second, it was heated in the same way for fifteen 

to twenty minutes. The estimated fuel value of the food was 2400 

calories. 

‘UTILIZATION OF OATMEAL N.— SUMMARY. 

* Well cooked Slightly cooked 
oatmeal. oatmeal. 

Average daily weight of air-dry feces . . 16.4 gm. 28.1 gm. 

Average daily weight of Ninfeces .. 1.05“ 1 SY Se 

As the nitrogen of the oatmeal amounted to 2.555 gm. daily, the indi- 

gestible increment in this experiment was 26.8 per cent. 

CONCLUSIONS AS TO THE EFFECT OF THE DURATION OF COOKING 

ON THE DJGESTIBILITY OF OATMEAL. 

All of the experiments show that the utilization of the proteid is 

increased by long cooking, and it is a natural supposition that this is 

the result of the breaking down of the cell-walls, and the easier access 

of the digestive enzymes to their contents. In the first three experi- 

ments, however, the increase is comparatively slight, even after grind- 

ing finely and long cooking. They probably give a more accurate 

representation than does the last one, where the diet was so complex. 
The fact that the last subject was unaccustomed to living upon a 
fixed diet, and found it monotonous, may have contributed to the poor 

utilization in the last part of the series. Neither of these conditions 

was true of the preceding subject. In Experiment D, the great in- 

crease in the fzeces also indicates that the utilization during the last 

period was not as good as in the first. The air-dry faeces had been 
left for some hours exposed to the atmosphere, after a thorough drying 

on the water-bath. They would not contain exactly the same per- 

centages of moisture, but it is believed that the difference would not be 

considerable. At least it could not cause such marked variations in 

their total weights. 

The wide discrepancies between these results and some of Paton’s 

may be explained on the theory that his dogs were not in nitrogen 

equilibrium. Indeed some of his figures point in this direction. He 

found (/oc. cit. p. 119) with the same dog in three different series: 

Series. Oatmeal. Milk. Unabsorbed N. 

grams grams per cent 

I 400 700 55 

eh 350 700 50 

Ill 200 700 26 
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The unabsorbed proteid was found by subtracting the urinary 

nitrogen from that of the food. It seems probable that with an in- 

crease of the food beyond the actual needs of the body, more of the 
nitrogen was stored, although it was reckoned with the unabsorbed 
by this method of procedure. . In the above experiments there was 

just such an apparent increase in the unabsorbed nitrogen running 

parallel to the increase in oatmeal. If the results in Experiment B, 

where the dog was not in nitrogen equilibrium, were calculated in 

this way, the undigested proteid would be from 45 to 48 per cent, 
which is, of course, incorrect. 

THE COMPARATIVE DIGESTIBILITY OF PROTEIDS. 

Experiment E. — The same bitch was used as in Experiment B. The experi- 

ment was divided into three periods: the first, of three days, with a diet 

of lean meat, lard, and cracker-dust ; the second, of four days, with a 

diet of extracted proteid and milk; the third, of five days, with a diet of 

“ Norka,” or malted oats, and milk. The proteid of the second period 

was extracted from rolled oats by five to six times their weight of 0.2 per 

cent potassium hydrate at ordinary temperatures. The solution was filtered 

through straining-cloth, and the proteid precipitated by neutralizing with 

dilute acetic acid. ‘The precipitate was allowed to stand for twenty-four 

hours in an equal volume of alcohol, then filtered off and dried on a water- 

bath. It contained much starch, the nitrogen content being only 2.84 

per cent. The food was prepared by boiling this five to ten minutes with 

the milk. The cereal food — Norka — purports to be a “ malted oat food.” 

As its proteid content (N X 6.25) was found to be 16.06 per cent, and as 

it contains a considerable amount of a reducing sugar, this is probably 

a fair representation of its character. It was fed mixed with the milk, 

without heating, and was eaten greedily by the dog. The urine was 

collected and analyzed as before. The dog’s weight was constant at 

10.7 kilos. The food contained : 

In the meat period. In the oat proteid period. In the Norka period. 

Lean meat . 260 gm. Oat proteid Norka =...) (3 glia 

Lard ~'2)eJsh ee On mixture - -111 gm. Milk 2 .-. . 2asiiee 

Cracker-dust 60 * 1 0 ae eu pes sme or 

Water cunecadicic: 



The Utilization of Vegetable Protetds. 365 

SUMMARY OF OUTPUT AND INTAKE. 

NITROGEN OUTPUT IN THE URINE. 

Oat 
proteid 
period. 

Meat 
period. 

Average daily output of N in urine 

Average daily weight of air-dry faeces 

Average daily output of N in faeces 

Average daily intake of N in food . 

Reiation of fecal N tofood N . 

Experiment F. — The animal was the one used in Experiment A. Her weight 

varied within the limits of 3.67 and 3.88 kilos during this trial. The 

urine and faeces were collected and analyzed as before. The experiment 

was divided into four periods. During the first seven days the animal was 

fed with an extracted oat proteid, the next six days with “ Quaker Rolled 

Oats,” the next four with a meat diet, and the last three with one which 

contained zein, an alcohol-soluble corn proteid. 

The oat proteid of the first period was extracted as in the last experi- 

ment, but this time the starch was allowed to settle out of the liquid as far 

as possible before filtration, the supernatant liquid being decanted through 

the filter. By this means a dry substance containing 11.28 per cent of 

nitrogen was obtained. This powder was ground in a mortar, after 

thoroughly drying on the water-bath. It was boiled with starch and milk 

about five minutes, until it became too thick to stir without burning. The 

small particles of the dried proteid were then still plainly visible. It had 

a calculated fuel value of 475 calories. In the second period the fuel- 

value was kept the same, the rolled oats being used to ascertain whether 

the change of form affected the degree of utilization. ‘The fuel value of 

the third period was calculated as 700 calories. The zein of the fourth 
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period was dissolved by alcohol from corn residues from which the starch 

had been largely removed. ‘The alcoholic solution was precipitated by 

dilution with water, and the zein thus obtained was thoroughly dried at 

100° after washing with water. It was very hard after drying, and was 

ground as finely as possible before feeding. It contained 11.99 per cent 

of nitrogen, showing that it was not pure. The food was boiled together 

until it thickened, when the yellow grains of zein were still visible. From 

the faeces, the zein could be recovered in considerable quantities by alcohol. 

The food contained : 

In the oat proteid period. In the rolled oats period. 

Oatiproteid: . si =. 2. “SOSemi Rolledioats;. cr". =. =) eee 

Serie ya he Eee ete a TNO ae Milk © oP 5) oe) ie ee) eco Olercs 
WG ian, ee, 1 meee OLCIC: 

In the meat period. In the zein period. 

Leanmeat. 2 «0. 5 90 0 4 200igm: YEON ee ae hss) (Sede 

ECT soir “pain ee he ee rane, Lard. <i ian cp ot ee 
SCAEGHeL tos. Aloe her uote ey Le Stdreh 2) sc» ws » ee 
WER a tet yuk ai mice che, Teper ele: Mule ry ms te. 

SUMMARY OF OUTPUT AND INTAKE. 

NITROGEN OUTPUT IN THE URINE. 

Oat Rolled 
proteid oats 
period. period. 

Meat Zein 
period. | period. 

grams grams grams grams 

3.04 2:39 3.78 2.82 

2.18 2.71 3.82 2.48 

218 2.61 3.88 2.68 

2.58 2.11 4.10 

2.54 2.87 

2.63 2.58 

2.69 

Average daily output of N in the urine 

Average daily weight of air-dry faces 5. : 14.80 

Average daily output of Nin feeces . 0.714 

Average daily intake of N in food 

Relation of fecal N to food N . 
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Experiment G.— The same dog was used as in Experiments B and E. Her 

weight was constant at 9.3 kilos. Most of the nitrogen was given in the 

form of zein. This was fed in the moist condition, without being allowed 

to dry after precipitation. It contained 11.5 per cent of nitrogen. Com- 

paratively large lumps of the undigested zein could be distinguished in the 

feeces. The food consisted of: 

Len ose MA eee, so eo SOME DN. 

(Cracker-dust. 4 vee «ot i “a0 = SOF of 

Dardis sg debodete eee a eh OS 

Wratero “.- < maeeen Rane au cz es ee. eG. 

SUMMARY OF OUTPUT AND INTAKE. 

NITROGEN OUTPUT IN THE URINE. 

| 

Day. Grams. 

Average daily output of N in the urine 

Average daily weight of air-dry faeces 

Average daily output of N in faeces . 

Average daily intake of N in food 

Relation of faecal N to food N 

CONCLUSIONS FROM DIGESTION EXPERIMENTS. 

These may perhaps be more evident from a summary of the 

results. The table on the following page gives the percentages of 

the daily food nitrogen which were found in the faces. 
It is evident that without their removal from the materials associated 

with them the vegetable proteids are not utilized to the same extent 

as those of animal origin. The degree of utilization is somewhat, al- 

though only slightly, increased by long cooking. Rolling out into thin 

flakes, as in the rolled oats, also appears to have some effect; but oats 

thus treated yield nearly as much fecalnitrogen as the others. The 
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PERCENTAGES OF FOOD NITROGEN IN THE FECES. 

Food. Experiment. | Duration of cooking. | —_- Nitrogen. 
| } 

Meat, lard, and cracker-dust . f Uncooked yal 

Meat, lard, and cracker-dust . ss 6.6 

Meat, lard, and cracker-dust .. { hh 4.3 

Meat, lard, and cracker-dust . , “ 6.5 

Norka (malted oats)... . | y At 8.8 

Goarseroatmeal 2) 6 f S minutes. Ne) 

Goars@ioatmeali. : Sun, %) : 15.4 

Rolledioats: sce vee eel ee see , ; 13.8 

OA pPNOLeId' =e. sen oe ef i 4.4 

Oat proteid 

Zein. 

Zein . 

Fime-oatmeal’ 6) 2 6s 4 to 6 hours 

Fine oatmeal ee 

technical process employed in the preparation of the “ malted oats” 

seems to favor utilization; and this may be explained by their partial 

hydration at that time. In E the extracted vegetable proteid showed 

itself to be capable of as great utilization as that of the animal pro- 

teids. That of F was less so. M. Voit,! in his investigations on 

the various forms of meat, found that in the form of dried powders 

they apparently suffer a considerable loss in their digestibility, 

which may be sufficient to explain the poorer utilization in F. In E, 

the large amount of starch presumably kept the proteid particles 

from drying together into a comparatively impervious mass. There 

is, consequently, no evidence from these experiments to indicate that 

the oat proteid, per se, is less readily utilized than is that of lean meat. 

This corresponds with the experience gained from feeding the vege- 

table proteid, edestin, already referred to. | 
It may be objected that the presence of the milk in the dietary 

vitiates the conclusions derived from these trials. In all the experi- 

1M. Voir: Zeitschrift fiir Biologie, 1904, xlv, p. 79. 
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ments with dogs (except with zein-feeding in G), the proportion of 

milk to the proteid studied was constant, and of the latter the same 

amount was used wherever practicable. Hence it is believed that the 

figures represent fairly the comparative degree to which the animals 

utilized the proteid. The greater feecal nitrogen from zein is probably 

not due so much to its being less digestible, as to the insolubility of 

the substance and the inability of the digestive enzymes to act vigor- 

ously, except upon the surface of the impervious masses. When the 

zein was thoroughly dried, its utilization was still further lessened. 

There is no reason to doubt that if the zein could be freed from the 

materials with which it is associated, except the starch, its utilization 

would be increased. The facilitating effect of the presence of starch 
was shown with the oat proteid in E. The achievement of means 

for removing the substances which interfere with digestion is worthy 

of study. 

My thanks are due to Professor Lafayette B. Mendel for advice in 

the prosecution of this research. 



THE INHIBITORY INFLUENCE OF POTASSIUM CHLORIDE 

ON THE HEART, AND THE EFFECT OF VARIA- 

TIONS OF TEMPERATURE UPON THIS 

INHIBITION AND UPON VAGUS 

INHIBITION. 

By E. G. MARTIN. 

[From the Physiological Laboratory of the Johns Hopkins University. 

INTRODUCTION. 

INCE the time of Bernard it has been known that the cold-blooded 

ventricle is prevented from beating by the presence of potassium 

salts in the solution in which itis bathed. Ringer?! noted that the addi- 

tion of a small amount of potassium chloride to an alkaline sodium 

chloride solution in which a heart was beating well had the effect of 

arresting the ventricle. Bottazzi? emphasized the inhibitory nature 

of this potassium action, even going so far as to suggest its identity 

with vagus inhibition. Greene® considered the inhibitory action of 

potassium to be due to the tendency of this substance to produce 

relaxation of the heart-tissue. Howell,t while not going so far as 

Bottazzi, calls attention to the similarity between this potassium effect 

and other forms of inhibition. He also corroborates Greene’s state- 

ment that potassium may exhibit a relaxing effect, although he is in- 

clined to assign an even greater tendency in this direction to sodium. 

Stiles,° in a recent publication, showed that potassium in doses of less 

than 0.15 per cent causes a condition of diminished tone in strips of 

gastric tissue from the frog, although in greater concentrations it 

exhibits the reverse action. 

Many workers have studied the effect of variations of temperature 

1 RINGER: Journal of physiology, 1883, iv, p. 38. 

2 Borrazzi: Archives de physiologie, 1896, p. 882. 

8 GREENE: This journal, 1898, ii, p. 121. 

4 HowELL: /did., 1901, vi, p. 205. 

6 STILES: /é7d., 1903, viii, p. 271. 
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upon the cold-blooded heart, with the uniform result that up to a cer- 

tain optimum, increase of temperature quickens the heart’s action, 

while below this point lowering of the temperature is accompanied by 

slowing of the beat. 

This study was undertaken at the suggestion and under the guid- 

ance of Dr. Howell, with a view to throwing additional light on the 

problem of potassium inhibition, especially with regard to the sugges- 

tion of Bottazzi that it may be of the same nature as vagus inhibition. 

METHOD. 

The isolated terrapin heart was used in the experiments, and was 

prepared so that the entire organ could be irrigated with nutrient 

solutions. The inflow cannula, which was inserted usually into the 

right vena cava, had a bulb blown upon it, and a side neck, admitting 

the stem of a small thermometer, so that the temperature of the cir- 

culating liquid could be read at the moment of its entrance into the 

heart. An arrangement was interposed in the circuit by means of 

which the temperature of the circulating medium could be varied at 

pleasure. The chlorides of sodium and potassium used in making up 

solutions were recrystallized from the chemically pure salts. As the 

ordinary fused calcium chloride cannot be used with safety in such 

experiments, and the unfused salt cannot be weighed with accuracy, 

an approximate solution was made, and the percentage of calcium then 

determined by analysis. All solutions were made up with distilled 
water. In preparing solutions containing various percentages of 

potassium chloride, care was always taken to keep the solution nearly 

isotonic with terrapin serum; therefore as the proportion of potassium 

chloride was increased, the proportion of sodium chloride in the solu- 

tion was correspondingly diminished. The usual concentration of 

calcium chloride employed in making up Ringer’s solution was used 

in every case. Since in these experiments the amount of calcium 

chloride employed did not exceed 0.025 per cent, the osmotic pressure 

of the solution was not sufficiently affected by the addition of the 
calcium chloride to change the physiological value of the solution so 

far as its osmotic relations were concerned. 

THE PoTaAssiumM ARREST. 

Although, as would be expected, there is considerable variation 
shown by different hearts in their reactions toward potassium chloride, 

the experiments were of such a nature that certain conclusions can be 
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drawn with regard to the arrest of the heart caused by this reagent. 
If we begin to perfuse a beating heart with Ringer’s solution contain- 

ing 0.03 per cent potassium chloride, the usual proportion employed 

in this laboratory, and increase the concentration of this salt o.o1 
per cent at atime, the rate of beat usually diminishes gradually, and 

quite regularly, until the heart comes to rest. In one experiment the 
point of stand-still of the ventricle 
was reached with a concentration 

of potassium chloride of 0.14 per 

cent. In another experiment of 
the same sort the ventricle con- 

tinued active until the proportion 

of potassium chloride in the solu- 

tion was increased to 0.26 per 

cent. Curves illustrating the 

effect of increasing the proportion 

of potassium chloride in the solu- 

tion are given in Figs. 1 and 2. 

If instead of increasing the 

percentage of potassium chloride 

in the solution gradually, we pass 

at once from normal Ringer’s 

solution to one containing from 

0.10 to 0.12 per cent potassium 

chloride, the arrest of the ven- 

tricle ensues with great prompt- 

FicurE ]. — The effect of increasing concen- ness. The average time required 

trations of potassium chloride in the ir- for ‘complete stand-still._ of the 

rigating solution on the rate of beat, : : c : 

The ordinates represent the number of ventricle in six observations, 

contractions in the minute. The num- made on three different hearts, 

bers along the abscissa line represent the was slightly less than two min- 

proportion of potassium chlouide in the ites. When still heavienioeee 

irrigating solution, expressed in hun- 

dredths of 1 per cent. Experiment of of potassium chloride were sud- 

December 12, 1902. denly applied to the beating ven- 

tricle, from 0.21 per cent upward, 
the suddenness of the stoppage became very striking. In twenty- 
one observations, on five different hearts, the average time that elapsed 

between the application of the solution containing the large dose 

of potassium chloride, and complete stand-still of the ventricle, was 

one quarter of a minute, and in no one of these cases did the interval 
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between the introduction of the inhibiting solution and the cessation 

of activity exceed one-half minute. The concentration of potassium 
chloride used in these experiments varied from 0.21 per cent to 1.0 

per cent. . Of thirty-eight observations on the arrest produced by 

potassium chloride, in which percentages of this salt of 0.21 and 

upward were used, only one showed a period of as much as three 

minutes between the application of the inhibiting solution and com- 

plete arrest. The average period for the thirty-eight observations 

was eight-tenths minute. In each of these cases the heart was beat- 

ing vigorously under normal Ringer’s solution before the inhibiting 

solution was turned on. 
The rapidity with which the arrest comes on is no greater when 

the inhibiting solution contains very high concentrations of potas- 

sium, 0.5 per cent and upward, 

than under potassium doses of 
from 0.25 per cent to 0.35 per 

cent. It would seem that under 

these smaller proportions of potas- 
sium the alteration in the tissue 

which produces stand-still, what- 

ever that alteration may be, takes 

36 EEB?la CEE EET gM EB ——_—ER KX 

en 

SERRE 
. . . Pees 

place as rapidly as the tissue is 444 Pegneseeeeasse 
aene eaen' able to react, and hence a greater 

proportion of potassium in the 

solution cannot hasten the process. 

The potassium arrest can be ob- 

tained with a considerably smaller 

Oa 6 8 10 12 14 lo 18 2 22 24 2 

FIGURE 2.— The effect of increasing con- 

centrations of potassium chloride in 

the irrigating solution on the rate of 

beat. The ordinates represent 

number of contractions in the minute. 

the 

proportion of potassium salt in the 

solution if the heart is changed 
abruptly from a solution contain- 

ing a small amount of potassium 

The;numbers along the abscissa line 

represent the proportion of potassium 

chloride in the irrigating solution, ex- 

pressed in hundredths of 1 per cent. 

ek Saree Experiment of October 16, 1902. 
to one containing it in greater 

concentration, than if the change be made gradually by increasing 

the proportion of potassium a little at a time. In the former 
case arrest may be obtained frequently with from 0.08 per cent 
to 0.10 per cent potassium chloride, whereas by the latter method 
from 0.14 per cent to 0.16 per cent of the same salt will be 
required to effect this result. This fact agrees with a statement 

made by Howell’ to the effect that heart tissue is able, to a certain 

1 HOWELL: This jourual, 1901, vi, p. 202. 



374 E. G. Martin. 

extent, to accustom itself to excessive doses of potassium salts, if 

these are introduced very gradually. 

THE CONDITION OF THE HEART TISSUE DURING POTASSIUM 

ARREST. 

Ringer! states that when the ventricle is inhibited by perfusion 

with potassium chloride (the strength is not stated), the muscle no 

longer responds to strong electric shocks. Bottazzi? says that the 
irritability of the heart toward electrical stimuli either diminishes 
enormously or disappears under potassium inhibition. Bottazzi, how- 

ever, used a solution of potassium chloride, isotonic with the serum, 

for producing inhibition. Howell® refers to the statements of these 
authors, and adds the suggestion that probably, by graduating the 

dose of potassium chloride, a concentration would be found below 

which the ventricle can respond to stimuli, although not able to give 
spontaneous contractions. The following observations were made 

upon this point. Mechanical stimulation was used throughout, in- 

stead of electrical. It is not improbable that electrical stimulation 

would have given somewhat different limits of irritability. The first 

experiment was upon a heart which seemed to be unusually sluggish, 

as shown by the fact that a solution containing only 0.11 per cent 

potassium chloride kept it in complete inhibition for eighty minutes. 

During the time that the heart was at rest it was stimulated three 

times, at intervals of about fifteen minutes. The first stimulus was 

applied about forty-five minutes after inhibition had commenced. 
When the first stimulus was applied, the heart was at a temperature 

of 30° C.; the second stimulus was applied with the temperature at 

20° C., and the third with the temperature at 15°C. In every 
instance the heart responded to the stimulation by a single well- 

marked contraction. In another case the inhibiting solution con- 

tained 0.33 per cent potassium chloride. Six minutes after the 

commencement of inhibition, with the temperature at 19.5° C., the 

heart responded to stimulation as before, by a single contraction for 
each stimulus. The same result was obtained from another heart, 

inhibited by a solution containing 0.28 per cent potassium chloride, 
with-the temperature at 19° C. Another series of similar experi- 

ments was carried out, in which the solutions used to inhibit the heart 

RINGER: Journal of physiology, 1887, viii, p. 289. 

BOTTAZZI : "Loc. Cit., p. SOL. 

1 

2 

8 HOWELL: Loc. cit., p. 205. 
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contained much larger proportions of potassium chloride. With 

the heart inhibited by a solution containing 0.5 per cent potassium 

chloride, stimulation, applied four minutes after the appearance of 

inhibition, caused a contraction. The same result was obtained from 

a heart under the influence of a solution containing 0.6 per cent 

potassium chloride, when the stimulus was applied four minutes after 

the beginning of inhibition, but response could not be obtained from 

this same heart eleven minutes after the onset of inhibition. When 

the inhibiting solution contained 0.7 per cent potassium chloride, the 

heart did not respond to mechanical stimulation four minutes after 
the beginning of inhibition. In none of these cases did the heart 

execute a single spontaneous contraction during the time that it was 

_ under the influence of the potassium-containing solution. 

TONE VARIATIONS DUE TO POTASSIUM CHLORIDE. 

Stiles,’ in a paper already mentioned, showed that for stomach tissue 
the percentage of potassium chloride below which loss of tone might 

be expected is about 0.15 per cent. With higher doses, tonic con- 

traction usually occurs. The author’s experiments indicate that the 

same general fact, namely, a concentration of potassium chloride 

below which loss of tone, and above which tonic contraction may 

be expected, holds good also for the terrapin’s heart, although the 

point at which neither relaxation nor tonic contraction occurs would 

seem, from an examination of all his records, to fall somewhat higher 

than the figure given by Stiles for the stomach of the frog. About 

0.23 per cent potassium chloride appears to be the dose at which 

variations in tone do not occur in neither direction. 

ESCAPE FROM POTASSIUM INHIBITION. 

The first point to be noted under this head concerns the ability of 
the ventricle to break spontaneously through the inhibition caused by 

potassium chloride solutions. Considerable difference was noted in 

this respect according as the heart was fresh, that is, just isolated 

from the influence of the normal circulation, or had been for a long 

time subject to the action of inorganic solutions. In the latter casea 
larger dose of potassium chloride seemed to be required to maintain 

the heart in complete stand-still than when the organ had just been 

isolated. In one experiment a fresh heart was beating under normal 

US Timms = 0c. cz: 
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Ringer’s fluid at the rate of twenty-eight contractions in the minute, 
the temperature being 19.5° C. It was then irrigated continuously 

with a solution containing 0.1 per cent potassium chloride. It re- 

mained at rest for eight minutes, and then, in spite of the continuous 
action of the potassium-containing solution, began to beat again with 

a regular but very slow rhythm, not exceeding one contraction per 

minute. The temperature remained unchanged throughout the ex- 

periment. In another experiment a heart which had been con- 

tinuously irrigated with inorganic solutions for two and one-half hours 
was brought to a stand-still from normal Ringer’s solution by the in- 

troductian of a solution containing 0.25 per cent potassium chloride. 

TABLE I. 

THE INFLUENCE OF HEAT UPON THE ESCAPE OF THE HEART FROM 

POTASSIUM INHIBITION. 

Temperature | Temperature Rate Rate 
of of per minute | per minute } 

inhibition recovery. before after 
: : inhibition. | recovery. 

Per cent KCl 
in inhibiting 

solution. 

31 

In five minutes it began to beat again slowly, and with less vigor than 

when fed with the normal solution. The temperature in this experi- 

ment was 17°C. In no case in which a heart escaped spontaneously 

from the inhibition brought about by the presence of potassium in 

the irrigating solution, did the beat approach the normal in rate. 

A very different result was noted when the temperature of the 

inhibiting solution was raised. A number of records were obtained 

in which the beat was restored very well by the application of heat. 

Table I gives the results of six such observations made during the 

month of October, 1902. 

Attempts to overcome the effects of potassium inhibition by heat 
were very rarely successful when the concentration of potassium in 
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the inhibiting solution exceeded 0.25 per cent, although almost 

uniformly so when the proportion of potassium was less than 0.25 
per cent. This concentration of potassium is about the same as that 

which forms the usual upper limit at which spontaneous escape from 

potassium inhibition can occur. 

A number of experiments were performed to determine whether the 

inhibitory effect of potassium can be directly counteracted by the 

addition of other substances to the inhibiting solution. The sub- 

stances tested fall into the following five groups : 

1. Substances which combine with potassium to form more or less 

insoluble compounds : 

Gold chloride, platinum chloride, sodium tartrate, phosphoric 

acid. 

2. Substances which are recognized as direct heart stimulants : 

Caffein, strychnia, digitalin. 

3. Substances which have been used on the cold-blooded heart to 

excite contractions : 

Delphinin,! nicotine. 

4. Substances which have been supposed to exert a favorable 
influence upon heart activity: 

Lecithin, boric acid. 

5. Various compounds of calcium : 

Calcium chloride in solution stronger than physiological, calcium 

glycero-phosphate, gum arabic. 

Those substances of this series which are recognized as proto- 

plasmic poisons were used in very dilute solution, so as to avoid 

injuring the heart permanently. No one of the substances tested 

was at all effective in restoring the activity of the heart during 

potassium arrest, although the fact that they had not caused perma- 

nent injury was shown by the normal series of beats which was sub- 

sequently given in every instance with a favorable circulating medium 

(normal Ringer’s fluid). The concentration of potassium chloride 

used for inhibiting the heart in these experiments ranged from 0.25 

to 0.40 per cent. 2 

RECOVERY FROM POTASSIUM INHIBITION. 

All experimenters who have studied the action of salts on the cold- 

blooded heart have noted the celerity with which the tissue resumes 

its normal function when changed from an inhibiting solution to one 

1 BowpitcH: Arbeiten aus der physiologischen Anstalt zu Leipzig, 1871, p. 169. 
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favorable to activity. A somewhat extended study of the recovery 
which is obtained by washing out the inhibitory substance was made 
in connection with this series of experiments, inasmuch as previous 

experience had indicated that the only practicable method of over- 
coming the inhibitory influence of potassium must consist in removing 

the potassium from the tissue. In a previous paragraph attention 

was called to the surprising quickness with which the potassium effect 

shows itself; in this connection is to be noted the equally surprising 

rapidity with which the inhibition may be overcome. A number of 

tests showed that the small proportion of potassium chloride in normal 

Ringer’s fluid has no appreciable effect in delaying the recovery from 

potassium inhibition, as compared with 0.7 per cent sodium chloride 

solution, or the same solution containing 0.025 per cent calcium 

chloride, without potassium chloride, and since the beat obtained 
from the whole heart with Ringer’s fluid is superior to that given by 

it under the influence of the other solutions mentioned, Ringer’s fluid 

was used exclusively in these observations. 

It would appear, from 4 priori considerations, that the ease with 

which Ringer’s solution is able to wash out the inhibiting potassium 

from the tissue should depend partly upon the concentration of potas- 

sium chloride which was used for producing the arrest, partly perhaps 

upon the length of time that the tissue has been under the influence of 

the potassium-containing solution, and there might also be a difference 

in the action of the Ringer’s solution according as its temperature is 

high or low. In Table II, which gives the results of forty-five obser- 
vations of the recovery from potassium inhibition by irrigation with 

Ringer’s fluid, these factors are noted. The experiments recorded in 

this table were performed upon twelve different hearts. 

Analysis of this table shows, in the first place, that the rapidity 

with which the potassium effect is overcome by irrigation with 

Ringer’s fluid is about the same for all concentrations of potassium 

chloride up to 0.3 per cent. The average time required for the in- 

hibition to be overcome, for the first twenty-four observations given in 

the table, in all of which the inhibiting solution contained not more 

than 0.30 per cent potassium chloride, was three minutes. When in- 

hibition was caused by solutions containing higher concentrations of 

potassium chloride than 0.30 per cent, there was a marked lengthen- 

ing of the time which elapsed between the commencement of irrigation 

with Ringer’s fluid and the resumption of normal activity. The aver- 

age time for seventeen observations (numbers twenty-five to forty- 
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TABLE II. 

THE EFFECT OF RINGER’S SOLUTION IN OVERCOMING POTASSIUM INHIBITION. 

Per cent | Duration a a | Time for Rate | Rate per 

ee ey | rape | ae 
inhibition. | inminutes.| S80". | minutes. | inhibition. recovery. 

1 | Oct. 24) 0.12 7.0 21.5° 2.0 | 40 | 32 

2} « 24! o12 26.0 21.5 ae Meme olor ae 

gars) 24)" 012 26.0 24.0° 10 | 40 36 

4| « 28] o12 27.0 20.0° 3.0 16 18 

ear © 27|.. 020 35.5 23.0° 6.0 24 18 

6 |Nov.17| 0.21 2.5 19.5° 2.0 18 18 

7| « a8| o21 4.0 19.0° 2.5 31 22 

Baro 17) ee 0.23 5.0 19.5° 2.0 CT a 

9 | Oct. 23| 0.23 26.0 200° | 35 ae W, lu. 54 

10| « 24] 0.24 22.0 22.0° 4.5 40 34 

11 | Nov.21| 0.25 2.0 24.0° 3.5 23 14 

eS} 61025 4! 45 19.0° 5.0 23 19 

coe VF O25 Y 11-5 19.5° 2.0 18 17 

oa 171! ! 0.27 10.0 19.5° 4.5 19 17 

ie 1182, 028 14.0 19.0° 8.0 Way ig 2213 

16} “ 17| 0.29 7.0 19.5° 8.0 1s | 10 
17 | Dec.24| 0.30 10.0 17.5° 2.5 2 | 25 

3} “ 24| 030 10.0 17.5° 2.5 my lt 28 

19} “ 24] 0.30 10.0 17.5° 3.0 23 21 

A 030 10.0 17.5° S04 9-26 20 

os a 030 | 100 28.5° 1.5 28 t* 80 

22) * 241 030 10.0 26.5° 1.0 24 | 34 

23 | “ 24) 030 10.0 25.59 1.5 24 6 | ae 

4 | « 2%) 030 10.0 25.5° 1.0 20 32 

25 |Nov.17| 0.31 8.0 19.5° 9.0 12 10 
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TABLE I] —continued. 

| 
| 
| 
} 

Per cent | Duration | ee ae Time for Rate Rate per 
Date. KCl of - ) | recovery | perminute| minute 
1902. used for -| inhibition | Ringer's in before after 

° <gha .e ° : | Ss 1tio > . . +4 208 — 
inhibition. | in minutes. gen " minutes. inhibition. recovery. 

| 10.0 14 13 

12.0 16 10 

19.5 21 10 

11.0 13 12 

Do pode 16 

19.0 | ll 

21.0 23 

11.0 

one in the table) was nine minutes. The inhibition was caused in 

these cases by solutions containing from 0.31 per cent to 0.6 per cent 

potassium chloride, Four observations were made in which solutions 

containing potassium chloride in the highest possible concentrations 

compatible with the preservation of the normal osmotic relations of 

the tissue were used. The concentrations employed varied from 0.7 

to 1.0 per cent. These observations are given in numbers forty-two to 

forty-five of the table. The average time between the commencement 
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of irrigation and the onset of activity in these four cases was twenty- 
five minutes. These results indicate that the changes wrought in the - 

tissue by the presence of large percentages of potassium salts in the 
surrounding medium, are somewhat more deep-seated than when 

smaller doses of these salts are present, although the inhibitory effect 
of the potassium may be exerted by the smaller dose. Even the 
largest percentages of potassium chloride employed in these experi- 

ments did not seem to be permanently injurious to the heart tissue, 

inasmuch as the normal activity of the heart could be restored in 

every case, even after inhibition with the strongest solutions used, by 

washing out the excess of the potassium salt. 

