
irh
ate

mee
e 

mi
ne
 

nc
tt
hm
ti
ne
at
ey
 

a 

O
a
t
e
s
 

c
a
e
 

e
e
e
 

rn
 

en
e 

Ro
tt
er
 

a
l
 

mmc
ain

ren
cne

 
re
 

oh
om
ae
es
 

e
t
m
e
 

e
e
 

Se
e 

ow
e 

h
t
e
 

e
e
 

a
c
a
 

a 
S
e
e
m
a
 

P
r
i
m
e
d
 

e
n
 

es 
x 

7 
- 

= 
U
n
e
 

te
 

na
d 

ee
nt
iy
 

. 
3 

i
e
n
e
!
 

S
r
e
e
 

aaa
 

SE
T 

te 
2 

oy
 

a
 

— 
= 

De
de
 

ci
es
 

Le
 

en
 

: 
: 

f
e
,
 

th
 

h
e
e
 

e
g
o
 

8
.
 

te
! 

- 
o
t
 

e
e
 

e
e
 

So
yi
ne
 

Arg 

—
 

et
e 

ir
et
 

c
a
t
e
 

t
t
e
 

ay 
" 

e
e
n
s
 

=
 

O
e
 

N
a
n
a
e
s
 

S
i
e
t
e
 

e
e
 

T
w
 

~ 
na
an
 

2 
- 

oe 
ue 

rh 
ga
: 

ne
ve
r 

Se
am
 

tM 
A 
p
a
i
 

Wen 
ha
 

h
a
e
 

Re
mo
te
s 

t
e
 

P
p
e
t
i
e
 

at
a 

remn
eate

 

n
e
 

er 
v7
 

7 
e
n
l
a
c
e
 

OO
S 

D
A
T
 

R
a
g
s
 

O
R
 

a
r
l
e
n
e
 

Pad
re 

K
a
e
 

a
n
 

‘ 
iu
rw
ic
me
ea
n 





oT 
na a ; 

' a y, yi 









\\ 

hae 

OF 

FOUNDED BY CHRISTIAN A. HERTER AND SUSTAINED IN PART BY THE CHRISTIAN A. HERTER 

‘ MEMORIAL FUND 

EDITED BY 

H. D. DAKIN, New York City. LAFAYETTE B. MENDEL, New Haven, Conn. 

E. K. DUNHAM, New York City. A. N. RICHARDS, Philadelphia, Pa. 

DONALD D. VAN SLYKE, New York City. 

WITH THE COLLABORATION OF 

J. J. ABEL, Baltimore, Md. J. B. LEATHES, Toronto, Canada. 

R. H. CHITTENDEN, New Haven, Conn. P. A. LEVENE, New York. 

OTTO FOLIN, Boston, Mass. : JACQUES LOEB, New York. 

WILLIAM J. GIES, New York. A. S. LOEVENHART, Madison, Wis. 

L. J. HENDERSON, Cambridge, Mass. GRAHAM LUSK, New York. 

REID HUNT, Boston, Mass. A. B. MACALLUM, Toronto, Canada. 

W. A. JACOBS, New York. J. J. R. MACLEOD, Cleveland, Ohio. 

WALTER JONES, Baltimore, Md. JOHN A. MANDEL, New York. 

J. H. KASTLE, Lexington, Ky. A. P. MATHEWS, Chicago, Ill. 

F. G. NOVY, Ann Arbor, Mich. 

THOMAS B. OSBORNE, New Haven, Conn. 

T. BRAILSFORD ROBERTSON, Berkeley, Cal. 

P. A, SHAFFER, St. Louis, Mo. i 
A. E. TAYLOR, Philadelphia, Pa. 4 
F. P. WNDERHILL, New Haven, Conn. a4 | | b 
Vv. C. VAUGHAN, Ann Arbor, Mich. | b 
ALFRED J. WAKEMAN, New Haven, Conn. vy? 

VOLUME XXII 

BALTIMORE 

1915 



-COEYRIGHT 1915 ‘ 

BY 

THE JOURNAL OF BIOLOGICAL CHEMISTRY 

| 

PUBLISHED BY THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH 

JOURNAL OF BIOLOGICAL CHEMISTRY, INC. 

COMPOSED AND PRINTED AT THE 

WAVERLY PRESS _ 
By rae Wiuuiams & Witxrns Company 

2 ; Bactrmoee, U.S. A. ag 
eB) RG ' 

F 



CONTENTS OF VOLUME XXII. 

Mve.ter, J. Howarp. The assimilation of cholesterol and its esters. 

Bowzs, O. C. The rate of the passage of fatty acid of food into the 

MOAI Aly, CLAM SA OlRUMCMC OAL =... «5. s oats la kd ted hee ee ee ae 

Moruin, J. R., and Lusk, Granam. Animal calorimetry. Twelfth 

"paper. Theinfluence of the ingestion of fat..................-- 
Baumann, L., and Oviatt, E. The mineral excretion of the monkey. . 

Baumann, L., and Marker, J. On the origin of creatine............ 
Tracy, Grover, and WELKER, WiLu1AMH. The use of aluminium hy- 

droxide cream for the removal of albumin in nitrogen partition 
REINS RMT LLY SUG Nan GINS sar ek ciolew (ida celts.» o a:ase, OCR ee 

Tayztor, Atonzo E., and Hutton, FuorpENcr. On the formation of 

specific proteolytic ferments in response to the parenteral intro- 

GUCtOnOnTOLelame proteinase aie... . «28 ee 

Taytor, Atonzo E., and Hutton, Fuorencr. On the estimation of 

non-protein nitrogen and glucose in finger blood............... 

Taytor, A. E., and Lewis, H. B. A study of the protein metabolism 

under conditions of repeated hemorrhage....................... 

Taytor, A. E., and Lewis, H. B. On the predominance of the liver 

Orne Or ahiOMeOt WPCA s. . £32 ode h |... . 0. +. cee 

CiarK, Wm. MansFietp. The final hydrogen ion concentrations of 

CUM MEES GE OCIIUSICDID ©. ss 53 licin esc sis ss... ee 
Reep, G. B. The réle of oxidases in respiration. Plate I.......... 

Brapitey, H. C. Studies of autolysis. II. The acceleration of liver 

DOONEY TA antl ee a PRES Se poe he 

Morsr, Max. The réle of halogens as accelerators of tissue enzyme 

Buioor, W.R. A method for the determination of “‘lecithin” in small 
AMET ESO MOOR Rie otk s oss oc. ici Fasc ce os se 9 Ol eee 

Bioor,W.R. Asimple method of converting the Duboseq colorimeter 

PMA NEN CIOMELEL 0). gcse. oa woe eas oo eR 

Krauss, Rosert B. The determination of iodine in the presence of 

RPM OMIERITE DER: PM es ook oo. ac ee os oo ee: 
Lewis, Pau A., and Krauss, Rosert B. Further observations on 

the presence of iodine in tuberculous tissues and in the thyroid 

BA UCTLC , ORO Va be os a os se dé'a sda eRe net 

MENDEL, LaraYeTte B., and Baumann, Emit J. The question of fat 

absorption from the mammalian stomach.................... 
JaANnNEY, N. W. A note on the rate of metabolism of proteins and 

JUDE ES eee cee for VMN Ree Ee ye 

1 

11 

15 
43 

49 

55 

59 

63 

71 

77 

81 

87 
99 

113 

125 

133 

145 

151 

159 

165 



lv Contents 

JANNEY, N. W., and Csonxa, F. A. The quantitative determination 
of the total protein and non-protein substances of muscle...... 195 

JaNNEY, N. W., and Csonxa, F. A. The metabolic relationship of the 
proteins to glucose. II. Glucose formation from body proteins. 203 

MENDEL, LAFAYETTE B., and StEHLE, Raymond L. The role of the 

digestive glands in the excretion of endogenous uric acid....... 215 

RoseErtTson, T. BRaILsForD. A micro-refractometric method of deter- 

mining the percentages of globulin and albumin in very small 

quantities of blood serum......,...............) anos 233 
OsBornE, THOMAS B., and MenpEL, LArAYETTE B. Protein minima 

for MaimbenaNce... 250... 22 ocg eee sens... eos oe 241 
OsBorNE, THomaAs B., Van SiyYKE, Donautp D., LEAVRNWORTH, 

CHARLES S8., and Vinoagrap, Mariam. Some products of hy- 

drolysis of gliadin, lactalbumin, and the protein of the rice 

CoN) le a ee eS 259 
Van SLYKE, Donatp D. Improvements in the method for analysis of 

proteins by determination of the chemical groups characteristic 

of the ‘different amino-acids... 2... .28 Ne eo... 6. os 281 
Currikz, JAmMEs N., and THom, CHaruEs. An oxalic acid producing 

PRL TUM. «2! 28 SE ts DEER GR Oe GIR esd 2 a 287 

Kocuer, R. A. The hexone bases of malignant tumors............ 295 

Foun, Orro, and Denis, W. A colorimetric method for the determi- 

nation of phenols (and phenol derivatives) in urine.......... 305 

Fourn, Orro, and Denis, W. The excretion of free and conjugated 

phenols. and phenol derivatives... (00... 0.0.20.) gan oe ee 309 

Foun, Orro, and Denis, W. Some observations on the selective 

activity of theshuman kidney...... .......0:4-.0s. oe 321 

Fouin, Orro. A qualitative (reduction) test for sugar in normal 

aN. Urine {Mae ocr Sos ie os os aed Ss svar 327 
Levene, P. A., and La Fores, F. B. On d-lyxohexosaminic acid 

and on a-a)-anhydro-mucic acid ...........0.0: 00-204 ee eee 331 

Levens, P. A., and Meyrr, G.M. On the action of aseptic tissue on 

giimensome. . 5. eee 0h dg 2 SU no eee 337 

Menten, M.L. Acidity of undiluted normal gastric juice from a case 

of human gastric figtula............... IR WN ee ic 341 

Homer, ANNIE. A spectroscopic examination of the color reactions of 

certain indol derivatives and of the urine of dogs after their 

administration.ics eee ses. o7s oh. ko. Seep oan 346 

Homer, Annig. A method for the estimation of the tryptophane con- 

tent of proteins, involving the use of baryta as a hydrolyzing: 

ME 27.8 sa 72s Cee ROE tO ok: spellers. » alae een 369 

Homer, AnniE. The relation between the administration of trypto- 

phane to dogs and the elimination of kynurenic acid in their 

TRUCK Gy a See an Oe IIE 391 

Ross, Eviison L., and McGurean, Hucu. The dextrose and diastase 

content of the blood as affected by ether anesthesia of animals 

FEC CP MPTEGTE TY LOLCUB <..,.ni bese, bridge. ooo ooo ane le 407 



Contents . Vv 

McGuican, Hues, and Ross, Etuison L. Peptone hypoglycemia... 417 

Levens, P. A., and vAN DER ScHEsER, J. On the kyrine fraction ob- 
tained on partial hydrolysis of proteins. Second communication. 425 

Koper, Puitie ApoLpH. Spectrographic study of amino-acids and 

SEPmPEMELOCS:*.... .. ee re Saas eee eee weee dale 433 

UnpERHILL, Frank P., and Henprix, Byron M. Studies on the 

physiological action of some protein derivatives. I. Are pro- 

teoses prepared from zein and gliadin physiologically active?.. 443 

UNDERHILL, FranK P., and HenprRix, Brron M. Studies on the 

physiological action of some protein derivatives. II. The re- 
lation of racemization to the physiological action of proteins 

PA PIGHEOSES Tae. 5 ols = 1s CID aa oe victa  te eee weee 453 
UNDERHILL, Frank P., and Henprix, Brron M. Studies on the 

physiological action of some protein derivatives. III. The 

physiological action of Vaughan’s ‘‘crude soluble poison’’..... 465 

UNDERHILL, Frank P., and Henprix, Byron M. Does fat forma- 

tion-cecur in the perfused kidney?...-.....5................- 471 

Harr, E. B., and Benttey, W. H. The character of the water-solu- 

ble nitrogen of some common feedingstuffs.................... ATT 

Cuark, Lewis Neitson. The effect of pituitary substance on the 

egg production of the domestic fowl.......................-. 485 

Metics, Epwarp B. The ash of clam muscle in relation to its osmotic 

(DROSS Soe e ny NE RRR MIe Hineil cc. oh 493 

UNDERHILL, FRANK P., and Murtin, JounnR. Studies in carbohydrate 

metabolism. X. The influence of hydrazine upon the respira- 

tory quotient and upon heat production...................... 499 

ALLEN, GEorRGE DeELwin. The determination of the bile salts in 

urine by means of the surface tension method................ 505 

Pearce, R.G. Acriticism of the Bang and Lewis-Benedict methods 

for the estimation of blood sugar, with suggestions for a modifi- 

panne cite datterMennog., ¢..08-. sic. .s-.--- 2+ evede ee daeae 526 
Harris, Davip Fraser, and CreicHTon, HENRY JERMAIN MAUDE. 

Studies on reductase. IV. The influence of alkaloidal and 

Other Marcotic poisons om reductase. ................-s0sseeeeee 535 
Marine, David. Quantitative studies on the in vivo absorption of 

iodine Dyers’ thyroidmramds...............0.00eseceeweet abe 547 
Hammett, Freperick S. The nitrogen excretion of the cat during a 

Perine-tree and 4 purime-rich diet..............c22-25e5eneves 551 

Briere ME Ss ORM... ew ee ee 559 





THE ASSIMILATION OF CHOLESTEROL AND ITS 
ESTERS. 

By J. HOWARD MUELLER. 

(From the Department of Pathology of the College of Physicians and Surgeons, 

Columbia University, New York.) 

(Received for publication, June 9, 1915.) 

Although it is now a generally accepted fact that the cholesterol 

of the body has its origin in the food, and not, as has been held by 

some investigators, in an actual synthesis within the body, there is 
yet no very definite information as to the mode of absorption, or 

the form in which it is assimilated. It was with a view to clearing 
up these two points that the work represented in this paper was 

undertaken. The presence in the body of the free cholesterol, an 

alcohol, together with its esters of the higher fatty acids, oleic, 

palmitic, and stearic, makes it desirable to get a better under- 

standing of the relations of these two forms in order to approach 
more nearly a solution of the problem of their physiology. 

That cholesterol, when fed, is actually absorbed, and that the absorption 

is followed by a rise in blood cholesterol, has long been established. Jan- 

kau! found that when fed to rabbits and dogs, only a part could be recov- 

ered from the feces, although he was unable to recognize an increase in the 

blood. This was presumably due to the very imperfect methods of analysis 

available at that time. Pribram? demonstrated an increase in blood cho- 
lesterol after feeding, and believed that the increase was in part at least 

due to free cholesterol, since the serum from such animals showed an in- 

creased inhibitory power toward the hemolytic action of saponin, the free 

cholesterol only being active as an inhibiting agent. Kusumoto’ also 

found that only a part of the cholesterol of the diet could be recovered 

from the feces. Gardner and coworkers‘ have shown definitely that feed- 

1 Jankau, L., Arch. f. exper. Path. u. Pharmakol., 1892, xxix, 237. 

2 Pribram, H., Biochem. Ztschr., 1906, i, 413. 

3 Kusumoto, C., ibid., 1908, xiv, 411. 

4 Dorée, C., had Gardier, J. A., Proc. Roy. Soc., Series B, 1908, lxxx, 

212; 1909, ee 109. Fraser, M. T., and Garddee JapAct a2u¢d ee 1909: 

ea. 230; 1910, Ixxxii, 559. Gardner, J. A., and Lander, P. E., Biochem. 

Pid. 1918, vii, 576; Proc. Roy. Soc., Series B, 1913-14, Ixxxvii, 229. 
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2 Assimilation of Cholesterol 

ing cholesterol, either free or as esters, results in an increase in the blood 
content both in the free and combined forms. Their work has been done on 

dogs, cats, rabbits, and chicks, using in part at least, the digitonin method 

of Windaus? for analysis, and there seems to be no reason to question their 
findings or conclusions. 

Since most fatty material which is absorbed goes into the body 
through the lymphatics by way of the thoracic duct, it seemed 

probable that cholesterol would also be absorbed in this way be- 
cause of its solubility in such material, and insolubility in aque- 
ous media. Consequently a series of experiments was made on 

dogs for the purpose of determining whether or not a marked in- 
crease of cholesterol could be obtained in the chyle following a 

meal rich in cholesterol. 

A thoracic duct fistula was produced in each case by ligating 

the external jugular vein at a point 2 or 3 em. distal to the en- 

trance of the duct, the innominate vein proximal to the duct, 
the subclavian vein, and several other small veins which enter 

the segment thus cut off. The jugular vein was then cut near the 

distal ligature, and its proximal end sewed into the corner of the 

incision. Chyle could be collected from a fistula so produced, by 

means of a cannula, or by allowing it to drop directly into a test- 

tube when the dog is standing up. Unfortunately the chyle 

coagulates rather readily and could not be made to flow for more 

than about twenty-four hours. Consequently it was usually prac- 

ticable to make but a single experiment, or at most two, on each 

dog. I wish here to express my thanks to Prof. W. G. Mac- 

Callum for his kindness in doing these operations. 

The plan followed was to allow the dog to recover from the 

etherization in the course of three or four hours, then to give the 

test meal, allowing the dog to eat voluntarily when possible, and 

at other times feeding first 10 to 15 grams of cooked lean meat 

in order to stimulate the digestive organs to normal activity, and 

then giving the desired material by stomach tube. A 10 ce. 

sample of chyle was taken either before or at the time of feeding, 

and afterwards at varying intervals, and a comparison of the 

cholesterol content of the specimens made by means of a modi- 

fication of the Windaus method. The details of this method I 

5 Windaus, A., Zéschr. f. physiol. Chem., 1910, Ixv, 110. 
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have given.in another place.6 The ether extract of the chyle 

was obtained by mixing the sample with anhydrous sodium sul- 

phate, allowing to dry, and grinding fine in a mortar, then extract- 

ing thoroughly with ether in a continuous extraction apparatus. 

A description of the experiments follows. 

Experiment I—Immediately after the completion of the fistula a sample 

of chyle was collected.. Four and one-half hours later the dog was fed the 

yolks of four eggs mixed with a small amount of raw meat (20 to 30 gm.). 

This meal, although not analyzed, contained probably about 1 gm. of 

cholesterol, of which 90 per cent or more was free.’?’ The material was eaten 

voluntarily by the dog. Table I shows the details of the experiment and 

analysis. The last column, headed ‘‘per cent,’’ gives here, and in the suc- 

ceeding tables, the per cent of the total cholesterol which is in the uncom- 

bined form. 

TABLE I. 

Dog 1. 

Fistula Completed at 1 p.m. 

Chyle. Free cholesterol. Cholesterol esters. 

; eS ————SSS Per cent. 

eee Amount. Amount. Amount. 

p.m. gm. gm. per cent gm. per cent 

1.00 13.4 0.0049 0.036 0.0088 0.066 30.29 

*5 .30 15.2 0.0060 0.039 0.0100 0.066 37 .62 

7.30 9.6 0.0059 0.062 0.0115 0.119 33.91 

8.30 10.0 0.0088 0.088 0.0207 0.207 29 .83 

9.30 9.8 0.0111 0.113 0.0270 0.276 28 .32 

* Time of feeding. 

Experiment II.—This experiment was the second carried out on Dog 2, 

the first being reported as Experiment IV. The test meal consisted of 30 
gm. of lean meat and three raw eggs, with which was thoroughly mixed 

0.5 ce. of oleic acid. A small aliquot of this was analyzed, and the whole 

found to contain 0.88 gm. of cholesterol, of which 88.15 per cent was free. 

Owing to the fact that the digitonin method gives low values for free cho- 
lesterol in the presence of much oily material, the amount of free cholesterol 
was probably something over 90 per cent of the total cholesterol. The dog 

ate the food voluntarily. The results follow. 

6 Mueller, J. H., Jour. Biol. Chem., 1915, xxi, 28. 

7Mueller, loc. cit. 
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TABLE II. 

Dog 2. 

Chyle. Free cholesterol. Cholestero! esters. 

: 
Per cent. 

bolle Amount. Amount. ‘ ‘Amount. 

a.m. gm. gm. per cent gm. per cent 

7.30 10.5 0.0043 0.041 0.0097. 0.092 30.83 
*8 30 
11.30 9.3 0.0058 0.062 0.0164 0.177 23 .94 
p.m. 
12.30 10.4 0.0067 0.065 0.0162 0.155 29 .54 

1.30 11.2 0.0062 0.055 0.0159 0.139 28 .35 

* Time of feeding. 

Experiment IIJ.—In order to see whether pure free cholesterol dis- 
solved in some neutral solvent would also be assimilated in the same way, 

this dog was fed first a very small piece of lean meat, which he ate, and 

was then given by stomach tube 0.75 gm. of cholesterol (Merck) dissolved 

in about 10 cc. of cottonseed oil and emulsified in 250 ce: of water by means 

of white of egg. No trouble was experienced, either in this or in the follow- 

ing experiments where a similar procedure was followed, in the dog’s 

vomiting the liquid so administered. 

TABLE III. 

Dog 3. 

Fistula Completed at 11.30 a.m. 

Chyle. Free cholesterol. Cholesterol esters. 

= Per cent. 

pene: Amount. Amount. Amount. 

p.m. gm. gm. per cent gm. per cent 

pli 11.4 0.0049 0.043 0.0092 0.081 34.67 

5.15 10.7 0.0076 0.071 0.0164 0.153 31.70 

7.15 11.0 0.0083 0.076 0.0193 0.175 30.28 

11.15 10.8 0.0145 0.134 0.0415 0.385 25 .82 

* Time of feeding. 

Experiment IV.—In order to investigate the absorption of cholesterol 

esters it was necessary to resort entirely to the use of synthetic compounds, 

fed by the method used successfully in the case of free cholesterol in Ex- 

periment III. The esters used, the palmitate and oleate, were prepared 
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according to the method recommended by Hiirthle,* by heating cholesterol 

with five times its weight of the acid to be used to about 200° for two hours, 

and purifying the esters so produced by alcohol, in which they are very 

difficultly soluble. In this experiment the dog was given first 17 gm. of 
lean meat, which had been found to contain about 0.015 gm. of cholesterol, 

mostly free, and then by stomach tube 1.5 gm. of cholesterol palmitate, 

dissolved in cottonseed oil, and emulsified in water with egg white. The 

cottonseed oil was found on analysis to contain in 1 cc., 0.0010 gm. of ma- 

terial precipitated by digitonin before saponification, and 0.0016 gm. after 

saponification of the filtrate from this. This substance is probably the so 

called phytosterol, which evidently exists as an ester, as well as free, al- 

though I am not aware that this point, has been brought out before. It is 
closely related chemically to cholesterol, and is converted into it when fed 
to animals.’ The results follow. 

TABLE IV. 

Dog 2. 

Fistula Completed at 11.30 a.m. 

Chyle. Free cholesterol. Cholesterol esters. 

Per cent. 

ee: Amount. Amount. Amount. 

a.m. gm. gm. per cent gm. per cent 

11.30 7.8 0.0013 0.016 0.0029 0.037 30.19 

p.m. 

*3 40 

5.30 9.8 0.0025 0.025 0.0039 0.040 38 .46 

6.40 9.9 0.0026 0.026 0.0038 0.038 40 .62 

7.40 9.9 0.0027 0.027 Lost 

* Time of feeding. 

Experiment V.—The chyle obtained in this experiment was very bloody 

a small vein having evidently been left opening into the jugular. This 

accounts for the relatively high proportion of free cholesterol found, the 

cholesterol of dog blood being in the neighborhood of 80 per cent uncom- 

bined. The dog was given the same test meal as the preceding one; v7z., 

1.5 gm. of cholesterol palmitate dissolved in cottonseed oil and emulsified 
in water. 

8 Hiirthle, K., Zischr. f. physiol. Chem., 1895-96, xxi, 331. 
® Fraser and Gardner, Proc. Roy. Soc., Series B, 1909, Ixxxi, 230. 
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TABLE V. 

Dog 4. 

Fistula Completed at 11.15 a.m. 

’ 

Chyle. Free cholesterol. . Cholesterol esters. 

5 av 7?” ite" aa an oe : Per cent. 

ey Amount. Amount. Amount. 

p.m. hike gm. per cent gm. per cent 

4.30 10.1 0.0082 0.081 0.0036 0.035 69.83 

7.15 10.0 0.0116 0.116 0.0048 0.048 70.73 

9.15 iH Berg 0.0129 0.110 0.0067 0.057 65 .87 

* Time of feeding. 

Experiment VI.—Cholesterol oleate was substituted in this experiment 

for the palmitate, the same amount being used. 

TABLE VI. 

Dog 5. 

Fistula Completed at 1.30 p.m. 

Chyle. Free cholesterol. Cholesterol esters. 

ooo Per cent. 

a ier a Amount. Amount. Amount. 

p.m. gm. gm. per cent gm. per cent 

*4 30 10.7 0.0026 0.024 0.0045 0.042 36 .36 

6.45 9.8 0.0093 0.095 0.0133 0.136 41.13 

8.45 Ot 0.0065 0.067 0.0100 0.103 39.41 

a.m. 

12.30 10.0 0.0067 0.067 0.0106 0.106 38.73 

* Time of feeding. 

Experiment VII.—Chyle was still running from the fistula used inthe 

preceding experiment the next morning, and another experiment was un- 

dertaken on the same dog, using this time 1.5 gm. of cholesterol palmitate. 

Unfortunately only one sample of chyle could be obtained after feeding, 

the fistula becoming permanently thrombosed. 
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TABLE VII. 

Dog §. 

Chyle. Free cholesterol. Cholesterol esters. 

sss Ss SSS Per cent. 

pre Amount. Amount. Amount. 

a.m. gm. gm. per cent gm. per cent 

9.00 9.9 0.0032 0.033 0.0042 0.043 43 .42 

*9 30 

p.m. 

12.30 9.4 0.0073 0.078 0.0106 0.113 40 .84 

* Time of feeding. 

The figures quoted leave little doubt but that cholesterol is 

absorbed in the chyle together with other lipoidal material. It 
is of course not certain that no cholesterol is taken up by the 
blood stream directly. Unfortunately no determinations were 

made on the blood itself during the course of these experiments. 

It might be argued that an increase in the cholesterol of the 

lymph would not necessarily indicate an absorption through the 
lacteals, but that if the absorption were primarily by way of the 

blood stream, an increase would naturally follow in the lymph 

of the thoracic duct, since the general lymph has its origin ulti- 

mately in the blood plasma. Such a supposition, however, is not 

borne out by the figures, the increase in some, at least, of the ex- 

periments being too great to be accounted for on such a basis. 
The dogs used were all fair sized; one (No. 2), which was after- 

ward bled to death for a different purpose, yielded about a liter 

of blood. Of this, perhaps 750 cc. were composed of plasma. 
In order to account for the increase which was shown in Experi- 

ment II on this dog, over 0.7 gram of cholesterol would have been 

required for this amount of plasma alone, without taking into 

consideration the blood remaining in the dog, the lymph and 

intercellular fluid, or the tissues themselves, which have been 

shown to share in the increase.'!® Since by actual analysis, less 

than 0.9 gram of cholesterol was fed in this experiment, and since 

it has been repeatedly shown that there is not a complete absorp- 

10 Gardner and Lander, Biochem. Jour., 1913, vii, 576. 
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tion of cholesterol, much that is fed appearing in the feces either 

as such or as coprosterol, its reduction product, it is obvious 

that the increase shown by the chyle could not be explained on 

such a basis. In other experiments the rate of increase would 

have required a still larger quantity of cholesterol. 

It is evident, further, from the figures, that the intestine itself 

is a most important site for the conversion of free cholesterol into 

its esters or vice versa. ‘This is probably the first direct evidence 

of this process by any particular tissue, although it has, of course, 

been known that such changes take place in the organism. In 

those experiments in which a meal was given containing almost 

entirely free cholesterol, the increase is evident, not only in the 
free cholesterol of the chyle, but also, and to about twice the 

amount, in the combined cholesterol. On the other hand, when 

cholesterol almost entirely in the combined form is fed, there is 

likewise an increase in both fractions, about one-third being at- 

tributable to free cholesterol. Evidently during the absorption, 

the trend of the process is to preserve the ratio between free and 

esterified cholesterol which is normal to the chyle, and either an 

esterification or a hydrolysis may take place, according to the 

character of the material supplied. It is odd that in all the ex- 

periments in which a preponderance of free cholesterol was fed, 

there appears to have been a slight decrease in the relative amount 
of free cholesterol in the total, while in two of the experiments in 

which the esters were fed (IV and VI), the reverse is true. The 

significance of this fact, if any, is not apparent. 

In Experiment II it was attempted to show that the formation 

of esters from the free cholesterol might be due to the liberation, 

during the digestion, of free fatty acids. By. adding oleic acid 

to the food it was thought that a considerably greater increase in 

esters might be shown than in Experiment I, the two being in 

other respects similar. The results did not in any way bear out 

the hypothesis. It is possible, of course, that the amount of 

oleic acid used (0.5 ce.) was too little to give a decided effect. 

In Experiment III, the finding of such a large amount of 

cholesterol in the last sample of the chyle eight hours after feed- 

ing, which contained also considerably more oily ether extract 

than the preceding ones, may be explained in part by slow ab- 

sorption owing to the weak condition of the dog, but probably 
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more by the blocking of the chyle in the intestinal lymphatics, 

following the temporary closing of its exit. The chyle never ran 

continuously, but coagulated in the orifice of the duct soon after 

each sample was taken. As stated above, it was always possible 

to start the flow again without any difficulty by inserting a can- 

nula until about twenty-four hours after the operation, when 

permanent clotting usually took place. 

The experiments on cholesterol palmitate were not, on the whole, 

as satisfactory as those on free cholesterol and cholesterol oleate, 

in all of which very marked absorption was indicated. Experi- 

ment IV is almost entirely negative, even the apparent increase in 

free cholesterol in the second sample being probably due to a 

false value for the first determination, since figures of this kind 

were not obtained in any other case. The extremely small size 

of the first sample renders this likely. It may be noted, however, 

in this connection that this is the only ambiguous figure in the 

whole series, the work taken altogether indicating that the modi- 

fication of the digitonin method of analysis used here is remark- 

ably accurate, even for much smaller quantities of material than 

has been generally believed. 

Experiment V, in spite of the large amount of blood present, 

shows a distinct increase in cholesterol content, while the in- 

crease shown in Experiment VII is equal to that obtained in the 

feeding with free cholesterol. 

CONCLUSIONS. 

1. Cholesterol is readily absorbed from the intestinal tract 

through the chyle and may be recognized in the contents of the 

thoracic duct. 
2. When cholesterol is fed entirely in the free condition, a por- 

tion is esterified during the absorption and appears so in the 

chyle, and vice versa. Hence either in the intestinal contents or 

in the wall of the intestine, processes of esterification or of hydroly- 

sis may take place which result in the absorption of the choles- 

terol in approximately the same proportion of free to ester found 

normally in the chyle. 

3. This ratio seems not to be affected by the presence of small 

quantities of fatty acids in the food. 





THE RATE OF THE PASSAGE OF FATTY ACID OF FOOD 
INTO THE MAMMARY GLANDS OF THE GOAT. 
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(Received for publication, June 10, 1915.) 

In connection with other studies on milk secretion, which are 

being pursued by the writer in the Department of Biological 

Chemistry, it seemed desirable to study the rate at which the fat 

of the food could be metabolized and excreted by the mammary 
glands. The following observations were made under the direc- 

tion of Dr. E. L. Scott, and for his assistance and helpful advice 

I wish to express my indebtedness. 

Mendel! has shown that by staining food fat with Sudan III, 

stained fats will appear in the lacteals of the dog in from four to 

five hours after feeding. There is no assurance, however, that re- 

combinations may not take place in the intermediary metabolism. 
and cause the dye to be excreted before or after the fat with which 

it was originally combined. Winternitz,? in feeding iodized fats 

to a goat, found traces of iodine in the milk in from fifteen to 

twenty hours after feeding. Owing to the occurrence in the liver 
of acids which are more unsaturated than those contained in the 

food, there is a possibility of the iodine recombining with these 

acids and consequently being found in the milk in a new combina- 

tion. Ifa substance could be fed which could be identified in the 

milk unchanged it would seem to afford a more satisfactory 

method for the study of the activity of the mammary glands. 

My observations were made on a single goat. The substance 

selected for feeding was arachis oil, which normally contains about 

5 per cent of arachidic acid. I am aware that arachidic acid is 

sometimes found in butter, due probably to the practice of feed- 

1 Mendel, L. B., Am. Jour. Physiol., 1909, xxiv, 493. 

2 Winternitz, H., Deutsch. med. Wcehnschr., 1897, xxiii, 477; Zischr. f. 

physiol. Chem., 1898, xxiv, 425. 
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12 Fatty Acid of Food 

ing arachis meal to the cows. Although in my experiment the 

normal milk was examined for arachidie acid for the five succes- 

sive days just previous to the experiment, none was found to be 

present. Then, after emptying the glands on the evening of 

July 27, 1914, 25 cc. of arachis oil were given in the feed and 25 

ec. were given twice daily thereafter until the morning of August 

1. The morning milk of July 28, twelve and one-half hours after 

the first feeding, was found to contain arachidic acid in abun- 

dance. The evening milk of July 28 contained appreciably more, 

and from then on to the end of the experiment, August 1, a.m., 

the amount remained apparently constant. 

The analytical procedure in this case was to extract the fat from the milk 

by Meigs’ method. A weighed quantity of milk is diluted with an equal 

volume of distilled water and then shaken for five minutes with a volume 

of ether equal to the original volume of milk; then alcohol equal in volume 

to the amount of ether is shaken with the milk-ether mixture and, after 

settling, the ether layer is pipetted off and the fat is dried to constant 

weight in a vacuum desiccator over sulphuric acid. The arachidic acid was 

determined by Renard’s* method as modified by Lewkowitsch.’ By this 

method the unsaturated fatty acids are separated from the saturated acids 

by extracting the lead salts with ether.. The remaining salts are then de- 

composed with hydrochloric acid and the fatty acids are collected. The 

fatty acids are washed several times with hot water and finally dissolved 

in boiling 90 per cent alcohol. Arachidic acid crystallizes out upon cooling 

the solution to 15°C. 

While no attempt was made at exact quantitative estimation, 

as it was the purpose only to see whether any arachidic acid were 

present in the milk, it may be of interest to note that the total 

weight of the crystals from samples Nos. 2, 3, and 4 was 1.2878 

grams. The fact that these crystals became almost transparent 

at 77°C. and wholly transparent at 81°C. indicates that they were 
a mixture. Since arachidic acid has a melting point of 77°C., 

and lignoceric acid a melting point of 80.5°C., and since both these 

acids are characteristic of arachis oil, it is fair to presume that the 

crystals were composed of these acids. The microscopic appear- 

ance of the crystals was such as to confirm this assumption. 

3 Meigs, A. V., Philadelphia Med. Times, 1881-82, xii, 660. 

4 Renard, A., Compt. rend. Acad. d. sc., 1871, Ixxiii, 1330. 

5 Lewkowitsch, J., Chemical Technology and Analysis of Oils, Fats, and 

Waxes, London, 1909, 4th edition, i, 132-33; ii, 252. 
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From these facts it is evident that the time required for the in- 

gested fatty acids to appear in the milk is at least not over twelve 

and one-half hours and probably less. No attempt was made to 
determine how long after discontinuing the feeding of arachis oil 

the arachidic acid continues to be excreted. 
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I. INTRODUCTION. 

Work of fundamental character by Magnus-Levy? showed the 

influence of the ingestion of very fat bacon upon the metabolism 

of the dog. Respiration experiments lasting about thirty minutes 

each, using the Zuntz method, were made upon a dog breathing 

through a tracheal cannula. These showed that after giving 140 

grams of fat bacon the metabolism increased during the fifth to 

ninth hours to a height which was about 10 per cent above the 
original basal level as measured twenty-four hours after the last. 

ingestion of food. After 320 grams of fat bacon had been taken 

the metabolism showed a maximal increase of 19 per cent during 

1 The urinary analyses were performed by Mr. R. H. Harries. 

4 Magnus-Levy, A., Arch. f. d. ges. Physiol., 1894, lv, 1. 
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16 Animal Calorimetry 

the fourth to seventh hours. The increased metabolism extended 
from the fourth to the thirteenth hours after food ingestion and 
then subsided to the original basal level. The total increase in 

heat production could be estimated as 2.5 per cent of the energy 
content of the fat ingested. The environmental temperature of 

the dog varied between 16° and 19°, and all extraneous movements 
were avoided. 

In 1910 O. Miller? sought to compare the relative specific 

dynamic action of starch and glucose. However, when he gave 
starch he also administered 40 grams of fat with it, thereby intro- 
ducing a technical error, as will appear later. 