The length of time that the heart was under the influence of the 

potassium-containing solution did not seem to have much effect on 

the ease with which the inhibition could be overcome by irrigation 

with Ringer’s fluid. If this factor entered into the case at all, it was 

in those instances in which the dose of potassium chloride was large. 

In some experiments in which high concentrations of potassium 

chloride were used for inhibiting the heart, there seemed to be a dis- 

tinct lengthening of the time required for the overcoming of the 

inhibition, in those cases in which the duration of the potassium 

irrigation had been long, as compared with those in which it had been 

only momentary. It would appear from these results that the con- 

dition of the heart, during inhibition with light doses of potassium at 
any rate, is not one of progressive change, in which the heart sinks 

deeper and deeper under the effect of the salt, but that it remains in 

a quiescent, and so to speak permanent state under the potassium. 

Long irrigation with potassium-containing solutions of any concen- 

tration used in these experiments did not injure the tissue per- 

manently, since it contracted normally in every case after removal of 

the inhibitory substance. 
Two experiments were performed for the purpose of determining to 

what extent the temperature of the Ringer’s solution used to over- 

come the inhibition of potassium, influences the rapidity with which 

this inhibition is overcome. The first of these experiments is recorded 

in numbers seventeen to twenty-four of Table II. Inhibition was 

caused by a solution containing 0.3 per cent potassium chloride in 

each observation of this experiment, and the duration of inhibition 

was ten minutes in every case. The average temperature of the 

Ringer’s fluid in four of these observations was 17.5°C. The time 

required for recovery averaged 2.75 minutes. In four other observa- 
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tions the average temperature of the Ringer’s solution was 26.5°C., 
and the time for recovery averaged 1.25 minutes. The other experi- 

ment of this sort is recorded in numbers thirty-five to thirty-nine of 
the table. In these observations the heart was inhibited with a solu- 

tion containing'0.5 per cent potassium chloride. Ten minutes was 

again the time of inhibition inevery case. Three of the observations, 

in which the average temperature of the Ringer’s solution was 16° C., 
showed an average time of six minutes, as necessary for the heart 

to resume activity. The other two observations were made with 
Ringer’s solution whose temperature averaged 25.5°C. The average 

time of recovery for these two was two minutes. 

EFFECT OF VARIATIONS OF TEMPERATURE UPON THE RATE OF 

BEAT. 

Cyon ! made a careful study of the effect of variations of temperature 
upon the rate of the frog’s heart-beat. He used rabbit’s serum as a 

circulating medium, and found that 
when the frog’s heart was perfused 
with this solution the rate of beat 
increased with the temperature until 

a certain optimum temperature was 

reached; above this temperature the 

rhythm of contraction became irreg- 

ular, slowed rapidly, and the heart 

came to rest a few degrees above the 

temperature of greatest frequency of 
beats. When cooled down again, the 

FIGURE 3.— The effect of variations heart resumed beating. According 

of temperature upon the rate of to Cyon’s work, the low temperature 

the heart-beat. The ordinates>s- Jimit lof activity 10 theses 
present the number of Comite lian nee one 

tions in the minute. The figures 5 ; 

along the abscissa line represent In connection with these experi- 

the temperatures. Heart per- ments a study was made of the effect 
fused with normal Ringer’s solu- seem, 

of variations of temperature upon 
the activity of terrapin’s hearts, both 

when irrigated with normal Ringer’s fluid, and with solutions 

containing various proportions of potassium chloride. The low 

4° 8° 12° 16° 20° 24° 28° 32° 36° 40° 

tion. 

1 Cyon: Berichte der kénigliche sachsische Gesellschaft der Wissenschaften, 
1866, p. 257. 
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temperature limit of automaticity for the terrapin’s heart appears 

to be somewhat higher than for the frog’s heart. Frequently stand- 

still is‘ observed under irrigation with Ringer’s fluid at from 8° C 

to 10° C. The variations of rate with increase of temperature, as 

shown by this series of observations, agree closely with those re- 
corded by Cyon, notwithstanding the fact that his experiments were 

upon a different animal and under slightly different circumstances. 

In one experiment, whose curve is given in Fig. 3, the ventricle was 

inactive at 10 C. As the temperature was raised beats began, and 

the rate increased quite uniformly with the rise in temperature until 

an optimum temperature, 34° C., was reached. Above this temper- 

ature the rate fell off sharply, and the 
rhythm became very irregular. The 

point of complete stand -still was 

reached at about 42° C. In this ex- 

periment, as in all of the same kind 

performed by the author, it appeared 
that for any given heart the relation of 
temperature to rate was very nearly 

an absolute one. That is to say, when- 
ever during the course of the experi- 

ment the temperature is at any point, 

70 SuESneagesgens seeteresteeess 

2° 6° 10° 14° 18° 22° 26° 30° 34° 38° 

FIGURE 4. — The effect of variations 

the rate of beat at that time will be of temperature upon the rate of 

very nearly the same as at any other the heart beat. » The) ordinates 
Peo athe tchiuerattre ial the represent the number of contrac- 

fapsit P tions in the minute. The figures 

same. This is true whether the tem- along the abscissa line represent 

perature is rising or falling at the time. the temperatures. Heart per- 
In constructing the ascending limb of fused with a solution containing 

: ; 0.08 per cent potassium chloride. 
the curve in Fig. 3, the averages of 

four curves were taken. These four curves were closely parallel 
throughout their length. Two of them were curves of increasing 

temperatures, and two curves of decreasing temperatures. 

An increase in the proportion of potassium chloride, too small to 

produce even temporary inhibition, has almost no effect upon the 

relation between temperature and rate. In Fig. 4 a curve is given to 

show this fact when the irrigating solution contained 0.08 per cent 

potassium chloride. 

When the proportion of potassium chloride in the irrigating solu- 

tion is large enough to produce temporary inhibition, followed by 

partial recovery, the form of curve obtained by plotting rates against 
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temperatures is, as would be expected, very different from the normal. 

In Fig. 5 a curve is shown in which the irrigating solution contained 

O.11 per cent potassium chloride. The point of low temperature 
stand-still is much higher than normal, the point of optimal temper- 

ature is considerably lower than 

normal, and the high temper- 

ature limit occurs at a point 

about equivalent to the normal 

optimum. The curve asa whole 
TIGURE 5, — sffec variati Ee FIGURE 5. — The effect of variations of tem is much flatter than those ob- 

perature upon the rate.of the heart-beat. ; fe 

The ordinates represent the number of tained when the heart is irrigated 

contractions in the minute. The figures with solutions containing physi- 

along the abscissa line represent the ological amounts of potassium. 

temperatures. Heart perfused with a I ae : h 

solution containing 0.11 per cent potas- SO tae oi pea : . 

sium chloride. curve of which is given in Fig. 

6, the heart was perfused with a 
solution containing sodium and calcium chlorides in the proportion 

in which they occur in normal Ringer’s fluid, but containing no 

© 4° G2 B® 10° 12° 14° 16°1S° 20» 29° 24° DBeLwe BuraaY BA~UE? 

potassium salt. In this experiment the low temperature limit of ° 

automaticity was below that usually shown by hearts under the 

influence of Ringer’s solution; 

in fact, with the method of cool- 

ing used in these experiments, 

the heart was not brought to 

rest by the lowest temperature 
obtainable. The increase in rate 

was more gradual than under 

20° 24° 28° 32° 36° 

FiIGuRE 6. — The effect of variations of tem- 

perature upon the rate of the heart-beat. 

corresponding conditions when The ordinates represent the number of 
Ringer’s fluid was used for ir- contractions in the minute. The figures > § 
rigating the organ, a fact one along the abscissa line represent the a 

ld | oe h peratures. Heart perfused with a solution 

Wer Scarcely anticipate when - containing no potassium chloride. 
the inhibitory character of potas- 
sium is borne in mind. The optimum was reached at about the 

normal temperature, but the onset of heat stand-still was much more 

abrupt than in any other of the cases studied. 

THE INFLUENCE OF PoTaAssiuM CHLORIDE ON THE AURICLE. 

Any one who studies the reactions of the heart to salts, cannot fail 
to be impressed with the great differences in these reactions exhib- 
ited by the different portions of the organ. Strips from the venous 

: 

1 
; 
* 

q 
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end of the heart were studied with great care by Howell,! who showed 

that this tissue contracts spontaneously when immersed in a solution 

(Ringer’s) containing a small proportion of potassium, although 

strips from the ventricle are completely inhibited by the same solu- 

tion. The greater tolerance of the auricles toward potassium was 

strikingly illustrated in the series of experiments under consideration. 

One of the first effects of the application of a fairly concentrated 

solution of potassium chloride to the terrapin’s heart, appears to be 

the severance of that consonance of rhythm which normally exists 

among the different chambers of the heart. The slowing of the 

ventricle, as the effect of perfusion with a potassium-containing 

solution, is always more marked 

! 82 FEEERREEEEEE EEE 
of the auricles. In fact, tem- EEARESEGR. CESSSSCSSUSSESEEEESS0TEREESESEESSESRIES 

; ae 28 Goes [ 

porary inhibition of the ven- ,, se: sessausscsccnecsesesenecssscsses 

tricles may occur without any mal Seseecessssssssseseneersssees 
. . . SHREESESSESEREREEReeese. 

appreciable alteration in the ,,q: see 
auricular rate. In the experi- ,.4+ttHtH : 

: a : PERE EEE EEE eae 
ment which is illustrated in x seg geuaueseesueccccusnsrcenseascassceCerscas 

Fig. 7, the ventricle came to 4 HN 

rest underasolution containing 0 

0.12 per cent potassium chlo- 
; P P : FIGURE 7. — The effect of increasing concentra- 

ride, although under this same tions of potassium chloride in the irrigating 
solution, at the same time, the solution on the rate of beat of the auricles. 

auricles continued to beat vig- The ordinates represent the nomex of 

th £ contractions in the minute. The figures 

orously at < cee e) twenty- along the abscissa line represent the pro- 

four contractions in the minute. portion of potassium chloride in the 
In every case in which the ven- irrigating solution, expressed in hundredths 

; of 1 per cent. 
tricle escaped spontaneously ae 

from the inhibition of potassium, its rate after the escape was 

markedly slower than the corresponding beat of the auricles. 
Fig. 7 illustrates the general effect upon the auricles of perfusing 

the heart with solutions containing gradually increasing percentages 

of potassium chloride. The curve fails, however, to show one interest- 
ing fact. In several instances the immediate effect of increasing the 

proportion of potassium chloride in the perfusing solution, was to 

depress the auricular rate to a point below that subsequently attained 

under the same dose of the potassium salt. In other words, the 

4 6 8 10 12 14 16 18 20 22 24 26 28 

1 HOWELL: This journal, 1898, ii, pp. 56 e¢ seg. 
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auricle can recover from the inhibitory action of potassium much 
more rapidly and effectively than can the ventricle. When we recall 

the greater thinness and delicacy of the auricular tissue, as compared 
with that of the ventricle, and that the former organ is presumably on 

that account much more permeable to salts, it becomes quite apparent 

that the reactions of the auricle to the various salts, especially to 
potassium, must be very different from those of the ventricle. From 

this standpoint, at least, it would seem that the two ends of the heart 

show independent properties. Another suggestive fact in connection 

with the effect of potassium upon the auricles is that the concentration 

of potassium chloride which the solution must contain in order to 

bring the auricles to rest is about 0.25 per cent. It will be remem- 

bered that this is just about the concentration which prevents the 

spontaneous escape of the ventricle, and which also is sufficient to 

maintain that part of the heart in entire quiescence in spite of the 

increased irritability which accompanies increase in the temperature 

of the organ. It seems probable that so long as the auricle continues 

beating, and discharging impulses into the ventricle, that part of the 

heart may escape from the inhibitory influence exerted upon it by the 

potassium in the solution, either spontaneously, or by the aid of heat, 

but when the inhibitory dose is large enough to bring the auricle to 

rest also, there is no longer a source of stimulation for the ventricle, 

and in the absence of such stimulation, the ventricle is held in com- 

plete inhibition. 

EFFECTS OF VARIATIONS OF TEMPERATURE UPON THE AURICLES. 

The auricle is affected in the same general way as the ventricle by 

variations in the temperature of the perfusing solution. The thinner 

texture of this organ renders it apparently more susceptible to varia- 

tions of temperature than the heavier and thicker ventricle, but this 

greater susceptibility may be only apparent, and not real, simply be- 

cause the thin auricle can more quickly attain the temperature of the 

surrounding solution than can the thick walled ventricle. 

EFFECTS OF VARIATIONS OF TEMPERATURE UPON VaGus 

INHIBITION. 

G. N. Stewart! madea careful study of the effects of variations of 
temperature upon the action of the vagus in frogs. He did not per- 
fuse his hearts, but immersed them in 0.6 per cent sodium chloride, 

+ G. N. STEWART: Journal of physiology, 1892, xiii, pp. 69, e¢ seq. 
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whose temperature could be varied at pleasure. He states his results 

in the following words: (1) “If the temperature of the heart is low- 

ered from the medium temperature, the inhibitory activity of the 

vagus is diminished, by whatever criterion that activity is estimated.” 
(2) “As the temperature of the heart is increased from the medium 

temperature, the inhibitory action of the vagus is increased, whatever 

effect be taken as the test of its activity.” After drawing these 
definite conclusions with regard to the effect of variations of tempera- 

ture on the action of the vagus in the frog, he attempts to show that 

the same laws apply to the tortoise. He has this to say with regard 

to this point: ‘In general I find that the inhibitory action of the 

right vagus is affected by temperature in the same sense as that of the 

vagus in the frog; although the effect seems to be less marked than 

in the frog, and a much greater change of temperature is necessary to 

cause a sensible alteration in the inhibitory activity of thenerve. At 

very low temperature it is unquestionably more difficult to obtain 

complete stand-still of the heart than at the ordinary or at a higher 

temperature. But for a considerable range above and below the 

ordinary temperature it may be difficult to demonstrate any marked 
difference. It is by no means easy to show in the tortoise, what is 

seen in the frog, that the minimum strength of stimulus, needed to 

produce a given inhibitory effect, increases as the temperature falls 

and decreases as the temperature rises. It needs a considerable fall 

of temperature to appreciably increase the minimum stimulus.” Re- 

sults before Stewart’s investigation were not concordant. Luchsinger 

and Ludwig,! working on the tortoise, arrived at the same conclusion 

which Stewart reached later, that cooling the heart diminishes the 

effect of the vagus. Lépine and Tridon,? on the other hand, stated 

that in the tortoise the action of the vagus persists when the heart is 

cooled, but is abolished when it is heated, returning again on cooling. 

In view of the known effect of heat in increasing the heart-rate, 

presumably by accelerating the catabolic processes, the conclusions of 

Stewart seem unexpected. When the fact was brought out in the 
present series of experiments, that the inhibitory influence of 

potassium can be counteracted by heat to a considerable extent, the 

fact that the inhibitory action of the vagus is affected in precisely the 

opposite way by heat seemed so surprising that it was thought worth 

1 LUCHSINGER and Lupwic: Archiv fiir die gessammte Physiologie, 1881, xxv, 

Dre, 
2 LEPINE and TrRIpON: Mémoires de la société de biologie, 1876, p. 38. 
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while to repeat the experiments on the effect of heat on vagus inhibi- 

tion, using the method of perfusion with inorganic solutions of various _ 

temperatures, in preference to the method of immersion in 0.6 per cent 

sodium chloride solution, which was employed by the earlier observers. 

No modification of the usual mode of isolating the heart zz s¢¢w for 

perfusion was necessary, except that care had to be taken that the 

cardiac nerves were not included in any of the ligatures which were 

used in tying off the various vessels. A number of observations were 
taken, upon three different hearts. In every case the right vagus 
was stimulated as high up in the neck as convenient. The hearts 

were perfused with normal Ringer’s solution, which, as is well known, 

maintains them in vigorous activity for very long periods. The ex- 

periments were of three sorts. In the first set of observations a 

strength of stimulus was selected which would hold the heart at a 

practical stand-still for several minutes at ordinary temperatures, and 

then the effect of raising and lowering the temperature was observed 
for this strength of stimulus. In the second set, advantage was taken 

of the fact that the heart of the terrapin can be maintained in stand- 

still by stimulation of the vagus for a number of minutes, without the 
effect of the stimulus becoming appreciably weaker. The heart was 

inhibited at ordinary temperature, and then while the stimulus was 

still on, the temperature of the organ was raised ten degrees or more, 
and before the stimulus was removed it was again cooled down to 

ordinary temperature. In the third set of observations a heart at room 

temperature was subjected to stimulation through the vagus with 

stimuli of gradually increasing intensity, and the point at which stand- 

still came on was noted. The temperature was then raised and the 

same procedure carried out. The point of stand-still at this tempera- 

ture was compared with that at the lower temperature. It may be 

stated at once that in these experiments the inhibitory influence of 

the vagus was diminished by increase of temperature in every single 

instance, and that cooling the heart down again restored the in- 

hibitory action to its former point. In detail the results of the 
experiments are as follows: 

Experiment of March 28, 1904. — A heart was perfused with Ringer’s solution, 

and the vagus was stimulated with tetanic shocks of varying intensity 

until a strength of stimulus was found which would just inhibit the heart. 

This occurred when the secondary coil was at a distance of nine centi- 

metres from the primary. With the secondary in this position, and the 

heart beating vigorously and at the normal rate for the temperature, which 



The Inhibrttory Influence of Potassium Chloride. 389 

was 20° C., the vagus was stimulated for three minutes. The heart gave 

two contractions during this time. The temperature was then raised to 

31° C., andsthe vagus was stimulated with the same strength of stimulation 

as before, for one and one-half minute. During this time it gave nine 

contractions. The temperature was again reduced, this time to 20.5° C., 

and again the heart was subjected to the influence of vagus stimulation of 

the same intensity as before; the duration of the stimulation was three 

minutes, and the heart contracted once during this time. The secondary 

coil was then pushed one centimetre nearer to the primary, increasing the 

strength of the stimulus to a marked degree. The temperature of the 

heart was then raised to 29° C., and the vagus was stimulated for three 

minutes. The heart gave nine contractions during the time the nerve 

was being stimulated. The temperature was then reduced to 20° C., and 

the vagus stimulated for five minutes. The heart gave three contrac- 

tions during the time of stimulation. The temperature was raised to 

29° C., and the vagus again stimulated for five minutes. The heart gave 

eleven contractions while the stimulus was on. Again the temperature 

was reduced, this time to 19° C., and the vagus was stimulated for five 

minutes. The heart gave no contractions during the time of stimulation. 

Finally the temperature was raised once more to 28° C., and the vagus 

stimulated again for five minutes. The heart gave thirteen beats during 

these five minutes. In every case the heart was beating regularly and 

rapidly when the stimulus was applied to the vagus nerve. 

Experiment of March 29, 1904.— A heart was perfused with Ringer’s fluid, 

and the minimal inhibitory stimulus through the vagus was determined. 

A different strength of current was used in operating the primary coil than 

in the experiment of the day before, and the secondary was placed at 

seven centimetres from the primary to give the stimulus desired. With 

the heart at 21° C., the vagus was stimulated for two minutes. The heart 

contracted twice while the stimulus was on. The temperature was raised 

to 29° C., and the vagus stimulated with the same strength of stimulus as 

before, for two minutes. The heart gave sixteen beats during the time 

the vagus was being stimulated. The strength of stimulus was increased 

by pushing the secondary coil one-half centimetre nearer the primary. 

The temperature was raised to 31° C., and the vagus stimulated for one- 

half minute. The only noticeable effect of the stimulation was a slight 

slowing of the rate of beat, and a fall in the tone of the heart. ‘The 

temperature was then lowered to 22° C., and the vagus stimulated with 

the same stimulus as in the preceding case, for four minutes. ‘The heart 

beat once while the stimulus was on. The temperature was again raised 

to 30° C., and the vagus again stimulated, this time for three minutes. 

The heart contracted seventeen times during the stimulation. 
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Experiment of March 30, 1904. — A heart was perfused with Ringer's solution, 

and the minimal strength of stimulation of the vagus necessary to cause 

stand-still of the heart was determined. ‘This occurred with the secondary 

coil at eight centimetres from the primary. With the heart at 20° C., the 

vagus was stimulated for three minutes. The heart contracted six times 

while the stimulus was on. The temperature was then raised to 31.5° C., 

and the vagus again stimulated for three minutes. The heart contracted 

thirty-nine times during this stimulation. ‘The temperature was reduced 

to 21° C., and the vagus again stimulated. The heart gave no contractions 

during the three minutes of stimulation. The secondary coil was then 

pushed one centimetre nearer the primary, and the vagus stimulated for 

three minutes with the temperature of the heart at 21° C. No contrac- 

tions were given while the stimulus was on. ‘The temperature was then 

raised to 31° C., and the vagus stimulated for one minute. ‘The heart 

gave thirteen beats in this minute of stimulation. The temperature was 

reduced to 20.5° C., and the vagus stimulated for four minutes. The 

heart was held throughout the time of stimulation in perfect quiescence. 

When the temperature was raised to 29° C., and the vagus stimulated for 

four minutes, the heart gave twenty-one contractions while the stimulus 

was on. Subsequent lowering of the temperature to 21° C., and stimulation 

of the vagus, inhibited the heart as completely as before under like condi- 

tions. The secondary coil was pushed still another centimetre nearer the 

primary, and the vagus was stimulated at 21.5° C., with the result that the 

heart was held in quiescence for four minutes. The temperature was then 

raised to 32.5° C., and the vagus stimulated for three minutes. The heart 

beat fifty-one times during the stimulation. When the temperature was 

again lowered to 22° C., vagus inhibition was again complete. 

Two experiments were performed in which the temperature was 

raised during the stimulation of the vagus, and the influence of in- 

crease of temperature under this condition was determined. In each 

case a strength of stimulus was employed which was considerably 

greater than the minimum inhibitory stimulus, so as to insure that 

there could be no question of spontaneous escape from the inhibition, . 
aside from that due to the heating. The two observations were made 

on two different hearts. In the first case the vagus was stimulated 

with the temperature of the heart at 21° C. After the heart had 

been under the influence of the inhibitory action of the vagus for 
two minutes, warm Ringer’s fluid was turned into it. When its tem- 

perature reached 27° C., contractions began, and nine beats took 

place in two minutes. Meanwhile the warm solution had been turned 

off, and fluid of room temperature was perfused. As the temper- 
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ature of the heart fell below 27° C., the organ again came to rest and 
remained so for two minutes longer, when the inhibitory stimulus 
was removed. In the second case, the inhibition was effected with 

the temperature of the heart at 22°C. After three minutes of quies- 
cence the warm fluid was introduced, and again beats commenced 

when the temperature reached 27°C. In this case the rate of 

contraction became so rapid that the individual beats cannot be 

separated on the record, a slow drum having been used in these 

experiments. After three minutes of this rapid beating, the cool 

solution was turned into the heart, and as the temperature fell below 

27°C., the heart again came to rest, remaining so during the four 

minutes that the situation of the vagus was continued. 

One attempt was made to compare the minimal inhibitory stimulus 
at room temperature with that at higher temperatures. With the 

heart at 22° C., the vagus was stimulated with gradually increasing 

intensity, beginning with a sub-minimal stimulus. Pronounced 

slowing of rate occurred when the secondary coil was ten centimetres 

from the primary, and quiescence came on with it at a distance of 
nine centimetres. The temperature was then raised to 31.5° C., and 

the vagus was again stimulated with increasing intensity, beginning 

with the secondary coil at the point which sufficed to inhibit the 

heart completely at the lower temperature. With the heart at this 

high temperature, no inhibitory effect was apparent with the secondary 

at this point, nor could the heart be brought to rest by the strongest 

stimulus which could safely be employed. The secondary was 

pushed to within three centimetres of the primary coil. To make 
sure that the nerve had not been injured, the temperature was again 

reduced to 23° C., and increasing stimuli were again thrown into the 
nerve. This time the heart came to rest with the secondary coil at 

six centimetres from the primary. 
These experiments seem to show conclusively that in the terrapin 

heart, perfused with favorable inorganic solutions, the inhibitory 

action of the vagus nerve is much more pronounced at room temper- 

atures than at temperatures ten degrees above these. 

CONCLUSIONS. 

At the beginning of this paper the object in view was stated to be 

a comparative study of potassium inhibition and vagus inhibition, in 

order to determine, if possible, how much probability there may be 
in the suggestion of their identity. The two forms of inhibition have 
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the following points of similarity in the terrapin. Both can be so 

adjusted as to cause either a slowing of the heart rate only, or com- 

plete stand-still. The intensity of each can be so regulated that the 

heart retains its irritability throughout the inhibition. Stimulation 
of the vagus causes a diminution in the force of contraction, as well 

as in rate of beat. In the author’s curves a similar diminution of 

force is to be seen in those cases in which the percentage of potas- 

sium chloride in the irrigating solution was the largest which the 
heart could bear without coming to rest. Smaller doses of potas- 

sium chloride did not have any appreciable influence on the force of 

the individual contractions. Both vagus and potassium chloride 

inhibition are counteracted by heat. In both forms of inhibition the 
effect becomes manifest very soon after the application of the inhibi- 

tory influence, and disappears promptly upon removal of that influence. 

Neither has marked after-effect in the terrapin. Relaxation of tone 

results from stimulation of the vagus, and also from irrigation with 

potassium chloride, provided the dose be not excessive. What ap- 

pears at first sight to be a fundamental difference in the action of the 

two forms of inhibition is the fact that potassium inhibition affects 

the ventricle before it does the auricle, whereas the opposite is true 

of vagus inhibition. MacWilliam! has shown, however, that the rel- 

ative responsiveness of the different parts of the heart to vagus stim- 

ulation depends rather upon the distribution of the inhibitory nerves 

in the organ than upon any greater intrinsic sensitiveness of one 

part as compared with another. He shows, also, that in the tortoise 

the inhibitory fibres are confined to the venous end of theheart. All 

researches into the effects of salts on cardiac tissue seem to show that 

the ventricle is more responsive to variations in the salt-content of the 
irrigating solution than is the tissue at the venous end of the heart. 

This fact is very apparent in the case of potassium, but it does not 

necessarily argue a fundamental difference between the inhibition 
brought about by this substance and that resulting from stimulation 

of the vagus nerve, since the distribution of the nerve is to those 

parts which are least sensitive to the salts. Both forms of inhibition 

act, probably, directly upon the muscle tissue ; their influence upon 

it seems to be, in general, the same. Since in the terrapin the vagus 

effect is confined to the sinus and auricles, a true comparison between 

it and the potassium effect can only be made by considering those 

* MACWILLIAM: Journal of physiology, 1885, vi, p. 224. See also GASKELL: 

SCHAFER’S Text-book of Physiology, ii, p. 214. 
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cases of potassium inhibition in which the auricles were brought to 
rest. This result was obtained, it will be remembered, when the 

concentration of potassium chloride in the solution was about 0.25 

per cent. Reference to the data given in this paper shows that there 

is a rather narrow range of concentrations of potassium chloride, at 
which the auricle may be inhibited, and yet those points in which 

potassium inhibition resembles vagus inhibition, namely, the phe- 

nomena of recovery by heat, loss of tone, retention of irritability, 

and prompt recovery from the inhibition, may all be present. The 

analogy, then, so far as these points are concerned, holds as well for 

the auricle as for the whole heart. These analogies seem to lend 

color to the suggestion that vagus inhibition and potassium inhibi- 

tion may be identical, although they cannot be looked upon as a 
demonstration of this identity. 



THE HOURLY’ VARIATIONS ‘IN’ THE QUANTITY See 

HAEMOGLOBIN AND IN THE NUMBER OF THE 

CORPUSCLES IN HUMAN BLOOD. 

By HERBERT C. WARD. 

[From the Laboratory of the Connecticut Hospital for the Insane.] 

HE following observations include a study of the daily changes 

found in the peripheral blood of the healthy individual, and 

confirmed by previous studies of the blood-changes in dementia 

paralytica. 

Reinert has shown that in the early part of the day the number 

of erythrocytes (or red cells) is comparatively high, and that after 

each meal there is a fall which becomes: especially noticeable after 
the evening meal. Thecurvealso falls gradually during the afternoon ; 

but when the night rest begins the curve slowly rises, reaching the 

highest point at twoo’clock in the morning. The hzmoglobin curve 

approximates closely to that of the number of the red cells, the minor 

differences which appear serving well to illustrate the dragging ten- 

dency of the hemoglobin. The curve of the leucocytes rises grad- 
ually during the day up to6 p.M., falls until 10 P. M., rises again 

until 12 A. M., and then falls to its lowest point at 6 A. M. ; 

In the present study four healthy men were employed. Special 

care was taken to insure uniform conditions, and no change was 

made in the individual’s daily occupation or habits. Complete 

records were kept of the weight, food, exercise, mental, and physical 

condition of each subject. The examinations were made as follows: 

in two cases the consecutive counts were carried through one day; 

continued in two other cases for two days each; and in another case 

for three days. Taken together, the examinations amounted to nine 

days’ counting. This method possesses certain advantages over 

consecutive counts upon one person only, in that the individual 

equation becomes eliminated in the general averages. 

It seemed advisable to precede each whole day count by at least 
394 
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two check counts made at the same hour, usually before breakfast, 

and under identical conditions. For the whole day count itself, the 

periods were as follows: 7 A.M., 8 A.M., II A. M., 2 P.M., 5 P.M., 

8 P.M.,10P.M.,12P.M. A single count was always taken on the next 

morning after the whole day count, serving as another check. This 

selection of examination periods was based upon Reinert’s curves, as 

being the nodal or critical points of the blood changes of each day. 

In the first examination a count was made at every hour, but the 

nervousness of the subject, together with the fact that three persons 

were required to carry on the examinations, made it necessary to 

have but one person make the counts, and only at such times as 

appeared to be crucial. 

Each count included estimations of the number of red and white 

blood-corpuscles, determination of the hemoglobin, and estimations 

of the varieties of the white blood-corpuscles. In the estimations of 

the red corpuscles the Thoma-Zeiss instruments were used, and from 

one to two thousand cells were actually counted. Two instruments 

(Fleischel’s) were employed to record the hemoglobin. In the qual- 

itative or differential work, each percentage was based on a count of 

from ten to twenty-five hundred cells. Two and three slides were 

used, and Jenner’s stain preferred for the most part. A separate 
stab was often made to secure the blood for each of the pipettes and 

for the hemoglobin estimation, thereby helping to eliminate certain 

errors of technique. Where there seemed to be any liability to error, 

the count was immediately repeated. 

In Table I may be found the complete record of one day’s obser- 
vations, together with the check counts as made upon a single case. 

It includes the number of red and white blood-corpuscles, the per- 

centage of hemoglobin, and of the differential counts. With this 
brief mention of the conditions under which the experiments were 

carried on, we may now turn our attention to the results. 

When we consider the final general averages which are graphi- 

cally presented in Fig. 1, we find not only daily variations, but even 

hourly changes are present. The curves should be thought of as 

representing only the surface, as it were, of the volume of the blood. 

The upper curve represents the variations in the number of the red 

cells. In the morning, the number of corpuscles stands a little above 

4,900,000 per cubic millimetre, but as the day progresses this de- 

creases gradually until the five o’clock period is reached, when the 

number stands at 4,650,000. Here, in less than twelve hours, there 
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is to be found a difference of 250,000 cells per cubic millimetre, or 

5 per cent of the total number. From the five o'clock period, 

represented by the lowest point of the curve, there follows a steady 

increase culminating about three o’clock in the morning, from which 

time the falling curve of the next day apparently begins. The points 

plotted at the three and five (A.M.) o’clock periods represent only 

the figures obtained in one case, but in this case they held the same 
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FIGURE 1.—Daily variations in the number of red and white cells per cubic millimetre, 

and in the percentage of haemoglobin in the blood. Curves plotted from nine series 

of daily counts, of which one is given in Table I. The ordinates are hours, beginning 

at 6 A. M. on one day, and ending at 9 A. M. on the following day. 

relative position in which they are here placed. Comparing these 

general changes found in the number of the red corpuscles, with 

those evidenced in the individual changes, we find that in every case 

the same conditions can be seen to exist. 

‘The second curve represents the hemoglobin changes. These 

follow those of the red corpuscles, step by step. The percentage 

stands highest in the morning at 88 per cent, and swings through a 
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difference of 5 per cent to its lowest point of 83 per cent, in the late 
afternoon. The estimation of the haemoglobin is more open to error 

than any other part of the work, and for this reason gives the least 

satisfaction. Each reading taken by the operator varies slightly, 

as do the instruments. The important fact which should be borne 
in mind is that the ve/ative and not the adsolute values are to be 

considered. 
In the leucocyte curve there is present a rather interesting series 

of changes. These same general changes are to be found in every 

instance of the eight days’ estimations, and this evenness of results 
represents therefore not a mean of large differences, but a mean of 
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FiGurE 2.—Curves showing the daily changes in the relative percentages of the poly- 

morphonuclear leucocytes and of the large and small lymphocytes. The ordinates 

represent hours, beginning at 5 A. M. on one day, and ending at 9 A. M. the following day. 
¢ 

remarkably small differences. The first period of the day begins 
with about 8,500 corpuscles per cubic millimetre. Every successive 

period where there was an estimation made, up to five o’clock (P. M.), 

shows that the number of cells is increasing. From then until the 

early morning hours there immediately follows a steady fall. The 

number of corpuscles ranges from 8,400 to 10,000 per cubic milli- 

metre of blood, amounting to a difference of 1,600 cells, or about 

20 per cent. 

Probably the first thing to be seen in comparing the curves of the 

red and white cells is the apparent correlation of the changes which 

the two classes undergo. One must be careful for obvious reasons 
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not to draw erroneous conclusions that there is a compensation per 

volume. The same cause which diminishes the red corpuscles evi- 

dently increases the whites, a conclusion which would become evident . 

in a rather ‘striking way if the curve of the white corpuscles were 

super-imposed upon that of the red. This correlation is more 

apparent where the extremes of the blood-changes rest. 

In the study of the differential counts various regular changes, sim- 

ilar to those just described, are found to occur. Fig. 2 contains the 

curves of the polymorphonuclear cells and lymphocytes divided into 

the large and small forms. These show definite and radical changes. 

The polymorphonuclear cells comprise about 70 per cent of white 

cells in the morning, and fall off in percentage very slowly during 

the day, reaching the lowest point of 58 per cent about twelve o’clock 

at night. But from then until eight o’clock the next morning they 

rise again to 70 percent. Mention might be made that each point 

of the curve is based on the recognition of some ten thousand leuco- 

cytes, z. ¢., that the figures 70, 65, etc., stand for that per cent of ten 

thousand cells. 

The small lymphocytes comprise about 20 per cent of the white 

cells at the first periods, and increase slowly, ranging up to 28 per 

cent at 12 P.M. Then there is a fall, and on the following morning 

approximately the same percentage is to be found. The large lym- 

phocytes, constituting only a small percentage, still indicate the same 

tendency as the small lymphocytes. They range from 6-9 per cent. 

As in the case of the red and white corpuscles, we find here a defi- 

nite relation between these two classes (the polymorphonuclears 

and the lymphocytes). That which lowers’ the percentage of one 

class increases the percentage of the other. 

The eosinophiles and the mast cells are so few in number that they 

are of relatively little importance. In these observations they are 

present in about the same numbers throughout the day. Table II 

contains the final averages of the differential counts. 
In addition to the estimations of the varieties which are usually 

included in the differential work, an attempt was made to estimate 

the percentage of disintegrating cells of the polymorphonuclears, 

eosinophiles, and the lymphocytes. Every well-stained film of blood 

shows these fragmentary cells, and in all the estimations they have 

been included. This attempt to answer the question what per cent 

of a single class of white cells are breaking up, has revealed one or 

two rather interesting facts. 
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The polymorphonuclear cells which were breaking up amounted to 

three per cent. They were easily recognized by the achromatic 

condition of the nucleus, their broken contours, and by the size of 

the scattered granules. No conclusions can be drawn concerning 

the percentage of such cells as related to the daily changes. Four 

per cent of the eosinophiles were found to be disintegrating, though 

in the usual single blood-count one might easily believe that the 

_percentage would be higher, so easily recognized are the cells. 
Exceeding both the polymorphonuclears and the eosinophiles in the 

percentage of cells breaking up (old cells), are the lymphocytes, 

especially the large forms, having an average of over 8 per cent. 
This is a rather interesting fact, in that it seems to show that of the 

cellular debris which exists in the blood-plasma at any one time at 

least 50 per cent comes from the lymphocytes. 
In addition to the foregoing observations, a few notes were made 

upon the morphological appearance of some of the cells. Only brief 

mention will be made of these, since the facts are, for the most part, 

already accepted. 
It has been observed that the eosinophiles commonly possess 

bilobed nuclei. A count was kept of such cells, and they were found 

to constitute 83 per cent of the total number of eosinophiles, the 

remaining 17 per cent possessing a trilobed nucleus. Special notice 

was taken of the minute finger-like processes often observable on 
the lymphocytes, especially of the small forms. Small lymphocytes 

which exhibited these processes amounted to 20 percent. In this 

estimation were included none of the lymphocytes already designated 

as breaking up. 
In two days’ estimations, the percentage of lymphocytes which 

possess granules was determined and found to be about 12 per cent. 

There is room for questioning the fact whether these granules con- 
stitute any strictly morphological part of the cells. A few mast 

cells were found which possessed granules approaching in size those 

of the polymorphonuclear cells, and suggesting a transitional stage 

between the polymorphonuclear and the mast cells. Not a single 

myelocyte was seen, and only seven normoblasts during the recog- 

nition of over 80,000 leucocytes. 

A series of hourly counts was made in a typical case of dementia 
paralytica, and the observations, which lasted through two days, con- 

firmed in nearly every point the hourly variations as found in the 
present charts. In addition, a careful analysis of some four hundred 
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systematic blood-counts made upon individuals suffering from this 
same disease also confirmed the general facts of the preceding obser- 

vations, for in one hundred and eighty-five morning counts the 

average number of red cells was high, — five million; in one hundred 

and fifty afternodn counts the average number of red cells was low, 

four million seven hundred thousand. In the case of the white 

cells the average morning count amounted to seven thousand two 

hundred cells, with eight thousand for the afternoon. The hemo- 

globin and the quantitative changes of the differential counts pre- 

sented in the same way confirmatory results. 

GENERAL SUMMARY. 

The study of the daily changes which take place in the blood-con- 

tent of a norma! person yields these main points: 

The red corpuscles of the peripheral circulation do not remain 

constant in number per cubic millimetre, but fluctuate through 

arange of 5 per cent. Uniform daily changes take place in defi- 

nite periods which are determined by the meal times and occupation 

of each individual. In the morning the number is relatively high, 
while near the end of the afternoon it is low. On the following 

morning the number of corpuscles is found again to be high. 

The hzemoglobin varies directly with the number of red blood- 
corpuscles, and shows the same series of daily changes. 

The white corpuscles, as found in the peripheral blood, vary in num- 

ber per cubic millimetre only to a small extent, the range being about 

three thousand cells, or 20 per cent. They are lowest in the 

morning and highest about five o’clock in theafternoon. During the 

night, there occurs a steady falling offin number, until the normal 

mean of the morning is again reached. With the exception of the 

last, they increase after each meal. 

The differential study shows a diminution of the per cent of poly- 
morphonuclear leucocytes and a corresponding increase of the lym- 

phocytes. There is an absolute increase of lymphocytes, and but 
little change in the number of the polymorphonuclear cells. The 

eosinophiles and the mast cells do not exhibit any special changes. 

The lymphocytes continue in absolutely increased numbers for six 

hours after the leucocytosis has reached its highest point. 

The varieties of white corpuscles have different periods of existence 
in the blood, and contribute to the cellular debris of the plasma in 
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proportions which do not correspond to their relative percentages. 

The polymorphonuclear cells contribute about 49 per cent, the 

eosinophiles less than 1 per cent, and the lymphocytes 50 per cent.! 

The nucleated red cells and myelocytes are strangers to normal 

blood. Small lymphocytes which possess well-defined processes, 

sometimes designated as ‘‘ buds,” amount to about 20 per cent of 

the class. 

Inasmuch as these facts appear to have been fairly well established 

by additional investigations, we feel safe in saying that the blood of 

the healthy individual passes through a series of daily changes. 

The periods of the day represent a time of expenditure of energy 

during which there is present a fatigue curve, which rises gradually, 

and after which the hours of sleep represent a period of recovery. 

1 In this journal, 1900, iii, p. 83, MATTHEWS, in studying the origin of the 

fibrinogen of the blood, concludes that, “The facts (decrease of fibrinogen with 

extirpation of the intestines; increase of fibrinogen with artificially prolonged 

leucocytosis; leucocytes are going to pieces in the body; etc.) . . , point to the 
leucocytes of the blood, and chiefly those of the intestinal area, as being the source 
of the fibrinogen of the blood.” 



DO THE MUCOIDS COMBINE WITH OTHER PROTEIDS? 

By E. R. POSNER Aanp WILLIAM J. GIES. 

[From the Laboratory of Physiological Chemistry of Columbia University, at the College 

of Physicians and Surgeons, New York.) 
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Discussion of results . . . BD oto? oe: WEN ngs see Iotuaste te Sil Ne)<\c3) bs emcee ene ee Cn 

Summary of general paiemsions ae ee eT MR RTE ee 

I. INTRODUCTION. 

HE mucoids are substances whose molecules contain glucothionic 
acid radicles. At present we know nothing regarding the man- 

ner in which these radicles are held in the molecule, and we understand 

very little about their relation to the molecular groups with which they 

are associated. We are justified, perhaps, in assuming that the glu- 

cothionic acid radicles in the mucoids are, in part at least, of the 

nature of side chains, and that these acid groups are able to com- 

bine with other radicles without severing their attachments to the 

molecular nucleus. 

This assumption seems to be supported by the following well- 

known facts: Alkaline extracts of connective tissues yield, on acidi- 
fication, a precipitated mass consisting chiefly of mucoid. After 

thoroughly washing away the acid used to precipitate it, and after 
its complete purification, mucoid is found to manifest marked acid 

properties. The moist solid substance will turn blue litmus paper red, 

404 
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and it will dissolve in, and neutralize, dilute solutions of the caustic 

alkalies and alkaline salts. 

This compound proteid does not exist in the tissues in the “free ” 

state, but chiefly, perhaps wholly, in the form of complex neutral 
compounds, such, for example, as may be made when freshly pre- 

cipitated mucoid (acid) is dissolved in an equimolar solution of 

sodium carbonate (alkaline) to a neutral, viscid, mucous fluid 

The glucothionic acids obtainable from the mucoids have the prop- 

erty of combining with proteids when their salts are dissolved with 

the latter and the mixtures are acidified.2, The products precipitated 

in this way are very similar to typical tissue mucoids. In all prob- 
ability the various mucoids are products which differ mainly in the 

characters and proportions, and in the nature of the unions, of their 

constituent proteid and glucothionic acid radicles. 

Since mucoids are acid substances because of the glucothionic acid 

radicles in them, and since these glucothionic acid groups unite with 

proteids when their salts are treated with the latter in acidified mix- 

tures, it seems possible that mucoids themselves might unite with 

more proteid, if representatives of these two groups of substances 

were brought together in solution under favorable conditions of 

acidity. This statement suggests that the mucoids have varying 

combining powers under different conditions, that they may be 

similar in a way to unsaturated compounds, and that the amount 

of proteid with which their acid radicles or side chains may unite is 

variable and might be increased beyond that in the mucoids as they 

occur in the tissues. This research was undertaken to test these 

and the above deductions. 
That the mucoids are variable in composition, even in the same 

tissue, was shown conclusively in a former research in this laboratory.® 
That this variability consists, in part at least, in fluctuations of the 

proportions of proteid and glucothionic acid radicles, was also demon- 

strated at the same time. 
In the studies described on the following pages we have found, as 

1 It is possible that in diseases of the connective tissues such compounds are 

greatly modified or perhaps are broken up and the mucoid itself precipitated. See 

discussion on page 434. 

2 POSNER and Gigs: This journal, 1904, xi, 341. 

8 CuTTER and Gis: Proceedings of the American Physiological Society, 1899 ; 
This journal, 1900, iii, p. vi; 1901, vi, p. 155. Also Gres and COLLABORATORS ; 

Biochemical researches, 1903, i, Reprint No. 5. 
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was suspected, that, when neutral or alkaline mucoid solutions are 

mixed with neutral or alkaline solutions of various common proteids, 

and such mixed solutions are acidified, a heavy precipitate is formed. 

This precipitate may be several times as bulky and as heavy as the 

mucoid separable on acidification in control tests in the absence of 

the proteid referred to. In short, the glucothionic acid side chain of 

the mucoid appears to be able (like the glucothionic acid radicle in 

simple salts of the substance) to unite the mucoid with any one of 
various proteids to form insoluble compounds, when the two are 

treated, in neutral or alkaline solution, with acid in excess. 

This general fact may be demonstrated very readily in the following 
simple manner: Treat a neutral gelatine (or other proteid) solution 

with a faintly acid, opalescent, mucoid solution. On the instant of 

contact, a bulky flocculent precipitate will be thrown down. The 

same or any other amount of acid alone will have no perceptible 
effect on the gelatine, and the neutral or alkaline fluid containing the 

latter will be without precipitative influence on a neutral or alkaline 

mucoid solution. The weight of the precipitate formed in this way 

exceeds that of the mucoid. 

The details of our quantitative work in this connection are given 

below.! 

GENERAL METHODS OF THE EXPERIMENTS. 

Mucoid. —Tendomucoid, from the Achilles tendon of the ox, was 

employed in all the experiments. The methods of preparation were 

those of Cutter and Gies.2, Some of the material was prepared just 

before use. Most of the samples had been obtained some time before 

they were needed. These were preserved in dilute alcohol (10-20 

per cent) until used. The solid substance of these preparations was 

then freed from nearly all the alcohol by washing in water or pressing 

between filter papers. 

Solutions. — Alkaline solution of mucoid was freshly prepared for 
each series of precipitations. The substance was dissolved in a 

solution of sodium carbonate, calcium hydroxide, or potassium hy- 

droxide. The alkalinity of the solution was always relatively slight. 

The proteids to be associated with the mucoid were almost always 

dissolved in water. 

1 These experiments were begun by us in 1go2. 
} 
2 CUTTER and GIEs: Loc. cit. 

a 
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Precipitations. — The mucoid and secondary proteid solutions were 

united in varying proportions. The total volumes were the same in 

each series. Equal amounts of acid, usually hydrochloric acid (0.2 

or 0.8 per cent), were added simultaneously to each member of the 

series of mixed solutions, and the precipitation-effects noted. The 

proper control experiments were made in each series. The precipi- 

tations were made in small beakers of equal size, so that the bulk of 

the precipitates could be directly compared. 

Final products. — The precipitates obtained on acidification were 

eventually filtered off, thoroughly washed with water until the wash- 

ings were free from soluble substance yielding the biuret reaction,! 

and then were dried to constant weight at 110° C. These weights 

are recorded in all the summaries below. 

Analyses. — Nitrogen was determined with the Kjeldahl-Gunning 

method ; ash, by cautious incineration in porcelain crucibles. Coag- 

ulable proteid was estimated by boiling the neutral solution and acidi- 

fying sufficiently with dilute acetic acid. 
Special methods. — Details of special methods are given in their 

appropriate places in the appended summaries. 

PRECIPITATION EXPERIMENTS. 

With gelatine.»— I. The mucoid was freshly prepared. We used 

the precipitate obtained from a third limewater extract.2 The sub- 

stance was dissolved in a moderate excess of 0.1 per cent potassium 

hydroxide. An aqueous, I per cent solution of gelatine was em- 

ployed. The essential data of this experiment are given in Table I. 
II. In this experiment we used mucoid of the first extract. Half- 

saturated limewater was taken to dissolve it. The gelatine was in 2 

per cent solution. 

The plan of the experiment was the same as that indicated in 

Table I. The volumes differed. They were: gelatine, 80 c.c. in the 

control (1), 10 c.c., 40 c.c., and 80 c.c. in mixtures 3-5; mucoid, 50 

c.c.in 2-5. Half-saturated limewater was used in 1 instead of water. 

The total volumes were 130 c.c. 

1 Washing was done by decantation, or the precipitates were stirred in fresh 

quantities of water on the funnel during the filtration process. That these pro- 

cedures sufficed to remove any secondary proteid held mechanically in the pre- 

cipitates was evident from the fact that the precipitates, such as albumen-mucoid, 
when dissolved in dilute alkali until the solution was neutral in reaction, did not 

become turbid or opalescent on boiling. 
2 FRENCH: “gold label.” 

8 See CUTTER and Gigs: Loe. cit. 
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TABLE I. 

GELATINE-MUCOID PRECIPITATES. 

CONTROLS. MIXxTuREs.! 

SOLUTIONS. Gelatine. Mucoid. Gelatine-mucoid. 

1 2 3 4 5 

c.c. c.c. c.c. c.c. c.c. 

Gelatine) yo). « 75 sf 10 30 75 

Mirco 5.) -e eo sae 25 25 : 25 25 

Wiaterues te 0. 6eo te 25 75 65 45 

Total volume eh ae 100 100 100 100 100 

| 

INFLUENCE OF HYDROCHLORIC ACID. 

Addition.? | 0.8% HCl. Relative effects of simultaneous treatment. 

| c.c, 

I | 2 Clear Increasing turbidity from 2 to 5. 

II | 2 Clear Milky Increasing precipitates from 
3\to. 5.8 

III 2 Clear Milky Further increase in precipi- 
tates 3 to 5.4 

Ly; 2 Clear ® Precipitate® || No further increase in precipi- 
tates 3 to 5.7 

WEIGHTS OF PRECIPITATES.8 

gram gram 

0.0 0.3701 0.4180 0.4707 0.6348 
| gram | gram | | gram 

1 All of the mixtures were clear. 
2 The additions were made at 3.30, 3.35, 4.10, and 4.15 p. M. 
* The precipitates were fairly heavy; precipitation was incomplete. 

* The precipitate in 5 settled through a clear fluid; the supernatant fluid in each 
of 3 and 4 was milky. The milkiness was more decided in 3 than in 4. The precip- 
itates were somewhat gelatinous. 

5 Acid had no perceptible influence. 

On standing over night the supernatant fluid became clear. 

Precipitates 3-5 resembled aluminium hydroxide. 
All of the precipitates were left standing over night. They showed a staircase 

effect, rising from 2 to 5. 

6 

7 

8 
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The acid, 0.8 per cent hydrochloric, was added, from 2: 30-5: 35 P.M., 

in quantities of 2 c.c. The results were practically the same as be- 

fore, except that 10 c.c. of the acid were necessary to develop them 
fully. This increase was required by the larger total volumes. The 

gelatinous effects in 4 and 5 were even more marked than before. 

Portions of the precipitates in 4 and 5 had redissolved, or become 

more finely divided, and it was impossible to filter these mixtures. 

The following weights were taken: 

Controls. Gelatine-Mucoid Precipitate. 

1. Gelatine. 2. Mucoid. $i 

0.0 0.0973 gm. 0.1651 gm. 

IJI. Mixed mucoid was used in this experiment. It was dissolved 

in 0.5 per cent sodiun carbonate. A fairly dilute gelatine solution 
was used. The plan of the experiment was the same as that indi- 

cated in Table I. The volumes were also the same. The acid taken 

for the precipitations was 0.2 per cent hydrochloric, which was added 

in volumes of 5 c.c. 

We obtained essentially the same effects as those recorded in Table 

I, although greater volumes of acid had to be employed to show maxi- 

mum results. The first flocculent precipitate was obtained in 3. The 

precipitates in 4 and 5 were too gelatinous for gravimetric treatment 

in the time at our disposal. The precipitates from 2-5 showed a 

staircase effect (rising from 2 to 5), which was even more marked 

than in the first two experiments. 

The weights obtained were as follows: 

Controls. Gelatine-Mucoid Precipitate. 

1. Gelatine. 2. Mucoid. Si 

0.0 0.1442 gm. 0.1602 gm. 

IV. All conditions of the last experiment were duplicated except 

the strength of the mucoid and gelatine solutions. A dilute solution 

of the former was used; the latter was a 2.5 per cent solution. The 
results were qualitatively about the same as before. Precipitate 5 

was again too gelatinous for successful gravimetric treatment. The 

following quantitative data were obtained : 

Controls. Gelatine-Mucoid Precipitates. 

1. Gelatine. 2. Mucoid. 3. 4. 

0.0 0.1462 gm. 0.1676 gm. 0.2096 gm. 

V. The first experiment was duplicated in all respects until the 

precipitate in 5 seemed to be complete. The usual qualitative results 
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were noted. When 5 was completely precipitated, 2, the mucoid con- 

trol, was still milky and had not become flocculent; 3 and 4 seemed 

to be completely flocculent. In order to compare precipitates 3-5 

with the mucoid in each, 2 was further treated with 4 c.c. of 0.8 

per cent hydrothloric acid to effect its complete precipitation. The 

following gravimetric data were obtained : 

Controls. Gelatine-Mucoid Precipitates. 

1. Gelatine. 2. Mucoid. Ss: 4. Se 

0.0 0.2825 gm. 0.3419 gm. 0.4751 gm. 0.6863 gm. 

VI. Experiment . V was repeated, but the additions were carried 

forward simultaneously until 2 had been completely precipitated. The 

results noted in the first experiment were duplicated here, except 

that the precipitate in 3 was much less gelatinous in appearance than 

before. The weights are given below: 

Controls. Gelatine-Mucoid Precipitates. 

]. Gelatine. 2. Mucoid. oe ae Js 

0.0 0.2626 gm. 0.3306 gm. 0.4401 gm. 0.6167 gm. 

VII. All the conditions of the first experiment were duplicated 

except the strength of the gelatine solution, which, in this case, was 

only 0.1 per cent. Only the initial effect of acid was determined. 

On adding 2 c.c. of 0.8 per cent hydrochloric acid to each of the five 

mixtures, the following results were noted: 

iff Zs 3 ae 5 

Gelatine Control. Mucoid Control. Gelatine-Mucoid. Gelatine-Mucoid. Gelatine-Mucoid. 
No effect. Opalescence. Deep Slight Heavy 

milkiness. precipitate. precipitate. 

Additional results with gelatine are indicated in Experiment 

XXXI. In that experiment the nitrogen content of the various 

precipitates was determined. 

With proteoses (Witte’s “peptone”).— VIII. Mixed mucoid was 

taken. It was dissolved in 0.5 per cent sodium carbonate solution. 

Witte’s “peptone” was dissolved in water and the clear filtrate 

taken. The essential data of this experiment are given in Table II. 

IX. The eighth experiment was repeated. All conditions were 

essentially the same, except that the proteose solution (3 per cent) in 

water was neutralized before it was filtered. 

The precipitative effects were much the same. On adding the first 

5 c.c. of 0.2 per cent hydrochloric acid, all of the mixtures became 
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TABLE JI (First Part). 

PROTEOSE-MUCOID PRECIPITATES. 

CONTROLS. Mixtures. 

“9 ie ’ SOLUTIONS. Witte’s Micoia. 

“peptone.” Witte’s “ peptone ”-mucoid. 

Witte’s “peptone ” 

Mucoid 

Water . 
| 
| 

Total volume. .. . 

INFLUENCE OF HYDROCHLORIC ACID. 

Addition? 0:2 5 ELGI,. Relative effects of simultaneous treatment. 

| Slight | Milky Increasing precipitates from 
precipitate 4 Sia) BES 
Unchanged | Slight Further increase in precipi- 

| precipitate tates 3 to 5.8 
| Unchanged | Heavy Further increase in precipi- 

| precipitate ® tates 4 and 5.9 
| Unchanged | Unchanged || Further increase in precipi- 

tate 5.41 
| Unchanged | Unchanged || No further increase in any 

HL) except 4.2 

1 1,3, 4, and 5 were turbid. The turbidity was more decided in 1, than in any 

other. 

2 All additions were made in 5 c.c. volumes at intervals of at least five minutes. 

3 The additions were made at intervals of five minutes, from 4.55 to 5.15 p.m. 

4 The proteose solution had not been previously neutralized. 

® The first precipitation of the series occurred in 5. 
6 The supernatant fluids showed increasing milkiness from 3 to 5. 

7 One volume had been added at 9.10 P.M., the remaining portions at 3.45-4.00 P.M. 

on the following day. 

8 Precipitation was complete after the addition of 10 c.c. 

The usual staircase effect was observed. 

Added at 6 to 6.15 P.M. 

No perceptible effects on 3 and 4. 

12 One half added at 10 A.M. on the third day, the other half at 10 a.M. on the 
fourth day. 

13 Precipitation in 5 was complete after the addition of 20 c.c. 
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TABLE II (SECOND Part). 

WEIGHTS OF PRECIPITATES.1 

CONTROLS. MIXTURES. 

Witte’s } - Io 66 ” - 

“peptone.” Mucoid. Witte’s “ peptone ”-mucoid. 

Weights obtained . 

Proteose as per control 

Proteose-mucoid 

1 The staircase effect was inconspicuous 24 hours after precipitation. 

2 Precipitate 5 could not be thoroughly washed. 

turbid. Later additions reduced the turbidity in 1, and gave floccu- 
lent precipitates in 3-5 before flakes appeared in 2. Acid was added 

until precipitation in 2 was complete, with results like those previ- 

ously recorded. The following quantitative data were obtained : 

Controls. Proteose-Mucoid Precipitates.” 

1. Proteose. 2. Mucoid. 3. ah Sy 

0.0027 gm. 0.0517 gm. 6.1004 gm. 0.1165 gm. 0.1494 gm. 

X. Experiment VIII was again repeated. Former conditions 

were duplicated, except that mucoid of a fourth extract was dissolved 

in O.I per cent potassium hydroxide, and all of the proteose was 

combined with hydrochloric acid before it was used in the mixtures. 

350 c.c. of a 3 per cent aqueous mixture of Witte’s “ peptone” were 

treated with 0.8 per cent hydrochloric acid until only a trace of free 
acid could be detected with tropzolin 00. The clear filtrate was used 

to make up mixtures similar to those indicated in Table II. 

On making up § a flocculent precipitate was formed, due, evidently, 

to the effect of the combined acid in the proteose solution. 
The precipitative effects on adding acid were relatively the same as 

before, except that the proteose control, (1), failed to yield a precipitate. 

1 In this experiment go c.c. sufficed. In the former proteid roo c.c. were taken. 

2 Corrections, on the basis of the result in the proteose control, were made on 
3, 4, and 5 for the quantity of proteose precipitated in them by the acid. 
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At first, 3, 4, and 5 were completely precipitated, while 2 remained 

milky. Acidification was carried forward to complete precipitation 

in 2-5, with the following gravimetric results: 

Controls. : Proteose-Mucoid Precipitates. 

1. Proteose. 2. Mucoid. 3 4. 5: 
0.0 0.4110 gm. 0.4260 gm. 0.4386 gm. 0.4571 gm. 

With muscle proteids.— XJ. The mucoid was obtained from a 

fourth tendon extract, and was dissolved in 0.5 per cent potassium 

hydroxide. A concentrated aqueous extract of fresh beef was 

used. The essential facts of this experiment may be noted in 

Table III. 

XII. Experiment XI was repeated. The aqueous extract of the 

hashed meat was made at 40 C. The mucoid was obtained from a 

a second tendon extract. Otherwise all conditions were identical. 

Essentially the same results were noted as before. Precipitation oc- 

curred in the same order. Precipitate 2 was snow-white, 5 was 

brown, 3 and 4 were intermediate in color. All the mucoid filtrates 

except 5 were colorless! Filtrate 5 retained a slight reddish tinge. 

On washing the precipitates, the color was not discharged. 6 c.c. 

of the acid sufficed to precipitate completely the mucoid in 2. An 

additional volume (2 c.c.) was added to each beaker to produce 

moderately excessive acidity. The following weights were obtained : 

Controls. Muscle Preteid-Mucoid Precipitates. 

1. Meat Extract. 2. Mucoid. 3: 4. Br 
0.02 0.4648 gm. 0.6272 gm. 0.8819 gm. 1.1419 gm. 

XIII. Experiment XI was again repeated. All conditions were 

the same, except that the mucoid was obtained from the first tendon 

extract. 12 c.c. of the acid gave complete precipitation of the mucoid 

control. An excess of 25 c.c. of 0.8 per cent hydrochloric acid was 
added to each beaker, and the mixtures allowed to stand. The 

1 No such decolorization is effected when a mucoid preczPitaze is transferred to 
a watery extract of meat and thoroughly stirred in the latter. Our results in this 

connection appear to be due to a direct union between the mucoid and the proteid 

coloring matter. 
2 The slight precipitate in the meat-extract control dissolved on washing as it 

did in the previous experiment. In this experiment we made no attempt to 

recover it. 
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TABLE III. 

MUSCLE PROTEID-MUCOID PRECIPITATES. 

CONTROLS. | Mixtures. 

POLUTIONS Musele | Mucoid. || Muscle proteid-mucoid. 
extract. 

1 2 | 3 + 5 

me c.c. c.c, | | c.c. c.c, c.c,. 

Muscle extract . . 75 oe | 10 30 75 

Mucoidie- > al oF 25 25 25 25 

Watene”  Teas 25 liye Oyo mally: Oe peel mmata 

Total volume Bt 100 100 100 100 100 

INFLUENCE OF HYDROCHLORIC ACID. 

Addition.” | 0.8% HCl. Relative effects of simultaneous treatment. 

c.c 

r 2 Precipitate 3 No effect, 2-5 

II 2 Precipitate No effect, 2-4 | Turbid. 
diminishing # | 

III 2 Precipitate Milky || Increasing precipitates, 3-5.° 
almost gone | 

IV 2 Turbid Precipitate || Further increase in precipi- 
| tates, 3-5.° 

V 2 Less turbid No change, 2-5.7 

WEIGHTS OF PRECIPITATES.® 

gram gram | gram gram gram 

0.0257 9 | 0.4057 | 0.498310 | 0.7119 | 1.0399 

1 All of the mixtures were clear. 3, 4, and 5 were bloody. 

* The additions were made at varying intervals on the same afternoon. 
3 Globulin (?). 
4 As the precipitate diminished, the solution took on its original appearance. 