In the Third and Eleventh Papers of this series the manner of 

the carbohydrate metabolism has been discussed. In the present 

paper the course of metabolism after fat ingestion will be de- 

scribed, as well as that observed after combining fat with glucose 

and with glycocoll in various ways in the ingesta. 

The work of Bloor* has shown that after giving fat to a dog 

there is a gradual rise in the fat content of the blood, the maximum 

being attained in the sixth hour, after which there is a fall. 

Furthermore, when fat was injected intravenously so that the fat 
content of the blood was doubled, the excess disappeared within 

five minutes after the cessation of the injection. Should the 

course of metabolism after fat ingestion follow the curve of fat 

content in the blood, this would tend to establish the standpoint 

that the heat production may be increased by increasing the 

metabolites available for cell nutrition. 

II. EXPERIMENTAL PROCEDURE. 

The two dogs which were used in these experiments were sub- 

jected to the same experimental procedure described in former 
papers. The “‘standard diet” was given at 5.00 p.m. and eighteen 

hours thereafter the basal metabolism was determined. On other 

experimental days the material the dynamic action of which was 
to be tested was given about 9.00 a.m., or eighteen hours after 

food, and the course of the heat production noted. The food 

when ingested had a temperature of 38°. The experiments were 

3 Miiller, O., Biochem. Ztschr., 1910, xxviii, 427. 
4 Bloor, W. R., Jour. Biol. Chem., 1914, xix, 1. 
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conducted at an environmental temperature of 26°. The methods 

of calculation followed were the same as those used in the Eleventh 
Paper.® 

The fat emulsion was made by Fairchild Brothers and Foster 

and contained: 

Per cent 

TE Sg. 65 Seago 6 o'r moat ag aoe ns SERS il 

IPS andi Willis Seto cio < oe Ie io odcolet os ocean ke oben a aeer 37 

Lenina! OU Ree S 3 - heed hie Car i) a, eee a 37 

\NGMIGIE, coe Belo 0 o> Oe oan tet cig ic: 1 ice Ue ae 25 

100 grams contained 694 calories as determined in the bomb 

calorimeter. The glucose administered was anhydrous and chemi- 

cally pure, manufactured by Merck, and showed a heat value as 

determined in the bomb of 3.70 calories per gram. 

Ill. EXPERIMENTAL PART. 

These experiments have analyzed the course of the heat pro- 

duction (1) after the ingestion of 75 grams of emulsified fat; (2) 

after the ingestion of 75 grams of fat followed by 70 grams of glu- 

cose; (3) after the ingestion of 50 grams of glucose plus 20 grams 

of glycocoll four hours after the administration of 75 grams of 

emulsified fat. The results of these experiments are epitomized 
in Tables I, IJ, and III and in Charts I, II, and III, whereas the 

full details are appended in Tables IV and V. 

The experiments on Dogs III and XIV showed the following 

comparisons between indirect and direct calorimetry. 

No. of experiments 
No. of in which error was 

Dog. experi- Indirect. Direct. Difference. 

mentee under 2 over 2 
per cent. per cent. 

ecl. cal. cal. | per cent 

III 10 996.71 975 .05 21.66 2rd, 5 5 

XIV 22 2,244 20 | 2,280.18 14.02 0.6 14 8 

In two of the thirty-two experiments the difference between 

indirect and direct calorimetry was less than 1 per cent. There 

° Lusk, G., Jour. Biol. Chem., 1915, xx, 555. 

THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXII, NO. 1, 
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is nothing to indicate that any particular foodstuff causes a dis- 
crepancy between the forms of measuring heat, but probably that a 
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production. 

The effect of fat and of glucose plus fat upon the heat 

change in the position of the dog itself, or of the position of the 

rectal thermometer within the dog, may so affect the reading of 

the body temperature as to modify materially the calculations of 
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direct calorimetry. Experiments of Mr. Riche indicate this 

tombe true. Such errors would tend to equalize each other in the 
long run. Alcohol checks in general show more accurate agree- 

~ment than work on dogs, thus proving the excellence of the 
calorimeter itself. 

TABLE I. 

The Influence of Fat, 75 Grams (694 Calories), and Glucose, 70 Grams (259 
Calories), upon the Metabolism of Dog III in Calories per Hour. 

Hrs. after food.* 
R..Q. 

Experiment No. aver- : 

“ae 3 4 5 6 pe laren al fer fae | 

(SSS Sa ae hoot ees eee 94 | 0.82 19.7 | 18.9 

EV OTA OM Pee Pe fn Gate ool fe 0:84) 19.9 | 20.1 | 19265)xo8... ..Avelrage |19.9 

LEE TES ie tele ee 93 0.81 | 23.0 | 22.7 | 24.0 | 23.7 

95 0.79 | 20.4 | 22.4 | 24.1 | 26.2 | 26.4 | 23.7 

99 | 0.78 25.4 | 23.8 |23.8]21.3]20.4/17.9 

: 2 5.9 | 23.7 |23.8)21.3/20.4 

25 23 30 UE eet 8 AR 68 

_ ~I © 

OT ronda Skee arate 96 0.98 | 24.6 | 26.0 | 24.1 | 25.1 | 29.6 Al 

97 1.00 | 25.3 | 23.4 23.7 | 23.6 | 23.0 | 21.6 

JS ee 24.9 | 24.7 | 23-9 | 24.3 | 26.37) 23.8 

Increase in per cent.....,.... 2 20 20 22 2 20 

Glucose 70 gm. 4 hrs. 

after fat 75 gm....... 101 | 0.94 | 29.0 | 27.0 |28.3 | 
Increase in per cent........... 45 36 42 

*Except when the basal metabolism was determined. 

A. The Administration of Fat, 75 Grams. 

The experiments upon Dog III show that after the ingestion of 

fat the heat production gradually rises till the sixth hour to a 

maximum 30 per cent above the basal metabolism and then falls 

slowly to the basal level which is reached ten hours after the fat 

’ has been taken (see Chart I). In Dog XIV the increase appeared 

earlier, did not reach the same height and was not followed to its 
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conclusion (see Charts II and III). In Dog III the total increase 

in heat production amounted to 28.8 calories, or 4.1 per cent of the 

694 calories of energy contained in the 75 grams of ingested fat. 
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Cuart II. The effect of fat, of glucose, and of glucose plus fat upon 

the heat production. 

In Dog III the respiratory quotients during three experiments 

in which the basal metabolism was determined averaged 0.84, and 
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in four experiments after fat ingestion the average was 0.79. In 

Dog XIV (First Series) the quotients of five basal metabolism 

experiments averaged 0.85, and of four after fat ingestion, 0.80; 

in the Second Series three basal metabolism experiments showed 

TABLE II. 

Dog XIV. First Series. 

The Influence of Fat, 75 Grams (694 Calories), and Glucose, 70 Grams (258 

Calories), Severally and Together in Calories per Hour. 

Hrs. after tood.* 
R. Q. 

Experiment No. aver- 

oe 2 3 4 5 6 7 8 

ASA ole Ge6,2 os 2 | 0.83 | 22.2 | 20.7 | 22.0 ‘ 

GesOeso | 19:8 | 1920) |) 22.5 

See. 91 {21.2 | 22.4 | 2007 

iz ieOzeo | 21.8 | 21.2-| 25.0 

1A ORS2)\) 20,2) | 21.6 

PN OTAD OG oes se Oso 28205) 210 W220 eee Averj|age 21.5 

Ls A ee See OedGelecs 0) 2525) (225). Onl24n4 

@ | 0.80 | 25.9 | 24.6 | 28.7 

9 | 0.80 | 24.9 | 25.1 | 23.5 | 

13: | 0.80 | 25.2 | 23.0 | 24.3 | 24.3 | 25.3 

Average........ .| 0.80 | 25.2 | 24.0 | 25.6 | 24.4 | 25.3 

Increase in per cent. 17 14 19 13 18 

Glucose70gm.. 4 | 0.99 | 29.0 | 28.4 | 28.1 

Dmeaede02 | 29.0) | 28107 )) 24,7 1 217271) 2080 

Average........ ete OO + 297.0) | 2822) 2604s e212 2080 

Increase in per cent. 35 31 23 

Glucose 70gm.. 7 

4 hrs. after fat....| 0.93 33.8 | 30.9 | 32.2 

Increase in per cent. 57 39 50 

* Except when the basal metabolism was determined. 

an average quotient of 0.86, and one after fat ingestion of 0.81. 

The average quotient of each basal metabolism experiment was 

therefore always higher than any of the quotients found after 
giving fat. Jt appears, therefore, that the administration of fat 
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Cuarr III. The effect of fat, of glycocoll, of glucose, of glucose plus 

glycocoll, and of glucose plus glycocoll plus fat upon the heat production. 
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causes a relative increase in the metabolism of fat itself. Thus, an 

analysis of Experiments 6 and 12 on Dog XIV in which the basal 
metabolism was determined and in both of which the respiratory 
quotients averaged 0.85, shows that 48 and 40 per cent of the 

TABLE III. 

Dog XIV. Second Series. 

Influence of Fat, 75 Grams (694 Calories), Glucose, 70 Grams (269 Calo- 

ries), Glycocoll, 20 Grams (42 Calories), Glucose, 50 Grams + Glycocoll, 

20 Grams (227 Calories), Severally and Together, upon the Metabolism of 
Dog XIV in Calories per Hour. 

Hrs. after food.* 
Re Q: 

Experiment No. aver- | 

EDT 3 4 5 6 7 8 9 

ISHII Se een cert: Ree ere 15 OF85) | 24-1239) | R207 

17 O90) | 2021) 24z baa 

21 ON84 || 22.1] 220 2088) 

PAW CLAS OMS si fanaos oe Sho ta OFS6r e228: 23) coe eee Aver|age 22|.7 

Herta ronan es. te ce oD 0.81 24.9 | 26.4 | 25.2 | 26.4 | 26.4 | 27.0 | 26.4 

Increase in per cent................ 10 16 11 16 16 19 16 

Glucose 70leme. 50). s.c0-.s ees 16 1.00 | 31.4 | 30.3 | 28.5 | 24.0 | 22.7 

19 1.00 | 30.2 | 27.0 | 27.0 | 22.8 

ASCO ec neds Bite aoe Cae 306))|) 28316) | 2vavinl eczema Tl 

Inerease'inper cent......:......... 35 26 22 3 4 

Glveocolli 20 en...< ooo sce. oe: 138) 0288. | 2820) || 26787} 252.8) |! 25.5 eae) | 25e0 

Imerease in per cent................ 23 18 14 12 2 10 

Glycocoll 20 gm. + glucose 50 

ERT atats cicionn te tehis loess Scien bo 23 101 |) 3329) 93320) R28are leon alecsaG 

Increase in per cent........... 49 45 26 13 9 

Glucose 70 gm. 4 brs. after fat. 22 | 0.93 27.4 | 27.4 | 32.0 | 28.4 

Increase in per cent................ 20 20 41 25 

Glucose 70 gm. + glycocoll 20 

em) 4%hrs- after fat. ......... 24 1.00 35.4 | 39.2 | 31.4 | 27.2 

Increase in per cent................ 56 73 38 20 

* Except when the basal metabolism was determined. 

energy was derived from fat, whereas in Experiment 13, after fat 

ingestion, the energy from fat was 56 per cent of the total. 

Furthermore, in the two experiments in which the basal metab- 

olism was determined the protein plus carbohydrate calories 

were 11.5 and 10.0 per hour, whereas in the fat experiment the 
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protein plus carbohydrate calories were 10.6 per hour. In the 

Second Series of experiments on Dog XIV analogous relations exist. 

The increase in heat production is therefore derived from the in- 

creased oxidation of incoming fat. 

B. The Administration of Fat and Glucose. 

In order to determine whether there was a summation of effect 

when fat and glucose were given together, two such experiments 

(Nos. 96 and 97) were accomplished on Dog III. In these experi- 

ments the heat production rose in the first two hours of experi- 

mentation to a higher level than when fat alone was given. The 

respiratory quotients during this period indicated the combus- 

tion of the readily absorbable glucose. In Experiment 96 there 

appeared to be a decided secondary rise in metabolism during the 

fifth and sixth hours, indicating the maximal rise due to fat ab- 

sorption (see Chart I). 

C. The Administration of Glucose Four Hours after Fat Had Been 

Given. 

Since the maximal effect of fat upon metabolism takes place 

six hours after its ingestion and that of carbohydrate during the 

second and third hours after it has been given, the experiment 

was varied so that 70 grams of glucose were given to Dog III 

four hours after 100 grams of fat emulsion had been given. It 

was noted that during the fifth to seventh hours themetabolism 

was increased 41 per cent above the normal in contrast with a 23 

per cent increase when fat alone was given. The relations are 

shown below: 

Dog III. 

Experiment Nos. ‘ R: aa neat Increase above normal. 

cal. per cent 

408100: - “Basali soe See. 0.84 | 19.9 3 | 
93:5°95;>-99; 101 Hat. 75:ems seen 0.79 | 24.5 3* 4.6 23 

101 Glucose 70 gm. 

4hrs. after fat - 

(hiya i Ose F8 Oeea 6 0.94 | 28.1 ae 8.2 41 

*6, 7, and 8 hrs. after fat. 
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Still more striking were experiments made upon Dog XIV 

(First Series). Here the effects of carbohydrate and fat alone and 
together were determined and with the following results: 

Dog XIV. First Series. 

Experiment Nos. Re: oe Nero Increase above normal. 

. cal. per cent 

Peon. 14 Basal............ 0.850 e2Ino 3 

mmeis Pat 75em....... 0.80 | 25.0 5 3.5 16 
4,5 Glucose 70 gm...| 1.00 | 28.6 2 eel 33 

7 Glucose 70 gm. 4 

hrs. after fat 

WON... 6: 0.93 | 32.3 2 10.8 50 

This table shows that after giving fat the metabolism rose 16 

per cent above the normal and the respiratory quotient fell from 

0.85 to 0.80. After giving glucose the metabolism rose 33 per cent 

during the two hours of maximal effect, and the respiratory quo- 
tient was 1.00. However, when 70 grams of glucose were given 

four hours after the ingestion of 75 grams of fat the heat pro- 

duction rose to a level 50 per cent above the basal, or the arith- 

metical sum of the increases which fat and carbohydrate alone 

would have produced. In this the results are comparable to those 

observed when glucose and alcohol were given alone or together. 

When glucose was given after fat ingestion the respiratory 

quotient was 0.93 in Dog XIV and 0.94 in Dog III, instead of unity 

when carbohydrate was given alone. The decided lowering of the 

respiratory quotient has its. counterpart in a similar fall when 

alcohol and glucose are given together.’ It is perhaps impossible 

to calculate exactly the relative quantities of fat and carbohy- 

drate oxidized under these circumstances, for a probable conver- 

sion of carbohydrate into fat would raise the respiratory quo- 

tient, a complication for which correction is impossible. Be that 

as it may, the quotients of 0.93 and 0.94 which were found 

show that there can be no question that with an ample influx of 

both fat and glucose at the same time, both food substances are 

simultaneously oxidized and with a large increase in the heat 

production. 

§ Tusk, loc. cit., 1915, xx, 555. 
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Two sets of experimental conditions occurred in which the sum- 

mation is not evident: (1) when fat and carbohydrate are given 

at the same time and the carbohydrate is more rapidly absorbed, 

a high respiratory quotient -betokens its almost exclusive utiliza- 

tion and there is no summation of effeet (see Experiments 96 and 

97 on Dog III); (2) when glucose is given after fat, and low quo- 
tients like 0.86 and 0.91 indicate its slow absorption, due possibly 

to prolonged retention in the stomach (Experiment 22; Dog XIV). 

In a former article Lusk’ has held that there was no evidence 

to show that the increased metabolism after giving carbohydrate 

and fat was due to acid stimulation of the cells. If it were true 

that the high heat production after giving fat and glucose together 

was due to an increased production of acids in metabolism, then 

one would naturally expect to find an increased quantity of am- 

monia in the urine. The following table shows the quantities of 

ammonia nitrogen eliminated after the ingestion of 75 grams of 

fat and after giving 70 grams of glucose four hours after fat 

ingestion. 

N in mg. per hr. 

Date. Experiment No. ote ee Tee ee 

N. NHN. 

1915 
Apr, 19.3. :| 20 BietvS CMa eae Scmeeee 8 hrs. 20min. | 112 7 

tS Se ae Avhrs) atterwoe ems tates 5 hrs. 15 

“ 21...| 22 Glucose 70 gm. 4 hrs. after 

IEE Ray (OY 2 det a RO EMCEE ols occ 5 hrs. 9 min. 95 4 

shag Les Glucose 70 gm. 4 hrs. after 

RG TET AIN, ais bicks Aen bas 5.2 ic) OURS: 3 

It is apparent from these results that when glucose and fat are 
oxidized together in the organism the quantity of ammonia elimi- 

nated in the urine is much less than when fat alone is given. As 
ammonia elimination is held to be an index of acid formation the 

reduction in ammonia output may be considered as an added 

indication that the increased heat production which follows carbo- 

hydrate ingestion is not due to acid stimulation. 

It may be further stated that in Experiment 18 following the 

ingestion of glycocoll the ammonia excretion was 20 mg. per 

hour, and in Experiment 23 after glycocoll and glucose were given 

Minsk lOc Clie ONO rexxe, Dons 
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together it amounted to 23 mg. per hour. In this instance in 

which a stimulation is effected through the metabolism of an 

amino-acid the ammonia output appears to be uninfluenced by the 
administration of carbohydrate. 

Although it may be possible that the increased heat production 

after administration of carbohydrate is due to acid stimulation, no 

convincing evidence in favor of this view exists at present. Of 

theoretical significance might be mentioned the possible synthetic 
production of alanine from methyl glyoxal, which substance 
would then act as a stimulus to metabolism. 

D. The Effect of Glycocoll, Glucose, and Fat, Severally and 

Together. 

A second series of experiments performed upon Dog XIV was 

designed to show the results of the simultaneous effect of glyco- 
coll, glucose, and fat upon the metabolism. To this end the in- 

fluence of each of these three substances was determined sepa- 
rately, then that of glucose and glycocoll given together, and 
finally the effect of a mixture of all three materials. 

After giving fat the metabolism was found at its maximum in 
the sixth to ninth hours, showing at this time an average increase 

of 17 per cent above the normal. When glucose and glycocoll 

were given together with fat the first two were administered at the 

beginning of the fifth hour after the fat had been ingested, in 

order to obtain a maximal effect. Since the effect of glucose or 

of glycocoll reaches a maximum during the second and third 

hours after their ingestion, these hours are taken for comparison. 

The essential results may be thus briefly summarized. 

Dog XIV. Second Series. 

Experiment Nos. Ras Ae None thereaee Over 

cal. per cent 

Prensa en. 2s see caves oes} 0.86), 2208 |) 8 

20 Dob (i a 0.80 | 26.6 | 4* Souls 
18 Clycocolli20tem). 7.524... >- 0.90 | 27.6 | 2 429" 7 25 

16, 19 Cilucoses/Otemn 78 os cass 1202 |:2956n|\ G22 629) 30 

23 Glucose 50 gm. + glycocoll 

£21) Cee a es, 1.03 | 33.5 | 2 10.8 | 48 
24 Glucose 50 gm. + glycocoll 

20 gm. given 4hrs. after fat 

OV OTD RCE ct: «<a. 1.02 | 37.3 | 2 14.6 | 64 

* Hours 6, 7, 8, 9 after fat ingestion. 
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Analysis of these figures reveals a very close approximation to 

a summation of effect as the different substances are brought into 

play among the metabolizing cells. This is illustrated as follows: 

Increase. 

; cal. per cent 

Giycocoll20 pias... ie vias te ee 4.9 25 

GGIWMCOSE OMBOE ce bch. A phe nict Sou Sredls nan eee 6.9 30 

reo lUDGNT 6100) 00,7 ee a a Ee 11.8 55 

Glucose 50 gm. + glycocoll 20 gm................. 10.8 48 

This accords with former results given in the Eleventh Paper.® 

Further analysis shows the following relations: 

Increase. 

cal. per cent 

BG COCOMAON OM | cts das, c stele HEE eee 4.9 25 

Glucose: Oem... .. 53. so bonne eee ee eee 6.9 30 

Hate Ose Me jo ce senses as. eRe eee eee 3.9 LF; 

SUI OF allie chooks vie «, austen COC en ee ies 72 

Glycocoll 20 gm. + glucose 50 gm. 4 hrs. after fat 

CET ek 8 ais GAS Gb cid) teal I ee eee ae 14.6 64 

It has previously been shown that there is little difference in the 

heat production after giving 50 and 70 grams of glucose during 

the first two experimental hours. Bearing this in mind, it is evi- 

dent from the above table that after giving 20 grams of glycocoll 

+ 50 grams of glucose during the height of the absorption of 75 

grams of fat, the increase in metabolism is nearly the sum of the in- 

creases brought about by giving each substance separately. Reason- 

ing from analogy based on work published in the Eleventh Paper, 

aleohol, if it had been added to the mixture, would have raised 

the metabolism to even a higher level. 

IV. SUMMARY. 

This paper extends to fat metabolism the consideration given 

to that of amino-acids, carbohydrates, and alcohol presented in 

the Eleventh Paper. 

1. One must picture the large influx of fat globules into the 

blood stream through the thoracic duct after partaking of fat, 

an influx which reaches its maximum during the sixth hour. The 

S usk, loc cits, 1915, xx. 555. 
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heat production of the organism may gradually rise, reach its 

maximum during the sixth hour, and may fall to the basal level 
ten hours after fat has been ingested (as in Dog III). It appears 

that the ingestion of fat does not change the quantity of heat 

produced from protein and glycogen, but that the increased 

metabolism is at the expense of the fat ingested. 

2. If glucose be ingested at the time of the highest fat metab- 

olism, the heat production undergoes a second increase by the 
same quota which glucose alone would have increased metab- 

olism. At this level of higher metabolism the respiratory quo- 

tient is 0.93 or 0.94, instead of unity, which it would have been if 
glucose had been given alone. Hence, glucose and fat were being 

oxidized together. This is the metabolism of plethora. As 

concerns fat and carbohydrate, the opinion of Carl Voit that the 

height of the heat production is determined by the quantity and 

quality of the materials brought to the cells by the blood appears 

to be vindicated. 

3. When glucose and glycocoll are given together so that their 

molecules enter the circulation at the time of the height of fat 

absorption, the increase in metabolism is very nearly equal to the 

sum of the increases which each of the three materials would have 

induced alone. 



Calories. 
g ° 

Date. is Time. B.Q, | x0, | Ueme roe Carbo- | 
5 Proteir. ie 

a fat: 

1914 a.m. gm. gm. 

Oct. 27..} 93) 10.50-11.50 0.83 |10.01 | 0.148) 0.84 | 3.92 

11.50-12 .50 0.79 10.87 | 0.148) 0.79 | 3.92 

p.m. 

12.50— 1.50 0.80 |10.52*| 0.148) 0.79 | 3.92 

1.50— 2.50 0.82 |10.21*| 0.148] 0.82 | 3.92 

a.m 

Oct. 28..} 94] 10.07-11.07 0.82 | 8.65 | 0.133] 0.88 | 3.53 

11.07-12 .07 0:82 | 8. LL 0.133 TORS2a eames 

p.m 

12.07— 1.07 0.83) 7.77 | OLISSTORS4S Raeas 

a.m. 

Oct. 29..| 95) 10.20-11.20 0.80 | 8.87 | 0.128) 0.80 | 3.39 

11. 20-12 .20 0.80 | 8.21 | 0.128} 0.80 | 3.39 

p.m. 

12.20- 1.20 0.81 | 8.34 | 0.128] 0.81 | 3.39 

1.20- 2.20 0.76 | 8.66 | 0.128] 0.76 | 3.39 

2.20— 3.20 0.78 | 8.48 | 0.128) 0.77 | 3.39 

3.20—- 4.20 0.79 | 7.97 | 0.128] 0.84 | 3.39 

a.m. 

Oct. 30..| 96} 10.25-11.25 1.04 | 8.22 | 0.118) 1.08 1) Ss0GR OR26 

11.25-12.25 1.12 | 9.18 | 0.213) 1.163 Se008 RORom 

p.m 

12R2O— el e25 0.92 | 9.08 | 0.113} 0.94 | 3.00 

1.25- 2.25 0.85 | 8.39 | 0.113) 0.86 | 3.00 

2.25- 3.25 0.98 | 8.89 | 0.113) 1.00 | 3.00 

3.25- 4.25 0.94 | 9.28 | 0.113) 0.96 | 3.00 ; 

a.m. 

Nov. 5..| 97} 10.21-11.21 1.02 | 8.83 | 0.1382) 1.06 | 3.50 | 0.200% 

11.21-12.21 1.16 | 9.08. | 0.132) 1.28") 32508 s0e7 iam 

p.m 

12.21-— 1.21 6. 0.96 | 8.50 | 0.132] 0.99 | 3.50 4 

1.21— 2.21 6. 1.01 | 8.50 | 0.132) 1:05 | 3.50)" 0163— 

2.21- 3.21 6. 0.93 | 7.89 | 0.132) 0.96 | 3.50 

3.21— 4.21 6. 0:92 | 7.76 |,00132|"0). 95. \tse50 

* Estimated. 
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4 

s 
a 

talories. 

ect. |-Direct. 

Body temperature. 

Start. End. | Dif. 

97 | 21.25] 37 .47| 37.58/+-0.11 

69 | 22.84 

97 | 22.76 
68 | 23.24 

31 | 90.09 

97 | 18.76 37 .65 

iva | 19.43) . 

86 | 19.21 

.58 | 57.40 

.40 
41 ho bo No he 

aa 

Li) 

bo —_ 

Nh bw bo me oO CW bo bo AID Hm O bd Or 

bo bo _ oo ~] bo c=) 

04 |139.76 

37.82 

37 .86 

37 .78|+0.20 

37 .90|+0.12 
37 .83|—0.07 

37 .52|—0.13 
37 .60|+-0.08 

37 .63|+0.03 

37 .60)+0.04 
37 .81|+0.21 

38 .00|+0.19 

38 .11)/+0.11 

38 .39|-+0 .28 

38 .26|—0.18 

38 .08|+-0 .26 
38 .09/+0.01 

38 .06|—0.03 
38 .30|+0 .24 

38 .24|—0.06 
38 .15|—0.09 

37 .80|—0.06 
37 .92/+0.12 

37 .94|-+0.02 

37 .94|+0.00 

37 .94|+-0.00 

38 .03/+0.09 

Morn- 
ing Behavior of dog. 

weight. 

12.85) Quiet 

12.70} Quiet 

12.75) Quiet 
“cc 

Slight movement 

Quiet 
“cc 

13.15) Quiet 

Food. 

100 gm. fat emulsion at 

10 a.m. 

Basal. 

100 gm. fat emulsion at 

9F254-m- 

100 gm. fat emulsion + 

70 gm. glucose at 9.25 

a.m. 

100 gm. fat emulsion + 

70 gm. glucose at 9.25 

a.m. 

dl 



o2 

Date. 

Exper. No. 

Time. 

1914 

Nov. 

Nov. 

Nov. 

Nov. 

Gos 

ULie 

98 

99 

.|100 

2..|101 

10 

11 

12 

CON SD Ore & 

10 

11 

ob es ee 

a.m. 

Oe, 

. 10-12. 

p.m. 

BOS. 

p.m. 

4 4. 

.J4- 5. 

ot 6. 

.o4- 7. 

4 8. 

.34— 9. 

a.m. 

soli: 

rol Ue 

p.m. 

sol sale 

a.m. 

.10-11 

p.m. 

PO eale 

oo Ot He GW 

AOE 6: 

10-12. “ 

Animal Calorimetry 

CO:. 

10} 7.07 

10| 7.06 

ow re 

ao & I NI CO 

ile} (oe) 

10 

10} 10.78 

.10} 10.16 

10) 10.57 

Urine | Non- 
N. 

protein. 

09 

209 

19 

“Im 0 CO © 

co (oe) 

0.097} 0.95 

No Ww bh bd bb be 

3 
4 

ee ae 



uded. 

Calories. 

Direct. 

8.98 | 24.14 

6.99 

8.31 

4.28 | 75.14 

J. RK. Murlin and G. Lusk 

Body temperature. 

Morn- 
ing Behavior of dog. 

Start.| End. | Dif. | Weight. 

kg. 

37 .63| 37.61/—0.02) 13.25) Quiet 

37 .42/—0.19 ce 

37 .68|+-0.26 Shght movement 

37 .96| 38.07/+0.11) 13.35) Quiet 

38 .11/+0.04 Slight movement 

37 .96|—0.15 Quiet 

37 .84)/—0.12 Movements 

37 .86|+0.02 Quiet 

37 .68)/—0.18 s 

37.57| 37 .40|—0.17| 13.35} Quiet 

37 .39|—0.01 6 

37 .52/+0.13 se 

37 .36] 37.32/—0.04| 13.35) Movement 

37 .54/+0.22 se 

37 .69/+0.15 ss 

38 .21| 38.12}—0.09 Quiet 

38 .18/+0.06 Movement 

38 .11|—0.07 Quiet 

33 

Food. 

Basal. 

100 gm. fat emulsion at 

9.25 a.m. 6th to 11th 

hrs. 

Basal. 

100 gm. fat emulsion at 

9.25 a.m. 

70 gm. glucose at 1.25 

p.m. 
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77 
Calories. 

fe) 
; ? Non- |—————__ 

Date. . Time. CO2. Or. R.Q. H:20. bee proteia S| 

5 ‘ : R.Q. Protein. hy. 
* : im 
ie] 

1914 a.m. gm. gm, gm. gm. . 

Nov. 18..| 2) 11.00-12.00) 7.60) 6.59) 0.84 | 13.99) 0.130 0.85 | 3.45 

p.m. 

12.00- 1.00) 7.21) 6.13) 0.86 | 12.01} 0.180 0.87 | 3.45 

1.00- 2.00} 7.18} 6.61] 0.79 | 10.16) 0.130 0.79 | 3.45 

a.m. ; 

Nov. 17..} 3] 10.54-11.54) 8.46} 7.45] 0.83 8.73} 0.111 0.83 | 2.94 

11.54-12.54) 8.50) 7.62] 0.81 8.49} 0.111 0.81 | 2.94 

p.m. 

12.54— 1.54) 8:27) 7.83) 0.47) 7-68] OL tae 0.76 | 2.94 

1.54— 2.54) 8.55) 7.20] 0.86 7.54] 0.111 0.87 | 2.94 

2.54 3.54| 9.10) 8.52) 0.78 7 Ga| ONS 0.77 | 2.94 

3.54- 4.54) 10.06) 9.40) 0.78 8.09} 0.111 0.78 | 2.94 

a.m, ‘ 

Nov. 18..| 4) 10.10—11.10) 11.31] 8.382) 0.99 | 7.63) 0.118 1.01 | 3.12.) 04 

11.10—-12.10] 11.08) 8.13} 0.99 | 8.30} 0.118 1.02 | 3.12 | Ou 

p.m. 

12.10—- 1.10] 10.98) 8.05) 0.99 8.05) 0.118 1.02 | 3.12 | Ou 

a.m. 

Nov. 19..} 5} 10.20-11.20) 11.45} 8.27) 1.01 8.40} 0.114 1.03 | 3.02 | 0 

11.20-12.20) 11.138) 7.99} 1.01 | 8.78) 0.114 1.04 | 3.02 | 0 

p.m. 

12.20— 1.20) 11.10} 6.88} 1.17 8.58} 0.114 1.23 | 3.02 | O@ 

1.20— 2.20} 7.71) 6.22) 0.90 | 7.49} 0.114 0.92 | 3.02 

2.20— 3.20) 8.02) 5.71} 1.02 7.03] 0.114 1.06 | 3.02 | 0.1 

a.m 

Noy. 24..} 6] 10.30-11.30) 7.12) 5.80) 0.89 7.34] 0.082 0.91 | 2.17 

11.30-12.30| 6.75} 5.62) 0.87 7.21} 0.082 0.89 | 2.17 

p.m. 

12.30—- 1.30} 6.84) 6.22) 0.80 | 6.75) 0.082 0.80 | 2.17. 
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Calories. Body temperature. 

| dimmer, | Dutect.| Start. | End. | Dif. 

72 | 22.17| 21.87] 37.80) 37.68)/—0.12 

25 | 20.70) 21.31 37 .69/+0.01 

51 | 21.96) 20.76 37 .80|+0.11 

38.14 

38 .46 

38 .56 

38 .68 
38.75 

38 45] 38.43 

38 .50 

38 .60 

38.56} 38.60 

38.56 

38.56 

122 .92/130.19 

66 | 19.83) 19.65} 38.48) 38.17 
82 | 18.99) 23.21 38.19 

38 | 22.55] 20.94 38.29 

61.37} 63.80 

+0.01 

+0.32 
+0.10 
+0.12 
0207 

a Ps 

+0.07 

+0.10 

+0.04 
—0.04 

+0.00 

=0:31 

+0.02 

+0.10 

Morn- 
ing 

weight. 

Ag. 

13) 27 

38.19} 38.13}—0.06} 13.35 

13.35 

13.45 

13.35 

Behavior of dog. 

Movement 
“i 

Quiet 
“cc 

‘Movement 

Food. 

Basal. 

100 gm. fat emulsion 

at 9.56 a.m. 

70 gm. glucose at 9.23 

a.m. 

70 gm. glucose at 9.35 

a.m. 

Basal. 



TABLE 

A ee a 

A Calories 

Z Nao an 
Date. 5 Time. CO. Oo. R.Q. | H:0. Ca protein. Ca 

= R.Q. | protein. hae 
: ie} : : ¥ 

1914 a7 a.m. gm. gm. : gm. gm. 7 

Nov. 27..| 7| 10.30-11.30) 8.55) 7.79) 0.80 | 9.97) 0.126 0.80 | 3.34 

11.30-12.30) 8.35) 7.33) 0.838 | 9.01] 0.126 0.83 | 3.34 

p.m. 

12.30— 1.30; 9.04} 8.70] 0.76 9.19) 0.126 0.75 | 3.84 

2.30- 3.30] 12.21| 9.86} 0.90 | 10.90} 0.126 0.91 | 3.34 

3.30- 4.30] 11.67} 8.92] 0.95 | 10.35} 0.126 0.97 | 3.34 

4.30— 5.30} 12.02} 9.33) 0.94 9.75) 0.126 0.95 | 3.34 

a.m. 

Nov. 28..| 8] 9.45-10.45) 7.78) 6.18} 0.92 | 6.89] 0.117 0.94 | 3.10 

10.45-11.45| 7.94) 6.62] 0.87 1 .26| ORG 0.89 | 3.10 

11 .45-12.45| 7.79) 6.02) 0.94 6.38] 0.117 0.97 | 3.10 

p.m. 

Deca ca 9} 1.00- 2.00} 8.20) 7.46) 0.80 | 12.63) 0.102 0.80 | 2.70 

2.00- 3.00} 8.20) 7.51) 0.79 | 11.20} 0.102 0.79 | 2.70 

3.00- 4.00] 7.77) 7.06 9.96) 0.102 0.80 | 2.70 

1915 

Feb. 15..| 12) 12.24- 1.24) 7.82] 6.45] 0.88 | 13.40) 0.163 0.90 | 4.32 

1.24- 2.24) 7.48} 6.29) 0.87 | 11.81] 0.168 0.88 | 4.32 

2.24— 3.24) 8.36} 7.52) 0.81 9.89} 0.163 0.81 | 4.32 

a.m, 

Feb. 16..| 13) 10.07-11.07| 8.24} 7.59] 0.79 | 10.94} 0.120 0.79 | 3.18 

11.07-12.07| 7.74) 6.86) 0.82 | 9.96) 0.120 0.82 | 3.18 

p.m 

12.07— 1.07| 8.20) 7.24] 0.82 8.57) 0.120 0.83 | 3.18 

1.07— 2.07} 8.13} 7.28) 0.81 8.29) 0.120 0.81 | 3.18 

2.07— 3.07| 8.26) 7.60) 0.79 7.97) 0.120 0.79 | 3.18 

Feb. 17..| 14) 1.00—- 2.00} 7.18) 5.95] 0.88 6.64} 0.095 0.89 | 2.52 | 

2.00— 3.00) 7.18! 6.47) 0.80 6.98} 0.095 0.80 | 2.52 

3.00- 4.00) 7.82} 7.41] 0.77 6.85} 0.095 076-2252 
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nued. 

Calories. 

Direct. 

Body temperature. 

Start. End. Dif. 

Morn- 
ing 

weight. 

28 .67 

79.20) 78.14 

33.77| 31.51 

30.91) 32.40 
32.22) 32.11 

96.90} 96.02 

21.16) 21.27 

22.44) 22.53 

20.74| 21.46 

64.34 65.26 

24.88 

25.01 

23.54 

73.43 

21.81 

21.17 

25.01 

67.99 

0.22 

22.96 

24.99 

25.70 

22.30 

72.99 

22.29 

21°81 

24 .02 

68.12 

25.01 

24 .04 

.26 

4.32 

3.26 

22.43 

23.07 

25.31 

122 .02)|119 .86 

20.22 

21.58 

24.53 
Ea 

66.33) 63.26 

18.52 

21.64 

23.10 

39.01 

38 .62 

38 .82 

39 .59 

38.75 

38 .72 

38 .59 

38 .81|+0.05) 13.50 
38 .67|—0.14 

38 .74;+0.07 

39.03 

39.03 

39.09 

38 .41 

38 

38 
40 

08 

38.79 

38 .89 

38 .89 

38. 

38 .! 

38 .¢ 

38.77 

38. 

38. 

38. 

39. 

38. 

38. 

38. 

+0.02 
+0 .00 

+0.06 

—OP21 

—0.01 

+0.18 

—0.03 

+0.10 

+().00 

= 0.02 

+().00 

+0.01 

+0.02 

—0.07 

+0.11 

(0). UI 

+0.09 

—0.20 

+0.13 

+0.15 

13. 

13. 

2.60 

wo ~I 

Behavior of dog. 

Slight move- 

ment 

Quiet 
“c“ 

Quiet 

Movement 

Quiet 

Quiet 
“ec 

Quiet 
“ce 

Movement 

Food. 

100 gm. fat emulsion 

at 9.20 a.m. 

Basal. 

70 gm. glucose at 1.40 

p.m. 

100 gm. fat emulsion 

at 9.15 a.m. 

Basal. 

100 gm. fat emulsion 

at 9.25 a.m. 

Basal. 



Urine. Calories 
Zz io 

Date. 5 Time. CO2 Oo. R.Q. H:0. fee | Cece ete is 

& eo acid .Q. ra 

1915 a.m. gm. gm. 4 gm. gm. gm. 

Apr. 13..| 15| 10.41-11.41| 8.24] 7.16] 0.84 | 10.31] 9.197 0.84 | 3.37 
11.41-12.41) 8.11) 7.14) 0.83 9.13} 0.127 0.83 | 3.37 

p.m. 

12.41- 1.41] 7.34] 6.11] 0.87] 8.34] 9.197 0.89 | 3.37 

a.m. 

Apr. 14..| 16} 10.08-11.08) 12.48} 8.96) 1.01 9.95] 0.105 1.04 | 2.78 

11.08-12.08| 12.16] 8.63] 1.03 | 9.88] 9.105 1.05 | 2.78 
p.m. 

2.08- 1.08) 10.94) 8.17| 0.97 | 9.16) 9.105 1.00 

1.08- 2.08} 9.47) 6.87) 1.00 | 7.94) 0.105 1.03 

2.08- 3.08) 9.09}; 6.81) 0.97 | 7.40] 0.105 1.00 

a.m. 

Apr. 15..| 17} 10.43-11.43} 8.05} 6.10) 0.96 | 8.85] 0.106 0.99 
11.43-12.43| 8.41] 7.27) 0.84 | 8.53] 0.106 0.85 

p.m. 

12.43- 1.43} 8.30} 6.65) 0.91 | 7.60] 0.106 0.93 

a.m. 

Apr. 16..| 18} 10.46-11.46} 10.20} 8.44) 0.88 | 10.43) 0.106)(0.82)| 0.82 | 2.81 

11 .46-12.46| 9.98) 8.05} 0.90 | 9.74) 0.106)(0.82)| 0.86 | 2.81 
p.m. 

12.46- 1.46] 9.32) 7.91) 0.86 | 8.86) 0.106)(0.56)| 0.81 | 2.81 

1.46- 2.46) 9.37) 7.55) 0.90 | 8.16) 0.106/(0.41)| 0.89 | 2.81 

2.46- 3.46) 8.61) 6.84) 0.92 | 7.80) 0.106/(0.30)| 0.92 | 2.81 

3.46- 4.46) 8.65) 7.53) 0.84 | 8.00) 0.106)(0.11)} 0.83 | 2.81 

a.m. 

Apr. 17..| 19} 10.00-11.00} 12.00) 8.64) 1.01 | 10.79] 0.150 1.05 | 3.98 

11.00-12.00} 11.20) 7.67) 1.06 | 9.97) 0.150 LW) eege 

p.m. 

12.00— 1.00) 10.91) 7.71) 1.08 | 8.76) 0.150 1.05 | 3.98 

1.00— 2.00} 8.38) 6.66) 0.92 | 7.96} 0.150 0.94 | 3.98 



“= 
vued. 

Calories. 

32 

75 
77 

In 
direct. Direct. 

24.06} 23.81 

23.92) 24.14 

20.69] 21.37 

68 .67| 69.32 

31.45} 28.80 
30.35} 28.35 

28.47] 29.31 
24.01] 23.69 
23 .68| 22.66 

137 .96}132 .81 

21.12) 21.90 

24.48) 24.27 

22.75) 22.19 

68.35} 68 .36 

27 .97| 28.02 
26.79) 27.36 

25.82] 24.67 

25 .46| 23.85 

23.17} 22.38 

25.01} 22.92 

154 22/149 .20 

30.21) 26.93 

27.00} 27 .36 

27 .00| 25.74 

22.75] 22.87 

1106 .96|102..90 

Body temperature. 

Start. 

38.11 

37 .83 

37.83 

37.96 

37.95 

37.76 

End. Dit. 

37 

37 
37 

37 
37 

.67|—0.14| 14.45} Quiet 
‘ .71/+0.04 

HOr—0 01 

.11}+0.00 

.00/—0.11 

-98/-++0.15 

.07/-+0.09 

.19/+-0.12 

.69|—0.14 

.68/—0.01 

-79|+0.11 

93} —0.03 

.94|+0.01 

.96|+ 0.02 

.21|+0.25 

el OelO 

.96/—0.15 

95} +0 .00 

.95|+0.00 

.76/=0.00 

.76|/=0.00 

Morn- 
irg 

weight. 

16.40 

14.65 

14.65 

14.50 

Behavior of dog. 

‘ 

Quiet 
ce 

Food. 

Basal. 

70 gm. glucose at 9.21 

a.m. 

Basal. 

20 gm. glycocoll at 

9.48 a.m. 

70 gm. glucose at 9.02 

a.m. 

39 



TAB 

Urine Calorie 
2 =o ae Ores : 

Date. : Time. COz. | Ox | R.Q. | H20. : DE 
oe 5 ani ; : Protein mess Oo Pro- |Ami 

eh : tein 

Fay ee: _ ne i 
1915 . a.m. gm. gm. : gm. gm. gm. 

Apr. 19..}| 20} 10.30—-11.30| 8.60) 7.40) 0.85 9.59) 0.112 0.85 | 2.97 

11.30-12.30| 8.83} 7.91) 0.81 S71 O12 0.81 22297 

p.m. 

12.30- 1.30) 8.43) 7.54! 0.81 7.89) 0.112 0.81 | 2.97 

1.30— 2.30} 8.89) 7.89} 0.82 | 7.69) 0.112 O82 e2eoR 

2.30—- 3.30} 8.98|- 7.93) 0.82 | 7.40) 0.112 0.83 | 2.97 

3.30— 4.30) 8.70} 8.16) 0.78 | 7.10) 0.112 Onur or 

4.30— 5.30) 8.56} 7.95) 0.78 7-26) Ordg2 0.78 | 2.97 

a.m. 

Apr. 20..| 21} 11.36-12.36) 7.62) 6.57) 0.84 | 10.30) 0.140 0.85 | 3.71 

p.m. 

12.36- 1.36] 7.58} 6.59} 0.84 9.35) 0.140 0.84 |eSaval 

1.36- 2.36] 7.41] 6.51] 0.83 | 8.19 E 0.83 | 3.71 

Apr. 21..| 22} 1.15- 2.15) 9.54) 8.09] 0.86 9.18) 0.095 0.86 | 2.52 

2.15- 3.15] 9.99} 7.96) 0.91 8.30) 0.095 0.92 | 2.52 

3.15— 4.15) 11.97) 9.23) 0.94 8.86) 0.095 0.96 | 2.52 

4.15- 5.15] 11.28} 8.09) 1.01 8.86} 0.095 1.045 .2252, 

Apr. 22..| 23) 9.42-10.42/ 14.18) 9.83 

= So ns " — =" iS bo —_ (se) ww f°;) (io) lop) WSS 

ore 

—" — (0) & (<=) = we i>} = So ie.) bo a’ _ sa (vt) oy —_ 

ao oO 11 .42-12.42) 11.28] 8.38 

— 

me bo 

nS bo | — ws bo — =] or ow ~I is iy — (=) 1st) — So S lez) om) — re i= =— i=) ws ~— ~ foot > =) (eS) ~] _ 

Apr. 23../ 24 1.10— 2.10} 14.87} 10.24) 1.06 | 14.53) 0.140|(0.82)| 1.13 | 3.71 | BF 

w pr 7 ns .10} 11.45) 9.3 

m0 ka a ad We fa nS —_ (‘S) | on 

40 



Calories. Body temperature. 

Morn- : 
: | eg a Food. 
le ie diner, |Direct.| Start. | End. | Dif. |Welsht 

a Se kg. 

21.96 | 24.93) 25.38) 37.94) 37.89|—0.05| 14.85) Quiet 100 gm. fat emulsion 

23.47 | 26.44] 26.43 37 .92|+-0.03 Quiet at 8.30 a.m. 

Zee on\eeo 20) 26.13 38 .09|+0.17 Quiet 

23.46 | 26.43} 25.86 38 .16/+0.07 Slight 

move- 

ment 

23 .62 | 26.39) 25.37 38 .20|+0.04 Quiet 

24.06 | 27.03} 24.30 38 .23/-++-0.03 Quiet 

23.41 | 26.38) 25.42 38 .31/+0.08 Quiet 

182 .80|176.89 

18.35 | 22.06) 24.25) 37.82) 37 .82|+0.00| 14.80} Quiet Basal. 

18.38 | 22.09) 23.05 37 .70|—0.12 “ 

18.06 | 21.77) 23.13 37 .73|+0.03 % 

65.92} 70.43 

24.90 | 27.42) 28.12) 38.09} 38.14/+0.05) 14.85) Quiet 100 gm. fat emulsion 

at 8.15 a.m. 

24.83 | 27.35) 29.21 38 .40/+0.26 > 

29.46 | 31.98) 28.29 38 .36|—0.04 f 70 gm. glucose at 

»| 25.76 | 28.43) 28.54 38 .36/+0.00 ss 12.16 p.m. 

115.18|114.16 

)} 20.63 | 33.91) 32.57| 38.16) 38.31/+0.15) 15.15] Quiet 20 gm. glycocoll + 50 

19.96 | 33.01} 32.55 38 .36/+0.05 r gm. glucose at 8.50 

’| 18.69 | 28.68) 28.64 38 .21|—0.15 e a.m. 

me L717 | 25.71) 27.38 38 .10|—0.11 “ 

) 17.49 | 24.65} 25.64 38 . 12|/++-0.02 ee 

145 .96|146 .78 

>| 22.08 | 35.41) 32.26] 38.18} 38.29/+0.11| 15.10) Quiet 100 gm. fat emulsion 

at 8.10 a.m. 

26.30 | 39.18) 41.18 38 .64|/-++0.35 Panting 
15 min.| 20 gm. glycocoll + 50 

21.48 | 31.45) 32.10 38 .50|—0.14 Quiet gm. glucose at 

i 18 .30.| 27.16) 29.44 38 .39|—0.11 Quiet 12.10 a.m. 

133 .201134.98 

4] 



A oe er 

a 
4 
J 
*) 

; 

5 

“sf 



THE MINERAL EXCRETION OF THE MONKEY:.! 

By L. BAUMANN anp E. OVIATT. 

(From the Chemical Research Laboratory, Department of Internal Medicine, 

State University of Iowa, Iowa City.) 

(Received for publication, June 16, 1915.) 

Preliminary to the study of the mineral excretion of the dis- 
eased monkey, it was desirable to obtain normal figures for the 

same animal. These figures may possibly supplement those 

tabulated by Hunter and Givens? for the nitrogen excretion of 

this animal. As they may be of service to future workers we 

have decided to place them on record. 

A young, apparently healthy male of the genus Macacus, weigh- 

ing 2.7 kilos, was placed in an Abderhalden metabolism cage. 

His daily ration which was quantitatively consumed consisted — 

of 260 grams of a mixture of 1,000 grams of skinned bananas, 

1,275 ce. of evaporated milk, and 1,275 ce. of distilled water. 

The milk in 260 ce. of this mixture contained 1.38 grams of 

nitrogen and furnished 313 calories. 

The urine was collected in forty-eight hour periods under 

toluene and acetic acid. The cage was washed with distilled 

water and the washings were added to the urine after the deter- 

mination of the ammonia. 
The feces passed each day were gathered quantitatively and 

preserved in alcohol. At the end of the experiment the feces 

for the entire period together with the alcohol were placed in a 

tared desiccator and dried to constant weight in vacuo at a 

water bath temperature not exceeding 55°. The desiccator was 

connected with a distilling flask and this in turn with a suction 

flask containing sulphuric acid. The nitrogen content of the dis- 

tillate and sulphuric ‘acid was separately determined and added 

to that of the dried feces. 

1 The experimental data are taken from the dissertation submitted by 

E. Oviatt as a partial requirement for the degree of Master of Science, 

State University of Iowa, Iowa City. 

2 Hunter, A., and Givens, M. H., Jour. Biol. Chem., 1914, xvii, 55. 
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44 Mineral Excretion of the Monkey 

Analytical Methods. 

Urine.—Nitrogen was determined according to Kjeldahl; am- 

monia according to Benedict and Osterberg’s’ modification of the 

Folin method; inorganic and total sulphates were determined ac- 

cording to Folin; total sulphur was determined according to Bene- 

dict; chlorine according to Clark’s modification of Dehn’s* method; 
total phosphorus according to the method of Neumann; potas- 

sium, and sodium were determined according to a method de- 

scribed in Abderhalden’s Handbuch der biochemischen Arbeits- 

methoden;> calcium and magnesium according to MeCrudden.*® 

Food and Feces.—Nitrogen, phosphorus, potassium, and sodium 

were determined as above. Total sulphur was determined ac- 

cording to the Denis’ modification of the Benedict process after 

oxidation with fuming nitric acid. Chlorine was determined 

gravimetrically on the aqueous extract of the ash. The ashing 

‘was carried out in a platinum dish in the presence of pure sodium 

carbonate. Calcium and magnesium were determined according 

to MecCrudden on the dry ash. 

All the analyses were carried out in duplicate and rejected un- 

less the variations were well within the experimental error. The 

average of the duplicates was selected as the basis for calculations. 

The analyses are charted in Tables I and II and these are self- 

explanatory. 
DISCUSSION. 

The animal maintained his weight throughout the experiment 

and retained 3.5 per cent of the ingested nitrogen. The average 

ammonia nitrogen forms 1.4 per cent of the total nitrogen ex- 

creted. This coincides with the average obtained by Hunter 

and Givens. The inorganic sulphate sulphur forms 60.9, the 

ethereal sulphate sulphur 16.9, and the unoxidized sulphur 22.2 

3 Benedict, S. R., and Osterberg, E., Biochem. Bull., 1918, ii, 41. 

4Clark, S., in Hawk, P. B., Practical Physiological Chemistry, 3rd 

edition, Philadelphia, 1910, p. 388. 

5 Baumann, L., Handb. d. biochem. Arbeitsmethoden, 1912, vi, 291. An 

omission has occurred on page 292, line 16 from the bottom. A few drops 

of dilute hydrochloric acid should be added before volatilization of the 

ammonium salts. 

6 McCrudden, F. H., Jour. Biol. Chem., 1909-10, vii, 83. 

7 Denis, W., ibid., 1910-11, viii, 401. 



L. Baumann and E. Oviatt 45 

per cent of the total urinary sulphur as compared with 87.8, 6.8, 

and 5.1 per cent respectively, for man.® 

The chlorine was almost entirely excreted by the kidneys. 98 

per cent of the phosphorus, approximately 80 per cent of the 

calcium and magnesium, and 25 per cent of the sodium and 

potassium was found in the feces. 

8 Folin, O., Am. Jour. Physiol., 1905, xiii, 62. 
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ON THE ORIGIN OF CREATINE.! 

By L. BAUMANN anp J. MARKER. 

(From the Laboratories of the Departments of Physiology and Internal 

Medicine, State University of Iowa, Iowa City.) 

(Received for publication, June 12, 1915.) 

The search for possible precursors of creatine has always led 

to a consideration of substances containing the guanidine radicle, 

as arginine and glycocyamine, or methylamino groups, as sarco- 

sine, betaine, and choline. 

Van Hoogenhuyze and Verploegh? found no increase in the 

elimination of creatinine, after the ingestion of proteins relatively 

rich in arginine. Jaffé> did not observe an increase in the uri- 

nary creatinine after the injection of arginine into rabbits. 

Thompson‘ found that the bulk (73 to 96 per cent) of the admin- 

istered arginine nitrogen appears as urea in the urine. Inouye,® 

however, believes that an increase in creatine occurs when argin- 

ine is added to cat liver or is perfused through the organ. 

The present investigation was concerned with possible crea- 

tine formation resulting from the action of voluntary muscle on 

arginine and methylureidoacetic acid. The conversion of argi- 

nine into creatine would probably involve a deamination, oxida- 
tion, and methylation of the base. 

NH, NH, 

| ee as 
C=NH C=NH 

HN-CH2CH>-CH»CH(NH:)COOH CH;N-CH,COOH 

1 The experimental data are taken from a dissertation submitted by J. 

Marker for the degree of Master of Science, State University of Iowa, 

Iowa City. 
2 Van Hoogenhuyze, C. J. C., and Verploegh, H., Zischr. f. physiol. 

Chem., 1905, xlvi, 415. 

3 Jaffé, M., zbid., 1906, xlviii, 430. 

4Thompson, W. H., Jowr. Physiol., 1905, xxxii, 137; 1905-06, xxxiii, 106. 

5 Inouye, K., Ztschr. f. physiol. Chem., 1912, 1xxxi, 71. 
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50 Origin of Creatine 

Methylureidoacetic acid has not been found in animal tissues, 
but recently Ackermann® demonstrated the presence of its an- 

hydride N-methylhydantoin among the putrefaction products of 

creatinine. The transformation of methylureidoacetic into meth- 

ylguanidinoacetic acid would be effetted by substitution of the 

keto oxygen by the imino group. This might possibly occur in 

vivo by reaction of the oxygen atom with ammonia. 

NH, NH, 

| | 
C='0+H, NH = C=NH + H.0 

CH;N:‘CH;COOH CH sN-CH,COOH 

The substances under investigation were placed in contact 

with hashed muscle and perfused through this tissue. 

EXPERIMENTAL DATA AND RESULTS. 

The arginine was obtained from edestin by the method of Kossel and 

Kutscher.? The pure copper nitrate salt was converted into the carbonate 

and this was used in our experiments. 

The methylureidoacetic acid was prepared from sarcosine and urea’ and 

employed as the sodium or ammonium salt. 

Muscle creatine was determined according to Baumann,? and the crea- 

tine in the blood and perfusates by an adaptation of this method. 25 ce. 

of blood or perfusate are boiled for three hours under reflux with 62 ce. of 

5 n sulphuric acid. The filtrate is diluted to 150 ce. 10 cc. are pipetted 

into a 50 cc. volumetric flask and exactly neutralized with 2.5 n sodium hy- 

drate solution (litmus paper). About 7.9 cc. of alkali are required for this 

purpose. The solution is brought to the mark by the addition of 30 ce. 

of saturated picric acid and water. 25 cc. of the clear filtrate are employed 

for the creatinine determination. The standard contains 0.1 mg. of creat- 

inine in 5 ce. of solution; this was diluted with 15 cc. of saturated picric 

acid and 5 ce. of water. 1.25 cc. of 2.5 normal alkali are added to both the 

standard and the unknown, and ten minutes allowed for the color to develop. 

The water content of the muscle was determined by noting the loss after 

drying to constant weight in vacuo over concentrated sulphuric acid and 

phosphorus pentoxide at room temperature. The nitrogen was determined 

in 5 ec. of the muscle extract according to Kjeldahl. 

6 Ackermann, D., Ztschr. f. Biol., 1918, lxii, 208; 1918, lxiui, 78. 

7 Kossel, A., and Kutscher, F., Ztschr. f. physiol. Chem., 1900-01, xxxi, 

165. 

8 Baumann, L., Jour. Biol. Chem., 1915, xxi, 563. 

9 Baumann, zbid., 1914, xvii, 15. 
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Experiment A.—This experiment is representative of a series of similar 

ones. 25 gm. of hashed muscle, 25 cc. of defibrinated blood, and 10 cc. of 

toluene were placed in each of four flasks. Flask 3 contained in addition 

1 gm. of arginine carbonate and Flask 4 1 gm. of methylureidoacetic acid 

neutralized with sodium hydroxide solution. Creatine determinations 

were made on the contents of Flask 1 immediately, and on the contents of 

Flasks 2, 3, and 4 at the end of approximately twenty-four hours at 37°. 

The muscle and blood were obtained from a dog just prior to the experi- 

ment. The absence of bacterial growth was demonstrated by smears and 
cultures. 

Flask 1(Control). 2(Control).  3(Arginine). 4(Methylurei- 

doacetic acid). 

Creatine 

content 64 mg. 66 mg. 66 mg. 112-50=62 mg. 

A previous trial showed that 1 gram of methylureidoacetic acid 

when subjected to the process employed for the determination of 
creatine in muscle produced a color equivalent to 50 mg. of crea- 

tine. Perfusion of the limb seemed to offer more nearly physio- 

logical conditions for studying the behavior of muscle tissue to- 

wards the substances in question, and an apparatus was con- 

structed for this purpose. This apparatus is patterned after one 

which Brodie’ has described. 

The technique of perfusion was as follows: A dog was anesthetized and 

prepared for operation. The femoral vessels of one leg and the carotid 

artery were exposed, a cannula was inserted into the latter, and the dog 

was exsanguinated. The blood is defibrinated and filtered through cheese- 

cloth. A measured quantity of the blood and a known volume of 0.9 per 

cent sodium chloride containing the substance to be perfused are well 

mixed. A tourniquet is placed about the limb above the point of exposure 

of the femoral vessels to prevent loss of fluid through the collateral vessels. 

The femoral vessels are then tied off and cannulas inserted. Ringer’s 

solution is now perfused for a short time until the fluid returns fairly color- 

less; this removes traces of blood which might give rise to clots and so in- 

terfere with the subsequent circulation of the perfusate. The perfusate is 
then placed in the receiving bottle at once and the apparatus started. 

The volume of the perfusate in our experiments was usually 150 cc., but a 

smaller quantity may be employed. An incandescent lamp placed under 

the limb and a reflector above it help to supply the necessary warmth 

to the parts. The perfusate was supplied to the limb at a temperature of 

37°. This was accomplished by immersing both the receiving and pressure 

10 Brodie, T., Jour. Physiol., 1903, xxix, 266. 
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bottles in a constant temperature bath. A liberal supply of oxygen was 

bubbled through the fluid, so that the blood to the limb was a bright red, 

whereas the ‘‘venous’”’ blood was colored purplish. The pressure of the 

perfusate fluctuated between 80 and 140 mm. of mercury. 
Experiment Q.—The right hind leg of a dog weighing 5 kilos was per- 

fused for one and a half hours with a mixture of 100 ce. of his own defibri- 
nated blood and 50 ce. of 0.9 per cent sodium chloride solution containing 

2 gm. of methylureidoacetic acid neutralized with ammonia. The pres- 
sure of the perfusate fluctuated between 80 and100mm. 95 ce. of fluid were 

regained. The semi-membranosus, tibialis anticus, and gastrocnemius 

muscles were removed from both sides and hashed immediately. 50 gm. 

samples were analyzed for creatine, and from 1 to 2 gm. served for the 

water determination. Creatine was also determined in the blood and 

perfusate. Nitrogen was determined in the muscle extract. 

Extractive 
Creatine. Water. nitrogen. 

mg. per cent gm. 

50 gm. Be unperfused muscle.............. 124 70.98 1.61 

50 “ “ perfused aie ee OS 74.88 1.498 

1 gm. of dry unperfused mruelee i Hoven J 8.54 0.1109 

festa “s,s operiused i ey Re 8.60 0.1192 

100 cc. of defibrinated blood............... 9.7 

OF ko FS SH ETHISALOS so dc 5 sige See 32.6 

Experiment R.—A dog weighing 7 kilos was prepared as above for per- 

fusion of the right hind limb. A mixture of 125 cc. of defibrinated blood 

and 25 ec. of 0.9 per cent sodium chloride solution containing 2 gm. of ar- 

ginine carbonate was perfused for 1 hour and 50 minutes. 81 cc. of fluid 

were recovered. For analysis the hamstring, tibialis anticus, and gastro- 

cnemius muscles were taken. 
Extractive 

Creatine. Water. nitrogen. 
mg. per cent gm. 

50 gm. of unperfused muscle.............. 116 64.26 1.274 

50 “ “ perfused Soni ish ee eh cis RDO) (2200 1.063 

1 gm. of dry unperfused eee een ote 6.49 0.0713 

ese Ot. OS eecuseG. abe D0 Ar 6.56 0.0775 
125 ce. of defibrinated blood............... 16.8 

Sil. aperiusaies. acme. corey es ooh sss 9.1 

Experiment S.—The right hind leg of a dog weighing 19 kilos was per- 

fused for 1 hour and 15 minutes with a mixture of 150 ce. of his own de- 

fibrinated blood, 1.56 gm. of acid potassium phosphate, 2 gm. of arginine 

carbonate, and 30 cc. of 0.9 per cent sodium chloride solution. The pres- 

sure during the perfusion ranged from 120 to 140 mm. 200 ce. of fluid were 

recovered. The muscles of the entire leg from both sides were removed 

for analysis. 
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Extractive 
Creatine. Water. nitrogen. 

mg. per cent gm. 

50 gm. of unperfused muscle.............. 129 75 .36 1.500 

50 “ “ perfused i Ae eee 127 75 .82 1.500 

1 gm. of dry unperfused muscle......... 10.5 0.1217 

ime < - S nertused Se 1 ee ee 10.5 0.1240 

150 ce. of defibrinated blood..... ......... 20.2 

POM MERNUSAUC! 2-25), c . iej a a sca sams oad: 

DISCUSSION AND CONCLUSIONS. 

The increase in the creatine content of the perfusate in Experi- 

ment Q is probably due to the presence of N-methylhydantoin 

formed from the ureido acid by heating with sulphuric acid. 

None of the experiments show a decided increase in the creatine 

content of the perfused muscle or of the perfusate. 

We conclude that neither arginine nor methylureidoacetic 

acid, under the experimental conditions outlined above, gives rise 

to an appreciable increase in muscle creatine. 

In closing we wish to express our indebtedness to Prof. J. 

McClintock, for his advice and assistance. 





THE USE OF ALUMINIUM HYDROXIDE CREAM FOR 
THE REMOVAL OF ALBUMIN IN NITROGEN 

PARTITION IN URINARY ANALYSIS. 

By GROVER TRACY anp WILLIAM H. WELKER. 

(From the Laboratory of Physiological Chemistry, College of Medicine, 
University of Illinois, Chicago.) 

(Received for publication, April 22, 1915.) 

For nitrogen partition in specimens of urine containing albumin 

it is necessary to remove this protein before proceeding with the 

analysis. The albumin interferes directly or indirectly with the 

application of several of the methods employed. It is usually 

removed by coagulation and filtration. This method is tedious 

because of the time element involved in restoring the original 

concentration of the urine. With relatively high percentages of 

albumin, the coagulation and quantitative removal of the same 

are readily carried out. With small percentages of albumin, this 

becomes difficult and it is sometimes impossible to get rid of a 

more or less marked opalescence due to some of the albumin which 

did not flocculate out of the solution. 

Marshall and Welker! recently pointed out that aluminium 

hydroxide cream prepared under certain conditions has the 

power of quantitatively removing colloids from their solutions. 

If this insoluble material when added to urine would remove all 

the colloids, and only the colloids, it might prove a valuable 
reagent for the removal of the albumin. 

This investigation was undertaken to study the effect of alu- 

minium cream on normal and albuminous urine as far as the 

nitrogenous constituents were concerned. 

The aluminium cream was prepared by adding a slight excess 

of a 1 per cent solution of ammonium hydroxide to a 1 per cent 

solution of ammonium alum, at room temperature. The pre- 

cipitated cream was washed by decantation until the wash water 

1 Marshall, J., and Welker, W. H., Jour. Am. Chem. Soc., 1913, xxxv, 820. 
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showed only the faintest trace of residue on evaporation. It is 

important that relatively dilute solutions be used in making the 

aluminium cream. Stronger solutions give a precipitate which 

does not have the power to precipitate colloids to any marked 

degree. ; 

A mixed specimen of normal urine was obtained. One liter of 

the same was diluted to two liters with distilled water and filtered. 

This is designated as the untreated specimen. Another liter of 

the normal urine was treated with a liter of aluminium cream, well 

mixed, and filtered. The following quantitative methods were 

used: the Kjeldahl method for total nitrogen, the Benedict method 
for urea, the Folin methods for ammonia and creatinine, the Folin- 

Shaffer method for uric acid, and the Welker modification of 

TABLE I. 

| | Nitrogen of 
| Total 

Specimen. | nitro- ’ ; : 
gen. Am- Wires Uric | Purine | Creati- 

monia. " acid. base. nine. 

| gm. | gm. gm. gm. gm. gm. 

I Untreated 4.984 0.0202) 4.024) 0.063) 0.052) 0.256 

I Al-treated 4.974 0.0202} 4.018] 0.067) 0.045) 0.259 

Jt Untreated 4.704 0.168 | 3.772} 0.068] 0.035) 0.256 

II Al-treated 4.704 (0.168 | 3.722) 0.066) 0.037) 0.255 

JOO Untreated 3.874 0.171 | 3.189) 0.047) 0.031) 0.173 

Ill Al-treated 3.857 0.151 | 3.176) 0.044) 0.029) 0.174 

Salkowski-Arnstein methods for purine bases. Three pairs of 

filtrates were analyzed. The results of these analyses, expressed 

in grams per liter of diluted yrine, are shown in Table I. 

The results for total nitrogen show that none of the nitrogen 

of normal urine was removed by aluminium cream. The various 

methods were carried out for the different nitrogen fractions in 

spite of these findings, because it was desirable to know that no 

change had been effected in the urine that would interfere with the 

application of any of the different methods. We observed only 
one interference. The ammonium urate in the uric acid determi- 

nation does not crystallize out as rapidly from the aluminium- 

treated urine as it does from the untreated urme. This is prob- 

ably due to the lack of crystallization points in the former. The 
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figures in the tables are in all cases the averages of two or more 

closely agreeing determinations. The absolute differences between 

the amounts of nitrogen in the treated and untreated specimens 

are within the limits of error of the methods employed. 

In the case of albuminous urines, our procedure was a little 

different. 900 cc. of urine were mixed with 100 cc. of an albumin 

solution, and these with one liter of aluminium cream. The 

other sample was made up of 900 cc. of urine and 1,100 cc. of water. 

The filtrates from the albuminous urines were tested for albumin 

and the tests were negative. The results of these analyses, ex- 

pressed in grams per liter of diluted urine, are shown in Table IT. 

TABLE II. 

| Nitrogen of 
Total 

aaeai } nitro- She q f 

| vane cm | Ae ies, |e eee 
gm. gm. gm. gm. gm. gm. 

IV | Untreated 4.872 | 0.288] 3.897} 0.070) 0.027) 0.263 
IV (0.5 per cent albumin. 

| Al-treated 4.886 0.283] 3.876) 0.073} 0.026) 0.266 

V_ | Untreated 3.078 0.188} 2.500|*0 .066 0.177 
V. {1 per cent albumin. 

_ Al-treated 3.078 0.165] 2.535|*0.065 0.177 

* These figures include uric acid and purine base nitrogen. 

A study of the precipitating power of a number of different 

aluminium cream preparations on hand gave results which would 

indicate that an equal volume of cream will remove all the albu- 

min from urines containing 1 per cent or less of the protein. 

Samples from a number of different aluminium cream prepara- 

tions, when evaporated to dryness on the steam bath and ignited 

to constant weight before the blast lamp, showed an aluminium 

oxide content varying between 0.45 and 0.6 per cent. 

The results of our experiments show: 

I. That aluminium cream does not remove any appreciable 

quantity of nitrogen from normal urine. 

Il. That aluminium cream can be used for the removal of small 

quantities of albumin from urine without any appreciable effect 

on the normal nitrogenous constituents. 





ON THE FORMATION OF SPECIFIC PROTEOLYTIC FER- 
MENTS IN RESPONSE TO THE PARENTERAL 

INTRODUCTION OF FOREIGN PROTEIN. 

By ALONZO E. TAYLOR anp FLORENCE HULTON. 

(From the Department of Physiological Chemistry, ery of Penn- 

sylvania, Philadelphia.) 

(Received for publication, June 9, 1915.) 

The theory of Abderhalden, now particularly under discussion 

as the foundation for specific diagnosis of pregnancy and malig- 

nant neoplasm, predicates in general terms the formation of 

proteolytic enzymes in response to the parenteral introduction of 

foreign proteins. Under the terms of this hypothesis, it is imma- 

terial if the protein be foreign in the total sense—derived from 

another species—or foreign in the narrower sense of being a pro- 

tein of the same body but displaced in the body, as in the case 

of placental cells distributed through the general circulation. 

Most of the methods of testing the occurrence of the Abderhalden 

reaction are more or less minutely microchemical. By the use 

of prepared and purified foreign proteins it is possible to apply 

the test in a macrochemical manner. In this way it is believed 

that many of the difficulties of the microchemical investigations 

may be eliminated and the results placed upon a more interpretable 

and indubitable basis. The present paper contains the results 

obtained in the study of one protein; other investigauen se are to 

follow. 

The protein employed in this study was the protamine of the 

Quinnat salmon of the Pacific Coast. This protein may be pre- 

pared in a state of high purity, without denaturation. We have 

used the sulphate of salmin. This protein when mixed with the 

blood serum of the animal used, the rabbit, forms a colloidal 

combination only in part soluble in the same serum. A portion 

of this bicolloidal combination flocculates as a coarse agglutina- 

tion; a portion remains in solution. Apparently there is a sta- 
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tion of equilibrium; the amount of the combination that separates 

out may be increased or decreased by dilution, addition of more 

protamine or of more of the serum proteins. On boiling, this 

combination is split, the coagulable proteins of the serum are 

coagulated at the appropriate reaction, while the protamine, 

apart from a small amount held by adsorption in the coagulated 

protein, remains in solution ijn the fluid. This precipitation of 

higher proteins by protamines, observed by the earliest students 

of protamines, is probably related to the toxicity of protamines. 

For the rabbit, this toxicity becomes marked if much more than 

0.1 gram be injected per kilo of weight of animal. 

The cleavage of protamine yields arginine, proline, serine, and 

valine, the arginine in the proportion of over 85 per cent. Under 

these circumstances, one would be able to confirm in a qualita- 

tive manner any noteworthy digestion of the protamine revealed 

by quantitative analysis. The normal trypsin of blood serum 

digests protamine, slowly but yet demonstrably, in a twenty-four 

hour test. If, therefore, an animal, following injections of pro- 

tamine, should display in its circulation blood an added power of 

digestion of the protamine, this might be due to increase of the 

normal trypsin of the blood, of non-specific type, or to the forma- 

tion of a specific protaminolytic ferment, or possibly to the removal 

of some antitryptic substance from the blood. 

Two rabbits were given three injections of protamine, at inter- 

vals of ten days. Each rabbit received 100 mg. per kilo, dissolved 

in Ringer’s solution. Such a solution is slightly acid, but it was 

injected in that state. The rabbits displayed no signs of in- 

toxication or injury. One week after the last injection the rab- 

bits were etherized, bled to death, and for control a normal rab- 

bit was bled to death in a similar manner. The blood from each 

rabbit, amounting in each instance to between 50 and 55 cc., 

was kept from clotting by stirring, placed in flasks, protamine 

solution containing 0.65 gram of protamine added, then alkali 

enough (as previously determined) to make the final reaction 

about one ten-thousandth normal, covered with toluene and in- 

cubated for twenty-four hours at 38°. The content of each flask 

was then heated to the boiling point, the blood protein coagulated 

by appropriate addition of acetic acid, the coagulated protein 

removed by filtration, and the clear filtrate concentrated on the 
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hot plate at 70° to about 40 ce. This small concentrate was 

then mixed with nine volumes of absolute alcohol, which precipi- 

tated the protamine and any traces of protein that may have 

remained, the amino-acids remaining in solution. Portions of this 

alcoholic filtrate were then subjected to the Kjeldahl test for 

nitrogen. Had the injections of the protamine provoked the 

formation of a specific protaminolytic trypsin, or augmented the 

amount of circulating trypsin of normal type, a larger digestion 

should have occurred in the bloods of the test animals than in 

the blood of the control, and the nitrogen contents would have 

yielded the direct evidence of this. This was, however, not the 

case; the nitrogen contents of the three filtrates were about the 

same. Calculated for the total mass of filtrate, the results were 

as follows: 

Control. Test Animal 1. Test Animal 2. 