® Under reddish milky fluids. 

® The precipitate settled out rapidly under colorless water-clear fluids. The hemo- 

globin in the original solutions was held by the precipitates. See footnote 1, page 413. 

7 The excess of acid failed to dissolve the- precipitates, whereas in the control (1), 
further solution occurred. 

* The precipitates showed a striking staircase effect, rising rapidly from 2 to 5. 

® The slight precipitate in 2 d/ssolved on washing it with water, but the washings 

gave a precipitate on mixing with the original filtrate. This precipitate was collected 

and dried without washing. Its weight is given as that for the muscle-extract con- 

trol, but no deductions are made on its account from the figures for precipitates 2-5. 

10 Precipitates 3-5 retained their bloody color throughout the entire washing process. 
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various filtrates were colorless, and the usual staircase appearance 

of the precipitates was noted. The following data were obtained : 

Controls. Muscle Proteid-Mucoid Precipitates. 

I, Meat Extract. 2. Mucoid. a: 4. 3: 

Dry substance 0.0045 gm.} 0.5181 gm. 0.5726 gm. 0.6717 gm. 0.8138 gm. 

aes s.  / 010009" * 0.0013 “ 00014 “ 0.0068 “ 0.0141 “ 

XIV. Inthis experiment muscle alkali albuminate was used. Fresh 

beef was extracted over night in 0.1 per cent potassium hydroxide. 

The filtrate was neutralized with 0.1 per cent hydrochloric acid. The 

solid albuminate was redissolved in 0.1 per cent potassium hydrox- 

ide. Mixed mucoid was also dissolved in that strength of caustic 

potash. All other conditions were the same as in Experiment XI, 

except that 4oc.c. of the albuminate solution, instead of 30, were used 

in 4, with the corresponding change in the complemental volume of 

water. 
On adding 2 c.c. of 0.8 per cent hydrochloric acid, a flocculent pre- 

cipitate formed in 1, there were turbidities in 2 and 3, no effect in 4 

and 5. A second addition of 2 c.c. of the acid caused complete solu- 

tion of precipitate 1, and heavy flocculent precipitations in 2-5. A 

further addition of 2 c.c. of the acid seemed to be without effect. 

On standing over night, the precipitates showed the usual staircase 

effect. The following weights were obtained: 

Controls. Albuminate-Mucoid Precipitates. 

1. Albuminate. 2. Mucoid. a 4. cy 

0.0 0.1794 gm. 0.2310 gm. 0.3086 gm. 0.4305 gm. 

XV. Muscle acidalbumin was used in this experiment. It was 

made with o.1 per cent hydrochloric acid, and precipitated with o.1 

per cent potassium hydroxide. It was redissolved in the latter solu- 
tion. All other conditions were the same as those in the preceding 

experiment. The precipitative results were essentially the same. 

The acidalbumin precipitates, however, were somewhat gelatinous 

and viscid, and so difficult to wash and filter that only the following 

weights could be obtained: 

Controls. Acidalbumin-Mucoid Precipitate. 

1. Acidalbumin. 2. Mucoid. 3. 
0.0 0.1883 gm. 0.2375 gm. 

Experiment XXXII gives further qualitative and quantitative data 

in connection with muscle proteids. 

1 This precipitate was dried without washing. See footnote 2, page 413. 
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With tendon proteids.— XVI. Experiment XI was repeated in 

all respects, except that a concentrated aqueous tendon extract was 

taken and the mucoid, from a third extract of tendon, was dissolved 

in O.1 per cent potassium hydroxide. The tendon extract contained 

only minute traces of-heemoglobin. Essentially the same precipitative 

effects were seen as those recorded in Table III. The following 
weights were obtained : 

Controls. Tendon Extract-Mucoid Precipitates. 

1. Tendon Extract 2. Mucoid. ye 4. 5; 

00 0.2596 gm. 0.2948 gm. 0.3245 gm. 0.3189 gm.? 

With serum proteids.— XVII. The mucoid had been prepared 

from a second tendon extract, and was dissolved in 0.1 per cent potas- 

sium hydroxide. Ox serum, which had been preserved in a dry con- 

dition, was dissolved in an 0.5 per cent solution of sodium chloride, 

The more important facts of the experiment are given in Table IV. 
XVHI. Experiment XVII was repeated with the following 

changes: The serum was dissolved in water. Mucoid of a first 

extract was taken and dissolved in half-saturated limewater. The 

solution was much more dilute than in Experiment XVII. 50 €.c. of 

mucoid solution were taken in 2 to 5. The serum volumes in 3, 4, 

and 5 and 1 were 10 c.c, 40 c.c., and 80 C.c. The total volume in 

each was 130 c.c. Water, instead of 0.5 per cent sodium chloride, 

was used as the complemental fluid, but in 1, 50 c.c. of half-saturated 

limewater were added to the serum to make up the total volume. 

This mixture stood for a half hour before acid treatment was begun. 

On adding 2 c.c. of 0.8 per cent hydrochloric acid, 1 remained 
unchanged, 2 was opalescent, 3 milky, and 4 and 5 were precipitated. 

1 was alkaline,? 2, 4, and 5 neutral, and 3 acid. After again adding 

2 c.c. of the acid, 1 became flocculent, 2 milky, 3 flocculent, 4 more 

flocculent, 5 less flocculent. All were acid, though in different 

degree. Further additions of acid were made until the volume was 

increased by 6 c.c.4. This amount was required to precipitate 2. 

On standing over night, 1 was entirely clear, 2 was completely pre- 
cipitated, 3 collected under a clear fluid, 4 settled under a slightly 

1 We have repeatedly observed that aqueous extracts of tendon fail to yield — 

mucoid on acidification. On some occasions, however, a slight precipitate may 

be obtained under these conditions. See page 434. 

* This result seems to have been affected by some unobserved error. 
5 To litmus. 

* The additions of acid were made in 2 c.c. volumes at intervals of a half hour. 

eee ae 
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TABLE IV. 

SERUM PROTEID-MUCOID PRECIPITATES. 

CONTROLS. MIXTUREsS.1 

SOLUTIONS. | 
Serum. Mucoid. | Serum-mucoid. 

Serum . 

Mucoid 

0.5% NaCl 

| 

Tofal volume... 100 | 100 100 100 | 100 

INFLUENCE OF HYDROCHLORIC ACID. 

Addition.’ | 0.8% HCl. Relative effects of simultaneous treatment. 

C.c. || 

if 8 Clear Opalescent Increasing milkiness from 3 
| | to 3. 

II 2 | Clear | Milky Increasing precipitates from 
3)t0:5.4 

III 2 Clear Precipitate || No change, 3-5. 

IV 2 Clear No change, 2-5.8 

WEIGHTS OF PRECIPITATES.’ 

gram gram 

0.7598 1.2306 
=] gram ari 

| 0.0147 | 0.3224 | 0.5295 

1 The mixture in 2 was slightly turbid. 
2 On acidifying, the saline content of the mucoid control was approximately 

equal to that in 1. 

3 All of the additions were made on the same afternoon at intervals of from 5 to 
10 minutes. 

* Precipitate 5 settled more rapidly than the others. Each seemed to be com- 

pletely separated. 

5 No solution was apparent. 

8 The excess of acid appeared to be without solvent effect, for the supernatant 

fluids were water-clear. 

7 After standing all night, the usual staircase effect was seen. 
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turbid solution, 5 was viscid, with no sediment. The latter could 

not be filtered and properly washed, but the following weights were 

obtained : 

Controls. . Serum-Mucoid Precipitates. 

1. Serum. 2. Mucoid. Si a 

0.0 0.0955 gm. 0.1351 gm. 0.1529 gm. 

XIX. Experiment XVIII was repeated with dog serum in stronger 

solution (5 per cent). Mixed mucoid was prepared from a fresh 

lot of tendons, after the latter had been washed in running water 
for twenty-four hours. Water was used in the serum control (1), 
instead of limewater, to make up the total volume. Essentially 

the same precipitative results were obtained, except that 3 and 4 

were the viscid precipitates in this case, 5 was more flocculent.! We 

obtained the following figures for weights of the precipitates : 

Controls. Serum-Mucoid Precipitates. 

1. Serum. 2. Mucoid. Si: 4. 5. 

0.0 0.0915 gm. -= = 0.289] gm. 

With egg albumen. — XX. A concentrated solution of mixed 

mucoid was made in 0.5 per cent potassium hydroxide. The albumen 

from two eggs was thoroughly shaken in 250 c.c. of water, and the 

filtrate used in the mixtures indicated in Table V, where the essential 

data of this experiment are recorded. 

XXI. Experiment XX was repeated under the following changed 

conditions: The mucoid, from the first tendon extract, was dissolved 

in half-saturated limewater. The volume of mucoid solution in each 

beaker (2-5) was 50 c.c. The volumes of albumen solution were 

IO ¢.c. In 3, 40 c.c. in 4, and 80 ‘c.c. in § and I. §0°C:cayeieaaee 

saturated limewater were used as the supplemental volume in the 

albumen control. The total volume was 130 c.c. in each beaker. 

Essentially the same precipitative effects were obtained as before, 
except that after the addition of 6 c.c. of the acid,” flocculent precipi- 

tates were obtained in 3, 4, and 5, whereas 2 was merely milky. 

Precipitation occurred first in 3. <A total of 12 c.c. of 0.8 per cent 

hydrochloric acid was added —a moderate excess. After standing 

over night, 2, 3, 4, and 5 were completely precipitated, 1 was clear. 

1 A total of 12 c.c. of 0.8 per cent hydrochloric acid was added to each. 

* This amount was sufficient to acidify all the mixtures. 
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DABLE: V. 

EcG ALBUMEN-MUCOID PRECIPITATES. 

CONTROLS. MIXTURES.! 

| 
7 | 

SOEUTIONS. Fe: Mucoid. Egg albumen-mucoid. 

1 2 | 3 4 5 

C.c. c.c c.c | c.c. | coc 

Beoalbumen. . . . 75 10 30 75 

MICO cs ss | aE 25 | 25 25 25 

Water 75 65 45 

Ma MOH... sc 4.- 25 | | 

Total volume. . . 100 = |_—s(100 100 | 100 | 100 

INFLUENCE OF HYDROCHLORIC ACID 

Addition.2, | 0.8% HCl. Relative effects of simultaneous treatment. 

c.c, 

I 6 Unchanged Increasing milkiness from 2 to 5. 

II 2 Unchanged Increasing precipitates from 2 to 5. 

Ill 2 Unchanged | Large flocks in 2-4; small in 5.3 

IV 2 Flocculent* | Large flocks in 2-5.° 

V 2 Same Precipitates in 4 and 5 increasing.® 

VI 2 Same No further change.? 

WEIGHTS OF PRECIPITATES. ® 

gram gram gram gram gram 

0.0433 9 0.6807 0.7766 0.8204 1.0327 

1 All were clear except 1, which was moderately turbid. 

2 All additions were made during the same afternoon, at intervals of about a 

quarter of an hour. 

8 Precipitation was less advanced in 5. 

* The particles causing turbidity in the first place now came together, but there 

was no apparent increase in the amount of the floating substance. 

’ 5 The supernatant fluids in 4 and 5 were still milky. 

6 All supernatant fluids were now water-clear. 

7 The excess of acid had no apparent solvent action. 

8 Striking staircase effect, rising from 2 to 5, was observed even after 24 hours’ 

standing. 

9 No corrections were made on account of this slight precipitate. 
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The usual staircase appearance of the precipitates was seen. Figures 

or the weights of the precipitates follow: 

Controls. Egg Albumen-Mucoid Precipitates. 

1, Egg Albumen. — 2. Mucoid. “sis 4. 5. 

0.0 . 0.0953 gm. 0.1300 gm. 0.1592 gm. 0.2225 gm. 

XXII. Experiment XX was repeated with the following varia- 

tions: Mixed mucoid was dissolved in 0.5 per cent sodium carbonate. 

Commercial dry albumen was dissolved in water, and the clear filtrate 
employed. Water was used throughout to make up the total volume 

to 100 c.c. 30 c.c. of mucoid solution were used in 2, 3,and 4. [5 was 
omitted.] The volume of albumen solution was 30 c.c. in 3 and 60 C.c. 

in 4and I. 0.2 per cent hydrochloric acid was used to precipitate. 

After adding 10 c.c. of the acid,! 1 remained clear, 2 became 

opalescent, 3 was partly precipitated, and, 4 seemed to be wholly pre- 

cipitated. After adding 10c.c. more of acid, precipitates 3 and 4 were 

bulky, and both seemed to be complete ; 2 was still only milky, 1 un- 

changed. It required a further addition of 40 c.c. of the acid? to 

completely precipitate the mucoid in the control (2). This excess of 

acid seemed to be without solvent influence on precipitates 3 and 4, 

and without effect on 1. After standing over night, all precipitates 
settled under water-clear solutions, and the albumen control was with- 

out sediment. The precipitates showed the usual staircase effect. 

The following weights were obtained : 

Controls. Egg Albumen-Mucoid Precipitates. 
1. Egg Albumen. 2. Mucoid. 3: 4. 

0.0 0.2317 gin. 0.4237 gm. 0.5761 gm. 

XXIII. Experiment XX was again repeated under somewhat 

changed conditions, as follows: 52 grams of moist mucoid, of a 
second extract, were dissolved in 4co c.c. of 0.5 potassium hydroxide. 

Dilute sulphuric acid (1-10) was used to precipitate. 65 c.c. of the 

mucoid solution were used in 2-7. The volumes of albumen solution 
were 5 C.C., IO C.C., 20 C.C., 40 C.c., in 3, 4, 5, and 6 respectively, and 

80 c.c.in 7 and in 1. Water was used to make up the total volumes 

to 200 c.c.2 The acid was added in 2 c.c. portions. 

‘ The acid was added in 5 c.c. volumes at varying intervals. 

? Added in § c.c. volumes at intervals of about an hour on the following day. 

8 After precipitation had been completed, 40 c.c.-of water were added to make ° 

the total volume 250 c.c. in each case. 

a ee ee ee 
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5 c.c. of the acid sufficed to completely precipitate. 3, 4, 5, 6, and 

7 came down before 2.1. The general effects noted in experiments 
XX-XXIII were duplicated. The staircase appearance of the 

precipitates was as marked as usual. The following weights were 

obtained : 

Controls. Egg Albumen-Mucoid Precipitates. 

1. Egg Albumen. 2. Mucoid. J 4. 5. 6. ie 

0.0 2.204 gms.2 2431 gms. 2.565 gms. 2.751 gms. 3.280 gms.® 4.023 gms.* 

XXIV. Experiment XX was exactly duplicated. The same pre- 

cipitative effects were observed. On standing over night, the precipi- 

tates were in the same staircase relation repeatedly noted before. No 

precipitate formed in 1. No weights were taken. 

XXV. Experiment XX was repeated with the following altered 

conditions: Egg albumen was dissolved in water in the proportion 

of tin 10. The mucoid was taken from a second extract. 2 percent 

acetic acid was taken to effect precipitation. 40 c.c. of albumen solu- 

tion were used in 4. 

After adding 4 c.c. of the acid, 3, 4, and 5 were precipitated, 2 was 

merely milky and 1 and 5 were unchanged. After adding acid to 

complete precipitation of 2,5 and allowing to stand over night, all 

precipitates had collected under relatively clear solutions, and the 

usual staircase positions had been assumed. The following weights 

were recorded: 

Controls. Egg Albumen-Mucoid Precipitates. 

1. Egg Albumen. 2. Mucoid. Sy. 4. SE 

0.0 0.1336 gm. 0.2039 gm. 0.2886 gm. 0.3498 gm- 

XXVI. Experiment XXV was repeated with an 0.5 per cent sodium 

carbonate solution of mixed mucoid. The precipitative effects were 

practically identical, as was also the staircase appearance of the pre- 

cipitates on standing. 

XXVII. In this experiment we ascertained some facts regarding 

the filtrates from the egg albumen-mucoid precipitates. 15 grams of 

moist mucoid from a second extract were dissolved in 210 c.c. of half- 

1 Precipitation occurred first in the beakers containing the least amount of 

albumen solution. 
2 The nitrogen content was 11.95 per cent. See Table X. 

8 The nitrogen content was 12.60 per cent. See Table X. 

4 The nitrogen content was 13.04 per cent. See Table X. 

5 to c.c in addition were required. 
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saturated limewater. The whites of two eggs were dissolved in 250 

c.c. of water. Mixtures were made as indicated in Table VI. 0.8 per 

cent hydrochloric acid was used to precipitate. The usual precipita- 

tive effects were observed. Aliquot portions of the filtrates were 

carefully neutralized; and the effects noted. The coagulable proteid 
in the neutral fluids was determined gravimetrically by the customary 
process. Further data will be found in Table VI. 

XXVIII. Does mucoid precipitate the associated proteid by enter- 
ing into chemical combination with it under the conditions of these 
experiments, or is it merely carried down mechanically by the mucoid ? 
We tried to answer this question more definitely in the following two 

experiments : 
Mucoid of a third extract was dissolved in 0.1 per cent potassium 

hydroxide. Egg albumen was dissolved in water in the proportion of 

1 of the former to 4 of the latter. 

The following mixtures were made up and treated as indicated 

below : 

1. Albumen control. — 50 c.c. of the albumen solution + 50 c.c. of 

water + 8 c.c. of 0.8 per cent hydrochloric acid! No precipitative 

effect. The mixture was allowed to stand until the following day, 
with the same negative result. 

2. Mucoid control. — 50 c.c. of the mucoid solution + 50 c.c. of 

water. 8 c.c. of 0.8 per cent hydrochloric acid completely precipi- 

tated the mucoid. 

3. Washed mucoid in albumen solution. — 50 c.c. of the mucoid solu- 

tion + 50c.c. of water. After complete precipitation with 8 c.c. of 

0.8 per cent hydrochloric acid, the filtrate was used as solution 4 
(below), and the precipitate was thoroughly washed free from adherent 

acid. The precipitate was then transferred to 50 c.c. of water, to 

which 50 c.c. of the albumen solution was added. The mixture was 

thoroughly stirred? and allowed to stand for the usual length of 
time. 

4. Acid filtrate from precipitated mucoid, mixed with albumen solu- 

tion. — 25 c.c. of the acid filtrate from 3 were treated with 25 c.c. of 

the albumen solution, and the two fluids thoroughly mixed. Only 

a very delicate turbidity ensued. The mixture was allowed to stand 

* This quantity was sufficient to completely precipitate the mucoid products in 
the remaining mixtures. 

* The precipitate was just as finely flocculent at this point as when freshly 
precipitated. 
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TAB EE VE (Fish PART). 

EcGc-ALBUMEN-MUCOID PRECIPITATES AND FILTRATES. 

423 

CONTROLS. MIXTUREs.! 

SOLUTIONS. Egg Meat Eby alb , 
alae ucoid. gg albumen-mucoid. 

1 2 3S 4 5 

c.c. c.c. c.c. c.c. c.c 

Egg albumen . 80 10 40 80 

Mucoid . 50 50 50 50 

Water 80 70 40 

Half-saturated lime-| 50 we ell , 
water . | 

Total volume . 130 130 | 130 130 130 

INFLUENCE OF HYDROCHLORIC ACID. 

Addition.? | 0.8% HCl. | Relative effects of simultaneous treatment. 

c.c. 

I 2 | Less turbid Turbid Milky Milky Turbid. 

II 2 Less turbid | Flocculent|| Flocculent® Flocculent | Milky.* 

III Zi Less turbid | Completely precipitated Increased | Flocculent.® 
| precipitate 

IV 2 Clearing Completely precipitated Increased 
precipitate. 

v 2 Clear Completely precipitated 

VI 2, No change, 1-5.6 

1 All were clear at the start except 1, which was decidedly turbid. 

2 Additions were made at intervals of 5 and 10 minutes. 

3 Precipitate 3 seemed to be more complete than either 2 or 4. 

4+ The mixture was still slightly alkaline. 

5 Faintly acid; 2-4 decidedly acid; 1 faintly acid. 
6 

on standing, exhibited the usual staircase effect. 

The excess of acid appeared to be without solvent action. The precipitates, 
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TABLE VI (SEcOND PART). 

GRAVIMETRIC DATA. 

CONTROLS. MIXTURES. 

j 

Eeg 
“5D Egg albumen-mucoid. 

albumen. 88 
Mucoid. 

Weights of egg albu- 
men-mucoid precipi- | 
fatedivce oh se ahh. k | 0.8687 

Coagulable proteid in 
filtrates! . ... 0.0066 0.2971 

Coagulablea proteid | 
combined inthe albu- | 
men-mucoid precipi- 
tates (calculated)? . ae ae 0.2436 5529 

Total coagulable pro- 
teid accounted for . | 1.6127 | 4 0.2502 0.8500 1.5105 

Total coagulable pro- 
teid in each original 
mixture? . . . .| 1.6127 || 0.2016 0.8063 | 1.6127 

Difference 4 Sales Pr an | +0.0486 | +0.0437 | —0.1022 

1 On neutralizing, all of the filtrates were clear except 1, which returned to its 

original turbidity. 

2 It was assumed that each of 3-5 contained its relative proportion of 0.6251 

gram of mucoid, the quantity in 2. 

8 It was assumed that each of 3-5 contained its relative proportion of 1.6127 
gram of coagulable proteid, the quantity in 1. 

4 Slight, in spite of the mechanical difficulties at every turn. 

over night with the others. The quantity of precipitate did not 

increase in the meantime.! 
5. Mucoid, in aciv fluid, plus albumen solution.— 50 c.c. of the 

mucoid solution + 8 c.c. of 0.8 per cent hydrochloric acid to complete 

precipitation. 50 c.c. of the albumen solution were added to the floc- 

culent acid mixture,” and the whole was thoroughly stirred and 
allowed to stand over night. 

1 Further additions of acid were also without effect. 

* This addition was seen to result in immediate increase of the precipitate. 
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6. Mucoid and albumen mixed in ALKALINE solution and together 

treated with acid. — 50 c.c. of the mucoid solution + 50 c.c. of 

the albumen solution + 8 c.c. of 0.8 per cent hydrochloric acid. The 
mixture was thoroughly stirred and put away over night with the 

preceding mixtures. 

The gravimetric data of this experiment are given in Table VII. 

XXIX. Experiment XXVIII was repeated. Mucoid of a second 

extract was dissolved in half-saturated limewater. A 1 to 15 aqueous 

solution of white of egg was used. 8 c.c. of 0.8 per cent hydro- 

chloric acid sufficed for complete separation of the precipitable proteids 

in the mixtures, which were made up as before. Our results are 
summarized in Table VII. Experiment XXXIII gives additional 

data — precipitative effects as well as nitrogen contents, etc., of the 

compounds. 

TABLE VII. 

Ecc ALBUMEN-MUCOID PRECIPITATES, ETC. EXPERIMENTS XXVIII AND XXIX. 

CONTROLS. Ecc ALBUMEN-MUCOID MIXTURES. 

coid 

EXPERIMENT. 
Egg albumen. 

Mucoid. 

(solid) in albumen 
solution; acid 

absent. 

trate mixed with albumen solution. 

Precipitated 

mucoid in its acid 

solution plus 

albumen solution. 
Mixed albumen 

and mucoid 
solutions plus 

acid. 

Washed mu Acid mucoid fil- 
| 

Z ) viel Oo > 

XXVIII 

XXIX 

gram 

0.3746 

0.1669 

gram 

0.3233 

0.1793 

gram 

0.0 

0.0 

gram 

0.7883 

0.4180 

6 

gram 

0.7990 

0.4019 

1 In each experiment the quantity of mucoid was exactly the same in 2, 3, 5, 
and 6. Compare 2 and 3, 5 and 6, and the first of these pairs with the second. 

With glycogen.— XXX. Mucoid of a second extract was dissolved 

in half-saturated limewater. Glycogen, made from scallops, was 

dissolved in water and a 4 per cent solution used. The following 

mixtures were made up: 

1. Glycogen control. 75 c.c. of the glycogen solution + 25 c.c. of 

half-saturated limewater (100 c.c.). 
2. Mucoid control. 25 c.c. of the mucoid solution + 75 c.c. of 

water (100 c.c.). 
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3. Glycogen-mucotd solutions: 

a. 40 .c. glycogen + 25 c.c. mucoid + 35 c.c. water (100 C.C.). 

b. 75 c.c. glycogen + 25 c.c. mucoid (100 C.c.). 

On adding 2 ¢.c. of 0.8 per cent hydrochloric acia to each beaker, 
all but the glycogen control assumed a uniform milkiness. A second 

addition of 2 c.c. of the acid resulted in equal flocculent precipitation 

TABLE VIII. 

NITROGEN CONTENT OF GELATINE-MUCOID PRECIPITATES. 

CONTROLS. MIXTURES. 

pe ee ; 
SOLUTIONS. Gelatine. | Mucoid. Gelatine-mucoid. 

Gelatine 

Mucoid 

Water . 

Total volume 

ANALYTIC DATA (FOR DRY SUBSTANCE). 

Sif ” gram gram gram gram era 
Weirht 7 60. 0.0 0.9862 1.0159 1.1720 1.3567 1.7872 

Nitrogencontent | 
of the ash-free per cent percent | per cent per cent per cent 

substance . * 13.29 3.7 13.85 14.13 14.48 

Ashy han) Mi Sa 2:23 : 134 1.48 | L2¥ 

in all but the glycogen control, which was unaffected. The original 
glycogen opalescence in 3, a and b, was quite as decided after the 
precipitation of the mucoid by the acid treatment as before. A total 
of 8 c.c. of acid was added to completely precipitate the mucoid in 2. 
The same amount was required for complete precipitation in the 
others. On standing, the glycogen opalescence in 1 and in the super- 
natant fluids in 3 was unchanged, and the precipitates failed to show 
a staircase effect. The following gravimetric data were obtained: 
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Controls. 3. Glycogen-Mucoid Mixtures.t 

1. Glycogen. 2. Mucoid. a. b. 

0.0 0.1580 gm. 0.1610 gm. 0.1660 gm. 

Nitrogen content of proteid-mucoid precipitates. — W2zth gelatine. 

XXXI. Mixed mucoid (30 grams, moist) was dissolved in 250 c.c. 

of 0.5 per cent potassium hydroxide. A 2 per cent solution of gelatine 

PABLE xe 

NITROGEN CONTENT OF MUSCLE PROTEID-MUCOID PRECIPITATES. 

MIXTURES. 

SOLUTIONS. Muscle Muscle proteid-mucoid. 
| extract. 

| — ——_|—_. 

Muscle extract 

Mucoid 

Water . 

Total volume 

ANALYTIC DATA (FOR DRY SUBSTANCE). 

gram am | gram | gram gram gr gr 
feet Ee OO a | 0.8348 | 0.9787 | 1.2658 | 1.5238 

Nitrogen content of the per cent percent | | per cent per cent per cent per cent 

ash-free substance . J alll | SS 12.99 | 13.16 14.03 14.66 | 

oo eg 
Ash | ov | 

SUBSTANCE PRECIPITATED FROM THE FILTRATES (180 C.c.) BY ALCOHOL (600 C.c.). 

| gram gram | | gram gram gram 

Weight of dry substance | 0.8997 | 0.0221 0.0159 | of 0.0253 0.0428 | 0.2788 

was used. 0.8 per cent hydrochloric acid was taken to precipitate the 

mixtures, the characters of which are indicated in Table VIII. 12 

c.c. were required to completely precipitate the mucoid control. The 

same volume was finally added to each of the others. The precipi- 
tative effects noted in Experiments I-VII were again observed. The 

1 The precipitates were washed until the washings were free from opalescence 

and failed to give an iodine reaction. 
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precipitates were thoroughly and quantitatively washed by decantation 

in water until free from biuret reacting soluble matter, then in increas- 

ing strengths of alcohol, finally in ether, in preparation for analysis. 

Analytic data are summarized in Table VIII. 

With muscle proteids. XXXII. 20 grams of moist mucoid from a 

second extract were dissolved in 150 c.c. of 0.5 per cent potassium 

hydroxide. A fairly concentrated watery extract of fresh hashed beef 

was made at 40° C. The extract was bloody. 0.8 per cent hydro- 

chloric acid was used to precipitate,and 10 c.c. were added to each 

mixture referred to in Table IX. Equal volumes of the filtrates, 

180 c.c., were treated in each case with 600 c.c. of 95 per cent alcohol, 

and the precipitates weighed. The decolorization, -precipitative, and 

staircase effects noted in Experiments XI-XV were again observed. 

With egg albumen. XXXII. Mucoid froma second extract was 

dissolved in 0.5 per cent potassium hydroxide. The whites of three eggs 

were dissolved in 350 c.c. of water. 0.8 per cent hydrochloric acid 

was the precipitant. 17 c.c. of the acid were added in 5 c.c. volumes 

at intervals of ten minutes, until the mucoid controls and all mucoid- 

containing mixtures were completely precipitated. The precipitative 

effects, in the various mixtures indicated in Table IX, were relatively 

the same as those noted in Experiments XX-—XXIX. 

Analytic data are summarized in Table IX. 

, 

GENERAL PROPERTIES OF THE PROTEID-MucoID PRECIPITATES. 

Most of the precipitates resembled precipitated tendomucoid. 

The gelatine-mucoid precipitates usually manifested a gelatinous con- 

sistence, and frequently resembled aluminium hydroxide. 

The meat extract-mucoid precipitates were pigmented by hemo- 

globin products. That the pigment was not held mechanically in 

the precipitates was shown by the fact that the color could not be 
washed out. We have already alluded to the fact that the filtrates 

from the precipitates were colorless, except when too much blood 
was present in the meat extract to begin with. Such decolorization 

fails to occur when a washed flocculent mucoid precipitate is thor- 

oughly stirred in a neutral or alkaline bloody meat extract. Under 
such conditions, also, the precipitate remains snow white. It is 

probable, therefore, that in the presence of acid, mucoid and hzmo- 

globin unite chemically. 

In all cases the proteid-mucoid precipitates not only weighed more 

than the mucoid controls, but were obviously more bulky, even on 



Do the Mucotds Combine with Other Protetds? 429 

long standing, as well as under conditions favoring rapid sedimen- 
tation of each precipitate. While our precipitates were being 

washed we occasionally observed that the washings gave a pre- 

cipitate on mixing with the acid filtrate. It is probable that our 

products varied in their solubility in dilute acid and that more ac- 

curate knowledge of the conditions favoring their formation might give 

even more decided gravimetric results than those already obtained. 

- All of the thoroughly washed and purified products’ were acid in 

TABLE X. 

NITROGEN CONTENT OF EGG ALBUMEN-MUCOID PRECIPITATES. 

CONTROLS. 

SOLUTIONS. Egg Mucoid. 
albumen. | 

2 

c.c, 

Egg albumen 

Mucoid 

Water . 

200 Total volume . 

ANALYTIC DATA (FOR Dry SUBSTANCE). 

am || gram gram gram 

Geen Ss) OO | 1.382 | 1.542 | 1.614 
| 

Nitrogen content of ash- | percent percent, 
free substance 

per cent | per cent || per cent | per cent | per cent 

11.95 | 11.89 || 12.12 35 | 12.46 

0.49 || 0.59 a toya| | ONY) 

| 

ae 
Neem Ree sis wAr Fy Ye) a ts ra 0.56 

reaction, though the degree of acidity varied considerably; they 
yielded reducing substance and glucothionic acid on decomposition 

with dilute hydrochloric acid, and gave the common mucoid reactions 

as distinctly as the mucoids themselves. 

When the precipitates were dissolved in dilute limewater to neutral 

solutions, the latter failed to become turbid, or even opalescent, on 

boiling. The entire series of products obtained in Experiment XXIII 

1 Purified by the customary methods of washing in water, alcohol and ether. 
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was carefully studied in this respect, with the negative results just 

stated. 