0.048 0.039 0.042 

That the blood of the control animal contained the highest 

value, was of course only a coincidence. The correct interpreta- 

tion is that the nitrogen content in all was merely the expression 

of the usual content of non-protein nitrogen of blood, plus the 

amino-nitrogen set free by the usual digestion of protamine by 

the blood of the normal rabbit. 

This negative result demonstrates merely that the rabbit does 

not form a protective ferment in response to the injection of the 

particular protein, protamine of the salmon. The hypothesis of 

Abderhalden has suffered from dogmatic generalization; the nega- 

tive result should not be thus abused. This result does not prove 

that a protective ferment is not formed in response to the incor- 

poration of placental protein. But it does indicate definitely 

that the dogmatic statement that the body responds with pro- 

tective ferments to the injection of foreign proteins as a class 

reaction cannot be maintained. 





ON THE ESTIMATION OF NON-PROTEIN NITROGEN 
AND GLUCOSE IN FINGER BLOOD. 

By ALONZO E. TAYLOR anp FLORENCE HULTON. 

(From the Department of Physiological Chemistry, University of 

Pennsylvania, Philadelphia.) 

(Received for publication, June 9, 1915.) 

A modification of the Folin method for the estimation of non- 

protein nitrogen that would make it applicable to a small amount of 

blood drawn from the finger would serve a useful purpose in many 

experimental and clinical studies. It is sometimes not possible to 

secure permission to enter the vein for blood; and frequently it 

is not possible to draw blood from the vein as often as might be 

desired. The following modification of the Folin method yields 
approximate results with the use of a few drops of blood taken 

from the finger. It is based upon the suggestion several times 

advanced,' that the oxidized blood be Nesslerized directly, with- 
out driving over the ammonia. 

The finger is cleaned and a strip of bandage or handkerchief 

tied above the elbow to increase the venous pressure in the hand. 

The finger is then pricked with a sharp lance, just as in the method 

of securing blood for counting the corpuscles. The blood should 

drop freely when the hand is held down. Four to eight drops are 

needed, depending upon the amount of non-protein nitrogen; in 

terms of weight, we use from 0.2 to 0.5 gram of blood. In a small 
Erlenmeyer flask are placed 10 cc. of absolute alcohol-ether in the 
proportions of 3:1. Thisis weighed just before being used. The 

dropping blood is caught in this flask, the stopper inserted, and 

the flask again weighed. We have tried many methods and sub- 
stances for deproteinization of the blood, and have found this 

simple mixture of alcohol and ether to give the best results. 

Within a half hour, the mixture may be filtered into the digestion 

flask. The filtrate is clear; it is practically free of protein; although 

1 Compare Gulick, A., Jour. Biol. Chem., 1914, xviii, 541. 

63 



64 Non-Protein Nitrogen and Glucose 

it probably contains traces of nitrogen-containing lipoids. The 

Kjeldahl] digestion is carried out in a 25 cc. long necked, round 

bottomed Kjeldahl flask, the neck having a crook near the top. 

The mixture is filtered directly into the digestion flask, and the 

filter paper washed with 5 cc. of the aleohol-ether. Then a small 

piece of acid potassium sulphate is added, and several glass beads, 

and the alcohol-ether is driven off by heating on a hot plate. 

When the flask is practically dry, 1 cc. of strong sulphuric acid is 

added, and not over 300 or 400 mg. of potassium sulphate. Then 

the flask is placed over the direct flame of a small burner, the 

flask resting upon an asbestos board that has a perforation just a 

little smaller than the diameter of the circle of 1 ec. of sulphuric 

acid in the digestion flask. It is then heated until the contents 

are colorless. The digestion fluid is now transferred to a 100 ce. 

flask, the sulphuric acid neutralized by the addition of about 3 

ec. of a 30 per cent sodium hydroxide solution, the flask filled to 

over three-quarters full and then 5 cc. of Winkler’s modification 

of Nessler’s fluid are poured in, and the flask is filled to the mark 

with water. The color of this unknown is compared in a Duboseq 
colorimeter with the color of a standard, containing in the 100 ce. 

flask 2 ec. of an ammonium sulphate solution, of which 2 ce. 

contain 0.0002 gram N. 

A number of points require amplification. The flask is shaken 

after each drop of blood falls into the alcohol-ether. The filtrate 

must be entirely clear. Duplicates must always be done. Blanks 

must be done with each set of reagents, to demonstrate freedom 

from ammonia. ‘The digestion is rather slow, on account of the 

absence of any catalyser. We have not been able to find any cata- 
lyser that does not later cloud the Nessler test or change the 

color. No more than the denominated amount of potassium 

sulphate can be used, on account of danger of clouding the Nessler 

test. The glass beads must be free of lead. The amount of 

alkali added should about equal the sulphuric acid remaining in 

the digestion flask, as alteration in alkalinity of the diluted fluid 

is apt to cloud the Nessler test. The final solution to be com- 

pared for color must be absolutely clear; if in the least cloudy, 

too high results will be secured. If the blood be high in nitrogen, 

over 0.075 per 100 ce. of blood, the digestion residue shouldbe 

diluted in a 200 cc. flask. The water used in dilution must be 
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free of ammonia. The flasks used for dilution should have their 

marks calibrated or certified flasks should be obtaineds Oc- 

casionally, without apparent cause, the Nessler test clouds and 

cannot be used; usually one obtains perfectly clear solutions if 

an excess of ammonia is not present. 

The solution of ammonium sulphate is measured with a 2 ce. 

Ostwald pipette. Recently Bock and Benedict? have criticized 

these pipettes, stating that with their use an error of as high as 1 

per cent or more may be committed. This does not agree at all 

with the experience of one of us (T.) who has often employed 

these pipettes in physicochemical work that made their calibration 

and exact control necessary. The statements of Bock and Bene- 

dict do not agree with the current statements in the technical 

literature. For example, in the 1910 edition of the Ostwald- 

Luther Hand- und Hilfsbuch, on page 169 are given, as an illus- 

tration of the evenness of sampling with these pipettes, four 

successive weighings, whose mean variations are less than one- 

tenth of the degree of error claimed by Bock and Benedict. 

Four samples of blood of normal men gave the following figures 

in grams of non-protein nitrogen per 100 cc. of blood: 0.023; 

0.029; 0.026; 0.030. The blood of five normal women gave for 

100 ce.: 0.027; 0.019; 0.024; 0.027; 0.023. These figures corre- 

spond with those obtained with the original Folin method. The 

following figures were obtained in analyses of blood of patients in 

the University Hospital, controlled by estimations of venous blood 

done according to the Folin method by Dr. L. Jonas. 

Non-protein nitrogen. Non-protein nitrogen. 
Method of Folin. Method of authors. Method of Folin. | Method of authors. 
gm. per 100 cc. gm. per 100 cc. gm. per 100 cc. gm. per 100 cc. 

0.028 0.027 0.077 0.071 

0.046 0.045 0.087 0.088 

0.056 0.052 0.074 0.075 

0.028 0.026 0.057 0.046 

0.020 0.019 0.049 0.039 

0.023 0.022 0.031 0.034 

Apart from two estimations, the agreements are satisfactory. 

The agreements are most satisfactory when several duplicates are 

used, and as the above figures are the mean of two or three du- 

2 Bock, J. C., and Benedict, 8. R., Jour. Biol. Chem., 1915, xx, 47: 

THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXII, NO. Ue 
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plicates, the figures as stated are better than are the results of | 
singlesestimations. The duplicates do not agree as closely as in 

the case of the original Folin method, being sometimes 3 to 5 mg. 

apart. Under these circumstances, the method yields only a 

good approximation, and when the figures are tabulated it would 

be best to round the figures into even decimals and fives of mg. 

in the 100 cc. of blood. The method is not adapted to measure 

small variations in the non-protein nitrogen under experimental 

conditions. But it is adapted to follow the ups and downs of a 

case of nephritis or an experiment from day to day, since the fig- 

ures expressed in round numbers will still fulfill all clinical and 

many experimental desiderata. The highest figure we have 

noted with the use of this method was 0.151, in a case of poison- 

ing with corrosive sublimate. 

The Bang method for the microchemical estimation of glucose 

in the blood drawn from the finger is being widely used, and will 

yield satisfactory results if carefully employed. It is also capable 

of yielding aberrant results if not carried out in an invariable and 

rigid manner. During the past two years many estimations of 

glucose have been made in this laboratory with this method, and 

a great many control tests have been done, in order that the 

limitations and requirements of the method might be fixed. The 
results are presented in a summarized form, familiarity with the 

technique of the original method of Bang bene presupposed. 

(a) Whenever a fresh set of papers or reagents is taken in 

hand, the method is to be checked up on known solutions of pure 

d-glucose, controlled by gravimetric and polariscopic estimations. 

The sugar solution is to be dropped on the filter papers, and the 

latter carried through all the steps of the method. Such tests 

indicate that. when applied to a sugar solution corresponding to 

0.100 gram of glucose in 100 cc. of blood, the original Bang method 

yields a deficit—from 10 to 30 per cent low figures being obtained. 

With increasing amounts of sugar the loss becomes less until 

there is little loss with a solution of a strength corresponding to 

0.200 per 100 ce. of blood. Such check tests should be done from 

time to time on stock solutions. 

(b) A blank check must be done on the reagents each day that 

an estimation is done. Since the figure for the blank for the re- 

agents is to be subtracted, it is important to know how the blanks 
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are running, since they are subject to considerable variation. In 

a controlled series of twenty-three estimations, the following 

blanks were obtained, in terms of ec. of hundredth normal iodine 

solution: 

LENG@ TALS ae eee aes ee EE ea ee 0.05 

LEGAL. (ELLOS ae aS AL Dap Sito J tol hk as MUR Erie 0.07 

TTWAOD 2 Slat a ee MeN Do. a tive LE ah ie di 0.08 

ROT Sls AE re ee Ee ce eed: 0.09 

TENT TLC LR ne a eee Cate Oe Se Oe kd re ee ee 0.10 

"CVU a reo eek meus Pre bee hh ot eee ch eee Onl2 

With such variations in the blank (and these we have fre- 

quently found), it will not do to make an average of a series of 

blanks and use the same average subtraction in each estimation. 

A blank should be done each day that the method is used. 

(c) Glucose is not the only reducing substance in the blood. 

Under normal conditions, the non-glucose reducing substances in 

the blood probably do not amount to more than the equal of 0.05 

cc. of the iodine solution. It is optional whether one adds to 

the blank a fixed sum to allow for the uric acid and creatinine 

(say 0.08 cc.) or disregards it; in the one case the figures will be 

slightly but uniformly higher, in the other lower. In pathologi- 

cal instances of retention of excessive amounts of uric acid and 

creatinine, such retention might occasion a large error and lead 

to the suggestion of a hyperglycemia that did not actually exist. 

(d) The blood must flow freely from the finger and must spread 

smoothly on the papers. The amount of blood must be fairly 

constant, not under 0.10 and not over 0.15 gram for each paper. 

Slight pressure about the elbow gives free dropping of blood 

from the finger without influence on the sugar content. 

(e) The proteins must be completely removed, since they in- 

fluence the processes of reduction and also obscure the end-point 

in titration. We have found the heating of the blood-impreg- 

nated papers in the hot-air oven at 100°, as recommended by 

Gardner and McLean,* to be the only certain and satisfactory 

method of coagulation of the proteins. If the corks are inverted, 

three to five minutes’ heating is sufficient; if the corks are 

allowed to remain in the flasks, fifteen minutes are necessary. 

’ Gardner, A. D., and McLean, H., Biochem. Jour., 1914, viii, 391. 
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After proper heating, the protein is completely coagulated and it 

is never necessary to filter the KCl extract. 

(f) The time of boiling. We have not been able, in the tests 

where the blood is heated in the hot-air oven, to titrate the full 

amount of a known solution of sugar with less than four minutes 

of boiling to secure complete reduction. The stream of CO, 

should be vigorous throughout. 

(g) The error in titration is considerable, even with the best 

reagents and most carefully prepared solutions. One has but to 

make a series of estimations of one known sugar solution to real- 

ize this. We use certified burettes, 1 cc. divided into hundredths. 

The smallest drop of the titration solution is about 0.02 ce. This 

is the smallest plus or minus error possible. One might use two- 

hundredth normal iodine solution, but one loses in distinctness 

of end-point in titration as much as one gains in volume measure- 

ment in the burette. 

(h) The iodine solution must be fresh each day and must be 

checked each day. 

(i) The larger the number of duplicates, the better the results. 

Two are the minimum, and these cannot be trusted unless they 

agree quite closely. Often one paper will give an aberrant result 

and this must be rejected. Therefore it is safest to have at least 

three samples, and if one is wide and the other two check, the 

mean of the two that agree should be the figure given, not the 

mean of the three. The insistence, in the literature, upon num- 

erous duplicates indicates how frequent are variant results. 

When all these possible and actual variations are checked up, 

as is the fashion in physicochemical investigations, and the re- 

sults expressed in a plus or minus error, it is clear that this can- 

not, under the best of conditions, be less than 0.005 glucose in 

the 100 ce. of blood. In other words, if one obtains in a given 

analysis the figure of 0.085 glucose in the 100 ec. of blood, one 

could not be certain that it was not either 0.080 or 0.090. Under 

these circumstances, it would be best to use only the round figure 

and not split the tens at all. Instead of expressing glucose con- 

centration in terms of percentage or in the ten thousand, it would 

be much better, in analogy with the figures for the non-protein 

nitrogen, to express the figures in grams per 100 cc. of blood; 

and the figures are indeed of the same general order of magnitude 
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The variations in the glucose content of the blood are in two 

directions in normal individuals; variations between persons and 

variations at different times in the same individual. The exten- 

sive data in the literature and our own experience lead us to con- 

clude that in different normal individuals the blood sugar may 

vary from 0.050 to 0.150 in the 100 ec. of blood. Not less marked 

are the variations in the same individual, and this independent 

of variations in diet. The following figures were determined on 

different days, for a normal man, in blood drawn at 3.30, after 

luncheon taken at 12.30, the luncheon consisting each day of the 
same food, a constant weight of cinnamon roll with a quart of 

buttermilk. The figures are given in grams of glucose to 100 ce. 

of blood. 0.090; 0.110; 0.070; 0.110; 0.060; 0.050; 0.040; 0.070; 

0.070; 0.100; 0.060; 0.110; 0.060; 0.050; 0.040; 0.060; 0.060; 0.040. 
Obviously, it would not be proper to take the mean of these many 

estimations, which happens to be 0.070, and state that the nor- 

mal sugar content of this blood was 0.070 in the 100 cc. All the 

figures are normal for this individual. Such variations are very 

common. Under these circumstances, it is entirely improper 

to fix the figures for the blood sugar as rigidly as is being done 

in the literature. We may later learn that certain types of indi- 

viduals and certain phases of metabolism incline to the figure of 

0.050 or to the upper figure. We have learned how fluctuating, 
within a short time, are the figures for non-protein nitrogen, de- 

pending upon conditions in the intake and elimination of nitro- 

genous substances; that similar variations may exist in the car- 

bohydrate metabolism cannot be reasonably doubted. It is an 

error to fix narrow limits for the sugar content of the blood, par- 

ticularly when a method so readily affeeted as that of Bang is 

used to secure the data. This is particularly true for the data 

of normal states; the figures for the hyperglycemias of diabetes 

are much more certain, as the method yields more accurate results 

the higher the concentration of glucose. 
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CONDITIONS OF REPEATED HEMORRHAGE. 
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(From the Department of Physiological Chemistry of the University of 

Pennsylvania, Philadelphia.) 

(Received for publication, June 7, 1915.) 

Two older theories of the protein metabolism have within re- 

cent years been clearly defined and placed in juxtaposition largely 

through the labors of Folin and Abderhalden. According to the 

hypothesis formulated by Abderhalden, the amino-acids, products 

of digestion of protein in the alimentary tract, are in the epithe- 

lium of the intestine converted into the proteins of the blood serum, 

stamped with the biological stamp of the species, and sent into 

the circulation to serve as the substrate for cellular anabolism. 

The utilization of the circulating proteins (corresponding to the 

“totes Eiweiss” of Pfliiger) by the individual cells of the various 
tissues must of necessity be preceded by a digestion within the 

cells, and out of the resultant amino-acids the particular cell 

then constructs its individual proteins, leaving the superfluous 

amino-acids to be burned or cast out. The protein-forming fune- 

tion of the intestinal epithelium is thus regarded as a synthetic 

function of the highest grade. The synthesis of the proteins of 

the blood serum cannot, however, be regarded as vested exclus- 

ively in the intestinal epithelium; since these proteins are main- 

tained in striking constancy during prolonged starvation, they 

must also be formed in the tissues of the body. The second hy- 

pothesis, to which the recent investigations of Folin and Denis! 

and of Van Slyke? have contributed much, postulates the passage 

of the amino-acids, products of digestion of protein, through the 

resorption wall into the venous circulation, to be carried to the 

1 Folin, O., and Denis, W., Jour. Biol. Chem., 1912, xi, 87, 161; 1912, xii, 

141, 253. Folin, O., and Lyman, H., zbid., 1912, xii, 259. 

2 Van Slyke, D. D., and Meyer, G. M., ibid., 1913-14, xvi, 197, 218, 231. 

“Alt 
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tissues and there stored’ (in a state not yet clearly defined) as 

substrates for the processes of anabolism. In this hypothesis 

although the meaning of the proteins of the blood serum is not 
defined, their place of origin would be located in the tissues. 

Into this hypothesis, the recent work of Lusk‘ on the stimulation 

of cellular reactions by amino-acids fits very well. In the nature 

of its formulation, the hypothesis of Abderhalden is scarcely 

capable of experimental demonstration; the hypothesis of Folin, 

however, lends itself to such demonstration. 

We have attempted to secure data that might bear upon this 

general problem by a study of the blood following extreme deple- 

tion by repeated hemorrhage. Our plan of investigation has 

been as follows: Dogs were kept without food for thirty-six to 

forty hours. At the beginning of the experiment the animal was 

anesthetized with ether, and complete anesthesia was maintained 

until the end of the experiment or, in the case of Dog 2, until 

the animal died. A large volume of blood was then withdrawn 

from the femoral vein, and the volume of circulating fluid at 

once restored by the introduction of an identical volume of Ring- 

er’s solution, whose freezing point corresponded to that of an 

0.85 per cent solution of sodium chloride, thus being isotonic to 

dog blood. After an hour another hemorrhage was done and the 

same volume of Ringer’s solution introduced. Four or five such 

withdrawals of blood were made, the total volume of the circu- 

lating fluid being kept constant by injections of Ringer’s solution. 

In the blood withdrawn analyses of the protein content, the sugar 

content, and the partition of nitrogen were made, as detailed in 

Table I. The effect upon the blood from the standpoint of the 

original composition may be seen from the fact that within four 

hours so much blood may be drawn as to reduce the volume of 

the corpuscles from over 50 per cent to less than 20 per cent. 

The constituents of the blood might be restored in one or both 

of two ways; viz., a washing out of material already present in 

the tissues, and actual chemical formation within the tissues. 

It was foreseen that difficulties would inevitably arise in any at- 

tempt to define the source of any observed restoration or altera- 

3 Compare also Wishart, M. B., Jour. Biol. Chem., 1915, xx, 535. 

*Tusk, G., ibid., 1915, xx, 555. 
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tion, unless the data were very decisive. The data are contained 

in Table I. All results are expressed as grams per 100 cc. of 

serum. Total nitrogen was estimated by the Kjeldahl method; 

sugar, by the method of Vosburgh and Richards;> serum albumin 

and globulin were estimated gravimetrically after coagulation of 

the proteins following separation with magnesium sulphate; amino- 

nitrogen and urea by the methods of Van Slyke; non-protein 

nitrogen was estimated by the method of Folin applied macro- 

chemically. 
TABLE I. 

83 2 4 Fed hae Z 
raya! = ic g 2 : 

Animal No. Bog A a is 5 a ag ep 2 Z = 

aseios ( 88 | Bs | Bas| ef 4 # z & 
> oH qo mM mM Z < =) RD 

ce. 

AM hol 03 | Ged. | 29 4.1 | 0.017 0.185 
1 400 | 0.93} 5.5 | 1.1 4.3 | 0.018 0.165 

Weight © 400 | 0.85 | 4.8 | 0.95 | 3.9 | 0.019 0.170 
26 kg. 350!|+0.69°/°329° | 1.2 2.7 | 0.025 0.220 

F300 OFA82 42-7 | 11 1.6 | 0.027 0.310 

A 560 | 1.16 | 7.05 | 2.9 4.2 | 0.019]0.0023 0.170 
Wei me RDM t-OLA G27 | 26 4.1 | 0.018/0.0023 0.190 
ga 550 | 0.941 5.7 | 2.4 3.3 | 0.021/0.0020 0.155 

B- 550 | 0.91 | 5.4 | 2.2 3.2 | 0.028/0.0044 0.091 

Dyas Gl | 2-7 3.4 | 0.020 0.007} 0.225 
3 300 | 0.99 | 5.3 | 2.1 3.2 | 0.024 0.009! 0.250 

Weight 250 | 0.73 | 4.4 | 1.6 2.9 | 0.023 0.011) 0.228 
12.6 kg. PSO O36G3.%s Wl LA 2.3 | 0.028 0.011) 0.245 

#900 | 0.48 | 3.3 | 0.9 2.4 | 0.041 0.014) 0.265 

*Dog bled to death. Corpuscles less than 20 per cent of blood. 

Inspection of the data indicates the following findings. (a) 

There is a progressive decrease in the total nitrogen and total 

protein, most marked in Dogs 1 and 3, in which the venesec- 

tions were relatively more severe. It is assumed that no notable 

number of red corpuscles would be added to the circulating blood 

in the time concerned. The reduction in the proteins of the 

serum is less than that required by the dilution of the blood as a 

5’ Vosburgh, C. H., and Richards, A. N., Am. Jour. Physiol., 1903, ix, 

35. 
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result of the substitution of Ringer’s solution for whole blood, 
calculated on the assumption that the blood constitutes one- 

twelfth the body weight. . This indicates that there has been a 

washing out of these proteins into the circulating blood, and this 

was, of course, to have been expected. 

(b) The reduction in serum albumin and globulin is not the 
same, the concentration of serum albumin being disproportion- 

ately reduced in Dog 1, and of the serum globulin in Dogs 2 

and 3. Absolute mass, however, is to be inquired into as well as 

concentration, and for this purpose one must compare the amounts 

in the serum of the total blood as calculated from the proportion 

of red cells and the assumed total amount of blood. This is of 

course a very rough calculation, but suggestive nevertheless. 

Table II presents the amounts of the two blood proteins thus 

calculated for the first and last venesections, for the assumed 

total mass of blood, in grams. 

TABLE II. 

Dog 1 Globulin. Albumin. 

Hirste<VEnesecuione <2... +c oc. oF eee eee ees 41 

astevienesectione., . os <2;cccckrs ae eee ee 18 28 

Dog 2 

MITStRVGNESECHION:. .... i. oe eee 47 68 

ast vVenesection. : >. 2. salts cot eee en ee 58 84 

Dog 3 

Hirstevienesection....<cocch tacit se eee eee Speers lyf 

Lastoveneseehion.. 05: ;.saon dak eee ee ee 8 19 

The figures are obviously not uniform, either in direction or 

amount of variation. In the second dog, the total serum albumin 

in the circulation at the close of the experiment was greater than 

at the beginning; in the other two dogs, there was no change or 

but little loss. In the second dog, there was actual gain in cir- 

culating globulin; in the first dog, little change; and in the third 

dog, decided loss. When one considers these figures and includes 

with them the known amounts of albumin and globulin removed 

in the venesections, one secures the impression that the reductions 

and changes can be explained simply as due to washing out of 

the tissues and lymph spaces. Certainly there is in these figures 

no warrant for the assumption of any synthesis of these proteins 

on the part of the tissues, nor indeed was any noteworthy synthe- 

sis to have been expected within the time of the experiments. 
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(c) The non-protein nitrogen rises progressively with each vene- 

section, expressed in concentration, and, of course, more markedly 

when expressed in absolute terms. Table III expresses the fig- 

ures for non-protein nitrogen, calculated for the first and last 

hemorrhages, on the stated assumption of the total mass of blood 

in the body in grams. 
TABLE III. 

Dog 1 Non-protein nitrogen. 

RE URVENESECLION. cof. 24,.: sina diles borane sca a: 0.18 

RS imVENESCCLION:. sc. fltea oe cece Ae Ae ee cies 0.44 

Dog 2 

MirstmVeNeSE CHOI. 22. ato Att Salis sao a ee hcnius 0.32 

MH UPV.CNIEBECLIOM:D 2) 5, se fans olen ai cantare ae A hee 0.76 

Dog 3 

EAE MVEMESe CULOM Aces. cde ote cok ae ee Re ee 0.10 

EIA tmeVGNESE CULO S26 ich bss coe Pes ee ee 0.32 

These are very large increases and when one adds to these 

figures the sums of non-protein nitrogen known to have been re- 

moved in the venesections, it does not seem possible to regard the 

results as due to any mere washing out of the tissues. Part of 

this nitrogen is, of course, urea nitrogen, and this also was in- 

creased as shown in the analyses of Dog 3. That the amino- 

nitrogen is also increased is indicated by the figures for Dog 2. 

It does not seem possible to resist the conclusion that the increase 

of non-protein nitrogen has been the result of an active process 

on the part of the tissues, due either to a setting free of stored 

amino-acids or to amino-acids derived from hydrolysis of tissue 

(cellular) protein or serum protein. To decide between these is 

mere conjecture, but the derivation from the liberation of stored 

amino-acids certainly seems the more likely, since we must assume 

that the greater part of the non-protein nitrogen has been derived 

from and represents amino-nitrogen. 

The figures for blood sugar indicate that the commonly stated 

occurrence of hyperglycemia in the state of ether anesthesia is 

not invariable. 





ON THE PREDOMINANCE OF THE LIVER IN THE 

FORMATION OF UREA. 

By A. E. TAYLOR anp H. B. LEWIS. 

(From the Department of Physiological Chemistry, University of Penn- 

sylvania, Philadelphia.) 

(Received for publication, June 7, 1915.) 

A review of the older literature relating to the question of the 

origin of urea in the animal body indicates that the commonly 

advanced view that urea was formed largely, or indeed entirely, 

in the liver was founded upon little direct experimentation, but 

upon indirect experimentation and more or less circuitous reason- 

ing. Even the fact of the continuance of urea elimination by the 

frog following extirpation of the liver was interpreted as an adap- 

tation rather than as an illustration of normal function. In the 

modern conception of the catabolism of protein in the body, the 

hydrolysis of the protein is held to occur within the cells. The 

resulting amino-acids are then subjected to deamination, the 

ammonia is combined to form carbonate or carbamate, and these 

are finally converted into urea. These reactions, under the older 

idea, were regarded as completed in the liver. Whether the 

entire series of reactions occurred in the liver, following the 

transportation there of the amino-acids, or whether only the final 

stage of conversion of ammonium salt into urea occurred in the 

liver, was a secondary question. In the Abderhalden hypothesis 
of synthesis of blood proteins from the amino-acids, products 

of the digestion of protein, the superfluous amino-acids were held 

to be deaminized in the liver and the ammonia was converted into 

urea. That amino-acids, however, may easily pass through the 

liver unscathed, is known.! 

A direct test of the urea-forming function of the liver is pos- 

sible. It is necessary to remove the alimentary tract, in order to 

exclude nitrogenous substances being resorbed from the tract. 

1 Fiske, C. H., and Karsner, H. T., Jour. Biol. Chem., 1913-14, xvi, 399. 
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Prolonged fasting cannot accomplish the same result, since bac- 

terial formation of ammonia continues in the colon during fast- 

ing, the bacteria subsisting upon the nitrogenous secretions of the 

fasting alimentary tract. Following the complete removal of the 

alimentary tract, blood reaches the liver only through the hepatic 

artery. The liver is thus placed under the exact conditions of 

nutrition and metabolism that obtain in the other tissues. Analy- 

ses of the blood coming from the hepatic vein and from the infe- 
rior cava below the entrance of the renal veins ought to yield 

information bearing upon the urea-forming functions of the liver 

and the peripheral tissues. We have made this experiment four 

times. The removal of the whole alimentary tract is an entirely 
feasible operation,? with or without the retention of the spleen 

and pancreas. The operations were performed for us by Dr. 

Max M. Peet. 

Under complete ether anesthesia, the tract was rapidly re- 

moved, every precaution being taken to guard against loss of 

blood, which was of course to a considerable degree inevitable. 

In no ease did the time required for the operation exceed fif- 

teen minutes. In the first two dogs, the spleen and pancreas 

were allowed to remain in the body. In. the last two dogs 

these organs were removed with the alimentary tract. In Dog 

4 a clamp was placed upon the hepatic veins at their junction 

with the cava. This was done as a control of the results of 

the first three tests. The hepatic veins of the dog are short. 

The blood was drawn by inserting a needle, directed towards the 

liver, and then drawing the blood into the syringe by slow and 

gentle suction. Nevertheless, it seemed possible that in thus 

drawing the blood from the hepatic vein, blood might also be 

drawn back from the cava, and thus vitiate the results of the 

experiment. In Dog 4, therefore, the veins were clamped, so 

that the blood drawn could have come only from the liver. In 

each instance, one-half hour elapsed after the removal of the 

alimentary tract before the samples of blood were drawn for 

analysis. In Experiment III second samples were taken after 
another half hour. The blood was drawn into potassium oxalate 

solution, and analyzed for urea according to the urease method 

2 Taylor, A. E., Jour. Biol. Chem., xv, 217. 
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of Van Slyke and Cullen, and for non-protein nitrogen according 

to the method of Folin, applied macrochemically. The figures 

for urea include the ammonia, which does not, however, alter the 

meaning of the findings. The results of the analyses are given 

in the following table. 

Non-protein N. Urea N. Non-protein N. Urea N. 
Hepatic blood. Hepatic blood. Peripheral blood. | Peripheral blood. 

Dog 1 0.022 0.0084 0.020 0.0061 

Dog 2 0.031 0.0226 0.029 0.0189 

Dor 3 f 0.030 0.0146 0.030 0.0129 
| 0.030 0.0114 0.027 0.0097 

Dog 4 0.018 0.0069 0.017 0.0065 

All figures represent gm. in 100 ce. of blood. 

The figures reveal a slightly higher concentration of non-protein 

nitrogen and urea (plus ammonia) in the blood coming from the 

liver than in the blood coming from the hind legs. Expressed as 

figures for the totals of the four dogs, the average for non-protein 

nitrogen was 0.026 for hepatic blood, 0.024 for peripheral blood; 

the average for urea N was 0.0128 for hepatic blood, 0.0108 for 

peripheral blood. These figures, while always positive in the one 

direction, are, however, subject to another consideration in inter- 

pretation. Urea is not the chief nitrogenous product of the mus- 

cular system, which is creatinine. It might therefore well be 

assumed that the intensity of metabolism in the unit of time might 

not beso high for urea formation in the muscle as in the liver, where 

urea represents apparently the chief nitrogenous catabolic end- 

product. Even disregarding this consideration, however, the 

slight excess of urea N present in hepatic blood over the urea N 

of peripheral blood certainly does not speak for any special 

predominance of the liver in the total function of formation of 

urea. The figures, instead, speak for the view that the for mation 

of urea is the function of all tissues. 
A possible objection to this experiment might lie in the ques- 

tion whether the removal of the portal circulation could disturb 

the nutrition and function of the liver. We do not regard this 

objection as well founded. The supply of oxygen comes to the 

liver through the hepatic artery. Certainly, the arterial circu- 
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lation must be ample to care for the nutritional needs of the 

liver, considered as an organ alone, and especially during the short 

time concerned in these experiments. Experience with the Eck 

fistula does not yield any foundation for the idea that the nutri- 

tion of the liver is dependent upon the portal circulation. 
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of Pennsylvania, Philadelphia.) 

(Received for publication, June 9, 1915.) 

The following studies were designed to show the hourly varia- 

tions in the normal dog of the total non-protein nitrogen of the 
blood compared with the output of urine and of the nitrogen in 

the urine, and the effect upon these of various diets and of varia- 

tions in the water intake. 
The purpose was to establish normal curves under fixed con- 

ditions, which it is hoped will prove useful in a further study of the 
curves in the various forms of experimental nephritis and after 

the administration of diuretics. 

Nine bitches have been placed on a diet consisting of meat, 

lard, sugar, sodium chloride, bone ash, and water, adequate in 

calories and containing about 0.4 gram of nitrogen per kilo of 

body weight. On the sixth day the ration was varied to suit the 

study, being richer in nitrogen in Dogs 2 to 6 while in Dogs 7, 8, 

and 9 no food was given on the days of the study. The water 

intake was varied as shown in the protocols. On the day of the 

study, the animals were catheterized at intervals and at the 

time of each catheterization 5 or 10 ce. of blood were taken from 

the jugular vein for estimation of the non-protein nitrogen by 

Folin’s method. The urinary nitrogen was estimated by Kjeldahl. 

The protocols follow: 

Moderate Nitrogenous Intake.—Dog 1. Female, weight 10,870. Placed 

for six days on a diet of beef heart 150 gm. (0.39 gm. N per kilo), lard 50 

gm., sucrose 50 gm., bone ash 15 gm. sodium chloride 2 gm., water 200 ce. 

given daily at 8 a.m. On the sixth day there were obtained the urine by 

catheter and 5 cc. of blood from the jugular vein at 8 and 10 a.m., noon, 

2, 4, 6, and 10 p.m., and 8 a.m. the next day. The results are shown in 

Chart I. 
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High Nitrogenous Intake.—Dog 2. Female, weight 6,200. Placed for 

five days on a diet of beef heart 90 gm. (0.4 gm. N per kilo), lard 30 gm., 

sucrose 30 gm., bone ash 10 gm., sodium chloride 2 gm., water 200 cc. given 

daily at 8 a.m. On the sixth day, given at 8 a.m. beef heart 230 gm. (1 

gm. N per kilo), lard 12 gm., sucrose 12 gm., bone ash 4 gm., sodium chloride 
1 gm., water 80 cc.; on this day there were obtained the urine by catheter 

and 5 cc. of blood from the jugular vein at 8 and 10 a.m., noon, 2, 4, 6, and 

10 p.m., and 8 a.m. the next day. Results are shown in Chart I. 

mee 
PER 2 HOURS 

SS 

P 

IN GRAMS PER 2 HOURS. 

7IGIS. PER 100 € € 

Cuart I. 

Very High Nitrogenous Intake.—Dog 3. Female, weight 7,600. Placed 

for five days on a diet of beef heart 110 gm. (0.4 gm. N per kilo), lard 35 

gm., sucrose 35 gm., bone ash 20 gm., sodium chloride 2 gm., water 200 ce. 

given at 8 a.m. daily. On the sixth day, given at 8 a.m. the same diet ex- 

cept that of the beef heart 610 gm. (2.5 gm. N per kilo) were fed. Urine 

and blood were obtained on this day asin Dogsl and 2. Results are shown 

in Chart I. 
Very High Nitrogenous Intake. Water throughout the Day.—Dog 4. 

Female, weight 12,150. Placed for five days on a diet of beef heart 165 

gm. (0.4 gm. N per kilo), lard 55 gm., sucrose 55 gm., bone ash 20 gm., so- 
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dium chloride 2 gm., water 300 cc. given daily at 8 a.m. On the sixth 
day, given at 8 a.m. the same diet except that of the beef heart 1000 gm. 

(2.5 gm. N per kilo) were fed and of water only 40 cc. On this day there 

were obtained the urine by catheter and 5 cc. of blood from the jugular 

IN CC PER 2 HOURS. 

AVNGRAMS PER 2 HOURS. 

SIGS. PBK 100 &C. 

Cuart II. 

vein at 8 and 10 a.m., noon, 2, 4, 6, and 10 p.m., and 8 a.m. the next day. 

At these same periods 40 cc. of water were administered, mixed with the 

food at 8 a.m., given by stomach tube at the other intervals. Results of 

the urine and blood analyses are shown in Chart IT. 
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Very High Nitrogenous Intake. Water with Feeding and throughout the 

Day.—Dog 5. Female, weight 12,200. Placed for five days on same diet 

as Dog 4. On the sixth day, given at 8 a.m. the same diet except that of the 

beef heart 1000 gm. (2.5 gm. N per kilo) were fed and of water 300cce. On 

this day urine and blood were obtained as in Dog 4 and 40 cc. of water were 

administered by stomach tube at each period as in Dog 4. Results are 

shown in Chart II. 

Very High Nitrogenous Diet. Water Once Eight Hours after Feeding.— 

Dog6. Female, weight 10,450. Placed for five days on a diet of beef heart 

140 gm. (0.4 gm. N per kilo), lard 45 gm., sucrose 45 gm., bone ash 20 gm., 

sodium chloride 2 gm., water 300 ce. given daily at 8 a.m. On the sixth 

day, given at 8 a.m. the same diet except that of beef heart 900 gm. (2.5 

WCC PER 2 HOURS. 

IN GRAMS 
TER Z HOURS 

| | | | | | | | faa! ete ae sHl | NAA Cgraen Cee 26 | | | ee) Lena! | ms 1 i + = oe 

8 Pa Wa eee 2 a 
aes ESI ae 76 
~ Ss pee ea x | FA | BLAOD 7 
g 4B a N= - a: | 2a 

y IN | | eal 
§ ] | : T 5 clea 
5 0 + t } 1 | 

| | | 

D4 Tb by 36 40 Ad 4B a2 356 60 OL 68 42 
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ae 
DOG 9. ~------------ 

Cuart III. 

gm. N per kilo) were fed and no water was added to the food. At 4 p.m., 

300 cc. of water were given by stomach tube. Urine and blood were ob- 

tained as in Dogs 4 and 5. Results are shown in Chart II. 

Fasting. Water at Beginning of Day.—Dog 7. Female, weight 7,360. 

Placed for five days on same diet as Dog3. On the sixth day, given no food, 

but at 8 a.m., 200 ce. of water by stomach tube. Urine and blood obtained 

as in Dog 1. Results are shown in Chart ITI. 

Fasting. No Water.—Dog 8. Female, weight 12,260. Placed for five 

days on same diet as Dog 4. On the sixth day, given no food or water;on 

this day there were obtained the urine by catheter and 5 or 10 ce. of blood 

from the jugular vein at 8 a.m., noon, 4, and 10 p.m., and 8 a.m. the next 

day. The results are shown in Chart III. 
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Fasting. Small Amounts of Water as Desired.—Dog 9. Same animal 

as in previous experiment. Allowed to feed freely at 10 a.m. for three 

days after previous experiment; then again fasted for two days, water 

being permitted freely (50 cc. taken each day). On these two fasting days 

there were obtained urine by catheter and 5 cc. of blood from the jugular 

vein at 10 a.m., 4and 10 p.m., 8 a.m., noon, 4, and 8 p.m., and 8 a.m. the 

next day. Results are shown in Chart III. 

CONCLUSIONS. 

The daily variation in the non-protein blood nitrogen of the 

normal dog receiving a diet containing 0.4 gram of nitrogen per 

kilo is about 9 mg., the maximum being reached about two hours 

after feeding with a return to the original level in about ten to 

fourteen hours. By feeding excessive quantities of meat, the 

non-protein blood nitrogen may be increased 25 to 40 mg. in six 

to eight hours and the original level is usually not reached even 

at the end of twenty-four hours. 

In one animal (Dog 4) the blood nitrogen did not reach its 

maximum until fourteen hours after feeding, the urinary nitrogen 

exhibiting a parallel gradual rise; this is probably only to be ex- 

plained on the basis of slow absorption from the gastro-intestinal 

tract. It is to be observed that this animal received its allot- 

ment of water in smal] doses throughout the day by stomach 

tube instead of in one large dose with its feeding; this factor may 

have influenced the rate of absorption. 

The curve of the non-protein blood nitrogen in the normal dog 

after feeding follows closely that of the urinary nitrogen. There 

is sometimes exhibited, however, a further or secondary rise in 

the blood nitrogen at the time that the diuresis and output of 

nitrogen in the urine is rapidly decreasing. 

In the fasting dog there occurs a gradual fall in blood nitrogen 

to a minimum of 12 to 18 mg., reached thirty to forty-eight hours 

after the last feeding, and followed by a rise in the next few hours 

to about 25 to 28 mg. at which level it tends to persist. The 

urinary nitrogen shows a similar but less pronounced curve. 

The amount of urine influences the urinary nitrogen to a much 

greater extent when the blood and urinary nitrogen values are high 

than when they arelow. It may be seen by comparing the curves 

of Dogs 7 and 8 that free diuresis induced by the administration 
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of water to the fasting animal has little effect upon the curve of 

nitrogen either of the urine or blood. 

The application of Ambard’s formula using total nitrogen in- 

stead of urea to these data fails to give a constant figure. Better 

results are obtained by the use of a somewhat similar but simpli- 

fied formula, but here also considerable discrepancies occur and 

we have been unable to find any formula that will constantly 

express the relation between blood nitrogen, urinary nitrogen, 

and urinary amount. 



THE FINAL HYDROGEN ION CONCENTRATIONS OF 

CULTURES OF BACILLUS COLI.: 

By WM. MANSFIELD CLARK. 

(From the Research Laboratories of the Dairy Division, Bureau of Animal 

Industry, U. S. Department of Agriculture, Washington.) 

(Received for publication, June 23, 1915.) 

INTRODUCTION. 

In 1912 Michaelis and Marcora? showed that a certain culture 

of Bacillus colt ceased activity in a lactose bouillon at a hydrogen 

ion concentration of 1 xX 10-'n. This point Michaelis and 

Marcora considered to be a physiological constant of Bacillus 

colt. 

Since these authors apparently worked with but one culture, 

and varied the medium only in its initial reaction, it remained to 

be determined if this point is attained by other cultures of Ba- 

cillus coli and in media of such widely varying composition that it 

may truly be called a physiological constant. 

The solution of this question is an integral part of an exten- 

sive research upon the influence of hydrogen ion concentrations 

on bacterial metabolism. Sufficient data have now accumulated 

to justify a preliminary account of the final hydrogen ion con- 

centrations attained by several cultures which have been exten- 

sively studied in this laboratory. 

Methods. 

For the determination of hydrogen ion concentrations use was 

made of the chain: 

Hg HgCl | KCl | Saturated KCl | Solution | Pt He 

The calomel cells were prepared from mercury which had been 

1 Published by permission of the Secretary of Agriculture. 

2 Michaelis, L., and Marcora, F., Ztschr. f. Immunitdtsforsch. wu. exper. 

Therap., Orig., 1912, xiv, 170. 

87 



88 Hydrogen Ion Concentrations of B. coli 

distilled in vacuo after several distillations according to Hulett’s® 

method. The HgCl was prepared according to the procedure 

followed by Loomis and Acree.* The 75 KCl solution was made 

from thrice recrystallized and ignited Kahlbaum KCl. Some of 

the electrodes were of platinized platinium, others of gold coated 

with palladium black. Both types agreed well. The hydrogen 

was generated electrolytically from 10 per cent NaOH, and was 

passed over concentrated sulphuric acid, then over heated palla- 

dium asbestos. The generator was kept running continuously, 

on a low current when not in use, in order to prevent a backward 

diffusion of the atmosphere. The electrode vessel will be de- 

scribed in another paper. In principle it is similar to that of 

Hasselbalch,* but particular attention was given to the elimination 

of dead spaces, to the provision of maximum solution surface, 

and to the recommendations of Cumming® in regard to the con- 

tact between solution and saturated KCl. By attention to de- 

tails it was found that the liquid contact potential was reduced 

to a small value, and it was considered unnecessary to make the 

Bjerrum’ extrapolation correction. Corrections were made for 

the barometric pressure including, of course, the vapor tension of 

the solution, which was assumed to be that of water at the same 

temperature, as well as an occasional small correction for the 

calomel electrode found by comparison with other assumed stand- 

ards. The apparatus was held in an air thermostat with active 

air circulation. The thermostat was kept constant to within 

about + 0.05 of a degree of 30.0°C. The fluctuations in tempera- 

ture within periods of five minutes were not over 0.003 of a 

degree, according to readings taken with an eight pair copper 

constantine thermo element. 

The equation for the calculation of hydrogen ion concentra- 

tion from the potential of the chain used at 30°C. is: 

K — 0.337 
ni log. I/Cu = Pu 

3 Hulett, G. A., Physical Review, 1911, xxxui, 307. 

4 Loomis, N. E., and Acree, S. F., Am. Chem. Jour., 1911, xlvi, 585. 

5 Hasselbalch, K. A., Biochem. Ztschr., 1918, xlix, 451. 

6 Cumming, A. C., Tr. Faraday Soc., 1907, ii, pt. iii, 213; 1912, vii, 86; 

1913, ix, 174. 
7 Bjerrum, N., Ztschr. f. Hlectrochem., 1911, xvii, 389. 
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The potentials were measured with a Leeds and Northrup 

potentiometer and with a galvanometer as zero point instrument. 

Two Weston cells kindly loaned by the Bureau of Standards 

furnished the known potentials. 

Organisms Studied. 

The organisms studied were those described by Rogers, Clark, 

and Davis’ and by Rogers, Clark, and Evans.? They were all of 

that class of the colon-aerogenes family which, when grown in 

vacuo in a medium consisting of 1 per cent Witte peptone, 1 per 

cent dextrose, and 0.5 per cent K2HPO,, produce carbon dioxide 

and hydrogen in the ratio CO2/H2.=1.06. Since the cultural 

characteristics of these organisms approach closely to those gen- 

erally attributed to Bacillus coli we may, for the sake of brevity, 

call them Bacilli coli, although they are distinguished in this 

laboratory from other members of the colon-aerogenes family by 

calling them the “low ratio organisms.” 

The Progress of Acid Formation. 

The progressive development of the acidity of the cultures 

is shown in Tables I and II. Were we to plot the P, values 

against time we should find a form of curve which is very much 

the same whatever the medium used. The rate of acid develop- 

ment, however, when extricated from its apparent rate due to the 

character of the medium’s buffer effect, is a subject worthy of 

separate treatment. For present purposes it is only necessary 

to state that the progress of the acid formation has been followed 

in sufficient detail to make sure that the final hydrogen ion con- 

centrations when measured were practically final values. 

8 Rogers, L. A., Clark, W. M., and Davis, B. J... Jour. Infect. Dis., 

1914, xiv, 411. 
® Rogers, L. A., Clark, W. M., and Evans, A.C., ibid., 1914, xv, 99; 1915, 

xvVil, 137. 



90 Hydrogen Ion Concentrations of B. coli 

TABLE I. 

Progressive Change in Hydrogen Ion Concentration of Colon Cultures. 

Medium: 1 per cent Witte Peptone, 1 per cent Dextrose, and 0.5 per cent 

KeHPO,. Cultures Held in Jena Test-Tubes at 30° C. 

Ps: P 
Time. Onenee hx. Onsen fg. 

hrs. 

0 7.29 7.29 
i 7 99 7.29 

10 7.16 7.00 
15 6.11 6.08 
20 5.47 5.26 
25 5.22 5.11 
30 5.17 5.02 
35 4.92 4.85 
50 4.86 4.87 
100 4.68 4.84 
150 4.64 4.83 

TABLE II. 

Progressive Change in Hydrogen Ion Concentration of Cultures of Colon 

22hx. Medium: Standard Meat Infusion Containing 1 per cent Peptone 

and 2 per cent Dextrose. Cultures Held in Jena Test-Tubes. 

tent 30° C. 37.5° C 

Ars 

0 6.95 6.95 

24 5.08 4.93 

48 4.84 4.83 

96 4.79 4.82 

192 4.74 4.83 

240 4.75 

Final Hydrogen Ion Concentrations. 

In Tables III and IV are shown typical results obtained with 

several organisms grown under the same conditions. In studying 

sixteen cultures isolated from human feces, cow feces, and grain, 

similar results were obtained when the organisms were grown 
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under the same conditions. Whether the difference shown by 

the grain cultures in Table III is significant remains to be 

determined. 
TABLE III. 

Final Hydrogen Ion Concentrations of Colon Cultures. Medium: Standard 
Beef Infusion Containing 1 per cent Peptone and 1 per cent Dextrose. 

After Adjustment of the Reaction and Sterilization Py = 7.35. Incuba- 
tion Temperature 30° C. Incubation Period 18 Days. 

Organism. Source. eh PL Cx 10—9, 

Piigaes...c.2.-..| Human feces 0.6260 4.82 1.5 

APA ONY sy eee EE Bovine feces 0.6230 4.77 ioe 

DON TD 2: & Aer Me He 0.6242 4.79 1.6 

SDA) eae s iH 0.6228 4.76 1.8 

DD) Se ~ “ 0.6220 4.75 1.8 

TNO. a eer ca 0.6220 Ao 1.8 

DOWNER arcs ee: a ss 0.6240 4.78 1.6 

PON Rrctsis Seat cos «3 a oa 0.6230 4.70 Lae 

PIMs trac ws oc S af 0.6235 4.77 lead 

OTNPRNE ach nj Scere. Bs ag 0.6248 4.80 1.6 

DOIWariatee mec ss 3 « ne oo 0.6222 4.75 1.8 

OTN AM Mec. aya. « es os 0.6189 4.70 2.0 

OPA), co % 0.6248 4.80 1.6 

D2 OTM ese 52 Grain 0.6466 5.16 0.70 

IPE oe pe ae a4 0.6378 5.01 0.99 

DO TCHN Sta scsi. <2 se 0.6426 5.09 0.82 

TABLE IV. 

Final Hydrogen Ton Concentrations of Colon Cultures. Medium: 1 per 

cent Witte Peptone, 0.4 per cent Liebig’s Extract, 1 per cent Lactose, and 

1 per cent KH»PO;. Cultures held in Jena Test-Tubes at 30° C. for 12 

Days. Original Sterile Medium Py = 5.48. 

Organism. ia Organism. lee Organism. oe 

22fg 4.80 22hx 4.68 22hz 4.89 

22f¢ 4.86 22hx 4.67 22hz 4.89 

22hw 4.92 22hy 4.94 
22hw 4.92 22hy 4.91 Average 4.85 

In Table V an interesting instance is given of the effect of 

adding sterile lactic acid to a medium before inoculation. 
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TABLE V. 

Final Hydrogen Ion Concentrations Attained by Colon 22fg in Acidified 

1 per cent Witte Peptone and 1 per cent Dextrose. Cultures Held in 

Vacuum Bulbs at 30° C. 14 Days. 

Original Final 
Medium. it Py 

Novacid) added] see. Le ae 6.74 Aa 

Made O20025inilacticn: ethene 5.95 4.29 

Made 0.0050 n lactic................ 5.00 4.53 

Made 0.0075 n lactic................ 4.55 4.55 

The results obtained in about thirty different media confirm 

so well the main contention of Michaelis and Marcora that it is 

hardly necessary to tabulate the data in detail. 

It is of course true that in different portions of the same me- 

dium the accumulation of the same molecular concentrations of 

the acids produced by the organisms would lead to the same hy- 

drogen ion concentration. It is also true that certain media of 

different composition might arrive at the same hydrogen ion con- 

centration through the addition of the same amount of acid. 

For instance a 1 per cent Witte peptone, 1 per cent dextrose solu- 

tion with an initial hydrogen ion concentration of P, = 6.89, 

and the same solution brought to a hydrogen ion concentration of 

P, = 5.39 by the addition of 1 per cent KH2PO,, both arrive 

at very nearly the same hydrogen ion concentration when each 

is made 0.01 normal with lactic acid. It also happens that 

near this point, which is about P,, = 4.2, the fermentation of 

dextrose by Bacillus coli ceases. In such a case the constancy of 

the final hydrogen ion concentration might be considered as 

merely an index of a constancy in the total acid produced. 

On the other hand this is only a special instance, and a con- 

sideration of the data as a whole leaves little doubt that the hy- 

drogen ion concentration rather than the total acid produced is a 

limiting factor. For instance, Bacillus coli grown in 1 per cent 

peptone, 2 per cent lactose, raises the hydrogen ion concentra- 

tion to P, = 4.56. To do so the organism need only make the 

medium 0.007 normal with lactic acid. But if this medium con- 

tains 0.05 m NasHPO, the organism must make the medium 

0.06 normal with lactic acid before the hydrogen ion concentration 
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is raised to P,, = 5.00. Instead of ceasing with the production 

of 0.007 normal acid the organism only ceased its activity when 

the hydrogen ion concentration of P, = 5.00 was reached. In 

these instances, then, the total acid produced amounted in one 

case to 0.007 N and in the other to 0.06 N, while the final hydro- 

gen ion concentrations were P,, = 4.56 and P, = 5.00'°. That 

the latter values approach closer to what may be called a physio- 

logical constant than do the former is hardly open to dispute. 

There are, however, appreciable and noteworthy differences in 

the values obtained in different media. It seems to be true, for 

instance, that higher points are attained in dextrose media than 

in corresponding media containing lactose. For instance hx 

brought a 1 per cent peptone solution to P,, = 4.26 with a dex- 

trose fermentation while with lactose only 4.56 was reached. 

Corresponding differences were observed in a variety of media in 

which dextrose was fermented in one case and lactose in another. 

To a certain extent this is comparable with the differences in 

titratable acid found by Brown!" and also with the differences 

found by the Winslows” in the fermentation of dextrose and 

lactose by the coccaceae. As soon as we can obtain a stock of other 

exceptionally pure sugars comparable with the recrystallized lac- 

tose and dextrose used in the present investigation this work 

will be extended to include a variety of carbohydrates and their 

derivatives. 

One of the most striking relationships to be found in the data 

at hand is that which seems to hold very generally between the 

buffer effect of the media and the final hydrogen ion concentra- 

tion. This can be illustrated in the following way. If we add 

successive portions of lactic acid to a medium and then measure 

the resulting hydrogen ion concentration we obtain a close ap- 

proximation of the effect of the acids produced by the organism. 

With a series of such measurements we obtain a relationship be- 

tween the added acid and the resulting hydrogen ion concentra- 

tion which we may plot in the form of a “‘titration curve.” Such 

curves are shown in Fig. 1 for the following media: 

10 Note that as Py increases Cy decreases. See p. 88. 

1 Brown, W. W., Jour. Infect. Dis., 1914, xv, 580. 

12 Winslow, C.-E. A., and Winslow, A. R., The Systematic Relation 

ship of the Coccaceae, New York, 1908. | 
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1 per cent peptone 

1 per cent peptone, 0.05 m NaH2PO, 

1 per cent peptone, 0.05 m H;POx,, 0.075 N NaOH 

. 1 per cent peptone, 0.05 m NasHPO, 

1 per cent peptone, 0.01 m Na2HPOs, HOUOw> 

When lactose was added to these media, and the final hydrogen 

ion concentrations attained through its fermentation were pointed 

off on the titration curves, they were found to fall at the positions 

designated by the heavy crosses. It appears at once that in the 

more highly buffered media, that is in the media with the greater 

neutralizing power, the final hydrogen ion concentrations are 

lower. That there is an orderly relationship is suggested by the 

fact that the points fall almost on a straight line. 

The first conclusion to which this relationship points is, that 

although the hydrogen ion concentration is the chief limiting 

factor, other toxic bodies, perhaps the undissociated acids them- 

selves, impose their own influence. Since the toxicity of these 

bodies would be proportional to their concentration we should 

expect to find their effect greater in media which permit the 

more extended fermentation, namely in the highly buffered 

media. In the cases just cited there seems to be a rather strict 

ratio. It is a curious fact that when we increase by + the values 

of the normality of acid corresponding on the curves to the final 

hydrogen ion concentrations, we find that the hydrogen ion con- 

centrations corresponding to these increased normalities are 

P,, = 4.50 for each of the three media which contain the same 

concentration of P.O; (B, C, and D, Fig. 1). Whatever the 

meaning of this relationship may be it would be unprofitable to 

dwell too long upon it at this time for it cannot be extended with 

the same mathematical rigidity to other cases. Though a fair 

degree of proportionality is found to hold in many cases between 

the final hydrogen ion concentration and the buffer effect of the 

medium, we find in the case of milk, for instance, much lower final 

hydrogen ion concentrations attained than the titration curve 

would lead us to expect (see Table VI). 

This and several other considerations have made it evident that 

we must proceed with caution if we are to deal rigidly with the 

specific effect of the hydrogen ion. No attempt will be made in 

this paper to treat of either the specific effect of the hydrogen ion 
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TABLE VI. 

Final Hydrogen Ion Concentrations Attained by Colon Cultures in Steril- 

ized Skimmed Milk. Cultures Held in Jena Test-Tubes at 30° C. for 6 

Days. Original Sterile Milk Py = 6.18. 

Organism. ere Organism. 1a Grencian pee Organism. re 

Whe si taxes 5.16 | 22hp | 5.04 | 22hu | 5.03 | Q2hy | 5.14 
Pipl NTN os, lace 5.14 22hr 5.07 22hv 5.09 22hz 5258 

PPA NN a ois ee 5.14 22hs Le 22hw 5.09 22ib 5.10 

PANO NES ocador. 5.16 22ht a2 138 22hx 5.06 221) 5.30 

or the specific effects of different acids. Data already accumu- ~ 

lated on these questions must be reserved for separate treatment. 

The object of this paper is to show the bearing of the data pre- 

sented upon a very important point in bacteriological technique. 

This may be stated very briefly as follows. 

The Diagnostic Value of Final Hydrogen Ion Concentrations. 

While the final hydrogen ion concentrations attained in cul- 

tures of Bacillus coli have been shown to vary somewhat with the 

medium, the variation is confined to a narrow range. This range 

is so narrow that for certain purposes the final hydrogen ion 

concentration may be considered a constant. 

Now this limiting hydrogen ion concentration may be attained 

by very great differences in the total acid produced, and conse- 

quently, if we estimate the acid productivity of our cultures by 

titration, we may obtain widely different values. Unless the 

media employed by different laboratories are identical, at least in 

their buffer effect, the titratable acidity produced by the same 

organism may be found to be very different. The confusion be- 

comes worse confounded when, as Miss Broadhurst!® justly com- 

plains, different media are mentioned by the same name. In 

another paper" it is shown in more detail that present titrimetric 

methods are totally inadequate to meet the situation. 

It may be well to add at this point that sufficient work has 

been done in this laboratory to indicate that the same phenomena 

described in this paper apply to many of the streptococci. 

18 Broadhurst, J., Jour. Infect. Dis., 1913, xiii, 404. 

14 Clark, W. M., zbid., 1915, xvii, 109. 
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Often the final hydrogen ion concentrations attained by different 

species are sufficiently wide to serve as differential characteristics; 

always the value attained by the same organism is far more con- 

stant than the titratable acid produced. 

It appears then that by determining the final hydrogen ion 

concentration rather than the final titratable acidity we may 

expect to find values far more constant, of wider reproducibility, 

and of greater diagnostic worth. 

If we can succeed in the endeavor now being made to simplify 

and systematize the colorimetric method of determining the 

hydrogen ion concentrations of bacterial cultures we shall have 

a method not only more valuable than present titrimetric pro- 

cedures but one which may be made more rapid. A special case 

in which the colorimetric method has been successfully applied 

is in the differentiation of bacteria of the colon-aerogenes family. 

An account of this has recently been published. 

SUMMARY. 

The final hydrogen ion concentrations attained in the fermen- 

tation of dextrose and lactose by several cultures of Bacillus coli 

in a variety of media have been measured electrometrically. 

In any given medium the values obtained agree remarkably. 

Distinct differences in the values obtained with the same or- 

ganism in different media have been observed. These differences 

seem to follow in general this order: the greater the buffer effect 

of the medium the lower the final hydrogen ion concentration 

attained. This relationship suggests that as fermentation is 

prolonged other toxic bodies accumulate and superimpose their 

own relatively small effect. 

The final hydrogen ion concentrations differ by such small 

amounts that the work here reported may be considered as a 

confirmation of the claim of Michaelis and Marcora that the final 

hydrogen ion concentrations are a physiological constant for 

Bacillus coli. It is shown, however, that if we are to deal with the 

specific effects of the hydrogen ion in any rigid way the differences 

in the final hydrogen ion concentration must be taken into serious 

consideration. 

15 Clark, W. M., and Lubs, H. A., Jour. Infect. Dis., 1915, xvii, 160. 

THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXII, NO. 1 
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It is shown that for certain practical purposes the final hydro- 

gen ion concentrations furnish data of far greater significance 

than can possibly be obtained by measuring with titrimetric 

methods the acid productivity of these organisms. 
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THE ROLE OF OXIDASES IN RESPIRATION. 

PLATE I. 

By G. B. REED. 

(From the Laboratory of Plant Physiology, Harvard University, Cambridge.) 

(Received for publication, June 26, 1915.) 

The suggestion has recently been made by R. S. Lillie’! that 

“‘the oxidases play | 1t an accessory part”’ in biological oxidation, 

while the chief réle is assigned ‘‘to intracellular surfaces or phase 

boundaries,” the electrical polarization of which is supposed to 

play an important part in the process. In support of this view 

he cites a series of experiments in which the oxidative activity of 

the cell was measured by the formation of granules of indophenol. 

This theory is a new one and, if accepted, would make it neces- 

sary for us to modify greatly our ideas of respiratory processes. 

It seems desirable, therefore, to determine experimentally the 

relation of oxidases to the particular oxidation on which this theory 

is based, z.e., the formation of indophenol. For this purpose the 

writer has repeated Lillie’s experiments, using both plant and 

animal material, and has found that when the action of oxidases 

is prevented no oxidation occurs. It would seem, therefore, 

that the oxidases play a much more important part than Lillie 

has ascribed to them. The writer here presents an account of 

these experiments together with a discussion of some other work 

directly related to this subject. 

The Indophenol Reaction. 

The oxidation of a mixture of a-naphthol and paraphenylenediamine in 

dilute sodium carbonate solution was employed by Réhmann and Spitzer? 

some years ago, in astudy of the oxidative activity of various organs of the 

1 Lillie, R. S.. Jour. Biol. Chem., 1913, xv, 237. 

2 Réhmann, F., and Spitzer, W., Ber. d. deutsch. chem. Gesellsch., 1895, 

XXVill, 567. 

99 
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animal body. According to these authors when the above compounds 

are brought together and exposed to the air oxidation proceeds in the 

manner represented by the following equation: 

CsHsNH:2 

CeH4(NH2)2+ Cio H;OH =F O= NHC 

CyoH,OH + HO 

yy eeNE sre 

CyHsOH | rue + H,0 

One atom of oxygen goes to effect the synthesis of a leuco-compound and 

a second atom of oxygen combines with this product to form a deep purple 

substance, known as indophenol. When solutions of these compounds are 

allowed to stand in contact with atmospheric oxygen the oxidation pro- 

ceeds very slowly, but R6hmann and Spitzer found that in the presence of 

animal tissues the reaction was greatly accelerated. 

More detailed observations on the course of this reaction have recently 

been made by Vernon.* When finely chopped tissues of the rabbit or rat 

were allowed to act on a mixture of a-naphthol, paraphenylenediamine, 

and sodium carbonate solutions he found that the amount of indophenol 

formed is in direct linear proportion to the time, though the reaction 

slows down toward the end of the process. This reaction Vernon believes 

to be due to the presence of oxidase ferments in the animal tissue; a belief 

held by former investigators who have employed the reaction as a test for 

oxidases in animal and plant material. 

Following the method of Wiirster,‘ Lillie,> has employed in place of 

the paraphenylenediamine, dimethylparaphenylenediamine along with a- 

naphthol, which forms on oxidation dimethyl-indophenol. He observed 
that when animal cells were placed in either of these indophenol-forming 

solutions the oxidation product appeared in the form of minute rounded 

granules of a dark purple color. No suggestion is offered, however, as to 

whether they are amorphous particles of indophenol or depositions about 

previously existing granules in the cell. 

Inasmuch as Lillie’s contentions as to the nature of oxidation 

processes are based entirely on the location at which these bodies 

form in the cell, and particularly on the presence of membranes or 

surfaces such as are found around granules, it seemed desirable, 

before continuing the investigation, to determine the physical 

mechanism of their formation. 

3 Vernon, H. M., Jour. Physiol., 1911, xliii, 402. 

4Wiurster, C., Ber. d. deutsch. chem. Gesellsch., 1888, xxi, 1525. 

5 Lillie, loc. cit.; Am. Jour. Physiol., 1902, vii, 412. 
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The Formation of Indophenol Granules. 

A mixture consisting of watery solutions of paraphenylene- 

diamine (1 per cent) and a-naphthol (1 per cent) was exposed 

to the air in a shallow watch glass for a few hours, until it as- 

sumed a deep purple color. A microscopic examination showed 

it to contain the characteristic long needle-shaped crystals of 

indophenol (Figure 1 A). In this reaction (which is well under- 

stood) the indophenol resulting from the oxidation is insoluble in 

water and appears in crystalline form. 

To a similar indophenol-forming solution a small amount of 

gelatin was added. The reaction proceeded at approximately 

the same rate and formed a similar dark purple solution, but the 

indophenol was in the form of small oval granules rather than in 

erystals. Other colloids, as gum arabic or egg white, showed 

similar effects. The granules, however, varied considerably in 

size in different colloids and different concentrations of the same 

colloid. To portions of the diamine + naphthol solution, contain- 

ing each 10 ce., sufficient gelatin was added to make the con- 

centrations 0.1, 1.0, and 10.0 per cent. The granules which 

formed in the 0.1 per cent gelatin showed some resemblance to 

the normal crystals (Figure 1 B); yet while the normal are 100 to 

200 uw in length these granules are only 5 to 10 uw long, with rounded 

ends, and show a marked tendency to aggregate into irregular 

spherites. But in the stronger gelatin the granules give no 

suggestion of the typical crystal form (Figure 1 C) but are rounded 

or slightly oval and, in the 10 per cent gelatin, only 3 to 5 w in 

diameter. 

The formation of dimethyl-indophenol was affected in exactly 

the same manner by the colloids. 

Adding a small amount of a clear filtered extract of wheat 

bran, containing an active oxidase, to the indophenol-forming 

mixture the crystalline indophenol formed as before though much 

more rapidly. Also, in the presence of gelatin, the formation of 

granules was accelerated, yet the granules themselves had the 

same appearance as those formed more slowly. 

It is apparent, therefore, that these granules observed to form 

in certain animal cells, and about to be described in plant cells, 

+ result from the oxidation of the naphthol-diamine mixture; that 
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the indophenol or dimethyl-indophenol formed is prevented from 

crystallizing normally in the cell by the colloidal properties of the 

protoplasm, so that it is deposited in a granular form, and that 

it is not necessarily formed at the surfaces of cell granules or at 

other cell surfaces. 

The Relation of Oxidation Processes to the Nucleus and 

. Cell Membranes. 

In an early paper by Loeb® it was pointed out that the inability of 

enucleated cells to regenerate was associated with what he believed to be a 

diminution of oxidative activity, and he concluded accordingly that the 

nucleus was the main (although not the only) oxidizing organ in the cell. 

Loeb has also recently suggested that the marked increase in the rate of 

oxidation in developing eggs of Arbacia on passing from the fertilized egg 

to the 32 cell stage may be due to the increase in the mass of the nuclei. 

Immediately following Loeb’s original suggestion, considerable evidence 

was brought forward by Lillie’ to show that intracellular oxidations take 

place particularly about the nuclei. In certain animal tissues, such as 

the testis, intestine, or kidney, where the nuclei show a definite arrange- 

ment, he found that indophenol granules and the oxidation products of 

various dyes were formed in largest amounts in those regions where the 

nuclei are chiefly situated. He also pointed out at this time that blood 

cells in an indophenol-forming solution develop granules most rapidly 

about their nuclei. Warburg’ has shown that nuclei isolated from red blood 

cells of birds by alternate freezing and thawing (which destroys the cyto- 

plasm but leaves the nuclei intact) absorb oxygen at a rate comparable 

with the absorption by uninjured cells. 

Some more recent investigations, on the other hand, indicate that the 

nucleus plays only a secondary part. Wherry® finds that methyl green is 

oxidized in the cytoplasm of species of Amoeba, but never in the nucleus. 

Schultze!° investigated various plant and animal cells and found several 

stains to be oxidized in the cytoplasm but not in the nucleus, as was shown 

by change in color. In Lillie’s!! more recent contribution to this subject 

he brings forward evidences to show that the oxidative activity of the 

nucleus, described by himself and other investigators, is due not to the 

activity of the nucleoplasm but to that of the nuclear membrane. Con- 

trary to his previous conclusions, based on similar experiments, he now 

6 Loeb, J., Artificial Parthenogenesis and Fertilization, Chicago, 1913. 
7 Lillie, Am. Jour. Physiol., 1902, vii, 412. 

8 Warburg, O., Ztschr. f. physiol. Chem., 1910-11, Ixx, 413. 

9 Wherry, E. T., Science, 1913, xxxvii, 908. 

10 Schultze, W. H., Verhandl. d. deutsch. path. Gesellsch., 1913, xvi, 161. 

11 Lillie, Jour. Biol. Chem., 1913, xv, 237. 
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believes that other regions of the cell possess oxidative activity similar 

to that of the nucleus. He reports that the blood cells of the frog placed 

in dimethylparaphenylenediamine and a-naphthol solutions in alkaline 

physiological salt solution, form the first indophenol granules about the 

nuclei in both erythrocytes and leucocytes; somewhat later the granules 

are formed in the outer layer of the cytoplasm and finally throughout 

the cytoplasm. The fact that granules were first observed to form at the 

nuclear and plasma membranes he considers sufficient proof that the 

membranes are concerned in the oxidation processes leading to the for- 

mation of the indophenol. Lillie suggests that this action of the mem- 

brane may be due to variations in its electrical polarization; in support 

of this conclusion he states that by subjecting the blood preparations to 

an induction shock the rate of oxidation was increased to a marked degree 

in leucocytes and slightly in erythrocytes. He assumes that the granules 

which eventually appear throughout the cytoplasm form at colloidal sur- 
faces or phase boundaries inasmuch as no definite membranes occur in the 

cytoplasm, the potentials of which would vary, as of the more conspicuous 

membranes. He accordingly concludes that the chief réle in oxidation 

is to be assigned to these ‘‘intracellular surfaces or phase boundaries.”’ 

And, though no direct evidence is brought forward, the assumption is 

made that ‘‘the oxidases play but an accessory part’ in intracellular 

oxidations. 

With the view of determining the correctness of this latter 

assumption various plant and animal cells were investigated. 

Plant cells, on account of their various conspicuous semi-perme- 

able surfaces, are particularly suitable for such investigations. 

Epidermal and hair cells from various roots and leaves, cells and 

coenocytes of algae and fungi supplied suitable and convenient 

material. 

The lower epidermis of onion bulb leaves was particularly good 

for this purpose on account of the large size of the cells. Small 

pieces of the tissue were stripped from the leaves and placed on a 

slide in a few drops of a mixture containing equal parts of a 

watery solution of 1 per cent paraphenylenediamine and satu- 

rated a-naphthol (referred to hereafter as 1 per cent Spitzer’s re- 

agent) to which was added sufficient neutral hydrogen peroxide 

to make the concentration 0.1 per cent. The reaction was then 

observed under a magnification of 250 or 500 diameters. In afew 

seconds the formation of dark purple granules of indophenol 

could be detected, appearing in a perfectly definite manner, first 

within the thin layer of protoplasm which surrounds the vacuole, 

particularly, it seemed, at the outside; and at the same time, or 
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usually somewhat later, on the surface of the nucleus. 

Although exhibiting some Brownian motion the granules did not 

appear to migrate from their place of formation, yet the granu- 

lated areas gradually extended until all the cytoplasm became 

uniformly dotted with them in the course of five to ten minutes. 
By tearing pieces of the epidermis straight across (at right 

angles to the long axis of the cells) various sized pieces of similar 

cells were obtained. These, except for the torn end, appeared 

normal; the cytoplasm remained pressed against the cell wall, 

and the nucleus, where it had not been removed, appeared in its 

normal position. On flooding these cells with the reagent and 

keeping them under observation, it was seen that granules began 

to appear in the torn cells instantly and long before they ap- 

peared in neighboring intact cells. Just at the tear there was a 

disorganized area where the granules formed somewhat irregu- 

larly; but a short distance within the cell (two or three times the 

thickness of the cytoplasmic layer) the granules made their first 

appearance just inside the exposed surfaces of the protoplasm and 

simultaneously on the surface of the nucleus. Apparently the 

penetration of the reagent to the nucleus was not delayed here, 

as in the case of intact cells. The photomicrograph (Figure 1 D) 

of such a piece of tissue shows granules equally abundant in in- 

tact cells and in cell fragments. This figure also shows granules 

in pieces of cells from which nuclei had been removed. These 

granules formed quite as rapidly and in the same definite posi- 

tions as in torn cells containing a nucleus or in normal uninjured 

cells. 
Epidermal cells from other leaves behaved like those of onion; 

particularly good results were obtained with those from Iris 

leaves, where it was also possible to separate cells into a nucleated 

and non-nucleated part. As in the former case, indophenol 

granules formed in the absence of the nucleus quite as rapidly as 

where it was present. 