On acidification of the neutral or alkaline solutions of the proteid- 

mucoid products, they were immediately rendered milky, and a fine 

flocculent precipitate quickly separated. The resistance of these 

compounds to the solvent action of acid is quite as marked, in most 

cases, as that of the mucoids themselves, 

DiscusSSION OF RESULTS. 

Our results support the belief that the mucoids have the power in 

acid media of uniting chemically with various proteids. Acid pre- 

cipitation of mucoid from solutions containing other proteids, such as 

alkaline tendon extracts, seems to result in the removal of portions of 

these proteids in chemical combination with the mucoid and, also, in 

the formation of products which had no previous existence. This 

fact would account for the wide discrepancies in the past among the 

results of elementary analysis of the mucoids. Our observations 

indicate, therefore, that previous quantitative determinations of mu- 

coids in tissues or proteid fluids have been inaccurate, and that new 

methods must be devised for such analyses. Even if our products 

were only intimate mechanical admixtures, the latter observations 

would hold good, for we have seen that the associated proteid can- 

not be washed out by the methods now used for mucoid purification. 

Our proteid-mucoid products seemed to require less acid for their 
precipitation than equivalent amounts of mucoid in equal volumes 

under equal conditions of reaction, etc. In other words, the pro- 

teid-mucoid products are more easily precipitated. 

That the precipitates formed in these experiments are not merely 

mechanical mixtures is indicated by the facts on their general prop- 

erties referred to on page 426. In Experiment XXVIII it was clearly 

shown that precipitated and washed mucoid may be mixed with neu- 

tral or faintly alkaline egg albumen solutions in large excess without 

holding any of the latter that could not be washed out readily with 
water (compare 2 and 3). In Experiment XXVIII we also saw, 

however, that in an acid mucoid mixture instant increase of the floc- 

culent precipitate occurred when albumen solution was added (5), 

although the same amount of acid had no precipitative effect on 

a control albumen solution.1 The weight of precipitate formed 

' This fact indicates that the union of mucoid and proteid zz the presence of 

acid results not only from a consequent chemical change in the mucoid salt, but also 
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‘under such conditions (5) was practically the same, also, as that 

produced when an alkaline mixture of equal amounts of mucoid and 

albumen was acidified (6). The data in Experiment XXVII also 

harmonize with these deductions. See Table VII. 

It might be assumed that alkali albuminate was formed from 

the proteid associated with the mucoid, when their solutions were 

mixed. But our precipitation results cannot be attributed to ad- 

mixture of mucoid with insoluble albuminate. In some of the ex- 

periments a very slight precipitate of albuminate may have been 

retained by the mucoid compound. The quantity of precipitate in 

the associated proteid control at the end of each experiment shows, 

however, that any such admixture was trivial in amount. (See espe- 

cially Experiments II, XVIII, XX, XXI, and XXIV to XXVII.) Our 

results with gelatine are particularly conclusive in this connection. 

The increase in the weights of the proteid-mucoid precipitates has 

been somewhat irregular, but the conditions of our experiments have 

not favored accurate estimation of relative combining powers with the 

various proteids employed. The degree of acidity, for example, was 

never the same in connection with the formation of our products. 

Of the various proteids employed, proteose (Witte’s “‘ peptone”) was 
combined in the smallest proportion (by weight). The proteids of 

higher molecular weight were taken up in the largest proportion (by 

weight). Molecular proportions in the compounds have not yet 

been investigated. 

That mucoid does not unite with all colloids, under circumstances 

similar to those in our experiments, and that the mere colloidal con- 

dition of the associated substance is not responsible for the effects 

noted, is indicated by the negative results with glycogen (Experi- 

ment XXX). 

Differences in ash content were without influence (Experiments 
XIII, XXXI, XXXII, X XXIII). 

Our results for nitrogen content of the mucoids and _ proteid- 
mucoid compounds harmonize with those for relative weights of the 

precipitates, and for the quantities of associated proteid matter re- 
maining in the filtrates. They also remind us of the difficulties 
alluded to on the next page. 

With reference to the divergent data for elementary composition 

in the associated proteid. Combined acid also appears to have such influences 

(Experiment X). 
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of their tendomucoid products, Chittenden and Gies! stated, “ Our 

results seemingly justify the assumption that white fibrous connective 

tissue contains more than one mucin, or else that the mucin obtain- 

able from this tissue is prone to carry with it a certain amount of 

some other form of proteid matter which the ordinary methods of 
purification are not wholly adequate to remove. . . . Undoubtedly 
preliminary extraction of the tissue with salt solution tends to remove 

a certain amount of proteid matter, especially globulins, which might 

otherwise render the product impure. . . . Still there is no certainty 

on this point, for it is to be remembered that precipitation of the 

mucin requires the addition of considerable hydrochloric acid beyond 

neutralization of the alkaline fluid, and this excess of acid would 

naturally exert a marked solvent action upon any albuminous matter 

present.”? Chittenden and Gies were considering the possibility that 

mechanical admixture of associated proteid might have effected the 

divergences among their figures for elementary composition, although 

the latter part of the quotation above indicates that in their belief the 

other alternative proposed — existence of several mucoids in tendon 

— accounted for the analytic variations observed. 

A few years later, Cutter and Gies ® studied, by improved methods, 

the question of tendomucoid composition, and found that the mucoids 

from five successive extracts of the same tendon pieces exhibited 

marked, though fairly regular, differences in elementary composition. 
In this connection they wrote as follows: ‘“ Wecan no longer believe 
that proteid impurity is responsible for the observed variations. In 

the first place, the quantity of soluble proteid in tendon, other than 

mucoid, is very slight. Experiments in progress in this laboratory 

indicate that it is less thano.3 percent.* If, however, it were possible 

for all of this small quantity to combine permanently with the pre- 
cipitated mucoids, it could not account for the regular rise and fall of 

nitrogen content observed in each series of our experiments. Al- 

though it is conceivable that the mucoid of the first extract could be 

so affected, such an assumption would not explain the rise of nitrogen 

1 CHITTENDEN and Gigs: Journal of experimental medicine, 1896, i, p. 194; 

also Gigs and COLLABORATORS: Biochemical researches, 1903, i, Reprint No. 

13, p- 295. 

Italics are our own. 

8 CUTTER and GiEs: Lee. cit. 

* BUERGER and Giles: This journal, 1gol, vi, p. 228; also Biochemical re- 
searches, 1903, i, Reprint No. 8. 
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in the third and subsequent extracts, particularly in view of the 
marked fall of the same in the second. Then, too, each product was 

so thoroughly washed in excess of 0.2 per cent hydrochloric acid that 
unless very intimate and unusual chemical union resulted, lymph 

proteids must have been quickly and completely dissolved from the 

precipitates. We know of no other substance in tendon which would 

resist the washing treatment and, by mechanical admixture or chemi- 

cal combination, account for the orderly variations observed in the 
analytic series.” 

Shortly before the publication of the paper by Cutter and Gies, we 
together began a new research to ascertain, if possible, additional 

reasons for the variations in the analytic data for the glucoproteids. 

Nerking ! had just published his paper on ‘“ fat-proteid compounds.” 

His results and views made it seem possible that the variations noted 

in the analytic results for mucoids, as well as other proteids, were due, 

perhaps in part at least, to combinations or intimate admixtures of the 

proteid substance with fat or fatty acid. It has been known for a 
long time that a certain amount of ether-soluble matter is associated 

with crude connective tissue mucoid. The difficulties in the way of 

removing this admixture have been appreciated by various observers, 

and as no one had determined the chemical nature of this extractive 

matter, its existence appeared to be significant in this connection. 

Our investigation demonstrated,’ however, that the glucoproteids as 

commonly prepared are not fat compounds, that they bear no resem- 

blance to lecithalbumins and that the analytic data for purified 
mucoids are not affected by fatty radicles. The results of the present 
research, however, indicate the nature of one, perhaps ¢/e, disturbing 

factor in mucoid preparation and analysis. 

That the mucoid from the frst extract of such a tissue as tendon is 

seriously affected by associated lymph proteids, when the extract is 

acidified, is now definitely shown. Our results appear to offer no ex- 

planation, however, for the observation of Cutter and Gies, and also 

our own in another connection,‘ that the nitrogen content of mucoids 

from the third and successive extracts rises steadily. Cutter and Gies 

also found that each successive mucoid extract required more and 

1 NERKING: Archiv fiir die gesammte Physiologie, 1901, lxxxv, p. 330. 

2 LoEBISCH: Zeitschrift fiir physiologische Chemie, 1886, x, p. 58. 

8 PosNER and GiEs: This journal, 1902, vii, p. 331; also Biochemical re- 

searches, 1903, i, Reprint No. 35. 
4 PosNER and Gigs: This journal, 1904, xi, p. 335- 
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more acid for its precipitation. Our own observations suggest that 

this result may have been due to a decreasing proportion of associ- 

ated lymph proteids in the successive extracts. It may be, also, that 

the increasing strength of acid, which is required to precipitate the 

successive extracts, transforms the products sufficiently to account 

for the steady rise in nitrogen content.’ 

Our data further indicate that the mucoids may exist in the tissues 

in combination with other proteids. This view is borne out by the 

fact that mucoids cannot be satisfactorily extracted from the connective 

tissues with water or neutral saline fluids, although neutral mucoid 

(e.g., potassio-mucoid) readily dissolves in such solutions. It is pos- 

sible that dilute alkalies, which are so well-adapted for the extraction 

of the mucoids, in such cases break the glucoproteid from complex 

proteid (protoplasmic) combinations, and, besides, furnish the cations 

for the formation of easily soluble ion-mucoid products in the extract. 

These observations are in accord with the remarks of Schmiedeberg 

on the forms in which chondroitin sulphuric acid may exist in car- 

tilage and on the varieties of chondromucoid-like substances (pepto- 

chondrin, chondralbumin, etc.) obtainable from that tissue.” 

The behavior of other glucoproteids, under circumstances similar 

to and also different from the conditions in these experiments, will 

shortly be ascertained. Whether nucleoproteids show similar com- 

bining properties will also be investigated. 

SUMMARY OF GENERAL CONCLUSIONS. 

In the presence of acid, tendomucoid forms relatively insoluble com- 
pounds with gelatine, proteoses, alkali albuminate, acidalbumin, and 

with proteids in aqueous extracts of muscle and tendon, and in blood 

serum and white of egg. In these respects, mucoid behaves much like 

chondroitin sulphuric acid, and the glucothionic acids from various 

glucoproteids. Consequently, when mucoid is precipitated with acid 

from neutral or alkaline solutions, such as tendon and other tissue 

extracts, non-mucoid-proteid is withdrawn from the fluid in proteid- 

mucoid combination. This fact makes it evident that the methods for 

+ This matter is now under investigation in this laboratory. 

* SCHMIEDEBERG: Archiv fiir experimentelle Pathologie und Pharmakologie, 
1891, xxviii, p. 399. See also a recent paper by MORNER, on percaglobulin: 

Zeitschrift fiir physiologische Chemie, 1904, xl, p. 451. This important paper ap- 

peared since the completion of our experiments. 

Ss.” SS. ee 

= oS ee 
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determining the quantities of mucoids in tissues, etc., have heretofore 

been inaccurate, and that many so-called “ pure” mucoids have been 
proteid-mucoid products. 

Hydrochloric acid, sulphuric acid, and acetic acid manifested the 

same general precipitative influence on proteid-mucoid mixtures. 

Combined hydrochloric acid also exerted a precipitative effect. 

When all other conditions were equal, precipitation usually occurred 

first in the solutions having the greatest proportion of associated pro- 

teid. The extent of this precipitative influence has not yet been 

ascertained. The proteid-mucoid products were more easily pre- 

cipitated with acid than the mucoid itself. 

Precipitates of proteid-mucoid may be formed by treating the 

neutral or alkaline mixture of the two with acid, or by adding the 

neutral or faintly alkaline fluid of the one to an acidified solution 
of the other. Even solid, freshly precipitated mucoid combines with 

proteid when it is mixed with a solution of the latter in the presence’ 

of acid. 
In these unions of mucoid with proteid it is probable that the 

chemical conditions of both the mucoid and the associated proteid 

are changed by the acid in such ways as to favor combination of the 

two. Mechanical admixture does not seem to account for the results 

obtained. 

The proteid-mucoid products which were formed in these experi- 

ments possessed the general properties of the original tendomucoid. 

They were acid in reaction, relatively insoluble in dilute acid, yielded 

reducing substance and glucothionic acid on decomposition in dilute 

hydrochloric acid, gave the common mucoid precipitation reactions, 

neutralized dilute alkaline fluids, and were non-coagulable in neutral 

ion-solution. The physical properties of the freshly precipitated pro- 

ducts were occasionally unlike those of tendomucoid. Thus the 

gelatine-mucoid was somewhat gelatinous, resembling freshly-precipi- 

tated aluminium hydroxide. 

The nitrogen content of the proteid-mucoid compounds was always 

higher than that of the tendomucoid itself. There were no particular 

differences in ash-content. It is very probable that divergences 
among the results for elementary composition of the mucoids have 
been due heretofore to conditions which favored the production of 
compounds containing variable proportions of associated proteid 

matter. 

It is probable, also, that the mucoids exist in the tissues in complex 
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and relatively insoluble combinations, such as might be formed with 

albuminous bodies. That the mucoids in the tissues are not merely 

simple neutral or alkaline ion-compounds, is shown by the fact that 
alkaline solution is required to extract them satisfactorily. Thealkali 

used to effect:extraction probably breaks up such proteid-mucoid 
combinations, converting the mucoid into ion-products that are 

readily soluble, even in water. 

The mere colloidal condition of the proteids does not seem to have 

accounted for the results obtained. Under conditions that would 

have favored the formation of proteid-mucoid compounds, glycogen 

failed to unite with the glucoproteid. 

ee 



THE AUTOLYSIS OF ANIMAL ORGANS. 

BY A LEVENE. 

[From the Department of Physiological Chemistry, Pathological Institute of the New 

York State Hospitals.] 

I. THE Enp-Propucts oF THE AUTOLYSIS OF THE TESTES. 

HIS communication is a continuation of the work published in 

the Zeitschrift fiir physiologische Chemie, under the title: 

“Die Endprodukte der Selbstverdauung tierischer Organe.” 

The importance of autolysis as a possible explanation of the 

process of animal metabolism was indicated in that article, and it 

will suffice, therefore, to report here the analysis of the crystalline 

end-products of autolysis of the glands in question. 
Following the plan of the work on the pancreas and the liver, 

attention was directed to the amino-acids, hexon bases, purin and 

pyrimidin bases. 

In a preliminary experiment it was found that the autolysis of the 
testes is similar to that of other organs, — most active in a solution 

of 0.2 per cent acetic acid. The glands were minced and allowed 

to stand twenty-four hours at room-temperature in 0.2 per cent of 

the acid. Sufficient toluol and chloroform were added to prevent 

bacterial growth. After twenty-four hours the extracts were filtered 
through cloth, and allowed to stand at room-temperature for nine 

months. Care was taken that the extracts had enough toluol and 

chloroform to prevent putrefaction. At the end of that time the 
solutions were neutralized, heated, filtered, and concentrated on the 

water bath until the beginning of crystal formation. 
Tyrosin. — Part of the crystalline mass thus formed was dissolved 

in hot diluted ammonia water and decolorized by means of charcoal. 
The solution was rendered acid by means of acetic acid while hot, 
and filtered. On cooling, tyrosin separated in fine white needles. 

Washed with alcohol and ether, and dried on toluol bath, the crystals 

showed a melting point of 315° C. (not corr.). 
437 
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0.1035 gram of the substance gave, on combustion, 0.2270 gram 

CO, and 0.0575 gram H,O. 

For C,H,,NO, : 

Calculated: * C —59.66 per cent H —6.07 per cent. 

Found: ; C —59.81. “ H-617 * 

The remainder of the product of self-digestion was divided into 
two parts, the smaller one for analysis of the basic products, and the 

larger part for that of the amino-acids. 
Amino-acids. — For the purpose of obtaining the amino-acids, 

the mixture was concentrated on water bath to dryness. ‘To remove 

as much of the adhering water as possible, it was repeatedly evapo- 
rated with 95 per cent alcohol, and finally taken up with absolute 

alcohol, and the acids transformed into their esters by Fischer's 
process. By this process the hydrochloric salts of the esters were 

formed, and these were transformed into the free esters, also by the 

method of Fischer. The mixture of esters was divided by means of 

distillation at a pressure of 9 mm. into the following fractions : 

Boiling at 50° C. 20.0 grams. 

SOS=/5 oC 2o OMe: 

USE WEL Gio 

S02=1052 (Cs 20:07 
LOSS=WS5SiC™ 26:5) 

WSSS= SSCs o22 oe 

Another lot of the esters gave the following fractions: 

At 50° C. 13.5 grams. 

50°-75°'C. 18.0 “* 
132-20. 

90°-105° C. 165 “ 
1OS2—16025C; S85" 5 

All the fractions distilling below 105° C. were saponified by boil- 
ing with distilled water, those distilling above that temperature by 

baryta water or by strong hydrochloric acid. 
Fraction 50° C.—It contained chiefly alanin and the other lower 

amino-acids. 

The fraction was saponified and evaporated to dryness. The dry 

residue was extracted with absolute alcohol, and the alcoholic residue 

dissolved in a little boiling water. On standing, there formed only 

a very slight crystalline precipitate; to the mother liquid absolute 

alcohol was added in quantity sufficient to produce turbidity. It 

——— a 
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was then allowed to crystaliize. The substance thus formed was 
recrystallized out of diluted alcohol, and on analysis proved to con- 

sist of alanin contaminated slightly with other amino-acids. The 

mother liquid from the alcoholic precipitate was treated with ether, 

and the sediment thus formed dissolved in hot water; to this solu- 

tion alcohol was added until the clear solution became turbid. On 

standing, there formed a crystalline deposit. This was filtered, 

washed with absolute alcohol and ether, dried in vacuum desiccator 

over sulphuric acid, and finally in xylol bath. 

The substance had the following composition: 
0.1734 gm. gave, on combustion, 0.2560 gm. of CO, and 0.1186 gm. 

ot, 30: 

For C,H,O;N : 

Calculated : C —40.45 per cent H —7.87 per cent. 

Found: C031 7595 

Fraction 50°-75° C.— This was saponified like the previous frac- 

tion, evaporated to dryness, and extracted with alcohol. The residue 

was dissolved in just enough boiling water to accomplish solution. 

It was then allowed to stand twenty-four hours. There formed a 

crystalline precipitate consisting chiefly of leucin. The mother liquid 

was treated with copper oxide, filtered, the filtrate concentrated on 

water bath until it began to crystallize. It was then allowed to stand 

twenty-four hours, and filtered. The filtrate was again concentrated 

to a syrup, and again allowed to stand over night. There formed a 

second precipitate. This second precipitate was redissolved in an 

excess of boiling distilled water. The solution was allowed to stand 

over night and filtered. The filtrate was again concentrated. The 

precipitate then formed was filtered, washed with alcohol and ether, 

dried in vacuum desiccator over sulphuric acid, and finally in toluol 

bath. 

It had the following composition : 

0.2029 gm. of the substance gave, on combustion, 0.2661 gm. CO, 

and 0.1075 gm. H,O and 0.0614 gm. CuO. 

For (C,H,O,N), Cu: 

Calculated : C —35.95 per cent Hi —5.99 per cent Cu —23.59 per cent. 

Found: C35, 700. Ipl eystey Cu—24.16 “ 

The substance thus has the composition of the copper salt of an 

aminobutyric acid. Aminobutyric acid has not as yet been identified 
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among the decomposition products of proteid material, and therefore 

further investigation is necessary in order to establish the true nature 

of this substance. 

One other observation makes it probable, however, that the sub- 

stance was an aminobutyric acid. The mother liquid of the copper 

salt, consisting apparently of copper salts of some amino-acids 

‘soluble in water, was joined to an analogous solution obtained from 

the next fraction, and then treated with alcohol. On prolonged 

standing there formed a precipitate which was redissolved in very 

little hot water, and alcohol was added until the clear solution just 

began toturnturbid. On standing, a precipitate again formed, which 

was washed and dried in the usual manner. It had the following 

composition : 

0.1340 gm. of the substance gave 0.1746 gm. CQ,, and 0.0725 gm. 

H,O. 
For (C,H,O,N), Cu: 

Calculated : C —35.95 per cent H —5.99 per cent. 

Found: € —35:65. = H —6.01 ~*~ 

Here again we have the composition of a copper salt of amino- 

butyric acid. 

Fraction 75°-go° C.— This was treated in exactly the same manner 
as the previous fraction. The second copper salt was analyzed with 

the following result : 
0.1930 gm. of the substance gave, on combustion, 0.2895 gm. of 

CO,, 0.1230 gm. of H,O, and 0.0575 gm. of CuO. 
For (C,H,,0,N). Cu: 

Calculated : C —40.68 per cent H —6.78 per cent Cu —21.35 per cent. 

Found: Cc —40.91 “ EH 7:07) a Cu—21.26 “ 

The substance thus had the composition of the copper salt of 
amino-valerianic acid. 

Fraction go’-105° C.-—— This fraction was saponified, evaporated to 

dryness, and extracted with absolute alcohol like the previous one. 

It contained chiefly leucin, and also aminovalerianic, and perhaps the 

lower acids. The most insoluble part of the fraction was twice 

recrystallized out of water, washed with alcohol and ether, and dried 
in xylol bath. It had a melting point of 295° C. (not corr.), and the 

following composition: 0.2100 gm. of the substance gave, on com- 

bustion, 0.4235 gm. CO,, and 0.13870 gm. H,O. 
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For C,H,,0,N: 

Calculated : C —54.96 per cent H —9.92 per cent. 

Found: C—55.00 “ H—9.89 ‘* 

Pyrrolidincarboxylic acid. — The combined alcoholic extracts of all 

the fractions were evaporated to dryness and the residue extracted 

with hot absolute alcohol. On cooling there formed a precipitate 
which was removed by filtration, and the filtrate again evaporated to 

dryness. The operation of evaporating and extracting the residue with 

hot absolute alcohol was repeated several times until a residue was 

obtained which was entirely soluble in absolute alcohol. The last 
residue was dissolved in water and treated with copper oxide. The 

filtrate was evaporated to dryness, and the residue extracted with 

hot absolute alcohol. Part of it remained insoluble in alcohol. 

However, it did not have the properties of the copper salt of the 

inactive pyrrolidincarboxylic acid. It crystallized from aqueous 

solution without water of crystallization, and had the following 
composition : 

0.1265 gm. gave, on combustion, 0.1820 gm. of CO,, and 0.0698 gm. 

of H,O, and 0.0335 gm. of CuO. 

For (C.H,O,N), Cu: 

Calculated : C —41.24 per cent H —5.50 per cent Cu —21.55 per cent. 

Por (C,H,,O,N), Cu: 

Calculated : C —40.68 per cent H —6.78 per cent Cu —21.35 per cent. 

Found: C —39.24 “ H-6.14 “ Cu —21.14 

The substance consisted apparently of aminovalerianic acid. The 

alcohol soluble part was evaporated to dryness, dissolved in water, 

and treated with sulphureted hydrogen. The filtrate was evaporated 

to dryness and the residue taken up in hot alcohol. However, it was 

impossible to crystallize the active a-pyrrolidincarboxylic acid from 

this solution. It is, however, possible that the acid was present in 

very small quantities, and that the impurities present in the residue 

hindered its crystallization. 

Fractions 105°-130° C. and 130°-160° C.— These fractions con- 
tained the dibasic amino-acids and phenylalanin. The phenylalanin 

was separated from the other acids according to Fischer’s method in 

the following manner: The esters were taken up in ether and re- 

peatedly shaken in a separatory funnel with distilled water. The 
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phenylalanin ester thus remains in the ethereal solution, being insolu- 

ble in water, while the other esters are in the aqueous solution. 

Phenylalanin.— The ethereal solution was taken up with strong 

hydrochloric acid, and the ether allowed to evaporate at low tempera- 

ture. On prolonged standing, crystals of the hydrochloric salt of 

phenylalanin separated out. These were removed from the mother 

-liquid on suction funnel, and dissolved in water containing an excess 
of ammonia. This solution was then evaporated nearly to dryness, 
allowed to cool, and filtered on suction funnel. The residue was 

twice recrystallized from water. 
The substance thus obtained and dried in xylol bath had the fol- 

lowing composition : 

0.1420 gm. of the substance gave, on combustion, 0.3380 gm. CO,, 

and 0.0840 gm. H,O. 

For C,H,,O,N: 

Calculated : C —65.45 per cent H —6.66 per cent. 

Found: C-—64.91 “ H—6.57 “ 

Aspartic acid. — The aqueous solution containing the dibasic acid 

was saponified by heating on the water bath with barium hydrate and 

water. On cooling, the basic barium salt of aspartic acid separated 

out. The barium was then removed quantitatively by sulphuric acid, 

and the solution of the free acid concentrated at diminished pressure 

until it began to crystallize. The acid was recrystallized from water. 
For analysis the substance was dried in xylol bath. 

0.1085 gm. of the substance gave, on combustion, 0.146 gm. of CO, 
and 0.0540 gm. of H,O. 

For C,H,O,N: 

Calculated : C —36.09 per cent H —5.26 per cent. 

Found: C —36.62 “ H 5:53," 

Glutamic acid was obtained from the filtrate of the basic barium 
salt of aspartic acid. The barium was removed quantitatively by 

sulphuric acid, and the filtrate from barium sulphate concentrated to 

dryness at diminished pressure. The residue was dissolved in strong 

hydrochloric acid, and through this solution dry hydrochloric acid 
was passed. The solution was kept in cooling mixture during the 

operation. Only on prolonged standing did a crystalline sediment 

appear. This was re-crystallized from water, washed with cold 

absolute alcohol, and saturated with dry hydrochloric acid. The 

— 
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yield of the substance thus obtained was very small. It had the 
following composition: 

6.1710 gm. of the substance gave, on combustion, 0.2150 gm. of CO, 

and 0.0775 gm. of H,O. 

Por CH,O,NHC!1: 

Calculated : C —32.75 per cent H —5.40 per cent. 

Found: C —32.63 “ H-—-S.06 “ 

Purin bases.— The purin bases were separated by means of 

Hopkins’ solution of mercuric sulphate; the precipitate thus ob- 

tained was decomposed by sulphureted hydrogen. The adenin and 

guanin fractions were so small that the substances could not be 

purified for analysis. The hypoxanthin was transformed into the 

silver nitrate, and dried in a vacuum desiccator over sulphuric acid. 

0.1345 gm. of substance gave 0.0470 gm. Ag. 

For C,H,N,O. Ag N.O,: 

Calculated: Ag —35.26 per cent. 

Found: Ag —34.93 “ 

The filtrate from hypoxanthin silver nitrate gave, on addition of 

ammonia, a flocculent precipitate which was not analyzed. 
Pyrimidin and hexon bases. —It was attempted to separate the 

pyrimidin and hexon bases by means of Hopkins’ mercuric sulphate 

solution. Kossel had already used this reagent for separating cytosin, 

and also for purifying histidin. The application of the reagent for 

the separation of the three “hexon” bases resulting from acid 

hydrolysis of proteids will be communicated later. Here it will 

suffice to state that it was impossible to demonstrate by this process 

the presence of either the pyrimidin bases or of arginin and histidin. 

It is impossible to say at present whether or not the substances are 

actually absent among the end-products of the autolysis of testes. 
Investigations of this problem are in progress. Equally futile were 

the attempts to obtain lysin. The filtrate from arginin and histidin 

fractions was freed from mercury, and the filtrate treated with phos- 

photungtic acid. The precipitate thus formed was decomposed in 

the usual manner, and the solution freed from phosphotungtic acid, 

concentrated to the thickness of a syrup, and treated with an alcoholic 
solution of picric acid. The precipitate thus formed consisted chiefly 

of ammonium picrate. The mother liquor was freed from picric acid 

by means of sulphuric acid and ether. The sulphuric acid was then 
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removed by means of barium hydrate, and the filtrate from the barium 
sulphate concentrated to a thick syrup. On standing, it solidified to 

a semi-crystalline mass, soluble in methyl alcohol, and insoluble in 
ethyl alcohol. The substance turned red in presence of alkali, and 
very light yellow on neutralization. The nature of the substance is 
not as yet established. Thus the presence of lysin among the end- 
products of the autolysis of the testes remains uncertain: Further 

investigations in that direction are in progress. 

Il. THE Enp-PropucTs OF THE AUTOLYSIS OF THE SPLEEN. 

The end-products of the autolysis of the spleen were investigated 

recently by Leathes. The number of amino-acids identified by him 
was, however, few, and those that had been separated were obtained 

in very small quantities. In the present paper, there will be com- 

municated only the results of the analysis of the amino-acids appear- 
ing on autolysis of the gland. The methods employed in the work 

were exactly the same as those employed for the analysis of the sub- 

stance obtained under similar conditions from the testes. 

The following fractions of the esters were obtained: 

50° C. —12.0 grams. 

50-809 C.-18.0 “ 
80-100° C.—26.5 “ 
100-130° C.—11.5 “ 

130-160° C.—14.5 “ 

Fraction under 50°C. — This consisted chiefly of alanin, and perhaps 

of the other lower acids. 

The substance used for analysis had the following composition: 

0.1360 gm. of the substance 0.2030 gm. CO, and 0.0963 gm. 

H,0. 

For C,5,O.N% 

Calculated : C —40.45 per cent H —7.87 per cent. 

Found: C —40.70 “ H—7.83 “ 

Fraction 50° — 80° C.—This fraction consisted of leucin, amino- 

valerianic, and aminobutyric acids. 

The copper salt of the aminobutyric acid used for analysis had the 

following composition : 

0.1935 gm. of the substance gave, on combustion, 0.2515 gm. CO,, 
0.1000 gm. of H,O and 0.0582 gm. of CuO. 
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For (C,1,0,N), Cu: 

Calculated : € —35.95 per cent H —5.99 per cent Cu —23.59 per cent. 

Found: C—35.44 “ Et 5:83) |< Cu —24.02 “ 

Fraction 80° — 100° C.— This consisted chiefly of leucin and amino- 
valerianic acid. 

The copper salt of the aminovalerianic acid used for analysis had 
the following composition: 

0.1590 gm. of the substance gave 0.2410 gm. CQ,, 0.0976 gm. 
H,O, and 0.0425 gm. CuO. 

For (C,H ,,0,N), Cu: 

Calculated : C —40.68 per cent H —6.78 per cent Cu —21.35 per cent. 

Found: C—4133 * H-681 “ Cu —21.34 “ 

Fraction 80° — roo° C.— This fraction consisted chiefly of leucin 

and aminovalerianic acid. Only the most insoluble part of the fraction 

was analyzed. It had the following composition: 
0.2080 gm. of the substance gave, on combustion, 0.4165 gm. of 

leucin and 0.1835 gm. of H,O. 

For C,H,,O,N: 

Calculated : C —54.96 per cent H —9.92 per cent. 

Found: C—54.61 “ H—9.80 “ 

a-Pyrrolidincarboxylic acid. — The alcoholic extracts were treated 

in the manner already described. An alcohol soluble and insoluble 

copper salt were obtained. The alcohol insoluble salt did not have 

the properties of the pyrrolidincarboxylic acid. On prolonged stand- 
ing of the alcoholic solution of the other fraction a very small pre- 

cipitate appeared which had all the characteristic properties of the - 

inactive a-pyrrolidincarboxylic acid. The blue salt turned purple on 

drying, gave the pyrrol color test, and developed on heating the odor 

of pyrrolidin. There was, therefore, no doubt that pyrrolidincar- 

boxylic acid was present this time among the end-products of 

autolysis of the spleen. There was not enough of the substance 
for analysis. I wish to remark here that several years ago I ob- 
tained a similar result while working on the end-products of autolysis 

of the pancreas. Repeating the experiments later, I failed, however, 

to find the substance. I also failed to find the acid on self-digestion 

of other glands. It seems at present that pyrrolidincarboxylic may 

be found in very small quantity among the products of’ autolysis. 
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The conditions necessary for its appearance will have to be studied in 
ereater detail, the pyrrol being of great importance for the economy 

of the organism. 
Fractions 100°-130° and 130°-160° C.— Phenylalanin, aspartic, 

and glutamic acids were identified in these fractions. The analysis of 
phenylalanin gave the following results: 

0.1718 gm. of the substance gave, on combustion, 0.3785 gm. of 

CO,, and 0.1020 gm. of H,O. 
For C,H,,0,N: 

Calculated: C —65.45 per cent H —6.66 per cent. 