Similar results were obtained with various root-hair cells; after 

standing a few minutes in Spitzer’s reagent, indophenol granules 

appeared in the thin peripheral layer of cytoplasm and distinctly 

in the cytoplasmic bands crossing the vacuole. When the nucleus 

occurred in the projecting portion of the cell, z.e., in the hair 

(where it could be easily observed) it was apparent from the 
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larger number of indophenol granules that the region of the 

nuclear wall possessed active oxidative properties. Since the 

nucleus is frequently, or usually, in the basal part of these hair 

cells, by cutting off the projecting part near the root proper 

large pieces of cells without nuclei were obtained. As would be 

expected from the previous experiments oxidations took place as 

in intact cells. 

Filaments of different species of Spirogyra, when placed in the 

same concentrations of Spitzer’s reagent and hydrogen peroxide 

as used in the former experiments, rapidly formed indophenol 

granules in the cytoplasmic layer and in some cases also about the 

surface of the nuclei, but in the majority of the cells examined 

practically no granules were formed in the cytoplasm adjoining 

the nucleus. Similarly in the coenocytes of Vaucheria the regions 

about the nuclei occasionally appeared most active in forming 

indophenol; but usually after a few seconds of exposure to the 

reagent the filaments became uniformly dotted with the purple 

granules. The mycelia of a species of Saprolegnia and one of 

Mucor rapidly effected the oxidation of the reagent, but the indo- 

phenol appeared so uniformly and densely throughout the cyto- 

plasm that the nuclei could not be detected. 

It would seem, therefore, that the function of the nucleus in 

respiratory processes has been over estimated. Since in those 

cells where the region about the nucleus was most active in bring- 
ing about oxidation the removal of the nucleus appeared in no 

way to diminish the general oxidative activity of the cytoplasm; 

and since in other cells the nuclear region possessed no oxidizing 

ability, it is evident that the nucleus may not be essential to or 

even play a primary part in cellular oxidations. 

The fact that no oxidation takes place about certain nuclei is 

particularly important. If, as Lillie supposes, intracellular oxi- 

dations are effected by electrical phenomena at membranes, the 

question may be asked: Why do indophenol granules not form at 

all nuclear membranes, especially when this oxidation is proceeding 

in other parts of the cell? 

In this connection it is an interesting fact that granules of indo- 
phenol have never been observed to form at plastid membranes; 

this is particularly interesting since the plastid surfaces, in many 

species of plants if not in all, are of a semi-permeable character 
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similar to other membranes of the cell. In cells of Spzrogyra, 

Zygnema, and Vaucheria, notwithstanding the large area of mem- 

brane exposed by the chromatophores, there appeared to be no 

tendency for the granules to form more rapidly or in larger num- 

bers at the surfaces of the chromatophores than in other regions 

of the cytoplasm. Leaves of Elodea and Bryum and teased out 

mesophyll cells of leaves of T’radescantia gave a better opportunity 

for observation than the algae mentioned above, as the chloro- 

plastids are more regular in outline; but here, as in the algae, the 

chloroplastid membrane is quite inactive in oxidation. Similarly 

in fresh sections of potato, indophenol appeared at the surface of 

leucoplastids and of starch grains only after the surrounding 
cytoplasm had become filled with the granules. 

These facts indicate that if the cell membranes possess any 

oxidative activity their sphere must be limited to special cases. 

More illuminating evidence, however, was obtained by treating 

various cells with killing agents and then testing their ability to 

produce oxidation. A description of these experiments follows. 

The Direct Relation of the Oxidases to Indophenol Formation. 

The writer has observed that after standing for some minutes 

in 1 per cent solution of Spitzer’s reagent many of the cells on 

which he was experimenting appeared more or less disorganized 

and apparently dead. In these cases the application of Ca(NOs)2 

produced no plasmolysis, thus indicating that the plasma mem- 

brane had become perfectly permeable. On treating different 

preparations of the epidermal cells of onion with Ca(NQs)o, at 

frequent intervals after adding the indophenol-forming solution 

of the concentration usually employed (1 per cent of the combined 

salts and 0.1 per cent of hydrogen peroxide) it appeared that two 

minutes’ exposure to the latter was sufficient to destroy the ability 

of the cells to undergo plasmolysis. But notwithstanding the 

great alteration of the plasma membrane and phase boundaries 

which is indicated by this failure to plasmolyze the oxidation con- 

tinued quite as rapidly as before. 

To test further the relation of the semi-permeability of the 

membranes to oxidation, cells were killed in a variety of ways 

before placing them in the oxidizable reagent. Pieces of onion 
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epidermis were placed in chloroform, toluene, and in 1 per cent 

solutions of chloral hydrate and of urea for two minutes, then re- 
moved to distilled water for five minutes, and then placed in the 

indophenol solution previously used. In all these cases granules 

of indophenol formed in these cells exactly as they did in cells that 

were alive when the reagent was added. In some cases the re- 
action was even more rapid in the dead cells; this was probably 

due to increased permeability to the reagent. Figure 1E shows 

cells (which had previously been chloroformed) after standing five 

minutes in Spitzer’s reagent. ~Root-hairs of wheat, barley, 

Tradescantia, filaments of Spirogyra, Zygnema, and Vaucheria, my- 

celia of Mucor and Saprolegnia, after treatment with chloroform 

or chloral hydrate formed indophenol granules just as rapidly as 

before treatment. 

The above killing agents are known to have very little if any 

harmful action on the oxidases. Extracts of bran and potatoes 

in the presence of any one of these activate the oxidation of Spit- 

zer’s reagent to the same extent as the untreated extracts. 

Certain other killing agents have quite the opposite effect on 

the formation of intracellular granules of indophenol. In all the 

experiments just described, in addition to using chloroform, ether, 

toluene, chloral hydrate, and urea, portions of all the material 

were also placed in 1 per cent potassium cyanide solution, 

0.1 m HCl, 0.1 m NaOH, or in live steam, for two minutes, then 

removed to distilled water for five minutes, and finally placed in 

Spitzer’s reagent and hydrogen peroxide. After this treatment 

none of the material, whether belonging to spermatophytes, algae, 

or fungi, formed indophenol granules in the cells. These killing 

agents, however, probably have no more destructive effects on 

the membranes and phase boundaries than those previously used, 

although both render them perfectly permeable; but potassium 

cyanide, mineral acids, strong alkalies, and high temperatures 

always completely inhibit the action of oxidases. 

Summarizing these observations, it appears that the oxidation 

of Spitzer’s reagent in plant cells frequently proceeds most rap- 

idly in the region of semi-permeable membranes; yet many nu- 

clear, and all the plastid surfaces observed showed no such activity; 

the oxidation is not prevented by the destruction of the mem- 

branes, but is completely stopped by the addition of agents which 

inhibit oxidases. 
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Evidence from Animal Tissue. 

A. Nerve Tissuwe-——The ventral nerve cord of the crayfish sup- 

plied animal material in which comparatively large masses of 

tissue, almost free from nuclei, could be isolated by simply cutting 

the connecting nerve cord away from the ganglia. The entire 

nerve cord of an animal killed by bleeding was removed and placed 

in 1 per cent solution of paraphenylenediamine and a-naphthol 

(equal parts), in 0.125 m NaCl. The solution was placed in a 

shallow watch glass. In about half a minute the ganglia showed 

a faint purple color, soon followed by the appearance of a similar 

color in the connectives. The color in both regions rapidly deep- 

ened until at the end of thirty to forty-five minutes the entire 

cord presented a uniform deep purple appearance. 

Frozen sections cut longitudinally through the ganglia and 

nerve cord show the granules to have formed throughout the 

tissue both in the nerve cells and fibers, and to some extent also 

in the connective tissue cells. The granules showed a marked 

tendency to aggregate in certain regions, but without reference, so 

far as could be detected, to any cellular or intracellular structures. 

Subjecting the nerve cord to a rather vigorous induction shock 

(10 milliamperes) for two minutes after placing it in the indo- 

phenol-forming solution markedly stimulated the oxidation. 
While in the unstimulated condition thirty to forty-five minutes 

were required to reach the maximum color, fifteen to twenty-five 

minutes were sufficient after stimulation. 

Segments of the cord from between the ganglia, under similar 

conditions of stimulation, formed indophenol just as rapidly as 

when the nerve fibers were connected with the nucleated nerve 

cells. The reaction was in fact somewhat more rapid; this was 

probably due to the greater ease with which the reagent pene- 

trated, since the granules formed most rapidly at the cut ends of 

the cord. 

As would be expected from the behavior of plant cells, it was 

found that if the nerve cord had been treated with chloroform or 

ether vapor for five minutes and had then been placed in Spitzer’s 

reagent the formation of indophenol proceeded at about the same 

rate as in the normal nerve, although usually somewhat more 

rapidly. After treating with steam, potassium cyanide, hydro- 
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chloric acid, or sodium hydroxide, thereby destroying the oxi- 

' dases, there was no formation of indophenol in any part of the 

nerve cord even after standing some hours in Spitzer’s reagent. 

These results have some bearing on the observations of Tashiro” 

regarding respiration in resting and stimulated nerves. By 

means of his delicate apparatus Tashiro was able to show that 

carbon dioxide is given off from both medullated and non-medul- 

lated nerve fibers and that the amount produced is greatest dur- 

ing stimulation and least under anesthesia. It was therefore con- 

cluded that conduction of nervous stimuli is of the nature of a 

propagated chemical change. The present experiments have 

shown that oxidation processes go on in both nerve cells and their 

fibers, under the activation of oxidases; and that the rate of this 

reaction is increased by stimuli which cause nervous excitation. 

But it was also found that the reaction proceeds without inter- 

ruption after the application of an anesthetic which paralyzes the 

nerve as a conducting organ. Hence it can not be concluded that 

oxidation reactions (such as produce the CO, observed by Tashiro) 

are necessarily concerned in the transmission of nerve stimuli. 

B. Blood.—Blood cells of the frog, upon the behavior of which 

Lillie bases his theory of oxidation, were examined to determine 

whether oxidases were concerned in their respiration. 

The blood, immediately after shedding, was mixed with a solu- 

tion consisting of nine volumes of ¥ sodium chloride and one 

volume of ¥ potassium oxalate, in order to prevent clotting and the 

breaking down of leucocytes. A few drops of the suspension of 

corpuscles were then mixed on a slide with an equal amount of 

Spitzer’s reagent which was freshly prepared by mixing a satu- 

rated solution of a-naphthol in alkaline isotonic salt solution 

(< NaCl containing +457 Na,CO;) with an equal volume of 1 per 

cent paraphenylenediamine in } NaCl. In such a mixture re- 

actions similar to those reported by Lillie!® were observed to take 

place. On exposure to the air, without a cover glass, granules 

could be detected in the leucocytes after two or three minutes, 

forming first about the nucleus or the plasma membrane; in the 

erythrocytes after five or ten minutes forming in similar positions. 

22 Tashiro, S., Am. Jour. Physiol., 1913, xxxii, 107. Tashiro, 8., and 

Adams, H. S., Jour. Biol. Chem., 1914, xviii, 329. 

13 Lillie. Jour. Biol. Chem., 1913, xv, 245. 



110 Oxidases in Respiration 

After thirty minutes’ exposure the leucocytes usually appeared 

quite black, or purple-black, being filled with the granules; while * 

the erythrocytes showed a very distinct granulated area about the 

nucleus, or the cell surface, or frequently throughout the cyto- 

plasm. , 

. On passing an induction shock of 10 milliamperes for three min- 

utes through the preparation immediately after adding the re- 

agent, the reaction in the leucocytes was accelerated so that five 

to ten minutes in the reagent sufficed to produce the same degree 

of color as thirty minutes in the unstimulated condition. The 

rate of reaction in the erythrocytes, however, was not accelerated 

to an appreciable extent. 

Killing agents, as used on plant cells, were then applied. After 

exposing a drop of blood suspension to chloroform vapor for two 

minutes the greater part of the leucocytes broke down, but on 

mixing with Spitzer’s reagent the erythrocytes formed indophenol 

rather more rapidly than when in their normal condition. Add- 

ing a trace of urea to a mixture of blood and Spitzer’s reagent the 

formation of indophenol apparently proceeded as in the absence 

of the cell poison. On treating with steam, potassium cyanide, 

hydrochloric acid, or sodium hydroxide (for the destruction of 

the oxidases) before mixing the blood with the indophenol-forming 

solution, no reaction took place even after some hours. 
It seems apparent, therefore, that in this material, as in that 

previously used, the reaction proceeds after the membranes have 

been destroyed but not after the oxidases have been inhibited. 

It is therefore evident that we are dealing with an oxidase reaction. 

The acceleration due to induction shocks may be explained in 

various ways without having recourse to the polarization of the 

membrane. If it is due to an increase of electrical depolarization 

of phase boundaries, as has been suggested by Lillie, one would 

expect the erythrocytes as well as the leucocytes to be appreciably 

affected, but this is not the case. Furthermore the writer has 

found that in plant cells, such as the epidermis of onion, the root- 

hairs of wheat, cells of Spirogyra, etc., induction shocks of 5 to 20 

milliamperes and of various durations have no noticeable effects 

on the formation of indophenol. 

These experiments apparently indicate in a convincing manner 

that oxidase enzymes are the active agents in this intracellular 
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Fie. 1, A, B, and C. Photomicrographs showing the effects of a 

colloid on the formation of indophenol granules. A shows normal crystals 

formed from a watery solution. B and C show granules formed from 

solutions containing different amounts of gelatin. 

D and E. Photomicrographs showing indophenol granules of cells of 

onion epidermis. D shows granules in intact cells and in cell fragments 

with and without nuclei. E shows granules in cells which had been 

chloroformed before adding the indophenol-forming reagent. 
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oxidation. Although Lillie supposed that electrical phenomena 

at phase boundaries may produce some oxidative activity, it is 

evident that in the oxidation of Spitzer’s reagent these forces have 

little or no effect. If the contentions of Spitzer, Vernon, and 

Lillie be admitted; namely, that the formation of indophenol may 

be taken as a measure of the total oxidative activity of the cell, it 

may be concluded that the oxidases are the essential agents in 

bringing about this reaction. 
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STUDIES OF AUTOLYSIS. 

II. THE ACCELERATION OF LIVER AUTOLYSIS. 

By H. C. BRADLEY. 

(From the Department of Physiology, University of Wisconsin, Madison.) 

(Received for publication, June 9, 1915.) 

In the previous paper! were presented the results of a study of 

the effect of manganous chloride upon liver autolysis. Several 

mechanisms by which this salt might bring about the increased 

speed and extent of digestion were suggested. The salt may have 

an activating effect upon a zymogen or already partially active 

enzyme, it may supply a favorable medium for proteolysis acting 

thus as a coferment analogous to the hydrochloric acid of gastric 
juice, or it may combine with the proteins of the liver and render 

some of them, normally undigested even in prolonged autolysis, 

available for the somewhat specific erepsin-like enzyme of the 

liver cell. While not conclusive, the evidence presented in the 

previous paper seemed to point to the last as the most probable 

mechanism. The evidence which is here presented is believed to 

confirm this hypothesis largely by a process of elimination of 

other possible mechanisms. 

If an enzyme is activated by the salt, or provided with a co- 

ferment which renders it more active and less specific, various 

foreign proteins which are normally digestible should in the 

presence of manganous chloride digest more rapidly and perhaps 

more completely. Other foreign proteins, which are normally 

not digested by the liver enzymes, might be expected to digest in 

the presence of the salt. On the other hand, if the salt exerts 

its effect by combining with the liver proteins and thus rendering 

them more available for digestion, it should have no effect upon 

the rate or extent of digestion of such foreign proteins as are 

already digestible. Unavailable foreign proteins may or may not 

be rendered available by the salt. 

1 Bradley, H. C., and Morse, Max, Jour. Biol. Chem., 1915, xxi, 209. 
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The first experiments therefore concern themselves with a study 

of the action of the autolytic enzymes of the liver upon foreign 

proteins, with and without the presence of manganous chloride. 

Experiment I. The Effect of Casein, Peptone, and Boiled Liver 

Proteins on the Autolytic Reaction. 

As before, 50 grams of the liver pulp were weighed out, the 

extra protein was added where indicated in the tables, and the 
whole made up to a volume of 250 ce. A mixture of chloroform 

and toluene preserved the digests, which were kept at a tem- 

perature of 37°C. The analytical procedure was exactly as de- 

seribed in the previous paper. Instead of reporting total nitro- 

gen in the 10 cc. sample of the pulp analyzed, the value has been 

calculated for 6.25 cc. of the digest, the amount represented by the 

tannic acid filtrate analyzed. The titration figures of the tables 

show clearly what proportion of the protein present is digested 

to a form not precipitated by tannic acid. The figures in the 

tables representing digestions are in every case cc. of = acid. 

TABLE I. 

Cc. = HCI: 

Days 

No. Contents. Baye a 

0 if 12 

I. ....'42| Control, liver 1.4 4.2 4.4 11.8 

Ue Sera ee se + casein Dee 9.0 9.1 15.4 

jG ea = + peptone 2.5 Th Coe 16.6 
By ae. ee ¢ + peptone 3.8 15.7 15.4 29 .4 

IWESSS OR. 2 + boiled liver 2.6 8.9 8.8 2520 

It will be seen that the addition of these foreign proteins affects 

the reaction exactly like the addition of manganous chloride. 

The curves rise more rapidly than the control and reach equilib- 

rium at a higher amino-acid level. And yet this change in the 

reaction is clearly not due to activations, or coenzymes, but to the 

increased mass of substratum present in the mixtures. The™ 

added 50 grams of boiled liver double the digested nitrogen, 

although no enzyme has been added. 
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Experiment II. The Effect of Foreign Proteins and Manganous 

Chloride on an Autolysis Which Has Reached Equilibrium. 

Liver was allowed to autolyze three weeks, or long after approxi- 

mate equilibrium had been attained. Various foreign proteins 

were added, with and without the manganous chloride. The 

results are shown in Table II. 

The data admit of analysis by which it can be determined what 

effect the salt has on the extent of digestion of the foreign pro- 

teins, thus: 
cc. 

Peeree in of liver alone (control) .. 2.0.0.5... . cs ena seen oe 0.2 

Puen > Sand MnGibs ttc ec 5 o.25i 65 240s s:a5 «tore Wate oe ee Ne, 

eC ere LOUMTOL) {yas oe ieiancs bs at fs dal «,0 «015, 2/0bare Sele ete ae 1-5 

menenanerease of liver and peptone... 0.0.50... 02.005 one Mare weeedee 2.9 

omlnerease due to digestion of peptone............ 65. .«s0002+.+-on8ee Dai 

6. Net increase of liver, MnCl2, and peptone......................... 4.2 

7. Increase due to digestion of peptone, subtracting liver and MnCl, 

Tit LLG Se ee ee ne Se mere | Oto Oe eee Reertns c.ctn ic, rina 
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TABLE II. 

Cc. % HCl. 

Net increase. 

Total N 
No. Contents. Days ae 

20 24 30 4 10 

J.....| Control, liver 46) 4.7} 4.87) 0.1) Of2 9.4 

lt Soeaee C + MnCl, ATS |) Se Onl Gron|femleet 1 47 9.3 

III. ....| C + peptone 6.0] 8.5). 8.9) 2°55)" 299s eee 

IV.....| C + peptone + MnCl,; 5.4| 8.9! 96] 3.5] 4.2] 13.6 

V.....| C + albumin 3.9 | 4.4 | 427) |) Osos 0RSe aiaes 

VI.....] © — albumin + MnC€ls|- 4.4 1° 5.4 | 6.45) TONS 2c OR ete 

VII. :..:| C + casein 4.5] 6.8 | 78°) 92034 epee leles 

WAU sea C + casein + MnCl. 43) |. 7.20 Sr. 0 Nae alee 10.6 

IX.....} C + boiled liver PTE RO Heth i (os) Tha) 11.9 

xX.....| C+ boiled liver +] 5.0) 6.4) 7.5) (145) 2Ron eon 

MnCl, 

EXET ac eanst C + edestin 5.1.) 4.7 | 5.0) TORO0) OR0n ies 

XII.....| C + edestin + MnCl,} 5.1 6E28l aes ial 2.7 12.8 

In this case it is clear that the presence of manganous chloride 

has not increased the digestion of peptone in the least, the figures 

2.5 and 2.7 being practically identical. Analysis of all the 

figures of the table shows that casein and boiled liver are both 

digested to the same extent whether manganous chloride is 

present or not. Edestin, on the other hand, while not attacked 

by the untreated liver, does appear to be digested by the combined 

action of liver and the salt. Ovalbumin is not digested in either 
case. Albumin has been tried a number of times, always with 

negative results, or with indications of inhibition of autolysis of 

the liver itself, as is shown in Table ITT. 

This experiment also indicates that while albumin is not di- 

gested by the liver enzymes even in the presence of a favorable 

amount of the salt, it is digested quite considerably in the pres- 

ence of hydrochloric acid. 
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emer of liver alone........../..'.)......... iE Opa duh 3.9 
ee and MnCl, ......00 SIAL ee at 6.0 
I? Sati’ “co EPO 0s 3, ged se e pehet ye Ser, eA ve 5.5 

Paneth liver, albumin, and MnCl. .2...00. 02.2252. se 5.9 
eT AES MCT ER OVEN CLUES ULETEL TN 755.504. 25 209 Sih. oie na Dard IRSA eee Ee 0.0 

Meese liver, albumin, and-HCl. !.2 000 sets PA 10.0 
Meee tetinOn aD UTIM oy FB cade ve Le kee eee ee 4.5 

The fact that the acid renders the digestion of albumin pos- 

sible, while the salt does not, although the salt does render the 

digestion of edestin possible, is difficult to understand on the 

basis of an activation phenomenon. It would seem to imply the 

TABLE III. 

N 
Ce. 5 HCl. 

Days 
No. Contents. Total N in 

0 1 3 6 12 6.25 ee. 

I....| Control, liver 1.6 Bo} || Biot) |] ol 9.75 

II....} C + albumin bags Ball 326 | 4205 ie4 

iii 2|_© -- albumin + MnCl,| 1.4) 3.5) 5.36.4) 7.3 | 10.9 

IV....| C + MnCl, 17 AeG) | AGEON norat ORT. 

V....| C + albumin + HCl 105) |) TOROE LOTT OAs elle ee ole 

Vitec -- HCl 1 Sul 25 a2 nlite On en OnoelGrs 9.7 

activation of one set of enzymes by the salt, and another set by the 
acid. The first set can digest edestin and more of the liver than 

normally, while unable to catalyze the hydrolysis of albumin. 

The second set can in addition digest albumin. Neither of these 

sets of enzymes is active in autolysis under normal conditions. 

In the preceding figures and analyses comparisons of digestions 

have been made after autolysis has gone on for about ten days and 

equilibrium has been at least approximated in most cases. The 

results show that manganous chloride does not influence the 

amount of casein or peptone hydrolyzed at the end of that time. 

So far as the equilibrium between peptone or casein and their 

products is concerned, the salt is without effect. Does it have 

an effect upon the speed of the reaction? ‘To determine this 
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point an analysis of the earlier stages of the reaction must be 

made. Any change in the amount of the enzyme present, or in 

its activity, should appear most clearly during the first few days 

of the autolysis. While equilibrium is determined by the active 

masses of protein substratum, the speed will be expressive also of 

the amount of the enzyme or its activity. If the manganous salt 

activates a zymogen, that fact will be evident in the increased 

speed of the reaction at first in the case of peptone, casein, and 

boiled liver. In Table IV are tabulated the results of an experi- 

ment made to determine this point. 

TABLE IV. 

N 

Ce. = HCl. 

5 & Net gains. 

ne 3 Total N 
No. Contents. = 5 Days. in 6.25 

: 3& ee 
0 2 7 12 Ee 3 9 7 12 

I GontrolMliven? c....cceae pers 1.4) 3.5} °4.2) |) Bete) Deal 220 eae 11.8 

II Crea Gey. den seinen ate ace 1.6) 7.0] 8.5 | 9:4 5| 5.5) FI07" 795) eee 

Ill GE casein:. cssdlss ces eLe 2.5) 7.8 | 9.0] 9.1 |.2.5] 5-3) 16.5) 1GnGeiemienee 

IV C + casein + MnCh......... 2.5} °9.3 | 12.0 |. 12.8 | 2.5] G28) Soe ages 15.4 

C + peptone......... Bacio: 2.5) 6.3 7.4 7.3 | 2.3) 430)% rome 5.0 16.6 

VI C + peptone + MnCle.......| 2.0] 10.0 | 11.9 | 13.0 | 2.3] 7.7] 9.6} 11.7] 17.0 

VII C= boiled liver...:.:-....-2| 2-6) ¥-O4) 8-9 .8 | 2.5) 4.5), (7:45) veda eeoae 

VIII C + boiled liver + MnClz...| 2.4] 10.8 | 14.4 | 15.5 | 2.5] 8.3) 11.9 | 13.0] 23.5 _ 

The curve illustrates what an analysis of the figures proves: 

There is no significant acceleration of the digestion of normally 

available foreign proteins in the presence of manganous chloride 

during the early stages of the reaction. 

These results are important, since they strongly negate two of 

the hypotheses presented in the former paper to account for the 

accelerating action of manganous chloride. If an enzyme were 

activated from an otherwise inactive zymogen, we should find 

more rapid digestion of all fractions of the substratum—casein, 

peptone, and coagulated liver proteins. We should find the same 

if a coferment gave increased activity to the already active en- 

zymes present. But we find that casein and peptone digest at 

the same rate and to the same degree whether manganous chloride 
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C +CASEIN + MnClz 

Eh, 

CONTROL mek 
oa 

DAYS 2 4 6 8 10 2 

Curve II. 

is present or not in the liver pulp. The effect, therefore, of the 

salt cannot be one of activation. On the other hand, these re- 

sults tend to confirm our original hypothesis, that the action of the 

salt is wholly upon the liver proteins, converting them into pro- 

teins which, like peptone and casein, are readily hydrolyzed by 

the enzymes already present. It remains to determine the 

nature of this alteration of the proteins. 

In the literature cited in the previous paper, the fact seems 

well established that the following electrolytes accelerate and in- 

crease the degree of autolysis of liver pulp: ferric chloride; ferrous 

sulphate, oxalate, and chloride; manganous sulphate, acetate, and 

lactate; lead acetate; the chlorides of platinum, gold; aluminum, 

and cobalt; and the nitrate of cobalt. We have shown in the 

previous paper that zinc sulphate accelerates within narrow 

limits of concentration, and we have confirmed the action of 

ferric chloride and of other salts of manganese. The latter have 

been investigated in detail by Mr. Robert Parsons in this labora- 
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tory and appear in his Bachelor’s thesis. Some of these results 

are presented in Table V. 

TABLE V. 

Days 

No. Contents, 1/25 mol. eae 
0 1 2 10 

be |Control 1.4) .4.2°) 44.3 | 4250s 

II ....| Manganous citrate 1.2 | 5.5.1/°6.6") 9°. vee 

| HG (eee * lactate 1.5 | 6.0 | (6.971982 9 al eee 

MVS: EE tartrate 1:3 6:2°|--.643-| 87a 

View €¢ ammonium sul-|] 9.5 | 15.0] 15.3 }16.5 | 7.0* 

phate 

Wal serves s¢ nitrate 4.3 | 8:67] “S265 soe 7 leoeas 

\AGE Se. & phosphate 1.2 |. 3.30) "4255 |For on eee 

VS. “¢ acetate 1.3°|.4.8.| Se45 Gat 4.8 

* The high nitrogen level of these digests is due to the nitrogen added 

in the salt molecule. 

While the maximum effects of the soluble salts of manganese 

may be produced at different concentrations, nevertheless the re- 

sults as a whole are consistently alike. All of the soluble salts 

tried exert a profound effect upon the reaction, and under chosen 

conditions for each salt produce about the same optimum diges- 
tion. The nearly insoluble phosphate has little or no effect, 

while the carbonate inhibits autolysis. The action of these 

salts, together with those reported in the literature, suggests some 

common factor which acts upon the liver proteins and renders 
them available. The metallic ion appears to be one common 

factor, acidity the other. All of the salts mentioned as accelerat- 

ing this reaction are electrolytes which hydrolyze in water with 

the production of free hydrogen ions, and either basic salts of the 

metals or hydroxides of low dissociating power. These salt solu- 

tions are thus all more or less distinctly acid. It is well known 

that acids accelerate the autolysis of certain tissues—notably the 
liver—and the single test reported in Table III illustrates this 

fact. Furthermore, the salts of calcium, sodium, potassium, and 

magnesium, which are reported in the literature as having no 

accelerating action on liver autolysis, are all salts which do not 

develop acidity by solution in water. It seemed probable there- 

ee 
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fore that the whole phenomenon of accelerating liver autolysis 

by metallic salts might be referred to their potential acidity. 

While the concentration of H ions in a 1/10 mol. solution of 

manganous chloride is exceedingly low, compared with an equi- 

molecular solution of hydrochloric acid, any reaction which fixed 

the free ions—as by combination with the proteins, for example— 

would upset the equilibrium of the system and lead to further 

hydrolysis of the salt with the production of more H ions. In the 
presence of sufficient excess of the electrolyte this reaction should 

continue till the proteins become saturated with acid. If hydro- 

chloric acid itself were used the same proteins should become 

saturated. If now the digestibility of these acid-combined pro- 

teins depends upon the combination, we should expect the opti- 

mum concentration of HCl in a given digest to give results iden- 

tical with those produced by the optimum concentration of 

manganous chloride. That this is the case is shown by the next 

experiment. 
TABLE VI. 

N 

Days. eee Per cent 
No. Contents. 6.25 |. digested 

0 1 3 | 7 | 12 | 48 | ec, [in 12 days. 

MEBPECOUSTON. cc co sists ves oct a ee.eies 1264s S260 GEA Glee |e Gaal te4 58.5 

Pe eH CLO NWN Glo) oc ielcielee se 1G) 6.01] (O27 Le oesah. SSF ony 86.5 

MPT AURUIEEI@L «osc ce cece ts| Ls4] 1640 a6) 6 ees 1.6 0.0 

EEO eso. occe sec cence 150] V6.8 | Slz ee Oar S9eOn Oro 86.5 

WoL VE) is 1.6 | 6.7} 8.0] 10.0] 10.0 | 10.0 87.4 

VAL | YAC) (io eer 1.6))) 5204) veel ao One oek 79.5 

VII | 1/200 “ 12.6) 4257 67a eas 0 69.9 

VitE | 1/500 “ D6. 42519 529) | tea |) 629 60.3 

OMELET  F  os oe cao acccscmecef. L-6:)) 452) |) Ge2e Gee Gad 58.5 

Dol) Ty AY) oe eee 176 |e 6.251) 629 thal! 62.0 

Average 1.6 Average 11.4 

The identity of the results at optimum concentrations of salt 

and acid indicates an identity of the mechanism. The chloride 

ion and the acidity are common factors here. With the various 

salts of manganese, the metallic ion and the acidity were common 

factors. Chlorides of sodium and potassium have no action. 

Acidity appears therefore to be the only factor common to all the 
reagents thus far considered, and it is well known that acids 

combine with and alter proteins. It should be noted that a 
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small excess of hydrochloric acid is sufficient to destroy the 

enzyme. Destruction occurs at about the level of H ions indi- 

cated by methyl orange and Congo red. At no concentration of 

the manganous salt is this H ion level approached. We get no 

marked inhibition therefore by increasing the concentration of the 
manganous salt far beyond the optimum for the reaction. In- 

deed, autolysis goes on very well in 1 mol. solutions, or about 20 

per cent MnCl.-4H.0. 
It is evident that liver proteins are susceptible to alteration. at 

a much lower concentration of H ions than such a protein as 

ovalbumin, for example. Liver proteins are altered by the 

acidity of manganous chloride; albumin requires hydrochloric 

acid itself before it is sufficiently modified to digest. The con- 

centration of the hydrogen ion necessary for the alteration of 

tissue proteins is obviously of considerable physiological signifi- 

cance, as many different lines of investigation have recently 

shown. Fluctuations of acidity occur within the cells them- 

selves; they are sensitive to reduced oxidation and react to in- 

jury with the production of acid. The blood itself fluctuates 

normally within limits, and under pathological conditions acidity 

may increase markedly. Such increased acidity is marked by a 

shift in the salt balance of the blood and tissue fluids toward an 

abnormal excess of the acid phosphates and bicarbonates, as has 

been shown by Henderson.2. To what acidity the liver and other 

tissues are sensitive, as determined by increased autolysis, is one 

of the problems on which we expect to report shortly. 

SUMMARY. 

1. Casein, peptone, and coagulated liver proteins are digested 

by the autolytic enzymes of the liver. Their addition gives 

exactly the same type of curve of acceleration and altered equilib- 

rium as the addition of manganous chloride. 

2. The presence of manganous chloride does not lead to an in- 

crease in the rate or the extent of digestion of casein or peptone. 

The action of the salt cannot therefore be due to an activation 

phenomenon or to action as a coferment leading to greater enzyme 

activity. 

2 Henderson, L. J., Am. Jour. Physiol., 1908, xxi, 427. 
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3. Edestin is not digested by the liver enzymes under normal 

conditions, but is digested when manganous chloride is present. 

4. Ovalbumin is not digested by the liver enzymes, with or 

without the presence of manganous chloride. It is digested, 

however, when hydrochloric acid is present. | 

5. All of the soluble salts of manganese investigated accelerate 

and increase liver autolysis. The phosphate which is practically 

insoluble does not. The carbonate, which prevents the formation ° 

of the normal acidity of the liver pulp, inhibits autolysis. 

6. A low concentration of hydrochloric acid accelerates the auto- 

lysis of liver and leads to a shift of equilibrium identical with that 

induced by the optimum concentration of manganous chloride. 

The mechanism of this acceleration, and that produced by other 

electrolytes, is probably the same, the alteration of liver proteins 

by acids rendering them available substrata in the reaction. 

7. A very low concentration of the H ion is sufficient to induce 

alteration of the indigestible liver proteins and render them 

digestible. A 1/200 mol. hydrochloric acid solution gives marked 

acceleration; a 1/100 mol.solution of manganous chloride does the 

same. While the H ion concentration of the latter is much less 

than that of the hydrochloric acid, fixation of the ions by proteins 
leads to further hydrolysis of the salt with the production of 

more acid. 

8. Edestin, like liver proteins, appears to be sensitive to a low 

acidity. Ovalbumin requires a higher concentration of acid be- 

fore it is altered sufficiently to be digested by the liver enzymes. 

9. It is believed that many of the phenomena of autolysis in 

the body, such as atrophy, necrosis, involution, etc., will be found 

to depend upon the mechanism here described. In all such tissues 

as are altered by a low acid concentration in the same sense as is 

the liver, the development of such acidity will have two effects: 

(1) it will remove the inhibitory alkalinity, and (2) alter the pro- 

teins with a resulting increase in the mass of substratum. These 

two factors will lead to autolysis in vivo with diminution in size, 

or complete disappearance of cells, as the case may be. 





THE ROLE OF HALOGENS AS ACCELERATORS OF 

TISSUE ENZYME ACTION. 
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It has been the experience of several workers that iodine and 

iodine compounds exert a more or less definite effect upon the 

rate of autolysis in various mammalian organs. 

Thus Stookey! reported that when potassium iodide was fed to dogs and 

autolysis studied in the excised livers, an acceleration of rate was demon- 

strable. Kepinow? likewise found acceleration of rate in the case of in- 

travenously injected potassium iodide in rabbits; but when this compound 

was added to a digest, no acceleration resulted. Iodine, however, when 

thus added gave evidence of inducing acceleration. Kaschiwabara’re- 

viewed the work of Kepinow and after checking up the results in the light 

of more acceptable methods, subscribed to an acceleration such as the 

German worker had described: When Lugol’s solution was injected intra- 

venously, slight modification of rate was observed. Gideon Wells* came 

to the conclusion that when thyroid tissue was added to a digest of dog 

liver, no modification of rate was observed. 

This observation, along with the others reported in the pre- 

ceding paragraph was of interest in the studies which the writer® 

has been making upon the subject of atrophy, and has inspired 

the following experiments. 

An examination of the effects of the following reagents has 

been made: 

1 Stookey, L. B., Proc. Soc. Exper. Biol. and Med., 1907-09, v—vi, 119. 

2 Kepinow, L., Biochem. Ztschr., 1911, xxxvui, 238. 

3 Kaschiwabara, M., Ztschr. f. physiol. Chem., 1912, Ixxx, 45. 

4 Wells, H. G., Am. Jour. Physiol., 1904, xi, 351. 

5 Morse, M., Proc. Soc. Exper. Biol. and Med., 1912, x, 31; 1914, xii, 232; 

Jour. Biol. Chem., 1914, xix, 421; Am. Jour. Physiol., 1915, xxxvi, 145. 