Found : C-—65.36 “ H—645 “ 

The analysis of the aspartic acid gave the following results: 
0.1230 gm. of the substance gave 0.1650 gm. of CO, and 0.058 gm. 

of He. 

For C,H,0O,N : 

Calculated : C —36.09 per cent H —5.26 per cent. 

Found: C —36.58 * EH —5:25) ““ 

The analysis of the hydrochloric acid salt of the glutamic acid gave 
the following results : 

0.1255 gm. of the substance gave, on analysis, the following results: 

0.1255 gm. of the substance gave, on combustion, 0.1520 gm. of 

CO,, and 0.0530 gm. of H,O. 

For C,H,O,NHCI1: 

Calculated : C —32.75 per cent H —5.40 per cent. 

Found: C —33.03 “ ET 559.5 4: 

Tyvosin was also obtained in the same manner as in the analysis 
of the end-products of self-digestion of the testes. The analysis 
gave the following results: 

0.1500 gm. of the substance gave, on combustion, 0.3268 gm. of 

CO, and 0.845 gm. of H,O. 
For C,H,,0,N : 

Calculated : C —59.66 per cent H —6.07 per cent. 

Found : C—S9AZ. * Hi —o25) 5 

Thus all the animal glands so far studied form, on prolonged self- 
digestion, similar end-products. There seems, however, to be a 
marked difference in the proportions of the various substances occur- 
ring during the autolysis of different glands. This will be, however, 
the topic of special investigation. 

Se eee eee rr rere _—n ee ee ee Se 
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I wish to express my indebtedness to Prof. R. H. Chittenden, under 
whose control this work was done. The expenses of the investiga- 

tion were covered by a grant from the Carnegie Institution. 
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ab. EPEC OF SUPRARENAL EXTRACT. UPON. THE 

PUPILS (Ob .PROGS. 

By S. J. MELTZER sawp CLARA MELTZER AUER. 

[From the Rockefeller Institute. ] 

ES eee ae: injections of suprarenal extract have no effect 
upon the width of the pupils in mammals. Neither do instilla- 

tions into the conjunctival sac exert any influence. These facts were 

established by Lewandowsky and many other investigators. In our 

recent study upon rabbits and cats,! we have established that subcu- 

taneous injections, as well as instillations of adrenalin, readily cause a 

dilatation of the pupil, when the corresponding superior cervical 

ganglion has been previously removed. On the other hand, we have 

amply confirmed the statements of previous writers that in normal 

animals neither instillations nor subcutaneous injections exert any 

effect, no matter how large a dose was administered. And even after 

a previous section of the sympathetic nerve, which has a distinctly 

favoring effect upon the constriction of the blood-vessels, such ad- 

ministration of adrenalin exerts hardly any influence upon the dila- 

tation of pupil. The only method of application which causes a 

dilatation of the pupil in normal mammals is intravenous injection. 

But even here the dilatation lasts less than one minute. 

: In the further pursuance of our studies, we now find that in normal 

frogs a subcutaneous injection of adrenalin readily causes a dilatation 

of the pupils which lasts longer than we have ever observed in mam- 

mals, even after removal of the superior cervical ganglion. The 

same is true also of instillations into the conjunctival sac. 

The pupil in frogs is of an oval shape, with the long axis horizontal 

and the anterior pole somewhat angular. There is a slight notch on 

the lower border. The iris stands out very prominently between the 

black pupil and the yellowish white sclera; the pupillary border 

presents a well-defined golden line nearly half a millimetre wide, 

1 MELYzeER and AvER: This journal, 1904, xi, p. 28. 
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while the rest of the fairly broad iris looks as if it were more or less 

thickly covered with gold dust. The normal pupil reacts to light 

slowly but distinctly. 

The effect of adrenalin upon the pupil, whether applied by subcu- 

taneous injection or instillation, is to increase all its diameters, but 

primarily and most extensively the vertical one, causing the pupil to 

become almost entirely round. The notch becomes nearly obliterated. 

We shall illustrate our observations by a few abbreviated protocols 

of experiments. 

INJECTIONS INTO THE LYMPH SACS, 

Experiment 1. May 13, 1904. — Large frog ; pupils moderately dilated. 

5.00 P.M. Injected into dorsal sac 0.1 c.c. adrenalin (1 : 1000). 

5-08. Pupils a trifle dilated, anterior pole rounder. 

5.15. Pupils wider, rounder. Upper part of iris very narrow ; pupils 

do not react to light. (Left pupil not as large as right — small corneal 

infiltration. ) 

5-30 and 8.00. Condition the same. 

May 14. —8.304.M. Pupils smaller than before, but still somewhat dilated. 

2.00 P.M. Pupils almost same as before. At no time was there any 

prostration of the animal. A subcutaneous injection of a small dose of 

adrenalin, which had otherwise no effect upon the frog, caused in 

eight minutes a dilatation of the pupils which lasted about twenty-one 

hours. 

Experiment 2. May 13, 1904. — Small frog, pupils moderately dilated. 

p m. Injected into dorsal sac 0.05 c.c. adrenalin. 5-02 
5-10. Pupils widely dilated, almost round ; do not react to light. 

5.30. Condition same. 

5.45. Pupils a trifle smaller again, not quite as round as before. 

8.30. Pupils about same as before injection. Such a small dose as 

0.05 c.c. brought out a distinct dilatation of the pupils in eight minutes ; 

but here the dilatation began to disappear already in forty-five minutes, and 

was gone entirely in a few hours. 

Experiment 3. May 16, 1904. — Large frog ; pupils equal. 

g.06 a.M. Injected into dorsal sac 0.3 c.c. adrenalin. 

g.14. Beginning dilatation very definite in both diameters. 

9.30. Pupils dilated to about 1} times their original size ; react very 

slightly to light. 

9.47. Second injection of 0.3 c.c. into ventral sac. 

10.01. Pupils wider than before ; animal quiet. 
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10.30. Pupils a little narrower again. Animal prostrated. 

4-25 P.M. Pupils wide as last note. 

8.30 P.M. Pupils still wide, but less than before. Observation dis- 

continued. 

Lixperiment 4. May 16, 1904. — Medium-sized frog ; pupils equal, horizontal 

diameter 53 mm., vertical 4 mm. 

3-50 P.M. Injected o.2 c.c. adrenalin into dorsal sac. 

3-55- Both pupils, horizontal diameter as before, vertical, 44. 

4.66. Horizontal, 53; vertical, 5 mm. 

5-00 and 8.20. No change. 

6.00 P. M., May 17. Right pupil, 5 x 43; left, 5 x 4. 

Lxperiment 5. May 16, 1904. — Medium-sized frog ; pupils equal, 4 x 3. 

4.01 P.M. Injected o.5 c.c. into dorsal sac. 

4.04. 4} X 4; both pupils equal. 

4-26. 4k X 4}; pupils equal. 

5-10. Right. 44 x 4; left, 44 x 4}. 

8.20. Both pupils, 5 x 4 mm. 

6pM., May 17. Both pupils, 44 x 33. Observation discontinued. 

Many other experiments have given similar results. 

A small dose of 0.1 c.c. of adrenalin will generally have the same 
effect upon the pupils of a frog as a dose of 0.5 c.c.and more. While, 

however, the latter dose will invariably cause a pronounced prostra- 

tion of the animal, a dose of 0.1 c.c. has no other perceptible effect 

upon the frog than the dilatation of the pupils. A smaller dose than 

0.1 c.c. might also have some effect upon the pupils, but the effect 

apparently passes off much sooner. The dilating effect set in three 

to eight minutes after the injection. The first effect was always 

observed to take place in the vertical diameter. Sooner or later, 

however, the horizontal diameter also invariably became longer. 

Proportionately the vertical diameter was almost always the more af- 

fected one; hence, the change to the round shape. 

The reaction to light was almost always absent. 

The dilatation was rarely a maximum one; there remained all 

around a perceptible portion of the iris. The golden pupillary line of 

the iris became in all cases distinctly narrower. The maximum 

effect lasted in some cases many hours, in others only a compara- 

tively short time—in some cases even less than an hour. The 

reduction, however, was usually only a trifle, most of the dilatation 

continued for many hours, and in some cases a part of it was unmis- 
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takably present twenty-four hours and more after the subcutaneous 

injection. 

THE EFFECT OF INSTILLATION. 

Instillation of a few drops of adrenalin into the conjunctival sac of 
one eye had invariably a dilating effect upon the pupil of that eye. 

Usually the closure of the (lower) lid rapidly wipes away anything 

which is applied to the eye. Most of the instillations were carried 

out by pushing a fine pipette between the bulbus and the lid. Two 

to three drops of adrenalin were sufficient to bring out in three to 

seven minutes a dilatation of the pupil which was as strong and lasted 

as long as when produced by subcutaneous injection. However, to 

meet the objection that by pushing the pipette into the conjunctival 

sac some of the epithelium might have become abraded, in some 
cases the adrenalin was simply dropped on the eyeball without touch- 

ing it. In these experiments also the pupil became dilated, but usu- 

ally a longer interval passed before the dilatation set in. In some 

cases, especially when more drops were used, the other pupil also 

became slightly dilated, due apparently to an absorption of some 

adrenalin into the circulation. In most cases, pains were taken to 

wipe away any adrenalin flowing over the surface adjoining the eye, 

— in order to avoid absorption through the skin or through the nasal 

orifices. The following are a few illustrations of experiments: 

Experiment 6. May 16, 1904. — Medium-sized frog; pupils equal, 

34 X 22 mm. 

4.12 P.M.  Instilled into right sac one drop. 

4.15. Another drop. 

4.16. Right pupil, 34 x 3. 

4-31. Right, 4 x 33; left, 34 x 3. 

5-o1. Right, 4 x 4; left, 3} x 3}. 

8.30. Right, 4 x 32. 

Experiment 7. May 20, 1904. — Medium-sized frog ; pupils equal, 3} < 3 mm. 

6.08 p. M. Instilled one drop into right eye. 

6.09. Instilled another drop. 

6.11. Right pupil, 33 x 31. 

6.37. Right, 4 X 33; left, 34 x 3. 

7-09. Right 4% 45 len, oe X.3: 

10.25. Right, 4 X 3%; left, 33 x 3. 

2.30 A.M., May 21. Right, 33 X 33; left, 3} x 3. 

8.00. Both pupils, 34 x 3. 

——< 
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Experiment 8. May 23, 1904.— Small frog ; pupils equal, 34 x 23. 

2.39 P.M. Instilled two drops into right sac. 

2.41. Instilled one drop into right sac. 

2.43. - Right pupil, 4 x 32.. 

2.54. Right, 4 x 33; left, 34 x 23. 

2.57- Injected into dorsal sac 0.3 c.c. adrenalin. 

2.59. Right, 4 X 33; left, 34 x 34. 

4-05. Right and left, 4 x 32. 

8.15. Right and left, 4 x 3}. 

8.50 A.M., May 24. Right and left, 34 x 3. 

10.45. Right and left, 3} x 2. 

In this last experiment the subsequent subcutaneous injection did 

not increase the dilatation of the right pupil brought on by instilla- 

tion, nor did the degree of the dilatation of the left pupil brought on 

by the injection differ from that of the right pupil. There was also 

no difference between the two pupils in the duration of the dilatation. 

In another series of experiments the effect of adrenalin upon the 

pupils was studied after the elimination of the central nervous sys- 

tem. We shall record the results briefly without illustrating them 

by experiments. 
1. The cord was severed just below the medulla oblongata. It 

often occurred that after the operation the pupils became very small. 

In such animals the effect of injection as well as of instillation was 
indeed striking. From small slitlike apertures the pupils became 

large and round, as large and larger than in normal animals. 

2. When the head was cut off at a line connecting the anterior 

borders of the ear drums, instillation into the conjunctival sac brought 

out a prompt dilatation of the pupil. 
3. Finally, in carefully excised eyes, dropping of adrenalin upon 

the corneal surface, brought on promptly a dilatation of the pupil 
which lasted many hours. The effect was still: distinct, even when 

the application of the adrenalin took place about five hours after 
excision, if the eyes were kept moist. When applied seven hours 

after excision, the effect was slight and brief. 
The most interesting fact of our observations is the striking 

difference between frogs and mammals. While in normal frogs a 
subcutaneous injection or instillation of suprarenal extract has an 

unmistakable effect upon the pupils, such an effect can be obtained 
in mammals by these methods of administration, only some time after 

the removal of the superior cervical ganglion, and even then the 
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effect is by far not so prolonged as seen in frogs. We shall not 

enter, for the present at least, into a discussion of the possible nature 

of this difference. 
It is noteworthy that the dose which is capable of bringing out a 

maximum effect: upon the pupils in frogs, is only a small fraction of 

that which is necessary to produce a general effect. A further increase 
of the dose neither increases the dilatation of the pupil nor does it 

essentially prolong the effect. 
The length of the effect is especially noteworthy. The chief 

knowledge of the effects of the suprarenal extract is derived from 
intravenous injections. By this method of application the effect upon 

the blood-pressure lasts only five or six minutes, and the effect upon 

the pupil only about one minute. We have shown that the cutting 

of the sympathetic nerve prolongs the effect upon the blood-vessels 

(ears),! and the removal of the superior cervical ganglion prolongs 

the effect upon the pupil. But even in these cases the prolongation 

rarely exceeds two or three hours. In the observations on normal 

frogs, however, the pupils remain dilated twenty-four hours and 

longer, and this even in normal frogs with good circulation. 

Finally we wish to call attention to the fact that the frog’s eye, 

excised or zz s7¢v, might prove to be a better reagent than the blood- 

pressure to demonstrate the efficiency of a suprarenal preparation. 

1 MELTZER and AUER: This journal, 1903, ix, p. 252. 
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mace NATURE OF CHEMICAL AND ELECTRICAL 

STIMULATION. I.— THE PHYSIOLOGICAL ACTION 

oe AN ION DEPENDS” UPON IFS ELECTRICAL 

erate AND IWS EEEGTRICAL STABILITY. 

By A. P. MATHEWS. 

[From the Hull Physiological Laboratories of the University of C. hicago.| 

T is now well established that the chemical properties of an element 

vary with its electrical state. Iodine in sodium iodide has differ- 

ent chemical properties from iodine itself; nascent (negative) hydro- 

gen reduces, while positive hydrogen oxidizes. The same difference 

exists between ferric iron, which oxidizes, and ferrous iron, which 

reduces. 
The fact that the chemical nature of any substance depends on its 

electrical condition suggests at once that its physiological or pharma- 

cological action will also depend on the same factor, for the living 

protoplasm is but the seat of numerous chemical reactions which are 

modified by the salts or drugs. 
The evidence of the truth of this conclusion is already abundant. 

We have long known that ferric and ferrous salts act differently. For 
example, ferric salts are poisonous to Fundulus embryos in 75499 Con- 

centration, while ferrous salts require a concentration of 3% to kill in 

the same time.?. The difference between these salts is in the electri- 

cal state of the iron. It has long been apparent that negative and 

positive chlorine must have different actions, for the chlorine in 

sodium chloride stimulates motor nerves, whereas gaseous chlorine 

anzesthetizes them. It is known also, that the albuminate of mercury 

is less poisonous than mercuric chloride, which contains so many posi- 

tive mercury atoms. It is clear from these facts and the observations 

1 A preliminary report of a portion of the results in this paper was published 

in Science, 1902, xv, p. 492; /b¢d., 1903, xvii, p. 729; Yale medical journal, June, 

1903, p- I. 
2 MATHEWS: This journal, 1904, xi, p. 298. 
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of Kahlenberg and True, Krénig and Paul, Pauli, Cole, Loeb,! and 

others, that the physiological action of a substance depends on its 

particular electrical condition. The author has shown that the pot- 

sonous power of salts is a function of their electrolytic decomposition 

tensions, and McGuigan? has shown that their anti-fermentative 

powers depend on this also. 

The present paper contains further evidence in support of the truth 

of the foregoing propositions, and in addition thereto sets forth that 

not only do the atoms change their actions with their electrical states, 

but that they act by means of their electrical condition or thetr electrical 

charges ; and that positively and negatively charged tons have opposite 

actions. All ions of the same sign act alike; but they differ in the 

degree of their action, because the ease with which they change their 

electrical condition, or give up their charges, varies. This latter 

factor is measured by the solution tension.’ 
While it is not necessary to adopt the electron hypothesis to explain 

these facts, I shall, for convenience and clearness, express them in 

terms of that hypothesis, and speak of a charge or electron being taken 

from or added to an atom. If this particular hypothesis be rejected, 
the essential facts demonstrating the importance of the electrical con- 

dition of the atom will remain unaltered. 

The final conclusion is simply stated as follows: The ions of the 
inorganic and organic salts in protoplasm are nothing else than very 

minute, freely moving electrodes. They are hence constantly stimu- 
lating the protoplasm by means of their electrical charges. The same 

laws hold for the action of these ions as for the action of electrodes, 

t. 2., the oppositely charged ions have opposite actions; the positive 

ion depresses most forms of protoplasm, the negative stimulates.* 

The power of any ion depends on the potential of the ion, which is 

the reciprocal of its solution tension, and upon the factor correspond- 

ing to the density of the current, z. ¢., the concentration of the ion. 

Just as in an electrode the chemical composition of the electrode is 

' KAHLENBERG and TRUE: Botanical Gazette, 1896, xxii, p. 91; KRONIG and 

PAUL: Zeitschrift fiir Hygiene, 1897, xxv, p.1; PAULI: Beitrage zur chemischen 
Physiologie, 1902, iii, p. 225; Lorn: This journal, 1902, vi, p. 471; COLE: Jour- 

nal of physiology, 1903, xxx, p. 202, 282. 

* McGUIGAN: This journal, 1904, x, p. 444. 

® This suggestion concerning the physiological action of ions and their solution 
tension was first made by Prof. J. STIEGLITz. 

* From other reasoning, STRONG, Journal of physiology, 1900, xxv, p. 427, has 
also suggested that the anions stimulated. 
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of little importance, so the chemical composition of the ion is of little 

importance, compared with the importance of its electrical condition. 

This conclusion clears up many of the actions of inorganic salts on 
protoplasm, and indirectly also it explains some of the phenomena of 

electrical stimulation, since such stimulation is due simply to the accu- 

mulation of negative or positive ions in different places in the tissue, 

or, in other words, to differences in concentration of the ions, as sug- 

gested by Nernst.! 
This conclusion is a result or extension of the work of many investi- 

gators, being foreshadowed in the work of Kahlenberg and True and 

Kronig and Paul, when they demonstrated that substances acted by 

their ions. It was not, however, recognized by these investigators. 

Loeb? first suggested that the valence or possibly the electrical 

charge might determine the action of ions, at least in part. This 

suggestion was made tentatively, and the facts Loeb adduced were 

not sufficient to show its truth. In a later paper? Loeb unfortunately 
withdrew this hypothesis. Loeb did not apparently recognize that 

this hypothesis necessitated the conclusion of the opposite action of 

oppositely charged ions. 
I have studied the action of salts and non-electrolytes on the sciatic 

nerve of the frog. The whole sciatic nerve and the gastrocnemius 

muscle were prepared and suspended by the femur in a moist chamber, 

the muscle attached to a lever writing on a drum, and the nerve im- 

mersed in a few cubic centimetres of the solution to be tested. About 

sixteen hundred experiments have been tried at different seasons of 

the year, in order to throw out seasonal and individual variations, which 

are known to be considerable. I have used the leopard frog, Rana 

pipiens (Schreber) almost exclusively. The records of all experi- 

ments were preserved. The concentration of the weakest stimulating 

solution has been determined more accurately for some salts than for 
others. Where it is doubtful, I have put a question mark. 

There have been numerous studies of the chemical stimulation of 

the motor nerve by solutions of electrolytes and non-electrolytes, which 

have been well summarized up to 1893 by Griitzner.4 Asa result of 

1 NERNST: Zur Theorie der elektrischen Reizung, Nachrichten von der Konig- 

liche Gesellschaft der Wissenschaften zu Gottingen. Math.- Physikal. Klasse. 

1899, p. 104. 

2 Logs: Archiv fiir die gesammte Physiologie, 1901, Ixxxviii, p. 68; This jour- 

nal, 1902, vi, p. 411. 
3 Logs: Archiv fiir die gesammte Physiologie, 1902, xci, p. 255. 

4 GRUTZNER: Archiv fiir die gesammte Physiologie, 1893, lii, p. 83. 
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this work physiologists are of the opinion that most substances stim- 

ulate by dehydrating the nerve. Griitzner and several more recent 

observers, however, have pointed out that some salts stimulate in 

solutions too weak to dehydrate. These salts evidently stimulate in 
some other manner than by dehydration, but how they stimulate has 

not been discovered. Nor are there accurate determinations for the 

ereater number of salts of the minimum strength of solution which 

will stimulate. In the absence of this information it was impossible 

to form any probable opinion concerning the manner in which salts 

stimulated. At the beginning of the investigation Loeb’s! paper 

appeared, in which it was suggested that specific ions, z. e., sodium, 

hydrogen, or hydroxyl ions, stimulated muscle to contract, but, so far 

as I know, no suggestions have been made that similar relations hold 

for the nerve, although that such was the case was indicated by the 

observations of Griitzner, Limbourg,? and others, who found that 

certain sodium salts would stimulate in dilute solutions. My first 
experiments were undertaken to find out the minimum strength of 

solution of different salts and non-electrolytes which would stimulate, 

in order to see whether stimulation was always due to osmosis. 

I. Non-ELECTROLYTES. 

In Table I, Column 2 gives the concentration of the most dilute 

stimulating solution. It will be understood that stronger solutions 

stimulated, unless the contrary is stated. 

Summary: Non-electrolytes. — With the exception of alcohol and 

acetone, all non-electrolytes investigated require a concentration of at 

least one-half molecular to stimulate. Such a solution has an osmotic 

pressure of twelve atmospheres, which is about twice that of the nerve. 

As they do not stimulate in dilute solution, we may conclude that 

these non-electrolytes stimulate in virtue of their concentration, either 
directly by the extraction of water, or, what is less probable (see 

p. 472), by increasing indirectly the concentration of salts in the outer 

part of the nerve, and thus causing a concentration chain. No non- 

electrolyte was found to possess in isotonic solutions a stimulating 
action on the nerve, but it is not impossible that such substances will 

be found, particularly as there are probably such substances stimulat- 
ing the nerve cell. Strong reducing agents should stimulate. 

‘ Logs: Fick’s Festschrift, Braunschweig, 1900. 

* LiwpourG: Archiv fiir die gesammte Physiologie, 1887, xli, p. 303. 



The Nature of Chemical and Electrical Stimulation. 459 

Il. ELECEROLYTES. 

Sodium salts. — Table III shows a series of experiments comparing 

the action of the fluoride and chloride on the different nerves of the 

same frog, and a similar comparison of the oxalate and thiosulphate. 

These experiments illustrate the superior stimulating power of the 

fluoride and oxalate. 

Summary and conclusions. — Table IV shows the weakest solutions 

of the sodium salts which will stimulate, grouped by the valence of 

the anion. 

These results may be summarized as follows: (1) All sodium salts 

examined will stimulate if their solutions have an osmotic pressure of 

twelve to thirteen atmospheres. (2) With the exception of the todate, 

TABEE TL 

RESULTS FOR MARCH AND APRIL FROGS. 

Approxima 
Weakest PE We 

osmotic pres- 
sure in atmos- 

pheres. 

Latent period 
for weakest | Remarks. 

| solution. 

| 

Substance. stimulating 
solution. 

minutes 

Cane-sugar | 3 18 | Prolonged, tetanic 
contractions. 

Glucose. . | , : Prolonged, tetanic 
contractions. 

Levulose . —3% : Small tetanus. 

Glycerine . | ‘ Long tetanus. 

Wireaa: . -| > | Very long tetanus. 

carbonate, bicarbonate, bisulphate, bichromate, chromate, valerianate, 

and salicylate, all will stimulate in solutions which have the same 

osmotic pressure as the nerve, or a weaker pressure. It is clear from 

this, that while all sodium salts may stimulate by osmosis, most of 

them are able to stimulate in some other way than by the extraction 

of water, or by means of concentration. 

Before proceeding to a discussion of the way in which these salts 

stimulate, it is first necessary to show that they produce their effect 

by action on the nerve and not on the muscle. The long latent 

period required before the stimulation began with sodium chloride 

and many of the other salts led to the suspicion that they were in 

reality diffusing down the nerve into the muscle and were producing 

their effect in this way. Loeb had already shown that sodium salts 



460 

Chloride. . 

Bromide . 

Iodide .. 

Nitrate 

Fluoride. 

Acetate 

Chlorate. 

Bromate . 

lodate 

Permanganate 

Hydrate 

Formate 

Sulphocyanide 

Salicylate 

Valerianate . 

Butyrate . 

Chromate 

Nitrite 

Oxalate 

Thiosulphate 

Sulphite 

Sulphate 

Tartrate . 

Bicarbonate 

A. P. Mathews. 

TABLE, IL 

SODIUM SALTS. 

[I, Ve 

Concentra- iW & | Limiting 
tions stimulat-| Concentra- | stimu- 
ing. Interms| tions not lating 
of molecular | stimulating. | concen- 

solution. trations. 

rid shy | 1 m 

2,1, 3, 4,4, 4,| ra rs vo i 
Wi ie as ets a 
59 7» R»> 99 10°11 

] 1h hy: 1 1 m 
»29 398 10) 12 10 

sag I | 1 1 1 mW 
D> 3 > 12 15°20 1z 

ges beg Bal 1 an (3 
2) 394950 B tees Ti 

1 1 1 1 mm 
2°73 89109 13 169 20 1) 

1 1 1 mn 
1 ie Baas 8 20 i hh 

th! ] m (> 
28 Ts Tr?) 

tod etoed m 
33> o 8 . <a 

1 2 lee) mt 

4 5? 82 10 q 

1 1 m 
3» 6? 99 109 12 12913 3 

ee Tea Bpca | 1 mn 
1, $, to 1s wo | a> ao 20 

1 1 1 m 

8» 10° 12 16’ 20 12 

1 as | 1 1 m 
3) 5» 89 10 } 12916 10 

| 5 
Sd 7) 4, ro ay 

1 5 x | 

1 J ad 
$910 sree <Gr-7y 

1] Tent m 
293 48 3 

1 ] 1 mn 

§ ii s Ti 

1 1 1 1 1 mt 
, aes 20 80 BO 1d9 35 
16 20 30 

| mt 

295) fo 32 ts | 32 

Le eo a3 | 1 ] m 
2 aes os 18°! ao | 55 

43235 36 
4 ] 3 3 1 oy mt 
4 39 8) 16) $3) 40 | z 

15> 13) 24 29> 
32 
v Ba eo Rips tes Te IO ai mt 
39 4° 59 6) 89 1069 | 45 Zo 

5 ge Ce tee 
20’ 30° 35° 40 

+, 4 4, 4,4, 45 m 
2)? 8 2529 9915 3 

Vi 
Latent 
period 
in min- 
utes for 
” 3 solu- 
tions. 

160-240 

180-240 

'16(?)-120 

160-240 

20 

160 

60-80 

30-120 

25 

160-240 

| 160-240 

10 

45 

45 

20 

Wile 
Character of 
contractions. 

Tetanus andrhyth 
mic. 3 hours. 

Less than NaCl. 

Like NaCl. 

Like NaCl. 

High tetanus. 

Long continued 
rhythmic, 

Very prolonged 
rhythmic. 

Long rhythmic. 

Short, high teta- 
nus. 

Short, high teta- 
nus. 

Long rhythmic. 

Like NaCl. 

Stronger than 
NaCl. 

Like NaCl. 

High tetanus. 

Low tetanus. 

Low tetanus. 

Prolonged low 
tetanus. 

High tetanus. 

—— 
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Concentra- 
tions stimulat-|) Concentra- 

|ing. In terms 
| of molecular 

Carbonate 

Borax 

Acid phosphate 

Di-sodium phosphate 

Di-sodium arsenate . 

Di-sodium arsenite 

Succinate 

Bichromate . 

Ferricyanide 

Tri-sodium citrate 

Salt. 

Col coptn ih 

TABLE I1— continued. 

Vi 

Latent | 
Be period | Wile 
SHONGS lin mii Character of 
lating : 

= | utes for contractions. 
concen- | ,, 

: 7 solu- | 
trations.| &. 

tions. 

Me [RL 
| 1B Wile Limiting 

tions not 
stimulating. 

solution. 

z'(?) Tetanus. 

Rhythmic. 

1 
>> 

Long, low teta- 
nus. 

Long tetanus. 

| Tetanus. 

Long, high teta- 
nus 

High tetanus. 

TABLE III. 

Concentration. | Latent period. Contractions. 

( NaCl 
| NaFl 

NaCl 
|) NaFl 

3, j Nacl 
"1 NaFl 

{ NaCl 
4.) NaFl 

c § NagC,0,4 
“1 NagS.O3 

§ NagCoO4 

6-1 Na,S_Os 

minutes 

Rhythmic. 
Tetanic. 

Individual. 
Tetanic. 

Individual. 
Tetanus, low. 

i) 
0 

High tetanus. 

High tetanus. 
ae 
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would cause rhythmic contractions of the muscle. The following 
experiment showed the action was on the nerve: 

If the nerves of curarized frogs were placed in solutions of stimulat- 

ing salts, the muscles did not contract. Control experiments showed 

that if the curarized muscle was placed directly in the salt solutions 
fibrillar contractions occurred. The experiment was tried of etherizing 

TABLE Ay. 

MONO-VALENT SALTS. | BI-VALENT SALTS. TRI-VALENT SALTS. 

| 

Concen- | Concen- Concen- 

tration. tration. tration. 
Salt. 

NaCl | NasCO3 7102) or 2 Na,HPO, zea) 6 

Nabr 4 NaHCoOs; | 5 NaHhhPO; 

Nal ; NaSO, a Nag citrate 

NaClO, 3 Na,SO3; 35 NapHAsO, | = 73(?) 

NaBrOs "5 Na,B,O, =(? | Na ,HAsOg 25 

NalOz, . : NaHSO, : | NaFeCng — 

NaH;C,0O. is Nag, tartrate 

NaHCO, a | Nak tartrate 

NaCNS 4 (? NaoC,0,4 

Na valerianate z NaySoO3 

Na butyrate 5 NayCr,07 

NaNO; 

NaNO, 

NaCrO, 

NaMnO, 

NaOH 

the nerve between the solution and the muscle by passing the nerve 

through a small rubber tube which lay close to the muscle. The end 

of the nerve was put in the solution. When the muscle began to 

contract, ether vapor was drawn through the tube, thus etherizing a 

small piece of the nerve close to the muscle. As soon as the nerve 

was etherized, contractions ceased. On drawing air through the tube, 
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they began again. Inasmuch as the ether would not in all likelihood 

stop the diffusion of the sodium salts down the nerve, were such a 

diffusion taking place, it is clear that the impulses arose from the 

action of the salt on the nerve and not on the muscle. Another 

proof is obtained by cutting the end of the nerve while the muscle 
is contracting. If this is done, the contractions cease after a short 

tetanus following the cut. 