125 
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Todine. 

Iodine in potassium iodide. 

Potassium iodide. 

Thyroid tissue. 

Iodized albumin from blood. 

Bromine water. 

In addition, thyroid was studied in its effects in dogs when 

fed per os. 

Iodine.—Merck’s resublimed iodine scales were used, these being added 

to pig liver hash® in percentages of from 0.5 to5per cent. When the scales 

were added at room temperature, and again if they were added to different 

hash at 0°C., no different results were obtained.’ In percentages of 1 per 

cent or below, a small acceleration was observed; in larger amounts, dis- 

tinct inhibition obtained. The effect of adding iodine to a protein digest 

has not been investigated, as far as I have been able to ascertain. 

6 For the method consult Bradley, H. C., and Morse, M., Jour. Biol. 

Chem., 1915, xxi, 209. 

7 Oswald, A., Ztschr. f: physiol. Chem., 1909, lix, 321. 
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Iodine in Potassium Iodide.—When iodine is passed into a solution of 

potassium iodide in water, the following reversible reaction occurs: 

I, + KIS KI 

There are, then, three possibilities for effects in Lugol’s solution, besides 

the K-ion. In small amounts, where the calculated iodine content is at 

or below 1 per cent, a slight acceleration occurs, but in larger amounts 

inhibition takes place. There is good reason to believe that the same 

factor is operative here as in the case of the scales, and it is doubtful that 

any effect can be attributed to the molecular potassium tri-iodide, the 

molecular potassium iodide, or to the potassium ion. 

Potassium Iodide.—In concentrations of KI from 0.2 to 1 per cent, a 

slight acceleration occurs, while in larger amounts (5 per cent = 3.75 per 

cent I), inhibition takes place as in the two preceding instances. Here, 

again, it appears that the modification in rate has to do with the iodine 

content. 

Thyroid Tissue.—Armour’s and Parke Davis and Co.’s desiccated thy- 

roids were used as reagents. The rise in tannic acid non-precipitable ni- 

trogen in all strengths of thyroid added to the pig liyer hash was marked. 

A significant feature of the results was that with added percentages of thy- 

roid, a corresponding increase in amount of the soluble nitrogen appeared. 

This fact leads to the question whether the apparent accelera- 

tion is not due to the amount of added substrate. The same phe- 

nomenon obtains jn the case of the iodized protein, to be men- 

tioned in the following section. An experiment which to my 

mind is practically conclusive on the problem is the following: 

A dog liver digest had been running in the thermostat until a plateau 

had been reached. On the fourth day after the equilibrium had been es- 

tablished, thyroid in known quantity was added (0.4 per cent of desiccated 

thyroid). Immediately a rise in the curve of soluble nitrogen was ob- 

served, which continued at uniform acceleration for four days. 

In view of this result, and considering the slight effects which 

have been observed when iodides and iodine alone are used, it 

seems that the marked rise in thyroid digestion is due to the 

added substrate, rather than to any true acceleration of autolyz- 

ing enzyme. The results, then, would be in harmony with those 

obtained by Wells! upon different material and with different 

methods. 

Iodized Blood Protein.—The commercial ‘‘Iodalbim’’ was used. The 

capsules were emptied, the contents weighed into the hash and the digest 

left at the temperature used throughout, 37°C. Here, as in the case of the 
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thyroid, a pseudo-acceleration was observed. Here, too, a concomitant rise 

in soluble nitrogen took place pari passu with the added substrate. 

Bromine Water.—Liquid bromine was added in concentrations of from 

0.05 to 0.5 per cent of the hash. The acceleration was consistent and var- 

ied directly with the concentrations. 

Inasmuch as hydrobromic acid is formed when liquid bromine 

is added to aqueous solutions of proteins, and since increase in 

acidity seems everywhere to accelerate autolysis, it is to be ex- 

pected that a true acceleration due to the increase of hydrogen 

ion concentration takes place here.*. Hydrogen iodide likewise 

is formed in small quantities under similar circumstances, and 

this factor may be operative in the slight accelerations observed 

with iodine and its compounds; but there seems to be either ad- 

sorption or chemical combination of the acid; for the acidity of a 

protein aqueous solution to which iodine has been added is 

less than that of an aqueous solution of iodine alone. The well 

known masking of acid by gastric digests is a similar phenomenon. 

Iodine added to starch solutions, amino-acids, such as tyrosin, 

ete., produces hydrogen iodide and the latter also probably forms 

in the presence of proteins. 

Thyroid Fed Per Os.—Two dogs of similar weight were selected and fed 

250 gm. of lean meat daily for a period of two weeks. On alternate days 20 

gm. of desiccated thyroid or the equivalent of fresh gland calculated for 

the same iodine content were added to the food of one of the dogs, desig- 

nated ‘‘Experiment,’’ the other being the ‘“‘Control.’’ At the end of the 

period the two dogs were simultaneously killed by chloroform, the livers 

excised as rapidly as possible, ground, meshed, weighed, and otherwise 

prepared for the digest. The rate of autolysis was followed in the same 

way in all the experiments of the series. The results show the correspond- 

ence to the results of Wells with thyroid added to the hash. There is, in 

other words, no apparent modification of rate. 

CONCLUSIONS. 

The following conclusions are warranted: 

1. Iodine and its compounds of inorganic nature may slightly, 

but only slightly, modify the rate of autolysis; this slight modi- 

fication may be due to the formation of HI in small amounts. 

8 This suggestion was made to the writer by Dr. H.C. Bradley and is 

undoubtedly the valid explanation. 
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2. Organically bound iodine, such as thyroid and iodized blood 

protein, causes an apparent acceleration of autolysis, but this is 

doubtless due to increase of available substrate added. 

3. Bromine accelerates quite markedly in minute amounts; 

this is probably due to the increase in hydrogen ion concentra- 

tion when liquid bromine is added to an aqueous protein 

solution. 

4. The feeding of thyroid for a period of two weeks does not 

lead to an acceleration of autolysis in vitro in dog livers. 

5. The results of Wells, Kepinow, and Kaschiwabara are sub- 

stantiated by the present experiments. 

6. It is improbable that the acceleration of atrophy of the frog 

larva when fed thyroid and blood protein in iodized form can be 

accounted for on the assumption that there is an increase in rate 

of autolysis due to the thyroid added.°® 

Protocol of Experiments. 

Designation. 

Effect of adding 0.5 per cent iodine scales, 20°C. 

(Croinvivtoll 2 oie'6 Seo CORRE RE ee eee eee Ll tae 2AO 3.1 Stolle \easetl 

SxS TIONS MEME sche si. s/s ced oF aodhs » aye eisighe >= 15 il 355 ARQ | 4.2 

Effect of adding 1.0 per cent iodine scales, 0°C. 

COTUTEO! o's. 34 Ble een aoe < Ciao eae oe 1.2 3.2 4.2 4.5 9.1 

ISSVOCiMTGI 6 Rea eEPaaie = a, ean are 0.8 3.0 3.0 aie bal 

Effect of adding 5.0 per cent iodine scales, 20°C. 

(COTHEO!| 5 | 3 ses eae Eo bie anrere 1% 2.9 3.1 Berk || asad 
ERGO CUMIN ETH ey so, 21-5. c<ncehers, csyekstcrven aie aes < 1.5 2.0 2.2 Biaaye || 2. 

*Figures denote cc. % acid neutralized in the Kjeldahl determination. 
0 

9Morse, Jour. Biol. Chem., 1914, xix, 421. 
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Protocol of Experiments—Concluded. 

Days. 

Designation. 

0 | 1 | 3 | 5 | 10 

Effect of adding I in KI in various concentrations. 

\Gicy cto) Pores Aekttnkh va olan onto 2.3 3.7 5.5 

ihugolalspenicente-nmemsere sect es + 6s « 2.3 3.6 Dau 

Intzol 2apenicem te wer pele eicss cis <1 2.3 3.1 mae ae 

Iti eol Sper Centacmereme. cece sets e 2.3 3.0 3.6 

Eno) TU) per scenes car. sine se nce 3 2.3 2.9 4.5 

Control cece eee se kis as ye vue deers i leer 2.9 3.1 3.7 | oad 
hurols OWapericenttee es <isc « <'ctoe ek ones eS 3.7 4.3 4.9 | 5.0 

(Boney rit: | 3 y2, 7 ss) eo ee Pee died: 2.9 3.1 3.7 | 3.7 
Potassium iodide 0.1 per cent......... 125 Panel 327 4.0 | 4.0 

Potassium iodide 0.7 per cent......... 1.5 2.4 2.9 3.6 | 3.6 

Potassium iodide 3.7 per cent......... 13S 2.2 3.2 3.2 | 42 

Effect of adding thyroid in various amounts. 

Gontrole 2 mete.- 6. sc ene eee 1.2 3.2 4.2 4.5 | 5.1 

PhyroidsOl2.perscent.. anes eer eeeee 1.8 6.0 6.7 9.8 |10.3 

@ontrols seh koe set a ee ee eee Lay 2.9 3.1 3% leone 

Thyroid, i percent... s0ossee ange 1.6 2 2.9 3.6 | 4.6 
ALhyroid, dapercenteceeeneee ee eee 2.2 2.5 2:0 5.0 1529 

Effect of adding iodized blood protein. 

GGnSTOL. .ech ceen eo oe eke cae eee le 3.2 4.2 4.5>1 Sh 
Todalbim: 0:2iper icent. 2-4--6 4.4 oe 1.5 4.3 5.4. 6.0 | 6.2 

Controlienene seth eo ban veers se 2.9 3.1 BEY Melton. 

Tod albums perscent set) ake. eer. heh 3.6 4.9 6.9 

Effect of feeding thyroid to dogs and also of adding thyroid to a digest 

after the plateau had been reached. 

Controls 22 hae ee care iene 1.8 2.2 3.2 3.4 

Mop hiversss 324: caesar soles 1.6 ee 3.4 3.4 

Phyroid added, Controle. .se--« 1.5 3.4 3.4 3.6 

Thyroid added, Experiment.......... 3.7 3.7 4.4 



A METHOD FOR THE DETERMINATION OF “LECITHIN” 
IN SMALL AMOUNTS OF BLOOD. 

By W. R. BLOOR. 

(From the Laboratories of Biological Chemistry of the Harvard Medical 

School, Boston.) 

(Received for publication, June 21, 1915.) 

In the study of the physiological significance of the fatty sub- 

stances of the blood, it was found necessary to have a scheme of 

analysis which would show with a fair degree of accuracy (within 

5 per cent) the quantities of the main fatty constituents (fats, 

cholesterol, and phosphatides) in quantities of blood (2-3 cc.) 

which could be drawn at frequent intervals from even small 

animals without noticeably affecting the normal state of the 

animal. A method for total fat (fatty acids and cholesterol) has 

already been described.2, The present work was undertaken to 

provide a method for the determination of the phosphatide 

fraction of the blood fat, and is intended to be used with the 

same alcohol-ether blood extract used for total fat. 

During the time that work on this method was in progress no 

less than three methods have been published which may be used 

for the determination of the phosphatides of blood. The first 

of these, by Taylor and Miller,* depends on the colorimetric de- 

termination of the molybdenum precipitated as phosphomolybdate 

from a phosphate solution. . The standard used contains 0.26 mg. 
of P (0.82 mg. H;PO,) and the results published show a variation 

from 9 to 20 per cent in the duplicates, the figures being always 

too high. 

1 This work was begun in the Laboratories of Biological Chemistry of 

Washington University, St. Louis. A preliminary report of the method 

was made before the Northeastern section of the American Chemical So- 

ciety in Boston, December, 1914. 

2 Bloor, W. R., Jour. Biol. Chem., 1914, xvii, 377. 

3 Taylor, A. E., and Miller, C. W., cbid., 1914, xviii, 215. 
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134 Lecithin in Blood 

The second method is that of Raper* which appears to be more 
accurate for smaller quantities of phosphorus. With known 

phosphate solutions, variations in duplicates with the smallest 

amount of phosphorus (0.089 mg.) are about 3 per cent and the 

variation from the theoretical up to 5 per cent. With lecithin, 

containing about 0.14 mg. of P, the variation is about 6 per cent. 

In the Raper method, for the determination of the smaller quan- 

tities, it is necessary to add a known amount of phosphate solu- 

tion in order to bring about complete precipitation. 

Both methods involve a double procedure with double chance of 

loss or mistake and both are dependent on the molybdate precipi- 

tation with its admitted possibilities of error, especially where 

only traces of material are involved. Both appear to be more 

cumbersome and time-consuming as well as less sensitive than the 

method to be described. 

The last method to appear, that of Greenwald,° is, however, 

apparently very well suited to the determination of phosphatides 

in small amounts of blood and would, therefore, seem to remove 

much of the necessity for another method for this purpose. For 

these reasons it calls for a rather full discussion. The method 

consists in the application of the ingenious method of Pouget 

and Chouchak® involving the precipitation of the phosphoric 

acid as the strychnine-molybdic acid double compound. The 

Pouget-Chouchak reagent is probably the most sensitive reagent 

for phosphoric acid known and therefore offers an excellent 

means of making accurate determinations of very minute quanti- 

ties'of phosphoric acid. The determination as carried out by 

Greenwald in his method seems, however, to be open to eriticism 

on the following points. 

First, it is desirable to point out that the method is a turbidity 

method and not a colorimetric one as it was originally called by 

Pouget and Chouchak. (Greenwald does not correct this mistake 

although he does not use the name colorimetric.) The yellowish 

brown color of thick layers of the solution is the same as that 

observed in any dense suspension which is of a sufficiently high 

degree of dispersion and is probably due to the scattering of the 

4 Raper, H. 8., Biochem. Jour., 1914, vill, 649. 

5 Greenwald, I., Jour. Biol. Chem., 1915, xxi, 29. 

6 Pouget, I., and Chouchak, D., Bull. Soc. chim., series 4, 1909, v, 104. 
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rays of the blue end of the spectrum. The same tint may be 

observed in various suspensions, for example, silver chloride, fatty 

acids, soaps, mastic, etc. 

The property made use of in turbidity determinations is the 

effect of the precipitate on light passing through the suspension. 

The effect is obviously proportional to the amount of substance 

precipitated only when the nature of the precipitate is the same 

in both standard and test solutions. 

The nature of the precipitate, number and size of particles, 

their density, etc., is subject to the usual laws of precipitation 

and is therefore influenced by such factors as the amount of pre- 

cipitable substance, amount of electrolytes or other foreign ma- 

terial in solution, volume of solution, speed of precipitation, 

amount of reagent, etc. The first two factors do not appear to 

have been controlled in Greenwald’s method and that they are of 

importance is indicated by the experiments below. 

a. Influence of Amount of Precipitable Substance.—Two suspensions pre- 

pared according to the directions, one containing 0.05 mg. H;PO, and the 

other 0.075 mg., were compared in the colorimeter, the weaker solution 

being used as standard and set at 81 mm. The readings averaged 49 mm. 

in place of 54 mm. as would have been the case if the readings had been 

exactly proportional to the concentration. (All readings reported in this 

connection were checked by a member of this laboratory who has had 

experience in turbidity determinations. ) 

This variation calls for a correction similar to that found neces- 

sary in the nephelometric methods.’ The correction is all the 

more necessary if the difference between standard and test is 

extended to double the standard as is claimed to be possible by 

Greenwald. 

b. The Amount of Electrolytes —Experiments were carried out as follows. 
As standard 0.05 mg. of H;PO, treated according to Greenwald’s directions 

was used. The test solution contained the same amount of phosphoric 

acid but contained in addition 0.5 cc. of concentrated sulphuric acid (half 

the amount used in the actual determination on blood serum) almost 

neutralized with sodium hydrate made from sodium. The solution was 

made up otherwise as in the standard. Both acid and alkali were free from 

anything which gave a precipitate with the reagent. With the standard 

7 Kober, P. A., Jour. Biol. Chem., 1912-13, xiii, 485. Marriott, W. M., 

ibid., 1913-14, xvi, 289. Bloor, ibid., 1914, xvii, 383. 
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set at 80 mm., the test solution readings averaged 65 mm. Since the 

amount of phosphate was the same in both, the difference could only have 

been due to the effect of the electrolyte on the nature of the precipitate. 
This fault of the method, while serious, may be easily remedied by ad- 

justing the salt content of the standard to match that of the test as is 
done in the method to be described. ; 

The precipitate produced by the reagent with phosphate has a 

slight inherent yellowish color which is enhanced by the length - 

of column used and which makes the readings of even slightly 
different solutions difficult for the beginner. Even for the ex- 

perienced person the limits within which accurate readings may be 

made seem to be considerably narrower than those given by 

Greenwald (‘‘from a concentration of two-thirds to over twice the 

standard’’). For the same reason more emphasis should be placed 
on the difficulty of driving off the picric acid. The great bulk 

goes off easily enough but the removal of the last traces requires 

time and care, otherwise enough will be left to give the solution a 

distinct yellow color. 

Other minor objections to the method as described, which tend 

to limit its extended application, are the use of an uncommon 

size of colorimeter; also the great length of column, which is 

inconvenient with the ordinary narrow colorimeter cups, since it 

does not allow sufficient adaptability. Most of these objections, 

however, can be overcome and when these limitations are taken 

into account the method appears to offer an excellent means for 

determining traces of phosphoric acid in various substances.® 

The work on the present method was completed before Green- 

wald’s paper appeared. It presents a new and sensitive method 

for the precipitation of phosphoric acid, which while not as deli- 

8 It is only fair to state that in view of the fact that silica is often a 

serious disturbing element in micro determinations of phosphoric acid 

(Schreiner, O., and Failyer, G. H., U.S. Dept. Agriculture, Bureau of 

Soils, Bull. 31, 1906) and since sodium hydrate, even that prepared from 

sodium, very soon becomes contaminated with silica when kept in glass, 

also since the digestion with sulphuric acid quickly etches the glass beads, 
an examination was made to learn the effects of silica on this determina- 

tion. It was found that while silica does produce a precipitate with the 

strychnine molybdate reagent, the amount required was far greater than 

could possibly be present in the determination and that therefore the 

presence of silica need not be considered. 



‘W. R. Bloor 137 

cate as the strychnine molybdate precipitation, is still adequate 

for the purpose and has the advantage that the turbidities pro- 

duced are very easily compared. A different instrument (the 

nephelometer) is used. The treatment of the blood in this method 

is believed to be especially well suited to the purpose, since it 

gives an adequate extraction without being severe enough to harm 

the phosphatides. Moreover, the bulk of the organic material 

of the blood is left behind in the precipitate, which renders the 

ashing of the phosphorus-containing material easy and rapid. 

Also, the extract may be used for determining the other fatty 

constituents. 

In view of these facts it is believed that there is still a place for 

the method and that it will be found useful for the determination 

of phosphoric acid in various organic materials. 

The Method. 

The method consists in the extraction of the phosphatides 

from the blood or serum by treatment with warm alcohol-ether and 

the determination of their amount by precipitation of the phos- 

phoric acid after ashing, as the silver salt (or the silver ammonium 

salt). The phosphate is precipitated by silver nitrate in faintly 

alkaline solution in the presence of ammonium salts and the 

amount of precipitate is measured by the nephelometer. The 

procedure is as follows: 

a. Preparation of the Phosphatide Extract.—Three cc. of blood 

are drawn directly from the vein by means of a needle connected 

with a pipette (containing a little powdered oxalate) by a short 

length of rubber tubing. It is run slowly (a slow stream of 

drops) into a 100 cc. graduated flask containing 70-80 cc. of a 

mixture of three parts of alcohol and one part of ether (both 

redistilled), which is constantly shaken. Fresh plasma or serum 

may be used in the same way. The mixture is slowly raised to 

boiling in the water bath, being kept constantly in motion to pre- 

vent superheating, then quickly cooled to room temperature, 

made up to volume with alcohol-ether, mixed, and filtered. The 

extract should be clear and practically colorless and when well 

stoppered will keep for several months. 
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b. The Digestion —From 10-25 ce. of the extract (containing 

about 1.2 mg. of ‘‘lecithin”’ or 0.15 mg. of H3PO,) are measured © 

with a pipette into a 200 x 25 mm. Jena test-tube, two or three 

glass beads of about 3 mm. diameter added, and the solution is 
evaporated to dryness by immersion of the tube in the water bath. 

It should be watched and shaken frequently until boiling has 

begun, after which the evaporation will generally proceed to dry- 
ness without further attention. The material in the tube should 

be dried for about fifteen minutes in the water bath to remove traces 

of alcohol, which would interfere with the completeness of the 

subsequent oxidation. The oxidation is essentially Neumann’s 

procedure on a small seale. 1.5 ec. of a mixture of equal parts of 

concentrated sulphuric and nitric acids are added to the tubes and 

the whole is digested by heating with a micro burner in the hood ~ 

or with a Folin draught apparatus.’ The heating is done in two 

stages. During the first the mixture is gently boiled with a low 

flame until the red fumes have ceased to come off. This should 

take about five minutes. The tubes should be inclined at an angle 

of about 30° to prevent spattering. The heat is then gradually 

increased until the nitric acid is completely driven off, after which 

the sulphuric acid is boiled for eight to ten minutes. The mix- 

ture is then cooled somewhat and two drops of 0.25 per cent 

cane-sugar solution are added. The heating is resumed for one 

minute, after which the tube is cooled and 3 ec. of water are added. 

The object of the treatment with the sugar is to remove traces 

of HNO; which are in part combined with the phosphoric acid 

and which prevent its complete precipitation (see discussion 

below). 

c. The Determination.—A drop of phenolphthalein (0.3 per 

cent) is added to the solution and it is exactly neutralized, the 

process being conveniently accomplished as follows. 20 per cent 

NaOH (free from chlorides and containing but little carbonate) 

is added to neutralization, noting the amount added, = sulphuric 

added until just acid, the solution cooled, and 4; NaOH added by 

drops until it is just alkaline again. The solutions are conven- 

iently kept in burettes, and need only be approximate. 1 ce. of 

10 per cent (NH,)2SO, and 1.5 ec. of 4; NaOH are added and the 

° Folin, O., and Denis, W., Jour. Biol. Chem., 1911-12, xi, 503. 
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solution is made to 10 cc. (indicated with sufficient accuracy by a 
scratch on the tube). 

A standard phosphate solution is similarly prepared as follows. 

Three cc. of a phosphate solution,’ containing 0.15 mg. of H3POu, 

are measured into a similar Jena test-tube, one drop of phenol- 

phthalein is added and then the amount of 20 per cent NaOH that 

was added to the test solution is run in. Concentrated sulphuric 

acid is added to neutralization, the excess of sulphuric removed 

by a drop or two of the strong alkali, the solution cooled, and then 

exactly neutralized as above. 1. ce. of 10 per cent (NH:)2SO, 

and 1.5 cc. 3 NaOH are added and the solution is made up to the 

10 ce. mark on the tube. Two samples of 10 cc. each of 1.5 per 

cent neutralized AgNO; are measured into 25 cc. glass-stoppered 

graduated flasks and the standard and test solutions in the test- 

tubes are added through a funnel with the stem drawn out so that 

the 10 ce. are delivered in about fifteen seconds. The liquid 

in the flasks is gently rotated while the phosphate solution is being 

run in, after which the test-tubes are rinsed out with small amounts 

of distilled water, and the rinse water is run in through the funnel. 

Finally the liquid in the flask is brought up to the mark by rins- 

ing the funnel with distilled water, the whole well mixed, and 

readings are made in the nephelometer. Chlorides must of course 

be rigidly excluded—especially after the acid digestion—which is 

accomplished by using chlorine-free reagents and by the liberal 

use of good distilled water. 

For the comparison, the two nephelometer tubes, after being 

rinsed with the solutions, are filled to the same height (the men- 

iscus slightly above the edge of the dark strip) and placed in the 

nephelometer with the standard tube always on the same side. 

The movable jacket on the standard tube is set at a convenient 

point (50 mm. in the original Richards’ instrument, 30 mm. in 

the modified colorimeter to be described in the succeeding article) 

and comparisons are made by adjusting the jacket on the test 

solution until the images of the two solutions show equal illumina- 

tion. Not less than five readings are taken, alternately from 

10 The phosphate solution is prepared by dissolving 0.6942 gm. of mono- 

potassium phosphate (0.5 gm. H;PO,) in one liter of water. This solution 

is diluted ten times for use and when so diluted 1 cc. contains 0.05 mg. 

H;PO,. 
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above and below, and the average is taken as the reading. The 

values are inversely proportional to the readings and calculations 

are made in the same way as in the colorimetric methods. 

DISCUSSION OF THE’ PROCEDURE. 

The Extraction. 

The above simple procedure has been found to give a good ex- 

traction of the fatty substances from blood. Running the fresh 
blood (or serum or plasma) slowly into the great excess of solvent 

which is kept in constant motion causes the precipitation of the 

blood proteins in finely divided flocculent form—in excellent — 
condition for extraction. The solvent combines the penetrating 

power of the alcohol with the greater solvent power of the ether. 

Under these conditions the short heating is adequate to extract 

all but the most difficultly extractable fatty material from the 

whole blood and, as will be shown later, to extract the lipoids 

completely from serum or plasma. Moreover, the above relatively 

gentle treatment is believed not to decompose the phosphatides 

appreciably. The extract may be used for the determination of 

fatty acids and cholesterol also. 

Inorganic Phosphates. 

Since inorganic phosphates are soluble in the alcohol-ether 

mixture in small quantities it was necessary to examine the pos- 

sibility of contamination of the phosphatide extract with these 
substances. Taylor and Miller! have reported that serum con- 

tains only traces of inorganic phosphates, ‘‘not enough to give a 

clear qualitative test,’ thus confirming the investigation of 

Giirber” who made a similar finding on the basis of dialysis ex- 

periments. Greenwald" finds considerable “acid-soluble” phos- 
phate in blood serum and thinks that the main source of this must 

be inorganic phosphate. In order to test out this point in its 

relation to our method the following experiments were made. 

1A. E. Taylor and C. W. Miller, loc. cit. 
22 Giirber, A., Verhandl. d. phys.-med. Gesellsch. z. Wurzburg, 1894-95, 

Seip Ay 

13 Greenwald, Jour. Biol. Chem., 1915, xxi, 29. 



W. R. Bloor 141 

1. Control with Known Phosphate Solution.—3 ce. (0.15 mg. H3PO,) of 

phosphate solution were mixed with 15 ce. of the alcohol-ether and 7 cc. 

of ether and washed by shaking one minute with 75 cc. of saturated am- 

monium sulphate. The alcohol-ether was separated and the phosphate 

remaining in it determined. Only a trace (estimated at 0.02 mg.) was 

left in the alcohol-ether, showing that this-treatment was adequate to 

remove water-soluble phosphates. 

2. 15 ec. of alcohol-ether blood extract (containing 0.187 mg. of com- 

bined phosphoric acid) and 7 cc. of ether were washed by shaking for one 

minute with 75 cc. of saturated ammonium sulphate as above. Practi- 

cally all the phosphoric acid (0.180 mg.) was recovered from the alcohol- 

ether extract. The slightly lower value after the washing may well have 

been due to the washing out of some of the lecithin. Other experiments 

gave essentially the same results and the conclusion seems justified that 

no appreciable amount of water-soluble phosphates is extracted during the 

alcohol-ether treatment of the blood. If present in the blood they are 

carried out by the protein precipitate. 

The Digestion. 

The digestion is essentially that of the Neumann method, very 

much shortened owing to the small amount of fatty material to 

be dealt with and the relatively large amount of Neumann’s mix- 

ture used. It has been found necessary to heat the digestion 
mixture for a few minutes after it has become colorless, in order to 

secure quantitative results. A total heating of fifteen minutes is 

found to be sufficient—a great contrast to the slow and tedious 

process of oxidation of fatty substances by the original Neumann 

procedure. The heating is carried on slowly at first, otherwise the 

nitric acid is driven off before the oxidation is completed. During 

the heating, and especially if the amount of material to be oxidized 

is small, some sort of combination appears to take place between a 

part of the nitric and phosphoric acids, which so changes the phos- 

phoric acid that it no longer precipitates with the reagent. This 

fact was apparently known to Neumann," for in his procedure he 

directs that after the digestion the acid mixture be diluted with 

water and boiled for five to ten minutes to get rid of the combined 

nitric acid. Greenwald! found that in using the Neumann method 

on blood it was not always possible to get a complete precipitation 

of phosphomolybdate and recommended a modification. 

144 Neumann, A., Zéschr. f. physiol. Chem., 1902-03, xxxvii, 115. 

15 Greenwald, Jour. Biol. Chem., 1913, xiv, 369. 
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The action of nitric acid may be demonstrated with pure phos- 

phates. After heating with sulphuric and nitric acids as in the 

method only about two-thirds or less of the phosphate may be 

precipitated by the silver reagent. Heating with sulphuric acid 

alone does not produce this effect. It was found that the addi- 

tion after the heating of a very little organic material such as 

cane-sugar removed the interfering substance and allowed complete 

precipitation. The amount needed is very small and the slight 

charring produced by its addition to the acid mixture should dis- 

appear promptly on raising to boiling. If too much is added a 

permanent brown color is produced which must be removed by a 

drop of HNO; and short boiling. Strangely enough the addition 

of HNO; at this time does not interfere with the precipitation. 

The Precipitation. 

Since the total light reflected from a given depth of suspension 

depends not only on the number of reflecting particles but also on 

their other properties such as size, density, etc., it is obvious that 

conditions should be secured in which the condition of the particles 

in the standard and the test solutions is the same. For this 

reason it has been found necessary to make the physical and 

chemical conditions—as regards concentration of reagents, salts, 

reaction of the solution, temperature, volume, etc.—as nearly the 

same in standard and test as is conveniently possible. The pro- 

cedure as outlined above is believed to satisfy these requirements. 

The standard contains the same amount of sodium sulphate and 
ammonium sulphate, is adjusted to the same reaction and volume, 

and is added to the precipitating solution,at the same rate as the 

test and both solutions are at room temperature. Running the 

phosphate solution into the precipitant has been found to give 

more constant results than the reverse process. 

Readings may be made at once after mixing the solutions and the 

relation between the solutions does not appear to change in the 

course of a half hour. 

The Reagents. 

All reagents must be free of more than traces of chlorine. A 

blank determination with the reagents should give no cloudiness 

with the silver reagent when mixed and only a trace on standing. 
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The sodium hydrate is best made from sodium but a sufficiently 

pure sample of ordinary hydrate may sometimes be obtained. It 

should contain but little carbonate since this interferes with the 

neutralization. It is not difficult to get ammonium sulphate or 

sulphuric acid which are chlorine-free. The silver nitrate solution 

should be neutral. The ordinary salt is generally slightly acid 

and it is necessary in all cases after making up the solution, to add 

a drop or two of alkali, mix thoroughly, and let stand for a short 

time. After filtering off the excess of precipitate the solution is 

ready for use. | 

Chlorides present in the blood extract or in the acids used for 

ashing (or purposely added) are driven off during the digestion. 

The Nephelometer. 

The Richards type of nephelometer was used throughout. The 

preliminary work was done with the original form of the nephel- 

ometer,!® the later part with one made by a simple modification 

of the Duboseq colorimeter which is described in the following 

paper. The superior optical equipment of the Duboseq colorim- 

eter makes it possible to obtain more accurate readings with 

greater ease than in the original Richards instrument. Since the 

readings obtained from different solutions are not exactly propor- 
tional to the amount of phosphate present and since the differ- 

ences between the observed and theoretical reading increase as 

the differences in phosphate content increase it is necessary to 

calibrate the instrument for different strengths of test solution 

and for different standards, although where the test solution does 

not differ from the standard by more than 25 per cent the cor- 

rections fall within the limit of error of the determination and no 

correction can be made. 
Solutions very different from the standard are difficult to com- 

pare and readings below 18 mm. or about 45 mm. when the 

standard is at 30 mm. should not be attempted except for ap- 

proximate values. 

16 Richards, T. W., Ztschr. f. anorg. Chem., 1895, viii, 269. Richards, 

T. W., and Wells, R. C., Am. Chem. Jour., 1904, xxxi, 235. 



144 Lecithin in Blood 

Results. 

Known phosphate solutions may be determined with an ac- 

curacy of about 2 per cent. Duplicate determinations on blood 

frequently agree as well as the above but the average for determi- 

nations of blood lecithin is about 5 per cent. The following re- 

sults on phosphate determinations in various organic materials 

indicate the possibilities of the method. 

Phosphates in urine. 

A sample of dilute day urine. per cent 

By uraniumctiiragion i... 02 <i 4>.450 Cee 0.0372 HsPO, 
By nephelometrie method. ....2 .-. -2..« 2-20. eee 0.0366 

0.0380 
In casein. 

A sample of purified casein (Bosworth). 

By Neuntann method. a.<.2:8 52.2.2) eee eee 2.21 HsPO, 

By nephelometric method... ..:2......2.5 2e-eeee 2.20 

2.15 
Lecithin. 

a. A sample of impure egg “‘lecithin.”’ 

Direct determination by Neumann’s method...... 7.98 HsPO, 

By nephelometric method.os<. . :. 04. /<.). 2 aeeins 7.89 H;PO, 

b. Purified egg ‘‘lecithin.”’ 

By Netimann’s method: iim: ace 3. = 2 ee eee 13.1 HsPO, 

By nephelometric methods: ee eee os eee oie 12.9 

13.3 

Egg yolk. Total phosphoric acid. 

By Neumann’s method:... 22/5 scts4-5 22 -ba.s eee 1.66 

By nephelometrie method.. 42.2.5 *. 2.225. deo. 5ee 1.70 
1 ay 

“Lecithin” in blood. 
A sufficient variety of determinations of lecithin in blood to warrant 

discussion has not yet been made but the values obtained are somewhat 

higher than ordinarily given for blood lecithin, especially for dog blood. 

The values obtained expressed as ‘“‘lecithin’’ (H3;PO.4 X 8) are: 
per cent 

Wor. “Ll: Whole blood varied from :............ 25am 0 .36-0 .42 

Dor Tih... Whole blood... /..02 242. sess lade oe 0.4 

IPA STINE See nate Sioidie ols. o-,6l so 6 6 coe a ee ee rr 0.33 

Normal human plasma, oxalated, Sample I................ 0.28 
Sample IL... coe 0.21 

Cat plaama, oxalated.. 05.0.4 .i..05 ..osac 5. 2 ae 0.18 

Sheep: blood wheless-cets.ink je okisns sa nave Ser. 0.22 
Plasmas. sacs osc se gah os BAe eee 0.16 

Calf plasmaices setae boi ian tN eta er 0.12 



A SIMPLE METHOD OF CONVERTING THE DUBOSCQ 

COLORIMETER INTO A NEPHELOMETER.' 

By W. R. BLOOR. 

(From the Laboratories of Biological Chemistry of the Harvard Medical 

School, Boston.) . 

(Received for publication, June 21, 1915.) 

Nephelometry, the determination of the quantity of a substance 

by measurement of the density of the precipitate which it pro- 

duces with a reagent, has come into considerable use in the last 

year or two because of the increasing demand for methods suit- 

able for accurate determination of small amounts of material 
where other methods for micro determination are not available. 

Also, for the same reason, the demand for these methods is bound 

to increase as their possibilities become known. Two forms of 

nephelometer are in use at the present time, one the Richards? 

instrument, which was the original type, and the other an instru- 

ment devised by Kober* by modification of the Duboseq color- 

imeter. 
The Richards nephelometer, because of its poor optical and 

mechanical equipment, is inconvenient and requires experience to 

use successfully. Moreover there is an objection to the unneces- 

sary multiplication of instruments especially in a time of rapid 

development, when an instrument may be quickly superseded by 

improved types or by better devices for the same purpose. 

The Kober instrument is-an improvement on the Richards in 

that it renders available for nephelometry the excellent optical 

and mechanical equipment of the Duboscq colorimeter. Its dis- 

advantage is the use of coated plungers dipping into the solutions. 

1 This instrument was demonstrated to the Northeastern section of the 

American Chemical Society at Boston, December, 1914. 

2 Richards, T. W., Ztschr. f. anorg. Chem., 1895, viii, 269. Richards, 

T. W., and Wells, R. C., Am. Chem. Jour., 1904, xxxi, 235. 

3 Kober, P. A., Jour. Biol. Chem., 1912-13, xiii, 485; Jour. Am. Chem. 

Soc., 19138, xxxv, 1585. 
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Cuart I. The Duboscq colorimeter converted into a nephelometer, 

with the necessary extra parts. 
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Where the amount of substance to be determined is minute the 

presence of a foreign body like the plunger is always a menace be- 

cause of the possible contamination with interfering substances 

from which it is difficult to keep the plungers free. The necessity 

of coating the plungers with something to exclude light rays in- 

creases the difficulty and provides a new source of trouble in that 

the coating is generally more or less soluble in some of the solu- 

tions used. Also from its liability to crack and scale it is apt to 

introduce unexpected errors. The objections mentioned above 

are emphasized when it is necessary to work with precipitants 

sensitive to substances like chlorides, which are present every- 

where. The Richards type of instrument with sliding jackets 

does away with these sources of contamination and error, and the 

instrument described below is intended to combine the advan- 

tages of the Richards type of instrument with the superior me- 

chanical equipment of the Duboscq colorimeter. It has been - 

found to give satisfactory results even in the hands of beginners. 