Potassium salts. Potassium chloride.— The results obtained with 

potassium chloride are somewhat inconstant. As a rule, solutions of 

m, 3, %, or % will stimulate. But this is not always the case. 

Solutions weaker than this never stimulate, but instead very rapidly 
depress the nerve. The contractions obtained in the stronger solu- 

tions may be tetanic, high, and last but from five to fifteen minutes. 

The latent period is shorter than with the corresponding sodium 

chloride solutions. Potassium chloride, in solutions isotonic with the 

nerve, will not stimulate. The stimulation in stronger solutions is 

due to osmosis, as the weakest stimulating solution has an osmotic 

pressure of about thirteen atmospheres. The fact that in these 

strong solutions the potassium chloride solutions will stimulate 

motor nerves confirms the observations of Limbourg,! and shows that 

Griitzner’s statement? that this salt will not stimulate motor nerves, 

requires modification. This fact renders doubtful the distinction 

between sensory and motor nerves, which was supposed to be shown 

by the stimulation of the sensory nerve by this salt. It is, however, 

true that in solutions of the same osmotic pressure as the nerve, this 

salt never stimulates, and in this respect has a totally different 

action from sodium chloride. I have tried a number of experiments 

with the sensory end of the sciatic nerve to see if, as Griitzner states, 

potassium stimulates it more strongly than sodium, but without any 

satisfactory result. The reflex response, unless one uses strong solu- 

tions which may act by osmosis, is very uncertain, 

The nerve, after losing its irritability in potassium chloride, may be 

recovered if placed in ¥% sodium chloride solution. This is shown 

in a later experiment. 

The results with the other potassium salts may be seen in the 

following table: 

1 LimgourG: Archiv fiir die gesammte Physiologie, 1887, xli, p. 303. 

2 GRUTZNER: Loc. cit. 
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TABLE V. 

PorassIuM SALTS. 

Weakest stimu- Z : Remarks. 
_ lating solution. 

Rapid depression after stimula- 
tion. 

Rapid depression after stimula- 
tion. 

Rapid depression after stimula- 
tion. 

KNO, ue Rapid depression after stimula- 
tion. 

KCIO, : Kapid depression after stimula- 
tion. 

KMnO, 73 Short tetanus. 

KOH x Short tetanus. 

K,C,0, ts Short tetanus. 

Kg citrate om Short tetanus. 

KCy = Tetanus and depression. 

KF 5 | Tetanus and depression. 

K,SO, « Tetanus and depression. 

KHCOg3, | ’ Tetanus and depression. 

KHSO, a Very rapid depression. 

KH,PO, | Nocontractions in 7, or weaker. 
Stronger not tried. 

KyFeCye | In a few cases only. 

K,FeCy, | i | Ina few cases only. 

K, tartrate r | Strong, short tetanus. 

Summary: Potassium salts.—The potassium salts will generally 

stimulate if their solutions have an osmotic pressure of thirteen 

atmospheres or over. When they stimulate, therefore, most of them 

do so by osmosis or concentration. Some of them, howeier, i.e., the 

hydrate, tartrate, citrate, and possibly the ferrocyanide, stimulate in 

solutions too weak to dehydrate the nerve. This fact demonstrates 

that stimulation in solutions isotonic with the nerve is not a peculiar 

function of sodium salts. 

Summary: Ammonium salts.— The ammonium salts resemble po- 

tassium in that they rapidly destroy irritability. They are not so 

powerful as potassium in this particular. The citrate stimulated in 
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the solutions too weak to dehydrate the nerve. When stimulation 

occurred with other ammonium salts, it was due to osmosis or 

concentration. 

Summary: Lithium salts.— The lithium salts examined stimulated 

in two ways: the chloride, iodide, nitrate, and sulphate, by osmosis ; 

the citrate, hydrate, and oxalate in some other manner, since the 

latter salts stimulate in solutions too weak to dehydrate the nerve. 

Although the iodides do not stimulate in ¥% solutions, they come 
much nearer stimulation than the chlorides, thus confirming the 

observations on sodium salts, where the chloride was weaker than 

the iodide. If lithium salts be compared with the corresponding 

TABLE VI. 

AMMONIUM SALTs. 

Weakest 
stimulating | Remarks. 
solution. 

NH,Cl x (? | Tetanus. Limit not ac- 
curately determined. 

NH,I ga Tetanus. 

NH,NO; Limit not determined. 

(NH,4)oSO, " Tetanus. 

(NH4)sC20, 5 | Limit not determined. 
Probably much lower. 

NH,OH =e No stimulation at any 
strength. 

(NH,4).HPO, = (? Tetanus. 

(NH,)s; citrate 4 Very long tetanus. 

sodium salts, it will be found that the former occupy a position just 

below the latter as stimulating salts. The citrate, for example, is less 

powerful than sodium citrate, but more powerful than ammonium 

citrate, and this, in turn, is more powerful than potassium citrate. 

The order of stimulating action is the same in the salts of other cor- 

responding acids; the oxalate of sodium being a stronger stimulant 

than that of lithium, which is stronger than ammonium oxalate, and 

the last stronger than potassium. 
Rubidium salts. — Rubidium chloride was the only rubidium salt 

examined. This salt is far more powerful asa stimulant than sodium 

chloride. In its effect on the nerve it strongly resembles sodium 
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hydrate. Its weakest effective stimulating solution was an 7%, thus 

placing it close to the hydrate in stimulating power. It is easily the 
most powerful stimulating chloride I have found. The latent period 

is very short: one to three minutes ; the contractions are tetanic and 

quickly over. ‘he irritability of the nerve, in *% solution, is lost very 

rapidly. In Experiment 1313 the nerve was non-irritable throughout 

to the strongest induction shocks, after twenty-five minutes immersal. 
The irritability of the nerve was restored by transferring it to sodium 

. ’ Wl chloride %. 

The stimulating action of rubidium chloride was a surprise, since in . 

the literature it is generally stated that rubidium acts like potassium. 

AB OE wile 

LITHIUM SALTS. 

Weakest 
stimulating Remarks. 
solution. 

Long latent. Weak 
stimulant. 

Stronger than chloride. 

LiOH is Short, high tetanus. 

RisSO; 

Li,C,0, | i Long tetanus. 

[i,COs 

Lig citrate Strong tetanus. Lasts 
mt 

1 hour in ¥% solution. 

Griitzner/ says that caesium is a more intense stimulus than rubidium. 

Zoethout* remarks that when nerves are immersed in rubidium 

chloride nothing happens. I do not see the reason for this discrep- 

ancy. I carefully recrystallized my rubidium chloride without chang- 

ing its properties. In the Bunsen flame, it gave the typical rubidium 

spectrum and appeared to be pure. 

Cesium chloride.— | anticipated that cwsium chloride would be 

the most intense stimulant of the nerve. My results show that this 

is not the case. In no case did the % solution stimulate, although 

it preserved irritability longer than any other chloride except the 

1 GRUTZNER: Loc. cit. 

* ZOETHOUT: This journal, 1904, x, p. 213. 

OV 
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sodium. This result is at variance with that obtained by Griitzner, 
who states that caesium chloride was the most intense stimulant of 

the nerve. Although I recrystallized the czsium salt once, using 

only the portion that crystallized in the middle of the time of recrys- 
tallization, and although spectrum analysis in the Bunsen flame indi- 

cated no impurities, it may have been that the salt was impure, 

although I do not think this was the case. In any case, the salt was 

not far removed from a stimulating salt. 

Barium chloride. — In a preliminary paper I overlooked the fact that 

barium salts would stimulate the nerve even in weak solutions. Mr. 

O. H. Brown of this laboratory kindly called my attention to the 

error. Barium chloride will generally stimulate in an “5 and _ proba- 

bly more dilute solutions. It will also stimulate in stronger solutions. 

There is no doubt, hence, that this salt stimulates as sodium and some 

other salts do in some way other than by osmosis. The latent period 

is shorter than with sodium chloride solutions of the same osmotic 

strength. For an // solution it is about forty minutes, while for 
sodium chloride it is over two hours. If added to sodium chloride 

solutions in small amounts, barium chloride increases the stimulating 

action of the sodium chloride. An equivalent of barium chloride 

appears, therefore, to be stronger as a stimulant than an equivalent 

of sodium chloride. The character of the contractions differs, as a 

rule, from those obtained in sodium chloride. The contractions con- 

sist of very high single contractions repeated at intervals. Tetanus 

may, however, occur. The effect of barium chloride on the irritability 

of the nerve will be taken up ina later instalment of the paper. It 

preserves irritability for some time. I have demonstrated that the 

salt was acting on the nerve and not on the muscle. Besides the 

etherization of the nerve between the solution and the muscle, already 

described under sodium chloride, I have tried immersing the nerve in 
sodium chloride between the barium chloride and the muscle. If 

barium chloride should be diffusing down the nerve, or creeping 

along the nerve, it would in this way be so diluted as not to reach the 

muscle in sufficient amounts tostimulate it. Putting sodium chloride 

here, however, did not alter the result. From these experiments 

there is no doubt that the salt is stimulating the nerve, and not the 

muscle. 

If the end of the nerve is cut off after immersion in barium chloride, 

the same phenomena are observed as after the same operation when 

the nerve has been in sodium chloride. The muscle goes into a pro- 
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longed tetanus, which in some cases may last nearly an hour. The 

tetanus is higher and more prolonged than after immersion in a 

sodium salt. The explanation of this tetanus is discussed in a later 

paper. The same salts inhibit the action of the barium chloride as 

the sodium, as will bé shown in a later section. 

The identity of the reactions in the two salts leaves no doubt in 

my mind that both stimulate the nerve in the same manner. We 

thus have further evidence that the stimulation of the nerve by 
chemicals is not a specific function of sodium ions. As an example 

of the effect of cutting off the end of the nerve after immersal, the 

following experiment may be quoted. 

Experiment 992. — The nerve was immersed in barium chloride 

solution. After thirty-two minutes I stimulated the end electrically 

with a single induction shock. But a single contraction resulted. 

With repeated induction shocks, tetanus was obtained which lasted 

only during the stimulation. One minute later, at 10.50, I cut off 

about two millimetres of the end of the nerve. An extreme tetanus 

followed, lasting nearly two minutes. At 10.52 a second portion was 

cut off. This was followed by a tetanus like the preceding. At 

10.54 I cut the nerve off close to the muscle. A high tetanus 

followed, lasting ten seconds. 

Barium nitrate and acetate also stimulated. The phenomena were 

the same as with the chloride, except that the nitrate appeared some- 

what weaker. Barium hydrate stimulates even more powerfully than 

sodium hydrate. It stimulates in solutions stronger than 34. It 

produces a high, short tetanus after a short latent period. Barium 

permanganate in two experiments stimulated powerfully in % solu- 

tion. The stimulation lasted about one minute, and the nerve was 

quickly killed. 

Summary: Barium salts. — All barium salts stimulated in solutions 

too weak to draw water from the nerve. All phenomena were iden- 

tical with the phenomena produced by sodium salts except that they 

were more intense. This identity convinces me that barium and 

sodium salts stimulate in the same manner. 

Summary.— Of the salts tested in Table VIII, only strontium 

hydrate stimulated in solutions isotonic or hypotonic with the nerve. 

The rest require a high concentration for stimulation, and all depress 
irritability with greater or less speed. 

Acids: Conclusions. — From the results with acids shown in Table 

IX, stimulation cannot be attributed to the hydrogen ions. Since 

- * “o> ae ees 

Les 2 ee 
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TABLE VIII. 

OTHER SALTS. 

| Weakest | | Weakest | 
| stimulat- | stimulat- 

ing con- ing con- 
centration. centration. 

Remarks. Salt. Remarks. 

| 

MgCl, é Tetanus in stronger.|} ZnSO oa Weak stimulant. BY le 5 > 4 2 

Mg(NOsz),! % | One or two contrac- ZnCl, Tetanus. * 
tions. 

; Prolonged tetanus. || MnCl, a | Nonein ” or weaker; 
| stronger not tried. 

BeSO, No contractions.|| CoCl, None in ¥ or weaker; 

MgSO, 

Stronger solutions | stronger not tried. 
not tried. | NiCl, 5 None in ¥ or weaker; 

| Tetanus. | stronger not tried. 
Pbacetate ze Nonein Z or weaker ; 

Ca(NOsz)o <m Tetanus. stronger not tried. 
CuCl, : None in ¥ or weaker; 

Ca(OH), | Concen- | No stimulation. stronger not tried. 
trated. | CuSO, 3 Tetanus. 

SrCl, we | High tetanus. 5 

’ 

CaCl, 

AlCl; >F None. Stronger not 
Sr(NOs)o| <m _ | High tetanus. | tried. 

HgCl, | Concen- | No contractions. 
SrBry = Weaker than chlo-|| . trated. 

ride. AgNO, >Z | Nonein ¥ or weaker; 
SrI, Tetanus. | stronger not tried 

FeCl, >Fz | Nonein ¥ or weaker; 
Sr(OH). Short, high tetanus. stronger not tried. 

acids from the start depress irritability very rapidly, this ion is 

shown to be a powerful depressant. At first glance the stimulation 

in ? HCl might lead to the inference that the hydrogen ion in itself 
had some stimulating powers, but the intense depression in the acids 

in dilute solution, and the fact 2//ustrated farther on, that the addition 

of small amounts of acid to the stimulating solutions of other salts 

always prevents the stimulating action of the latter ts sufficient to show 

that the ion itself is in reality depressant. 

It is not impossible that the stimulating action of acids in concen- 

trations greater than #, may be due to the electrical disturbance in 

the nerve. If the nerve tip is immersed in acid the demarcation 

current of the nerve is quickly abolished, but may be restored by 

alkalis. When the nerve is placed in acid, a concentration chain is 

established between the outside and inside of the nerve, the latter 

region being alkaline. Assuming that the interior of the nerve is 

neutral, a difference of about 0.5 of a volt will exist on account of 
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the difference of concentration of the hydrogen ions when the nerve 

is in % HCl. This current is closed through the nerve and may 

stimulate it as the nerve’s demarcation current stimulates. In the 

muscle this action is very apparent. When an acid or oxidizing or 

reducing solution is run over the outside of a gastrocnemius muscle, 

shortening takes place at once (the so-called “contact reaction” of 

STAC ES Le ees 

ACIDS. 

Latent 
Weakest | in min- 

| Concentrations | stimula- | utes in | 
failing to ting con-| weakest | 
stimulate. centra- stimu- 

tion. lating 
solution. | 

Solutions which 
stimulated. In 
terms of a N 

solution. 

Character of 
contractions. 

HCl | $45,343 8244, c | #0 Tetanic. 
HNOs | 4, 4, 3, 4, 4 pepe ya a r(?) Short, high tetanus. 

H.SO, , 1, 2, 2, 4, 4, 4 $i, 2i,2 : . | Short tetanus. 

0 

actich yas 4 a .. | Short tetanus. 

Acetic | $, 7%, ane ce ii | Short tetanus. 

Oxalic | 4, 3 4,3,1 4,3 . | Tetanus. Low. 

Yo 15> 26 
Tartaric | ;)5 (in one case) Te i scca, || ~ < A few isolated. 

H,PO, ree B58 ee ae | ease ‘ 0 

Citric fo» sp (seldom) ax, oy; 2 ? Very low tetanus. 
High in strong solu- 

| tions. 

H,O* “Bac 3600 70e .. | Isolated contractions 
in some cases. 

* Dr. W. E. GARREY states that the irritability of Chilomonas is also greatly 

increased by distilled water. This is possibly due to the fact that in distilled water 

the protoplasm is brought nearer the neutral point. 

Loeb and Zoethout). This contraction takes place too promptly and 

involves too many of the fibres of the muscle to be due to diffusion 

inward of the acid or salt. It appears to me that this sudden con- 

traction is most probably due to the concentration-chain electrical 

effect already mentioned. This contraction is something quite 

different from the rhythmic contraction of muscle produced by 

sodium chloride. 
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TABLE, X. 

471 

THE OSMOTIC PRESSURE OF THE WEAKEST STIMULATING SOLUTIONS. 

Substance. 
Weake . - 
Pee Osmotic pressure in 

> mem atmospheres. 
solution. 

KCl 

KBr 

KI 

KNO; 

KCI1O; 

KHSO, 

K,SO, 

CaCl, 

SrCl, 

MgCl, 

Mg(NOs)> 

MgSO, 

(NH,4)2SO, 

NH,Cl 

LiCl 

Lil 

(NH,),HPO, 

(NH4)2SO4 

K,Cr,0, 

ZnSO, 

Ill. 

JANG) = lee 

Oe 

LEO 144 

a 11.0 — 14.0 

= 11.0 — 14.0 

: | 12.0 

= 12.6 — 12.8 

= 13.0 

_ 11.4 — 14.0 

11.2 — 13.7 

m om | 11.0 — 134 

" | 15.3 

7 | 16.37 

(2) | 19.0 (?) 

m 3m | 165 4186 

mm 11.0 — 14.0 

me 13.0 (2) 

nt | 16.4 

m | 15.8 

me | 15.2 —17.2 

DISCUSSION OF RESULTS. 

The foregoing results show that electrolytes stimulate in two ways: 

first by their concentration (osmosis), and second, in some other way. 

1. Stimulation by concentration. — An inspection of Table X shows 

that nearly all compounds, irrespective of their nature, stimulated in 
concentrations of from 11-14 atmospheres osmotic pressure. This is 

the case even for salts which by themselves are strong depressants, 
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such as calcium chloride. This pressure is the same as that required 

for stimulation by solutions of non-electrolytes, and we may conclude 

that the stimulation is not due to the electrical condition of the electro- 

lyte. The fact that the non-electrolytes stimulate in about the same 

concentration as the electrolytes, indicates that the stimulation is due 

to the extraction of water producing a certain change in the nerve- 

substance, and not because the extraction of water increases the 

concentration of the electrolytes in the exterior of the nerve, thus 

causing a concentration-chain action. Were the latter the case, the 

electrolytes should stimulate in more dilute solutions than the non- 

electrolytes. There are certain variations in the limits of stimulating 

concentrations for different salts. Lithium salts, and particularly the 
chloride, require a slightly higher osmotic pressure in order to stim- 

ulate than almost any other salts. On the other hand, acids will 

stimulate in solutions a little less concentrated than most other salts. 

Potassium salts again stimulate, when they do stimulate, very quickly 

and forcibly. Magnesium and zinc sulphates require a somewhat 

higher osmotic pressure in their solutions than fourteen atmospheres 

to stimulate. The cause of these variations is undoubtedly, I think, 

in part owing to the varying speeds of diffusion of the different salts. 

Acids, which diffuse most quickly owing to the great velocity of the 
hydrogen ion, stimulate in strong solutions very quickly ; lithium salts 

diffuse very slowly, owing to the slow rate of movement of the 
lithium ion ; the sulphates of magnesium and zinc also diffuse slowly, 

and these compounds require a slightly higher initial concentration to 

stimulate. Where they move slowly, the dehydration takes place less 
abruptly. 

2. The other cause of stimulation. — In an isotonic solution of sodium 

chloride there are four elements to which the stimulation might be 

due. These are the sodium atom, the chlorine atom, the positive 

charge of electricity attached to the sodium atom, and the negative 

charge of electricity borne by the chlorine atom. 

Since the majority of the sodium salts stimulate, the first sugges- 

tion is that this stimulation is a specific and peculiar property of the 
sodium ions. 

This hypothesis cannot be upheld, for nearly all barium and 

rubidium salts, and some potassium, ammonium, lithium, and 

strontium salts also stimulate in the same circumstances. Further- 

more not all sodium salts stimulate. The difference between the 
stimulating power of these different salts is only one of degree. All 

a=” =" " Te 
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rubidium, nearly all barium, the majority of sodium, many lithium, a 

few ammonium, a few potassium salts, and an occasional strontium salt 

will stimulate. It is clear that there is nothing peculiar and specific 

in the stimulating action of sodium salts. 
The chemical composition of the anion may also be disregarded as 

unimportant. Nearly all salts of sodium stimulate, whatever the 

anion is. Since such salts as potassium hydrate and sodium chloride, 
which have nothing in common from a chemical point of view, pro- 

duce the same effect, it is fair toassume that their chemical composi- 

tion is not the important factor in their action. Nevertheless they 

must have something in common, since they produce the same 

result. They are alike in this particular: 7hey are both electrolytes. 
We are hence led at once to examine their electrical condition, to 

determine the cause of their action. Each solution contains positive 

and negative particles. Since the chemical composition of these ions 

is unimportant, we come by exclusion to their electrical condition. 

Their action must be due to this. 
It is clear that if the effect ts produced by the electrical charges, 

chemical stimulation is essentially electrical and the laws of electrical 

stimulation can be applied to chemical stimulation. The first and most 

fundamental of these laws zs that stimulation at the make of the current 

occurs at the cathode or negative electrode, and depression occurs at the 

positive electrode or anode. From these laws, it ts clear on this 

hypothesis that the anion or the chlorine in sodium chloride must be the 

stimulating agent owing to its negative charge and that the positive 

sodium must have a depressing action owing to its positive charge. 1 

believe that the facts may be explained on this hypothesis and 

strongly indicate its truth. 
We may now proceed to examine the facts from the point of view 

that the anion stimulates while the cation depresses, and that their 

action is due to the electrical charges. 

A. THE ACTION OF ALKALIES AND ACIDS. 

In solutions of the alkalies the very powerful hydroxyl ion is pre- 
dominant. The facts show that the stimulating action of solutions 

of the alkalies is to be referred to this ion, since the stimulating 

power of all hydrates is about the same, and the limit in each is about 

a oa solution. In a solution of any hydrate, therefore, we have the 

conditions which our theory demands. The hydroxyl ion is a nega- 
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tively charged ion; the properties of all alkaline solutions are due to 

these ions; and in this case the negative ion is certainly preponder- 

ant, whatever the explanation of that predominance is. Zhe fact that 

the hydrates are powerful stimulants, bears out, therefore, the hypothests 

that the negative'ton ts the stimulating ton. 

In acids there is the opposite condition of a powerful, positive ion, 

the hydrogen ion. The activity of this ion is so great that it pre- 
dominates in mineral acids and overbalances the action of the nega- 

tive ion. If we consider the action of acids on the nerve, it is found 

that, without exception, the mineral acids in isotonic solutions which 
ionize most completely, annihilate irritability, or depress the nerve 

very strongly. In other words, those acids which show the effects of 

the hydrogen ions in the most typical manner, depress without stimu- 

lation, and depress powerfully. Zs clearly shows that this positive 
ton has a depressant action, and implies that the sodium ion which 

resembles the hydrogen ion in carrying a positive charge, also de- 

presses, but for some reason not so strongly. The only exceptions to 

the statement that the acids depress without stimulation are oxalic 

acid and possibly citric, which, in certain concentrations, have a weak 

stimulating tendency. In these acids, however, we may be dealing 

in part with the effect of the anion, for the oxalates are always among 

the most powerful stimulants. Ze action of both alkalies and acids 

bears out the hypothesis that the positive tons depress and the negative 

stimulate. 

B. THE RELATION OF THE VALENCE OF THE ANION OR CATION 

TO ITS STIMULATING OR DEPRESSING POWER. 

If the action of the anion is due primarily to the electrical charges 

it has upon it, the more charges present the greater should be the 

stimulating power. That a relationship might exist between the 

valence of an ion and its physiological action could be inferred from 

the work of Schulze,! Linder and Picton,? and Hardy,? who have 

shown that such a relationship exists between the power of salts to 

precipitate colloids and the valence of their ions. Inasmuch as 

} SCHULZE: Journal fiir praktische Chemie, 1882, xxv, p. 431 ; 1883, xxvi, p. 320. 

* LINDER and Picton: Chemical journal, 1895, Ixvii, p. 63. 

* HaRby: Proceedings of the Royal Society, 1900, Ixvi, p. 110. 

* For a bibliography of the colloids, see MULLER: Zeitschrift fiir anorganische 

Chemie, 1904, xxxix, p. 121. 
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colloids are present in protoplasm, and as it has been suggested by 

Graham! and many observers that protoplasmic activities are depend- 

ent, in part, at least, upon alterations in the state of the colloids, it 

was a reasonable hypothesis that such a relation between ion valence 

and physiological action would be found to exist. 
This relation was first suggested by Loeb.2 Loeb thought that 

his results, obtained upon fundulus eggs, showed that there existed 

a toxic and an antitoxic action between single, double, and triple- 

charged cations. He stated that the poisonous action of pure sodium 

chloride or potassium chloride could be neutralized by any doubly- 

charged cation salt, such as barium, magnesium, or calcium, and by 

still smaller quantities of the trivalent aluminium. Loeb stated that 

the antitoxic action must be due to the valence of the cation, since 

all bivalent cations acted equally strongly, and the trivalent cations 

acted still more strongly. My own results on fundulus show that 

this statement of Loeb’s is not entirely correct. There is a great 

difference in the power of calcium, magnesium, barium, and strontium, 

to neutralize the poisonous action of sodium chloride. A still greater 

difference exists for lead or nickel salts. Loeb’s facts, therefore, do 

not show that antitoxic action is due to valence rather than to 

chemical composition. 
a. The importance of the valence of the cation. — From the pre- 

ceding tables it is apparent that no salt of a bivalent metal (cation), 

with the exception of strontium hydrate and barium salts, will stimu- 

late in solutions isotonic with the nerve. On the contrary, all 

depress activity, and some of them with great rapidity, as, for ex- 

ample, mercury. Of the trivalent metals, aluminium and ferric 

chloride, the latter destroys irritability very fast; while aluminium 

chloride does not destroy irritability so rapidly as iron; it does not 

stimulate, but depresses. On the other hand, of the monovalent salts 

of sodium, ammonium, potassium, lithium, and rubidium, some of each 

stimulate. From these facts we may draw the conclusion that the 
chances of a salt containing a bivalent or a trivalent cation stimulat- 

ing are greatly less than salts which contain a monovalent cation. 

So far as there is any relation between valence and the action of the 
cation, we may therefore say that the stimulating power of any salt 

1 GRAHAM: “The colloid may be looked upon as the probable primary source 

of the force appearing in the phenomena of vitality.” Philosophical Transactions, 

1861, cli, p. 183. 
2 Logs: Archiv fiir die gesammte Physiologie, 1901, Ixxxviii, p. 68. 
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diminishes with an increase in the valence of the cation, or the depres- 

sant action of the salt increases with an increase in the number of 

charges on the cation, This conclusion plainly bears out the hypothe- 

sis that the cation is depressant, and its depressant action is due to 

the positive charges it bears. The rule has, however, several marked 

exceptions, since monovalent silver salts depress strongly, as do acids, 

while bivalent barium salts stimulate. The cause of these exceptions 

will be given under the heading of solution tension, on page 481. 

There is, however, no sign of the quantitative relationships 

observed by Hardy, and apparently found by Loeb, between ionic 

valence and the physiological or precipitating power of ions. Loeb’s 

observations are in part incorrect, and in sucha way as to make the 

resemblance between his results and Hardy’s less striking than 

formerly appeared. In my results, a strontium ion is only a little: 

more powerful as a depressant than two monovalent sodium ions. 

As far as can be seen from the results so far given, the relation 

between the physiological action of monovalent, bivalent, and triva- 

lent cations is more nearly a one, two, three ratio, which indicates 

that a proper comparison is really one of equivalents. An equivalent 

of calcium is more powerfully depressing than an equivalent of 

sodium. How much more powerful will be indicated farther on, 

but certainly not a hundred times more powerful. 

b. The importance of the valence of the anion. — When we examine 

the anions, the relationships appear much clearer and more convincing 

(Table IV, p. 462). With few exceptions, sodium salts of the bivalent 

anions stimulate more powerfully in equimolecular or isosmotic solu- 

tions than the monovalent; and the trivalent anion salts stimulate 

more powerfully than the bivalent. For example, sodium chloride 

will stimulate only in concentrations stronger than 7; sodium 

sulphate will stimulate in concentrations as dilute as 7, and sodium 

citrate in concentrations of 7. The main exceptions to the rule 
are the hydrates, which stimulate more powerfully than a single 

equivalent of a bivalent anion; but this is possibly due, in part, 

to the presence of bivalent oxygen ions in small amounts in the 

hydrate solution. 

The relationship in stimulating power between monovalent, biva- 

lent, and trivalent anion salts of sodium, judging from the weakest 

dilution in which they will stimulate, is about as 1:2.5:4. These 

facts show very clearly that, as the number of negative charges on the 

anton increases, the stimulating power of the salt increases. It ap- 
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pears, also, that of various bivalent anions, not all of them stimulate 

alike, since the latent period and height of the tetanus produced vary 

with the different salts. While the limit of dilution which will stim- 

ulate is the same in the thiosulphate and the sulphite, the latter has 

a much shorter latent period and the contractions are more powerful 

than in the former. The cause of this variation is the ionic potential 

or solution tension discussed later. 

ec. The action of polyvalent anions is not due to calcium precipitation 

or hydrolytic dissociation. — There are two possible ways of action of 

the anions besides through their electrical charges which must be 

disproved before the action can be referred unconditionally to the 

charges. These polyvalent anion salts, like the citrate and oxalate, 

might stimulate, not by means of the many negative charges they 

possess, but because they precipitate the calcium in the tissues, cal- 

cium salts having an intense depressing action. This has been sug- 

gested by Loeb. Or it might be that the greater stimulating power 

of the citrate might be due to the hydroxyl ions present in the solu- 
tions from hydrolytic dissociation. The first possibility will be first 

considered. 

Against the hypothesis that these salts stimulate by precipitating 

the depressant calcium, the following facts may be mentioned. The 

thiosulphate does not precipitate calcium, and yet it stimulates in as 

weak a dilution as the oxalate. The citrate, which precipitates calcium 

very slowly and imperfectly, is a more powerful stimulant than the 

oxalate. The monovalent fluoride which precipitates calcium, is not so 

strong as the sulphate in stimulating action. The formate makes an 

insoluble calcium salt, and yet is but slightly stronger than the chlo- 

ride. The iodide, which does not precipitate calcium, is considerably 

stronger than the chloride. The carbonate is a weak stimulant, while 

it precipitates calcium strongly. It must be remembered also that the 

amount of calcium in the nerves is extraordinarily little, far less than 
can be precipitated by the sulphate or citrate, so that even if the 

calcium salts are formed, the dilution is so great that no appreciable 

change would occur either in the solubility or state of ionization of 

the calcium, for many of these compounds at least. These facts show, 
I think, that whatever may be the relation between the power of any 

anion to precipitate calcium and its stimulating power, the latter prop- 

erty is not due to the former, but both of these properties are prob- 

ably due to the same fundamental peculiarity of the anion. This 

peculiarity, as is indicated by my results, is the solution tension of 
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the ion so far as its stimulating power is concerned; and it is the same 

factor which determines, according to Bodlander, its calcium precipi- 

tating powers. Calcium precipitation in the tissues is not, therefore, 

the cause of the stimulating power of these ions. There is, however, 

a general parallelism of stimulating power and the insolubility of the 

calcium compounds of anions. 

Nor is the stimulation due to the presence of the hydroxyl ions in 

the solutions. This is shown by the following facts: The sulphate is 
neutral, and yet it stimulates more than twice as powerfully as the 

chloride. Variations occur in the monovalent salts in which there is 

no perceptible difference in the number of hydroxyl ions, as, for ex- 
ample, in the chlorides and iodides. The carbonate, which contains a 

large number of such ions, is a bad stimulant. The number of hydroxyl 

ions in solutions of any of these salts is also much less than the mini- 

mum number necessary to stimulate. The minimum strength of 

hydrate which will stimulate is between a ” anda #4. None of these 

salts contain hydroxyl ions approaching this concentration. The fol- 

lowing figures taken from Shields’ and others, show how few are the 
number of hydroxyl ions present. Sodium carbonate in 0.09 z solu- 

tion contains only 0.00596 gram molecules of sodium hydrate. In 

other words, a “4 solution of sodium carbonate contains as many 10 
hydroxyls asa ,.® 7 solution of sodium hydrate. Borax in a u 1000 1 7m 
solution is only 0.92 hydrolyzed, yet borax stimulates in a solution 

less than 74. Disodium phosphate in a 35 solution contains only 
0.00000798 gram molecules of free sodium hydrate to the litre. The 

final proof may be obtained by neutralizing the alkaline citrates. 

Ammonium citrate, for example, may be acid in reaction. Yet it 

stimulates powerfully, and its stimulating power increases as one 

makes it neutral. 

The stimulating action of the sodium and lithium salts of bivalent 

and trivalent acids is hence not to be ascribed to the hydroxyl icns 

their solutions may possess. 

An examination of the relationship of the valence of the anion and 

the cation to the stimulating or depressing action of the salts leads to the 

concluston that the catton depresses, while the anton stimulates, for with 

certain exceptions, which can be explained, an increase in the number of 

positive charges on the cation causes an increased power of depression, 

while an tncrease tn valence of the anion causes an increased stimultat- 

1 SHIELDS: Zeitschrift fiir physikalische Chemie, 1893, xii, p. 167. 
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ing action of the salt. However, as is shown on page 484, valence in 

itself is unimportant. It happens that polyvalent ions have, as a rule, 

lower solution tensions than monovalent. 

C. Tue AcTION OF ELECTRODES. 

Strong confirmation of the fact that the ions have different physio- 
logical actions can be obtained by causing their separation in the 

nerve, and thus finding out the result on the nerve at the points 

respectively, where cations or anions predominate. This we can do 

by means of electrical stimulation. When a current is passed through 

a nerve, a separation of the ions takes place, the positive and negative 

ions passing in opposite directions. If a nerve be touched by non- 

polarizable electrodes of sodium chloride, at the moment of contact, 

sodium ions pass into the nerve at the anode, and chlorine ions at the 

cathode. There is, hence, for a moment, a sudden increase in the 

number of positive ions in the anodic region, and an increase of nega- 

tive ions in the cathodic region. The stimulation always begins at the 

point where the negative ions are entering the nerve, and depression 

where the positive ions are entering. This fact furnishes very strong 

evidence that the negative ion is the stimulating ion.! 

We may, however, approach the subject in still another way. Im- 

agine the negative electrode or cathode broken into smaller and 

smaller pieces, until they are as small as atoms, each atom of sub- 

stance having a negative charge on it. Such an atom is an ion. 

There will be no change in the nature of the action of the electrode 

as it becomes smaller and smaller. The smallest piece must act in 

exactly the same way as the largest piece. There can, hence, be no 

doubt that the negative tons must act like minute negative electrodes 

and have the same stimulating action in the tonic state that they would 

possess tf they were fused together into one large electrode. Further- 

more, just as the particular material of which the electrode is com- 

posed is non-important, the main thing being the charge and tension 

of the electrode, so it is equally clear that as the electrode is broken 
up the charge remains the main source of action, and the material 

to which the charge is attached is of secondary importance, — a con- 

clusion which is clearly shown in the facts we have considered. 

Loeb? and McCallum ®* have explained the stimulating action of 

1 This interpretation has already been given by STRONG: Loc. cit. 

2 Logs: Archiv fiir die gesammte Physiologie, 1902, xci, p. 255. 

8 McCatuum: This journal, 1903, x, p. 108. 
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barium chloride by assuming that barium stimulates. This idea is, 

in my opinion, erroneous. While positive ions exist which have un- 

saturated affinities for positive charges, and thus act like negative 

ions, barium is certainly not such an ion. And even if such positive 

ions stimulated; the stimulation would be produced not by the posi- 

tive charges, but because of the fact that such ions have unsaturated 

affinities for positive charges, and are to that extent negative ions as 

well as positive. The ferrous ion, for example, is such an ion, being © 

at the same time both a reducing and an oxidizing ion. It is both an 

anion and a cation. It has both positive and negative charges which 

it can give up. But even the ferrous ion cannot stimulate, because 

protoplasm has a smaller affinity for a negative charge than the 

ferrous ion has. 

To make certain that barium would not stimulate, I made up non- 

polarizable electrodes of barium chloride, calomel, and mercury. When 

these electrodes are touched to nerve or muscle, barium ions enter the 

tissue at the anode, chlorine ions at the cathode. If barium stimu- 

lates, contraction should begin at the anode, as well as the cathode, at 

the make of the current. I have not been able to distinguish any 

change of the electrotonic relations when barium chloride instead of 

sodium chloride electrodes were used. On stimulation of the two 
halves of a sartorius muscle by barium chloride electrodes, the con- 

traction invariably began at the make of the current at the cathode, 

and at the break at the anode. Barium, therefore, gives no more 

evidence of stimulating than sodium. This evidence confirms the 

evidence obtained from a study of the phenomena of barium chloride 

stimulation already given on page 468,—a study which led to the 

conclusion that the stimulation with barium is identical in nature 

with that of sodium chloride, only more intense. Barium chloride 
stimulates more than sodium chloride, for the reason that the depres- 

sant action of the barium is less strong than that of sodium, thus 

causing a greater predominance of the chlorine. Why the barium 

depresses less than the sodium is shown later. 

I have tried similar experiments with electrodes of the chlorides of 

several different metals, z. e., Co, Ni, Al, Mg, Mn, but have never seen 

any marked divergence from the ordinary course of electrical stimula- 
tion, even when the muscle had been immersed before stimulation for 

a short time in the solution of the salt, in order that the salt should be 

present in the tissue. 

In conclusion, therefore, electrical stimulation shows that the two ns 



The Nature of Chemical and Electrical Stimulation. 481 

have an opposite physiological action regardless of their chemical nature, 

and that the antons stimulate the motor nerves, while the cations depress 

trritability. 

D. Tue EFFECTS oF INDUCING POSITIVE OR NEGATIVE CHARGES. 

IN THE NERVE. 

Confirmatory evidence of this conclusion is obtained by the results 

of inducing positive and negative charges in the nerve. These ex- 

periments have been tried by V. Grandis,’ who so arranged the nerve 

that it could be made to receive by induction a positive or a negative 

charge. V. Grandis, confirming old experiments by Galvani,? found 

that excitation of the nerve took place only when negative charges 

were induced in the nerve, never when positive charges. It is indif- 

ferent whether the nerve is charged by contact or induction. 

E. THE RELATION BETWEEN THE PHYSIOLOGICAL ACTION OF IONS 

AND THEIR IONIC POTENTIAL, VELOCITY, AND WEIGHT. 

The conclusion that the anions stimulate and the cations depress 

necessitates the farther conclusion that in sodium chloride, the 

chlorine must overbalance the sodium in its action. Why ions of 
the same number and kind of charges, as, for example, sodium and 

silver, differ greatly in the degree of their depressant action has not 

been explained. 

In this division of the paper these points will be considered, and an 

explanation given of the cause of the predominance of chlorine in 

sodium chloride, and of the cause of the great predominance in activity 

of silver over sodium. 
a. Ionic potential or solution tension. — The stimulating or de- 

pressing power of an electrode varies directly with its potential and 

current density. The same factors determine the actions of ions, or, 

1 V. Granpis: Archives italiennes de Biologie, 1902, xxxvili, p. 200. 

“If one so arranges the experiment that the nerve receives a positive 

electrical charge, it is never possible to recognize any sign of excitation in the 

nerve, even though the capillary electrometer in communication with the nerve 

shows the latter undoubtedly to be positively charged. If, on the contrary, one 

charges the nerve with the same quantity of negative electricity, there ensues 
a powerful modification, which manifests itself by a strong muscular contraction,” 

Pp. 20r. 
2 GALVANI: De viribus electricitatis animalis in motu musculari, p. 382 (cited 

from V. GRANDIS). 
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in other words: Physiological action of any ion = C I, where I is the 
ionic potential and C the concentration. By potential is meant the 

tendency of the ion or electrode to give up its charge, or to change its 

electrical state. This tendency is measured by the solution tension, 

or, in the case of the. ion, by the “ Haftintensitat.” For convenience, 

and to bring out the resemblance between ions and electrodes, it may 

be called the “ionic potential.’ This will be the reciprocal of the 

solution tension. 

In Table XI, Column II expresses in volts the solution tension of 

various cations in normal ionic solutions. The greater the voltage 

necessary to remove the charge from the ion, the more stable is the 
ion. The ionic potential being the reciprocal of the solution tension, 

it may be seen that, regarded as electrodes, the ions gold, silver, and 

mercury have the highest potential, while potassium and rubidium 

have the lowest. Column III states whether the chloride of any cation, 
when applied to the nerve in % solution, stimulates (S), or depresses 

(D) without stimulation. Column IV measures the stimulating or 

depressing power of the chlorides as follows: For stimulating salts, 

those marked S, in Column II, the figures represent the number of 

minutes which elapse after the nerve is placed in a 75 solution 

(for BaCl, an 7), before the muscle contracts. These figures are 
only approximate,-but they represent the average for a number of 

February frogs. For depressing salts, those marked D, the figures 

represent the number of equivalents of the chlorides of any cation 
which will just neutralize the stimulating action of one equivalent 

of rubidium chloride, when the latter is in @ concentration. 

The smaller the number of equivalents required, obviously the more 

intense is the depressant action of the salt. Column V gives the 

number of equivalents of any chloride necessary to neutralize the 

stimulating power of one equivalent of sodium chloride in a % solu- 

tion. These figures have not been determined so accurately as those 

in Column IV, and may require in some cases some modification. 

The figures in Column IV were obtained by immersing the nerves 
in mixtures in various proportions of rubidium chloride and other 

chlorides, and determining the smallest number of molecules of any 

other chloride which would be just sufficient to neutralize the stimu- 

lating power of one molecule of rubidium chloride in a % solution. 

Accurate, quantitative comparisons cannot be made, but the differ- 

ences between different salts in neutralizing power are so large as to 

permit of general comparisons. 

ee 
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From an inspection of this table, it is seen that all chlorides which 

stimulate have cations with a very high solution tension, or a very low 

zontc potential. Furthermore, the lower the cation ionic potential, the 

more powerfully does the salt stimulate, c.f rubidium. Judging 

TABLE XI. 

V 

Equivalents 
necessary to 

PE TV: 
Chloride Stimulating 
stimulates or See 

i depressing neutralize one 
: 2 equivalent of depresses. power. NaCl 

Pe 
1 Solution 

Cation. tension 
volts. 

Latent ]/—2’ | No neutralization. 

2.92 1S <0.14 

ZS} S Latent 20’ No neutralization. 

2.54 Ss Latent 150’ No neutralization. 

2.49 (?) 3 0.1 (2) 

2 0.5 

28 1» 
8 (*) 

0.999 

0.798 

0 493 

—0.049 

—0.128 

—0.277 <0.04 

—0.606 <0.02 

—].027 B <0.003 

—1.356 

from the latent period, rubidium chloride is sixty to one hundred 

times as powerful a stimulant as sodium chloride. Barium chloride, 

also, stimulates somewhat more powerfully, molecule for molecule, 

than does sodium chloride, but if equivalents be compared, the differ- 

ence between them is not great. Thus an ¥% solution of sodium 
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chloride hasa latent period of only twenty to thirty minutes, and often 

less, while barium chloride of ““ has about the same latent period. 
The reason why barium chloride stimulates much like sodium chlo- 
ride is clear from this table. Both cations have about the same solu- 

tion tension. It is not necessary to assume, as McCallum has done, 

that barium stimulates. I have shown on p. 468 that barium chloride 

stimulates in the same way, though not to the same degree as sodium 

chloride. Sznce those salts stimulate of which the cation ts most tnert, 

stimulation ts not due to the cation, for were it due to this ion, stimu- 

lation should be most powerful in salts of which the cation is most 

unstable, and has a high ionic potential. 

Depression ts a function of the cation, and of its electrical state. This 

is shown by ColumnsIVand V. The depressing power of the salt in- 

creases with a decrease in electrical stability of the cation. Thus it 

takes two molecules of lithium chloride to neutralize the stimulating 

action of one molecule of rubidium chloride ; but only 0.8 of an equi- 

valent of nickel chloride is required; only 0.16 of copper chloride, 

and 0.006 of an equivalent of gold chloride. Column V shows that 

the same relationships prevail for sodium chloride, but this salt being 

less powerfully stimulating, far less of a depressing salt is required than 

to neutralize rubidium. Leaving the depressant potassium chloride 

to be explained, the results permit the following conclusion: The 

depressant power of any cation varies inversely with its solution tension, 

or directly with its ionic potential, i. e., with tts electrical instability. 

For the anions, Table XII expresses the relation of stimulating ac- 

tion of sodium salts to the electrical state of the anions. Column II 

gives the solution tension of a few anions, and Column III enables a 
comparison of stimulating powers by means of the latent period; the 

longer the latent period, the weaker stimulant is the salt. The solu- 

tion tension of most anions is, unfortunately, so uncertain as not to 

permit of a more extended comparison. 

With the exception of the fluoride, it will be seen that the more stable 

the anion, t. e., the higher its solution tension, the less stimulant the 

salt. In the iodate is an anion so inert electrically, or of so lowa 

voltage, that sodium iodate depresses. The iodide is a stronger stimu- 

lant than the chloride and its ionic potential is higher. The oxalate 

and hydrate, which are certainly unstable, stimulate powerfully. 

Stimulation ts hence a function of the anion, and ts directly propor- 

tional to the electrical instability of the anion. This strongly confirms 
the hyfothesis that the antons stimulate by means of their electrical 

condition. 
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An examination of other anions also confirms this hypothesis. The 

sulphite, for example, is an unstable anion, readily oxidized. It gives 

up a negative charge easily. The sulphite stimulates powerfully. 

These facts show that the physiological action of any ion is a 

function, in part at least, of its electrical stability. The more stable 

the ion (the lower its potential), the more inert it is, and vice versa. 

The facts show also, I think, beyond question, the opposite action of 
the two ions, and the truth of the hypothesis that, for the motor nerve 

at least, the cation depresses, the anion stimulates. Chemical stimula- 

tion apart from stimulation by osmosis ts thus shown to be in reality 

electrical tn tts character. 

TABLE XII. 

Solution Latent period 
tension in minutes for 

in Na salts in } 
volts. concentration. 

2.356 Depresses. 

1.694 150-240 

1.270 150-200 

079 

BrOs | 0727 

Fl 2 28(?) 

Oxalate 0.109 

OH | <0.557(?) 

Citrate 0.2 

b. Other factors determining ionic action. — Exceptions to the law 

just stated will be noticed. Potassium chloride depresses, whereas 

potassium has a high solution tension; sodium fluoride stimulates, 

whereas the fluorine ion is supposed to have a very high ionic sta- 

bility. Sodium iodide is not very greatly more powerful than the 

chloride as a stimulant, although iodine has a solution tension only 

half that of chlorine. Were the solution tension or electrical sta- 

bility the sole factor determining ionic action, the iodides of lithium 

and strontium should stimulate; but they do not. It is, therefore, 

clear that while ionic stability is the main factor determining the 

degree of ionic action, it is not the sole factor. I accordingly turned 
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to the other properties of ions for an explanation of these excep- 

tions. The velocity of different ions varies. It seemed probable 

that this must necessarily determine in part differences in efficiency 

of different ions. 

The faster an ion moves the more completely will it separate itself 

from the opposite ion, the greater will be its mean free path, and the 

more efficient physiologically it should be. Physiological action 

should vary directly with velocity and inversely with solution tension, 
r 

or Action = EB By this correction, potassium ceases to be excep- 

tional. The high velocity of this ion, z. ¢., 65.3, is so much greater 

than sodium, 7. ¢., 44.4, that the potassium is actually more depres- 

sant than the sodium, in spite of its somewhat smaller ionic potential. 

The enormous activity of hydrogen and hydroxyl ions is also ex- 

plained, since in the former case this ionic velocity is 318 and in 

the latter 174. The general improvement in relationships pro- 

duced by this correction is marked.. Many exceptions remain unex- 

plained, however, particularly the low efficiency of the iodide and the 

great efficiency of rubidium and barium salts. Also this correction 
would make lithium salts stimulating, since by the above formula the 

relative depressing powers are sodium, 17.48; lithium, 14.64; and 

potassium, 22.36. 

Lonic weight. —The other main variation in ions is their weight. 

That this may be important is shown as follows: while ionic action is 

due to the charge, the atom relieved of its charge will have an oppo- 

site action. Suppose this action to be proportional to its weight. 

Physiological action, therefore, will vary directly with the charge, and 

inversely with the atom (atomic weight). 

I 

Ionic potential E I 
Action = = —— ; = — 

Equivalent weight wt £ wt 

The introduction of this factor clears up many of the exceptions. 
Thus iodine, which by its potential should be a very powerful stimu- 

lant, is reduced nearly to the level of chlorine, because of the depres- 

sant action of its atom. Barium, of the same potential as sodium, 

becomes a weaker depressant because of its greater weight. 

After several trials, the following formula was found to permit a 

computation of the action of many ions. This formula is tentative 
only. Possibly the introduction of a factor representing more ac- 



_— 

Lhe Nature of Chemical and Electrical Stimulation. 487 

curately the mean free path of the ion would give a more satisfactory 
expression. 

9 

a --— 
Dd E,W, 

72, 
- 

Fae € 

Stimulating action of the anion = 

Depressing action of the cation = 

In which 1’? is the square of the velocity ; & is the solution tension, 
and IV is the eguzvalent weight. 

Why the action of an ion should be proportional to the square of 

‘the velocity, or why the efficiency of the atom should be propor- 

tional to the square root of the equivalent weight, I do not see. 
These values, however, give much closer agreement with the observa- 
tions than any other powers that I have tried. It may be recalled 
that the velocities of the molecules of two simple gases are also pro- 

portional to the square roots of their atomic weights. 

These formulz give numerical values of the ions, as is shown in 

Table XIII. The data are not altogether satisfactory for solution 
tension in particular, but while quantitatively incomplete, they are 
interesting. 

The values used for /”, were taken from Kohlrausch and Holborn’s 

Tables, and represent V at infinite dilution. I have used these values 

in computing the action, at all concentrations, for the reason that at 

great dilution, the other factors of ionic and molecular friction in- 

volved in the velocity numbers are reduced to a minimum, and the 

figures probably represent more nearly the actual relative velocity of 

the ions at any moment, than the figures given for greater concentra- 

tions. The values for solution tension were taken for ;4,z solutions. 

The figures in the table represent, therefore, the relative depressing 

power of the cations in ,”, ionic solutions; and the stimulating power 

of the anions in the same concentration. For those ions of which 

the solution tension is negative, & has been put in the numerator, 

since for these ions the depressing power will vary dzrectly with the 

numerical value of the solution tension. It is impossible with this 

formula to compare directly the numerical values of ions having a 

positive sign with those having a negative sign, since, owing to the 

fact that the solution tension becomes zero, the depressing value ap- 

pears to pass through infinity. 

By an inspection of Table XIII, it is seen that the numerical values 

of ions of high solution tension indicate fairly well the physiological 
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activity of the ion. Thus the bromides are known to be more depres- 

sant than the chlorides. The table shows that the bromine ion has a 

stimulating value markedly less than that of chlorine or iodine. The 

iodides certainly stimulate more powerfully than the chlorides, and 

corresponding with this the iodine ion has a stimulating value 

TABLE XIII. 

TABLE SHOWING DEPRESSING POWER OF CATIONS AND STIMULATING POWER OF 

THE ANIONS AS COMPUTED FROM FORMULA ON PAGE 487. 

| 

Cations. | Depressing power. Anions. Stimulating power. 

Ba | 154.19 IO; 90.05 (computation uncertain.) 

Rb | 157.89 Br 377.09 

Na 158.28 Cl 416.27 

Cs 131.54 (?) I 462.26 

4 Sr 189.59 OH 6,308.5 

$ Li 194.66 4 SO, 318.0 (computation uncertain.) 

4 Mg 396.00 | 4 C,0, 4,335.9 (computation uncertain.) 

4 Ca 312.49 C,H30, 579.8 (computation uncertain.) 

659.05 

—36.66 

—250.88 

(462.26) greater than chlorine (416.27). The hydrates all stimulate 

powerfully, and this corresponds with the very high value of the OH 

ion. The computation for the iodate is so uncertain as to render its 

numerical value almost valueless; nevertheless, the iodate is seen in 

any Case to possess a very small stimulant power. 
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The bromate, on the other hand, when computed in the same man- 

ner as the iodate, is found to have a high stimulating power, and the 

bromates certainly stimulate the nerve powerfully. With the cations, 

the various ions arrange themselves very nearly in the order in which 
they occur in the experiments. Barium and rubidium are less de- 
pressant than sodium, and their corresponding salts accordingly stim- 

ulate more powerfully. Lithium and strontium are more depressant 
than sodium; potassium has a value of 229.36, showing it to be an 

intense depressant. The only prominent exception among the cations 

is caesium, which ought to depress less than sodium, whereas czesium 

salts do not stimulate so powerfully as sodium. This exception can- 

not at present be explained. Rubidium, also, does not have a value 

sufficiently low to explain the intense stimulation by rubidium salts ; 

although a better agreement between its observed and calculated 

value is reached, if the speed of its diffusion is taken into account. 

In spite of these few exceptions, therefore, for all simple anions 

and cations the results obtained by the formula place the ions in the 

same order, and nearly in the same numerical relation to each other 

as regards power, as the experimental evidence indicated. 

The complex anions cannot, with present information, be com- 

puted in this manner, for the reason that the factor Z, for most of 
them, is altogether uncertain. I hope, however, that the true solu- 

tion tension of these ions, or rather their ionic potential, will soon be 

determined, and when that is done, their true physiological value 

computed. I have computed the value of the oxalate and acetate 

ions indirectly from the heat of formation, deducting from this the 
heat of formation of their decomposition products, 2. ¢., carbon dioxide 
and ethane. I believe from the physiological action that this value 

for the oxalate ion is at least approximately correct. 

c. Computation of the stimulating and depressing power of any 

salt. — From the foregoing values the total stimulating power of a 

salt may be computed as follows: 
The stimulating power varies directly with the anion, and zxversely 

with the efficiency of the cation. 
A : ; hee 

7 where 1 = the stimulating power. Substituting the values 

for A and C just derived. 
Ve 

Ces ES PP 
ime. Foun a hoe 
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In computing for any given concentration, a correction must be 

made for the change in solution tension from normal to this con- 

centration. This change equals °-°57 volts for each ten times the 
dilution is increased or diminished. In place of £,, therefore, the 

value £, + %°5% log 1 must be substituted. ,” is given either 

by the transport numbers of Hittorf, or by the conductivity 

measurements. 

TABLE XIV. 

STIMULATING ACTION MEASURED BY THE RATIO OF THE ANION TO THE 

CATION FOR yy SOLUTIONS. 

Stimulate. Depress. 

NaOH 

} Sr(OH)s 
LiOH 

& NagC,04 

NaCO,C Hg 

Nal 

4 BaCl, 

NaCl 

RbCl 

Nabr 

$ CaCl, 

5 Cabry 

1 MgCl, 

Inasmuch as the number of ions varies in different salts at the 

same concentration, it is necessary to introduce a factor to represent 

this variable. The expression must hence be multiplied by a, which 

represents the per cent of dissociation at concentration c. 

Finally a correction must be made for the speed of diffusion. It is 

obvious from the laws of electrical stimulation, by which the stimu- 

KOHLRAUSCH and HOLBORN: Leitvermégen der Elektrolyte, 1898, p. 200. 
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lating power is an inverse function of the time required to reach a 
certain intensity of current, that the same factor must prevail also 
here. Given two salts, one of which has a slightly greater speed of 

diffusion than the other, it is clear that it will thereby stimulate 

more powerfully. This factor is represented by the diffusion co- 
efficient D of the salt. This is obtained by the formula: ! 

uv 

JB) =e}: a . 2 Saree 0.04483 [1 + 0.0034 (¢— 18)] 

The formula thus corrected is as follows: 

re E ze ee | log s Ww? 
1 & aD 

V2 E ae | we 
71 

TT = 

The figures given in Table XIV have been computed by the 

foregoing formula, leaving out a and J, and represent the stimu- 

lating power of the salt as measured by the ratio between the 

anion and the cation. The figures have not been corrected for 

D, nor for dissociation differences, but represent what the relative 

stimulating powers would be in /4 solutions, if all the salts had the 

same rate of diffusion and were equally dissociated. 
By an inspection of this table it may be seen that to stimulate the 

_motor nerve of the frog all salts must have a ratio equal to, or greater 
Br : 

than the ratio of 7 or 2.382. The stimulating power of all salts is 
a 

greater as their ratios are greater than this number. All salts 

having a ratio lower than this depress, and they depress the more 

powerfully the smaller the ratio. Thus calcium bromide is shown 

to be an intense depressant, since the ratio is only 1.207, or about 

one-half that necessary to stimulate. 
The exact limiting ratio of stimulation will, of course, vary with the 

changes in irritability in the nerve, and there will be variations 
between different tissues. Thus the sciatic nerves of summer frogs 

require for stimulation salts having a ratio of about 3.0. 

The ratio thus obtained represents the ratio between the sine and 

cosine of an angle. I have plotted some of the values thus obtained 

graphically in Fig. 1. The ordinates represent the values of the 

1 NERNST: Theoretische Chemie, 3d edition, 1900, p. 361. 
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anions; the abscissz, the values of the cations. The line OA drawn 

through sodium bromide representing the ratio 2.382, is approxi- 

mately the neutral line, and separates all salts which stimulate from 

those which depress. Depressant salts are plotted with a star; 

stimulant salts with a cross. 

300 

200 

100 

O 100 Na 200 K 300 400 500 My 600 [»Co H Cu] 

FicuRE 1,.— The straight line OA separates the stimulating (left) from the depressing 

salts (right). The ordinates represent the stimulating values of the anions, and the 

abscissz, the depressing values of the cations (Table XIII). 

From this chart it may be seen at a glance that the hydrates of 

strontium, lithium, and potassium, must stimulate powerfully. 

Exceptions. — There is one exception, z. ¢., strontium iodide, which 
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lies above the stimulating line. Furthermore, rubidium chloride 

does not occupy the strong stimulating position it should. Lithium 

iodide, also, was not found to stimulate as strongly as its position 
would indicate. These exceptions disappear if the corrections be 

made for speed of diffusion and ionic concentration, or the disso- 

ciation. Any salt having a stimulating ratio will stimulate more 

powerfully the more rapidly it diffuses. It is clear that even though 

a salt have a ratio sufficient to stimulate, it may penetrate so slowly 

as to produce so gradual a change in the nerve as not to excite a 

nerve impulse strong enough to cause contraction of the muscle. 

With these corrections applied the following values are obtained: 

for NaBr tor D:* a‘, 1.963; for Srl, for Dat»: 1.646. Thus stron- 
tium iodide is found to be less stimulant than sodium bromide, which 

agrees with the observation. 
Sodium acetate has too high a value, and rubidium chloride too 

low. The acetate is about as powerful a stimulant as sodium chloride, 

while rubidium chloride is many times as powerful. When correc- 

tions are made for ) “a the following values are obtained : 

NaCl =) 2.050 

Nabr = 2.409 

Na acetate = 2.428 

RbCl = 2.918 

In other words, with this correction the acetate should lie in stimu- 

lating power between the chloride and bromide, which agrees with 

the observations. Rubidium chloride, because of its great speed of 

diffusion, acts as a more intense stimulant than its ratio indicates, and 

is thus found to be, as it is, more intense in its action than sodium 

chloride. Similarly, the depressant power of potassium chloride is 

undoubtedly enhanced by its great speed of diffusion. On the other 

hand, cesium chloride and sodium fluoride remain exceptions which 

cannot at present be explained. 

In Table XV are figures which measure the stimulating power of 

the salt in another way. A portion of the total action of any salt is 

due to the anion, and will be equivalent to the anion divided by the 

sum of the anion and cation as follows: 

Va 

pian a Be 
rade °F oie i 

1 at ; 2 

E,W E,W: 
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Similarly, the part of the action due to the cation is: 

FES smarty ae 
ELW* £.W: 

The stimulating action of the salt must be equal to the stimulating 

action of the anion, plus the stimulating action of the cation. Re- 

membering that the stimulating action of the cation is xegative, this 

gives the following formula : 

| i V2 

E,W) EWA 
Se oe 

Be LW 

an CK EE. 
Ww Ee 25) Ww.) 

VIEWS + VIEWS 

Stimulating action = 

TABLE XV. 

STIMULATING ACTION MEASURED BY THE SUM OF THE STIMULATING ACTIONS OF 

val NG. 
THE Two Ions = ———.- VO O r =r C 

NaOH | 0.951 

Nal | 0.490 

4 BaCl, 0.459 

NaCl 0.449 

NaBr 0.409 

Lil 0.407 

The results may be obtained directly from the values given in 

Table XIII as follows : 

For NaCl stimulation = sata = SUS iste Ses : 
A+ C 416.27 + 158.28 

Table XV shows that a salt must have a stimulating value of 0.409 

at least in order to stimulate. In aluminium chloride, the two ions 

have almost the same value, and will be nearly zero. 
+C 
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SUMMARY AND CONCLUSION. 

The facts of chemical stimulation stated in the foregoing pages 

may be summarized as follows : 
1. Nearly all electrolytes and non-electrolytes will stimulate the 

sciatic nerve of the frog in solutions having an osmotic pressure of 

about fourteen atmospheres. This stimulation is not due to the elec- 

trical condition of the solution, since it is common to electrolytes as 

well as to non-electrolytes. It is not due wholly to the extraction of 
water increasing the concentration of salts in the outside of the nerve 

and setting up thereby a concentration chain, since the non-electro- 

lytes stimulate nearly or quite as powerfully in such solutions as the 
electrolytes. This stimulation is probably due to the extraction of 
water setting up a definite change in the colloids of the nerve, render- 

ing the protoplasmic hydrosol unstable. 

2. Many electrolytes stimulate in solutions which are so dilute 

as not to extract water. This stimulation is due to the electrical 

condition of the solution. All anions have a stimulating action; all 

cations, a depressing action. This is shown by the facts adduced, as 

well as by the well known phenomena of electrical stimulation, in 

which the opposite electrodes have opposite actions. 

3. The ions are minute, freely moving electrodes of different 

voltages. 

4. The physiological action of any ion depends (1) on its concen- 

tration; (2) on the sign of its electrical charge; (3) on its electrical 

stability or ionic potential. Its action is also modified by its velocity 

and weight; the faster it moves, the more powerful it is; the heavier 

it is, the less powerful. 

5. Physiological action is hence dependent upon the electrical state and 

stability of the ton and is independent of chemical composition, except as 

the chemical composition may influence its velocity and weight. 

6. Whether any salt stimulates or depresses, depends upon the 

relative efficiency of its anion and cation. If the anion markedly 
predominates, as in hydrates, the salt stimulates ; if the cation pre- 

dominates, the salt depresses. 

7. Numerical values for the different ions in normal concentrations 

may be computed from the following formula: 

9 

Action = 
EW 



496 A. P. Mathews. 

I” = velocity; £ = solution tension at normal concentrations ; 

IV = equivalent weight. 

8. The stimulating power of a salt may be represented as the 

ratio of the anion to the cation as follows: 

V2 E 4 2051 Dog | Ww: 
ue 7 c 

V2 (z. a ase 7 “) ws 
7 

g. To this formula corrections must be made for speed of diffusion 

and dissociation. Certain exceptions, z.¢., cesium and fluorine, were 

noted but not explained. 

10. Chemical stimulation ts thus shown to be electrical and dependent 

upon the electrical charges of the tons. Electrical stimulation is pro- 

duced by modifying the distribution of ions in the nerve and thus 

altering their concentration as Nernst suggested. 

11. Further evidence in support of these conclusions will be given 
in subsequent papers. 

EEE 
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