The details of the instrument and the method of transformation 

from the colorimeter may be seen from the diagrams. 

The brass plate carrying the colorimeter plungers is replaced by 

the plate A with two slots in which are supported the nephelom- 

eter tubes B with their flanges resting on the edges of the slots. 

The slots ‘are so cut that the center lines of the tubes are exactly 

in line with the centers of the lower openings of the prism case E. 

If desired they may be countersunk to receive the flanges. 

The colorimeter cups are replaced by the jackets C which pro- 

ject through the holes in the cup supports F and are supported on 

them by the collars D. They move when the cup supports move. 

The mirror is turned to the horizontal position so that it reflects 

no light; the light in the nephelometer comes from in front and 

not from below (see diagram, Figure IT). 

The nephelometer tubes are small test-tubes 100x 15 mm., pref- 

erably made from the same sample of colorless glass tubing so 

that they are of exactly the same bore. The flanges at the top 

should be well made so that the tubes rest firmly and evenly in 

the slots. The glass should be as free as possible from imperfections 

or striations. After the tubes are made and fitted into place the 

jackets are moved up on each tube by means of the rack and 

pinion until the indicator on the scale is exactly at zero. Marks 
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are made on each tube at the point reached by the top of the 

jacket and the portion of tube above that point is made opaque 

by a ring B, of black paper or paint. Tubes and jackets are then 

marked right and left and always used on the same side. 

Since it is rare to find two tubes which when filled with the same 

solution give exactly the same readings it is necessary to take this 

fact into account and correct accordingly. 

PATH OF LIGHT 

PARTITION ---+" 

Cuart II. The nephelometer in position in its box, showing its rela- 

tion to the source of light. 

The jackets C are made of tubing—metal or glass—a little 
larger than the tubes and about the same length (they should just 

clear the mirror when it is turned horizontal), closed at the bottom 

and made light tight by black paint or paper. The collars D sup- 

porting the jackets may be made of cork or more permanently of 

metal. <A little cotton wool in the bottom of the jackets will pre- 

vent breakage if the tubes should fall into the jackets. 
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The openings in the prism case, particularly the lower ones, 

should be protected against accidental splashing by thin glass 

plates (thick cover slips) which are held in place by a little glue. 

Artificial light is necessary and the lamp should be enclosed in 

a tight box into one end of which the nephelometer fits snugly. A 

partition extending part way up the box as shown in the diagram 

(Figure II) serves the double purpose of shutting off the light 

from the lower part of the instrument and of providing a stop 

against which the instrument is pushed, so that its distance from 

the light is kept constant. The box is conveniently made without 

a bottom and the end closed with a dark curtain after the nephe- 

lometer is pushed into place. The inside of the box should be 

painted black. A dark room is desirable but not necessary, as 

the instrument may be used satisfactorily in a room darkened by 

a dark shade or even in a dark corner of the laboratory. 

The relations of the nephelometer and the light source may be 

seen in the diagram, Figure II. The lamp used is an ordinary 

50 watt tungsten (‘Mazda’) supported by a bracket about 30cm. 

from the nephelometer and at the height of the nephelometer 

tubes. The change from one instrument to the other can be 

made in one or two minutes, since it consists essentially only in 

unscrewing the brass plate carrying the plungers and screwing on 

the plate to carry the nephelometer tubes. The extra parts 

needed, plate, tubes, and jackets, are few and can be made if 

necessary from material at hand in any laboratory and by anyone 

with a slight degree of mechanical skill.4 

The above description applies only to the later type of colorim- 

eter where the cups move and the prisms are stationary. The 

changes required to convert the older type of imstrument are 

more complicated and scarcely to be advised unless the instru- 

ment is to have fairly continuous use as a nephelometer. If the 

change is desired the nephelometer tubes are to be supported in 

the same way as above, but the jackets must be carried on special 

brackets which are made to replace the brackets carrying the 

plungers. The nephelometer tubes must be stationary, the jackets 

being the movable parts. 

4The extra parts necessary for the conversion of the colorimeter into 
the nephelometer may be obtained from the International Instrument 

Co. of Cambridge, Mass. 





THE DETERMINATION OF IODINE IN THE PRESENCE 
OF ORGANIC MATTER. 

By ROBERT B. KRAUSS. 

(From the Henry Phipps Institute of the University of Pennsylvania, 

Philadelphia.) 

(Received for publication, June 19, 1915.) 

The quantitative determination of iodine in organic tissues, es- 

pecially the iodine content of tuberculous tissues,! has occupied 

our attention in this laboratory for some time. Various methods 

have been proposed for such determination, those of Baumann,? 

Bourcet,? Hunter,* and Kendall’ having attracted the most 

attention. 

The Baumann method has been modified repeatedly and while 

it no doubt gives good results in experienced hands, the modifica- 

tions indicate the dissatisfaction that has been felt with it. This 

method is not delicate enough for our particular purpose. 

That of Bourcet requires large amounts of material (100 grams) 

and involves a subsequent liberation of the small amounts of io- 

dine present. ‘The first requirement it is seldom possible to ful- 

fill, while the second is always a rather unsatisfactory procedure. 

The method of Hunter has a serious drawback in the formation 

of oxychlorine compounds as pointed out by Foerster and Jorre® 

as well as Kendall. 

Kendall’s method has, in the past, in this laboratory given re- 

sults that were generally satisfactory, but we have occasionally 

had cases in important series that gave blanks when the presence 

of iodine was certain, and on the other hand found traces which 

it seemed reasonable to believe were not present in the sample. 

1 Lewis, P. A., and Krauss, R. B., Jour. Biol. Chem., 1914, xviii, 313. 

2 Baumann, E., and Roos, E., Ztschr. f. physiol. Chem., 1895-96, xxi, 489. 

3 Bourcet, P., Compt. rend. Acad. d. sc., 1899, exxvili, 1120. 

4 Hunter, A., Jour. Biol. Chem., 1909-10, vil, 321. 

5 Kendall, E. C., Jour. Am. Chem. Soc., 1912, xxxiv, 894. 

§ Foerster, F., and Jorre, F., Jour. f. prakt. Chem., 1899, lix, 53. 
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To cover all contingencies it would become necessary to have 

a method filling the following requirements: 

1. To be capable of detecting most minute traces of iodine. 

. To use a minimum of sample for the analysis. 

. To introduce no iodates or iodides. 

. To eliminate foreign active halogens as reagents. 

. To be rapid and of general application. 

In the following pages I wish to present a method I have devel- 

oped which seems to meet these requirements in greater measure 

than any of those which have been used previously. 

Or Hm W bo 

The Palladium Iodide Colorimetric Method. 

It is known that the precipitation of palladous iodide affords a 

method of separation of iodine from bromine and chlorine. 

Palladous iodide is insoluble in water, alcohol, acetone, and 

ether; insoluble also in dilute hydrochloric and hydriodic acids. 

This method is based on the fact that palladous chloride when 

added in the cold to a dilute solution of iodide gives a deep brown 

color due to the formation of palladous iodide. 

The value of iodine to which this color is due is approximated 

by comparison with a standard, and obtained absolutely by com- 

parison in a Duboseq colorimeter. A change of color due to 0.01 

mg. of iodine as iodide, is easily seen with the naked eye and the 

colorimeter gives a further range of 1 to 100. 

The determinations are usually made in a dilution of 100 ce. 

This corresponds to 0.0001 mg. per 1 cc. It will therefore be 

seen that by working in small volumes such traces may be easily 

detected. The method of procedure follows. 

Detailed Description of Method. 

The amount of substance to be taken varies with the chemical 

properties of the compound, especially the iodine content. For 

thyroids running about 2 mg. per gram 0.5 gram of dry sub- 

stance is sufficient. Larger amounts offer no disadvantage; the 

iodine is then determined in an aliquot portion. 

The substance is mixed in a nickel crucible with about 8 grams 

of a mixture of 1 mol. each of pure anhydrous sodium carbonate, 

potassium carbonate, and potassium nitrate; and then covered 
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with an additional 5 grams. The lid is placed on the crucible, 

leaving a small opening for the escape of waste gases. 

The crucible is heated in a crucible muffle such as described by: 

me in connection with the analysis of iodine trypan red dyes.’ 

Such a one keeps the waste gases from the crucible but gives an 

even heat on the sides and the bottom. As soon as the contents 

of the crucible cease burning the heat may be increased until the 

edgesof the mass just begin to melt, butnot higher. By this time 

all carbon has disappeared and on removing the crucible and cool- 

ing, the contents are nearly always pure white. This requires 

about ten minutes. I have found that a moderately rapid burn- 

ing is desirable, which is also the opinion of Hunter$and Oswald.°® 

On cooling, water is added to the melt, the lid washed, and the 

crucible is placed on the hot plate. As soon as the contents have 

dissolved the liquid is carefully poured through a funnel] into a 

200 cc. Erlenmeyer flask (using larger flasks for larger melts), 

washing the crucible carefully with a fine-jet wash bottle. It is 
desirable here to keep down the volume of water as far as possible. 
In order to reduce any trace of iodate that may have been formed 

about 2 cc. of a 10 per cent solution of bisulphite are now added, 

’ and phosphoric acid (85 per cent) is carefully added to the inclined 

flask which is agitated between additions. A slight excess of acid 
should be used. A small corner of litmus paper is a convenient 

indicator. After standing for a few minutes, sufficient sodium 

carbonate is added from the tip of a spatula to make the solution 

alkaline. 
An inclined funnel is placed in the neck of the flask to prevent 

splashing and the solution evaporated on a hot plate to the stage 

where it just remains liquid when cold. 

On cooling, about 20 cc. of acetone are added from a wash bottle, 

washing the funnel and sides of the flask. 

The flask is shaken until the salts form a semi-solid layer at 

the bottom. Absolute alcohol is added in 5 cc. portions with agi- 

tation and the extraction of the iodide aided by working the salts 

with a stirring rod, which is then used as an aid in decanting the 

acetone-alecohol mixture. 

7 Krauss, R. B., Jour. Am. Chem. Soc., 1914, xxxvi, 962. 

8 Hunter, loc. cit. 

9 Oswald, A., Ztschr. f. physiol. Chem., 1899, xxvii, 31. 
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The use of acetone first seems to favor the complete extraction 

of the iodides. 
By the time 40 cc. of solvents have been used the iodide is nearly 

always removed. Confirmation may be obtained by adding a 

drop or two of standard palladous chloride solution. If the so- 

lution remains colorless all the iodine has been extracted. 
The solvent is decanted through a filter directly into a Nessler 

tube if a quantity of iodine below 1 mg. is involved; otherwise into ~ 

a graduated flask, and diluted to definite volume with alcohol. 

In the latter case an aliquot portion is used for the estimation in 

the Nessler tube. 

The following dilutions are best suited for accurate determina- 

tions. 

Above 10 mg. Dilute with water to 1 liter and determine iodide in an 

aliquot. 

1 -10 mg. Dilute to 500 ce. with water and determine iodide in an 

aliquot. 

1 —1 mg. Filter directly into 100 cc. tubes. 

.001- 0.1 mg. Evaporate if necessary and determine in 50 cc. tubes. 

In smaller volumes, 2 to 5 cc., it is possible to detect and 

estimate amounts of iodine as low as 0.0001 mg. 

Dilute palladous chloride solution, 0.0005 gram per cc., acidu- 

lated slightly with hydrochloric acid, is added drop by drop, until 

the color no longer deepens. Of such a solution 2 cc. are sufficient 

to combine with about 1.5 mg. of iodine. Of the same solution 

2 ce. diluted to 100 cc. give no perceptible color. 

The standards are prepared as follows. 

Standards. 

A solution of pure potassium iodide containing 0.1 mg. per ce. 

is prepared by weighing out 1.31 grams of potassium iodide, mak- 

ing up to 1 liter, and diluting 100 cc. of this solution to 1 liter. 

The requisite standard for any weight iodine, say 0.1 mg., is 

made up by measuring out 1 cc. of the standard iodine solution 

in a 1 ec. pipette calibrated to 0.01 cc. into a 100 ee. Nessler tube, 

diluting with 10 ce. each of aleohol and acetone and adding about 

1 ec. of standard palladous chloride solution, then diluting with 

water to the mark. According to the weight of iodine present 
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the color ranges from a light brown to a deep red-brown. The 

comparison is made after the tubes have stood at least five 

minutes. 

Standards should be made up with approximately the same 

ratios of acetone, alcohol, and water as the unknown. 

The colors develop best in more concentrated solutions; there- 

fore the palladous chloride is added before diluting. 

The unknown is compared with a series of standards; the near- 

est match is determined by inspection. A difference of 0.01 mg. 

of iodine is easily seen with the naked eye and is sufficient for or- 

dinary work. 

For better results the unknown and the nearest standard are 

compared in a Duboscq colorimeter which has a further range of 

1 to 100. 

I have devised an electrolytic procedure by means of which 

the palladous iodide precipitated in the colorimetric method is 

electrolyzed; the palladium and iodine are deposited on separate 

electrodes and weighed. 

This forms a good check on a series of colorimetric determina- 

tions involving small weights of iodine per determination and gives 

good results on single determinations involving larger weights 

of iodine. It also gives accurate results when used for direct 

estimations. 

The details of the electrolytic determination of iodine in organic 

matter will be reported shortly. 

The following tables of analyses will give some information as 

to the results obtained by this method. 

_ In Table I are given results obtained by fusing 0.5 gram of pure 

casein with the stated weight of iodine as potassium iodide, ob- 

tained by pipetting from a standard iodide solution; and finally 

determining the iodine by this method. 
In Table II are given results of analyses on a commercial thy- 

roid preparation marked 0.2 per cent iodine, giving a comparison 

between Kendall’s method and the palladous iodide method. 

0.5 gram samples were used and the results are expressed in mg. 

per gram. 

Table III contains results of analyses on three samples of com- 

mercial thyroid preparations. Results are expressed in mg. of 

iodine per gram of sample. 
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TABLE I. 

No. Casein. Todine present. Iodine found. Dilution. 

gm. ‘mg. mg. ce. 

1 0.5 . 10 
2 0.5 — ——. 10 

3 0.5 0.001 0.001 10 

4 0.5 0.005 0.005 10 

5 ORS 0.010 0.009 50 

6 0.5 0.050 0.051 50 

7 0.5 0.100 0.100 50 

8 0.5 0.500 0.499 100 

9 ORD 1.000 0.999 100 

10 OFS 1.500 1.498 100 

11 0.5 2.000 1.998 100 

TABLE II. 

Thyroid, 0.2 per cent iodine. 

Kendall. Colorimetric. 

mg. mg. 

2.07 2.028 

1.91 2.020 

ad. 2.000 

2.36 2.040 

1.92 2.018 

2.01 2.020 

2.14 2.015 

2.24 2.031 

PA Pe 2.040 

1.98 2.008 

Table IV contains characteristic analyses of organic i10dine 

compounds. The colorimetric determinations were made in 100 

ec. dilution. Of the iodide extract made up to 100 cé. in gradu- 

ated flasks, 1 ce. was used for the determinations. 

The writer is aware of the fact that the reaction between io- 

dates and iodides as usually applied to the estimation of iodine 

may be combined with the colorimetric method explained above, 

thereby increasing the delicateness of both. Some of the ad- 

vantages of the present colorimetric method are, however, lost 

thereby. Work on both this modification and the electrolytic es- 

timation of iodine present in animal tissue is under way in this 

laboratory and will be reported shortly. 
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TABLE III. 

No. Weight taken. Iodine found. 

A gm. mg. 

1 0.5 2.022 

2 0.5 2.042 

3 2 0.5 2.040 

4 0.5 2.036 

B 

iE 0.5 1.888 

2 0.5. 1.896 

3 0.5 1.896 

Cc 

1 0.5 1.904 

2, 0.5 1.896° 

3 0.5 1.892 

4 0.5 1.916 

5 0.5 1.884 

TABLE IV. 

Substance. Weight taken. Iodine found. toda colon 

gm. mg. per cent per cent 

Di-iodo-diphenyl...... 0.1020 63.81 62 ,55 62.56 

0.1008 63 .06 

Todo-acetanilid........ 0.1016 49 .40 48 .62 48 .65 

0.2024 98 .46 48 .64 

lodo-benzoie acid..... 0.2002 102.52 51.20 SIN 

0.2041 104.51 51.20 

0.2011 102.98 51.20 

SUMMARY. 

1. Ina solution of iodides, the iodine present may be estimated 

directly by the palladous iodide colorimetric method. 

2. The iodine present in animal tissues can be estimated after 

fusion by the same method. 

3. No iodides, iodates, or halogens, usually the source of errors, 

are added in this method. 

I am indebted to Dr. Paul A. Lewis for valuable suggestions 

and criticisms. 
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FURTHER OBSERVATIONS ON THE PRESENCE OF 

IODINE IN TUBERCULOUS TISSUES AND IN 

THE THYROID GLAND. 

By PAUL A. LEWIS anp ROBERT B. KRAUSS. 

(From the Henry Phipps Institute of the University of Pennsylvania, 

Philadelphia.) 

(Received for publication, June 19, 1915.) 

In a previous paper! we gave the results of some analyses which 

showed that the tuberculous tissue of rabbits might contain ap- 

preciable amounts of iodine, even though iodine products had not 

been administered to the animals. 
The points made in that paper may be repeated here by quot- 

ing the summary there given, as follows: 

Tuberculous tissue derived from animals to which no iodine prepara- 

tion has been knowingly administered may contain amounts of iodine very 

appreciably higher than normal control tissue of the same animal. While 

it is quite probable that tuberculous tissue in animals treated with iodine 

products may store up iodine, this has been by no means clearly shown in 

any experiments so far reported. The highest figures for the tuberculous 

tissue of untreated animals in our experience may equal the highest figures 

of those reported by others as evidence for the localization in the tissue of 

iodine intentionally administered. 

The analyses on which this first paper was based were done by 

the Kendall method. It was understood by us that this method 

was scarcely adequate to give perfect results with the small 

amounts of tissue available for study. Objections reached us 

from those who believed that the method was entirely inadequate 

and that consequently it was unlikely that our results represented 

the true situation. 
Accordingly one of us (Krauss) has devoted considerable effort 

during the past winter to the development of more accurate and 

sensitive methods for the examination of tissues for iodine. This 

1 Lewis, P. A., and Krauss, R. B., Jour. Biol. Chem., 1914, xviii, 313. 
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study has been entirely successful and a method is now available 

which is competent to detect with certainty and measure with 

accuracy the merest traces of iodine.’ 

As in the older methods, the dried tissue is subjected to a proc- 

ess of incineration to convert the iodine into an inorganic form. 

Palladium chloride is added to an extract of the fusion mass and 

in the presence of iodine develops palladium iodide, which gives 

a characteristic color reaction. The intensity of the color de- 

veloped is determined by colorimetry in comparison with stand- 

ard solutions. | 

Using this method for the examination of the tissues for iodine 

we have reexamined the points at issue. Our work has been con- 

ducted as follows. Rabbits are inoculated on the cornea of one 

eye with a virulent culture of the tubercle bacillus of bovine type. 
This gives a rapidly progressing infection the characteristics of 

which we have previously described in detail. At suitable in- 

tervals the animals are killed. The corneas are dissected free 

from the remainder of the eyes. The tissues are separately dried 

and analyzed for iodine. We have in this way for analys's, first, 

the tuberculous cornea; second, the normal cornea of the same 

animal; third, the remainder of both eyes; and fourth, any other 

normal tissue from the animal which it may be useful to examine. 

The thyroid gland has been included in this series in most in- 

stances. If the animals are allowed to live long enough of course 

the disease becomes generalized and tuberculous tissues from other 

parts of the body may also be examined. 

The results of these experiments are presented in the following 

tables. The figures give the amount of iodine found in mg. per 

gram of dry tissue. 

In Table I are collected the figures from the experiments which 

were carried through in exact accordance with the outline just 

given. The following points may be developed from these results. 

The normal cornea frequently contains appreciable amounts of 

iodine. In animals in which this is the case tuberculous tissue 

arising on the opposite cornea also contains iodine, and this, so 

far as our results go,in relatively larger amounts. The remaining 

tissues of the eye usually contain no iodine. Certain exceptions 

2 Krauss, R. B., Jour. Biol. Chem., 1915, xxii, 151. 

3 Lewis, P. A., and Montgomery, C. M., Jour. Exper. Med., 1914, xx, 269. 
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to this appear in the results, Nos. 1180, 1054, 1194, 734. It is 

most probable that these exceptions are due to the fact that after 

several weeks the disease spreads from the cornea to the con- 

junctiva and gradually to the deeper structures of the eye. At 

this time the removal of the diseased tissue with the cornea is not 

complete. The proper procedure in these instances would be to 

examine the bulbar portions of the opposite eyes separately. This 

was done only once in our series, No. 734. In that case it appeared 

that the iodine in the bulbar portions occurred only in the infected 

eye. 
It will be noticed that the amount of iodine in the tuberculous 

tissue or in the normal cornea bears no direct relation to thyroid 

TABLE I. 

Beg | ese” fro terme || Dieseded 9 | Rermrgan |) eae eee! 
mg. mg. mg. mg. 

1149 19 0.000 0.000 0.000 

1152 19 0.3 5.50 0.000 

1172 22 0.000 0.000 0.000 0.000 

1180 26 0.000 0.000 0.000 0.086 

1205 30 0.0876 0.1805 0.09 

1187 35 0.0826 0.1232 0.9301 0.000 

1181 37 0.0960 0.1320 0.0476 0.000 

1198 37 0.085 Oni 0.000 

1054 of 0.0730 0.3384 0.0476 0.1178 

1194 37 0.085 0.186 0.000 0.002 

734 37 0.0620 0.2016 0.060 Left 0.025 

Right 0.000 

iodine. The latter is high, low, or entirely absent in instances in 

which the iodine in the eye is about the same, Nos. 1187, 1205, 

1194. 

The results in Table II are intended to furnish additional evi- 
dence that tuberculous tissues may contain iodine. In these in- 

stances the disease of the eye had advanced so far that it was 

impossible to separate the tuberculous from the normal tissue. 

The whole eye was examined in comparison with the whole of 

the normal eye. These results agree in essentials with those pre- 

sented in Table I. The amountof tissue examined is much larger 

and the relative difference in weight much smaller than in the 

THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXII, NO. 1 



162 Iodine in Tuberculous Tissue and Thyroi 

first instances. This of course tends to equalize the figures for 

iodine as expressed in mg. per gram. 

On the basis of our results as presented in Tables I and II as 

well as those of our previous paperit might have appeared possible 

that the tuberculosis of the cornea was a special case whose re- 

sults would be without general application. Especially was this 

TABLE II. 

Rabbit No. Days lived. Normal eye. Diseased eye. Thyroid. 

mq. mg. mg. 

1182 56 0.000 0.030 0.222 

1197 56 0.0312 0.0326 0.1390 

1191 56 0.0100 0.0189 0.0700 

1175 56 0.0070 0.0231 0.0159 

1151 56 0.004 0.021 0.061 

so in view of the fact that we have so often found iodine in the 

normal cornea, the fundamental tissue of the experiment. In 

Table III, therefore, we present a few analyses of the caseous 

lymph nodes of animals, four guinea pigs and one rabbit, suffering 

from more or less advanced generalized tuberculosis. The amount 

of iodine contained in this material is also far from negligible. 

TABLE III. 

Animals. Material examined. Jodine per gm. Duration of disease. 

mg. 

Guinea pig 1437 | Caseous nodes 0.000 Died in1 mo. 

<s 14384 ae - 0.062 Killed in 1 mo. 

= ee jee 3 ie 0.424 Killed in 1 mo. 

rey 1408 sf se 0.160 Killed in 5 weeks. 

Rabbit 1151 - 2 0.0132 Killed in 56 days. 

The analysis of the thyroid gland requires some separate com- 

ment. In a recent review of work on the iodine content of the 

thyroid, Cameron‘ cites the work of various observers who have 

analyzed the glands from certain individuals with negative re- 

sults. He emphasized the probability that iodine is always pres- 

4Cameron, A. T., Jour. Biol. Chem., 1913-14, xvi, 465. 
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ent, but in amounts not detectable by the methods employed pre- 

viously, making the following statement in italics. “No stress 

can be laid on any negative results so far published until they 

have been confirmed by an accurate method such as that of 

Hunter.” 
Our results indicate most clearly that iodine, if indeed it is 

always present, is at times not to be demonstrated by a method 

considerably more sensitive than any previously employed. Some 

of the earlier observers have believed that young animals were 

more apt to give’ negative results. The animals in our series 

were adults, several of them known to be more than one year old. 

We have examined the thyroids micrqscopically without’ being 

able to see the slightest difference between those containing io- 

dine and those in which we could not detect this element. 

We conclude from this work that iodine is frequently present 

in tuberculous tissue independently of any intentional administra- 

tion of iodine-containing substances. The quantities found are 

such as to lessen the force of the conclusion of previous observers 

that the tuberculous tissue has an especial affinity for iodine when 
intentionally administered. This may of course be the case, but 

the evidence for it is so far insufficient. We have no evidence 

bearing on the nature of the iodine compounds in the tuberculous 
tissue or the source from which they are derived. The iodine 

is, however, independent of thyroid iodine in its quantitative 

relationships. 

The thyroid gland of rabbits may at times be free from any 

appreciable amount of iodine. 
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INTRODUCTION. 

Although it is generally assumed, in harmony with current 

views regarding the gastric functions and the chemical evidence 

offered by Klemperer and Scheurlen? that fat is not absorbed from 

the stomach, a number of investigators have recently published 

histological observations from which they conclude that mgested 

fat does pass through the stomach wall. 

1The experimental data in this paper are taken from the dissertation 

presented by E. J. Baumann for the degree of Ph.D., Yale University, 

1915. 
2 Klemperer, G., and Scheurlen, E., Ztschr. f. klin. Med., 1889, xv, 370. 
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Other means, particularly physiologicochemical procedures for 

attacking this problem, are available. With the hope of obtaining 

some decisive evidence, two methods, other than those previously 

employed, have been applied in the present research. One was 

the determination of the changes occurring in the fat content of 

the blood after introduction of fat into the stomach, which had 

been ligated at its pyloric end. The second consisted of tracing, 

by means of oil-soluble dyes, any fat absorbed under similar con- 

ditions. The data collected are in complete accord with the prev- 

alent view and show conclusively that no active absorption of fat 

occurs from the ligated stomach. 

HISTOLOGICAL STUDIES. 

Historical. 

Klemperer and Scheurlen conducted their investigations on dogs in 

which the stomachs were well washed out with water before the experi- 

ment. The intestine was ligated 1 to 2 em. below the pylorus, a weighed 

quantity of the fatty material was introduced, and the cardiac end of the 

stomach was then tied off. At the end of a test period of three to six hours 
the stomach was excised and an analysis of the contents was made; it was 

possible to recover 99.5 per cent of the amount of triolein, oleic acid, or 

olive oil introduced, and from these results it was concluded that no fats 

or fatty acids were absorbed from the stomach. 

The histological findings on this subject have been quite at variance 

with those of Klemperer and Scheurlen. The earliest observations were 

made by Kolliker® on kittens, young dogs, and mice as experimental ani- 

mals. Sometimes only a few fat droplets were seen in the epithelial cells 

but usually considerable quantities were observed. He doubted whether 

any fat leaves the stomach through its walls, for macroscopic examination 

of the lymphatics of that organ never showed them to be filled and white. 

Cunéo and Delamare! were unable to find any granules stained by osmic 

acid in the gastric mucosa after feeding fat. This observation is in con- 

flict with a number of both earlier and later histological studies. 

Kischensky® observed fat globules in the gastric mucosa after feeding 

milk, olein, and oleic acid to kittens fourteen hours to four months old. 

Identical results were obtained whether he used osmic acid, Flemming’s 

solution, or scarlet red for staining his sections. In similar studies Wuttig® 

3 von Koélliker, A., Physikal.-med. Gesellsch. in Wiirzburg, 1857, vii, 174. 

4Cunéo and Delamare, G., Compt. rend. Soc. de Biol., 1900, lii, 428. 

5 Kischensky, D., Beitr. z. path. Anat., 1902, xxxii, 197. 

6 Wuttig, H., 2b¢d., 1905, xxxvii, 378. 
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observed that after the ingestion of fat the fundus as well as the pyloric 

region of the stomach contained fine droplets of fat in the epithelium and 

larger ones in the cells lying more deeply. In some sections, he could find 

few or no particles, while others were plentifully filled with them. Lamb,’ 

using Weigert’s method of myelin staining, found fat globules plentiful 

in the gastric mucosae of suckling kittens. Weiss® also found particles 

tinted by fat stains in the epithelium of the stomach of kittens and puppies, 

their frequency increasing from the fundus to the pylorus. He believes 

that the mucosa loses its power of ‘‘fat absorption” early in life, the fundus 

experiencing this loss first. 
The conclusion of Weiss has been opposed by Greene and Skaer.* These 

investigators have reported histological evidence which indicates that 

considerable fat is absorbed from the stomachs of old as well as young 

mammals, though they admit that the process is miuch less active in the 

former. ‘Using alkaline alcoholic solutions of scarlet red as a stain, they 

have shown that the gastric epithelia of rats, cats, and dogs contain a 

large number of stained particles after ingestion of fat. The number of 

these droplets bears a proportional relationship to the length of time that 

fat has been in the stumach. First the border of the cells becomes filled 

with small droplets; gradually an increase in the number and size of the 

particles occurs, until finally the cells are abundantly filled with them, a 

maximum loading being observed six to fifteen hours after feeding. The 

assumption that these observations represent a true absorption is based 

upon the constancy of this cycle. As fat leaves the stomach, the free 

borders of the cells lose their fat particles first, and thereupon those parts 

farther away from the lumen become free from fat particles. These find- 

ings were compared with others obtained from animals that fasted for 

‘twenty-four hours. Greene and Skaer also noted a similar cycle in the 

cells of the deeper gastric glands, but here the alternations ran their 

course much more slowly, and were not as extreme. 

From the histological findings of many investigators it thus 

appears that an increase in the amount of fat in the gastric mucosa 

and submucosa results when fat is ingested, and furthermore, the 

appearance strongly resembles the microscopic picture obtained 

during intestinal fat absorption. On the other hand, the few 

physiological data on the subject fail to confirm the histological 

observations. This apparent contradiction needs to be elucidated. 

7Lamb, F. W., Jour. Physiol., 1910, xl, p. xxiil. 

8 Weiss, O., Arch. f. d. ges. Physiol., 1912, exliv, 540. 

9 Greene, C. W., and Skaer, W. F., Am. Jour. Physiol., 1911-12, xxix, 

p. Xxxvii; 1913, xxxii, 358. 
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Experimental. 

As a check upon the methods employed in our physiological 

experiments the stomachs were excised in a number of cases and 
portions examined microscopically, mainly with the idea of deter- 

mining whether, under the conditions of the experiments to be 

described below, histological results could be obtained similar to 

those reported by Greene and Skaer and others whose work has 

just been described. Cats and dogs were used as experimental 
animals. 

The details of the conditions of the various experiments may 
be obtained from the illustrative protocols given in the appendix. 

The animals, which had their last meal eighteen to forty-five 

hours before the experiment, were anesthetized with ether or 

chloroform, after which the pylorus was ligated and fat intro- 

duced into the stomach. Anesthesia was maintained during the 

entire test periods. 

The fats used were cream, a peanut oil emulsion,'? and in one or 

two experiments, olive oil. After the animals were killed, pieces 

of the stomach from the pyloric and fundic regions were cut out 

and fixed in strong Flemming’s solution, stained with hematoxylin 

and differentiated for a few seconds. In a few instances pieces 

were fixed in formalin, sectioned with a freezing microtome, and 

stained with Sudan III. The sections were compared with those 

obtained from animals that had fasted for twenty-four hours. 

In a general way the histological pictures were similar to those 

described by Greene and Skaer and others. The sections stained 

with Sudan III showed the presence of more fat particles than those 

in which Flemming’s solution was used. In unfed animals very 

few or no fat globules were observed. No constant inequalities 

in the amount of fat found in the pyloric and fundic regions could 

be determined. In some animals there seemed to be more fat 

particles in one region, while in others a reversed condition 

existed." 

10 This unusually permanent emulsion was supplied by Fairchild Broth- 

ers and Foster, and was stated to have the following composition: peanut 

oil, 45 per cent; lecithin, 5 per cent; water, 50 per cent. 

11 Tn cases where the pylorus has not been ligated, observers have usually 

reported a greater number of fat globules in the pyloric area than in the 
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In a considerable number of sections practically no more fat 

was observed in the fed animals than in the control experiments. 

These negative results were particularly frequent in the earlier 

experiments. The cause of this undoubtedly was that pieces of 

stomach were cut from the part lymg uppermost. The animals 

were kept on their backs during the entire experiment and conse- 

quently it frequently happened that no fat was in intimate con- 

tact with the ventral part of the stomach. But even when pieces 

which had been selected from the dorsal region were examined, 

many sections were found to be practically devoid of any fat; the 

distribution was by no means uniform. Young animals had more 

fat in their mucosae than old ones. 

It should be noted that in Greene and Skaer’s experiments there 

was no surgical interference. In spite of the operative procedures 

in our work no great difference in the histological appearance 

resulted. 

INFLUENCE OF INTRODUCTION OF FAT ON BLOOD FAT CONTENT. 

Fat Absorption from Stomach. 

That an alimentary lipemia results when fat is absorbed has 

been demonstrated in many ways. The most satisfactory evi- 

dence has been furnished by Lattes” and Terroine’ using the 

Kumagawa-Suto method, and Bloor“ with his nephelometric 

procedure. They have been able to show rises of 12 to 120 per 

cent above the initial values in the fat content of blood, during 

alimentary lipemia. 

If fat is absorbed from the stomach, a similar increase in blood 

fat may be expected to ensue; if no gastric absorption results, the 

level of blood fat should remain constant. 

Method.—The following procedure was used to determine 

whether any fat left the stomach through its walls. Dogs were 

fundic. Greene and Skaer (’13) believe this to be due to the fact that the 

crypts of the cardiac region are small while those of the pyloric are larger 

and funnel-shaped, so that here all parts may more easily come in contact 

with the semi-fluid digested mass. 
22 Lattes, L., Arch. f. exper. Path. u. Pharmakol., 1911, Ixvi, 132. 

13 Terroine, E. F., Jour. de physiol. et de path. gén., 1914, xvi, 212, 386, 

and 408. 

144 Bloor, W. R., Jour. Biol. Chem., 1914, xvii, 377; xix, 1. 
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anesthetized with alcohol and chloroform; cats with urethane fol- 

lowed by chloroform. A laparotomy was performed and the 

pylorus was gently ligated with a strip of cheese-cloth.” About 

50 ce. of peanut oil emulsion warmed to 40°C. were given by sound, 

after which the wound was sutured. Throughout the experi- 

ments the animals were kept under light anesthesia, care being 

observed to prevent cooling; otherwise, conditions as nearly nor- 

mal as possible were maintained. The operations were completed 

in ten to fifteen minutes. The experiments were continued over 

periods varying from six to twelve hours. Samples of blood were 

taken from a marginal ear vein before the animals were anesthe- 

tized, and at intervals during the experiment, by simply cutting 

the vessel with a razor and allowing the blood to flow directly into 

a weighed graduated flask containing an alcohol-ether mixture. 

In a few experiments on cats where blood could not readily be ob- 
tained from the ear veins, it was drawn with a syringe from a 

femoral vein. Results obtained by both methods of procuring 

blood samples agreed closely. 

Fat was determined by Bloor’s method. Oleic acid (Kahl- 

baum) was employed as a standard instead of triolein, the former 

being more easily obtained in a pure condition. The error of the 

method is 1 to 5 per cent. 

Choice of Anesthetic.—Bloor made a study of the effect of anes- 

thetics upon blood fat. From his results it appears that morphine 

has little or no effect while alcohol causes a slight gradual rise of 

less than 0.1 per cent, and ether a very marked increase. Chloro- 

form caused a slight fall of 0.05 to 0.08 per cent during three hours, 

but a subsequent rise was observed on the following two days. 

Chloroform, therefore, seems to be the most desirable for the pur- 

pose of these experiments, for blood fat is less affected by it than 

by any of the other anesthetics. 

The results of seven experiments, three on dogs and four on 

cats, performed in the manner just described are summarized in 

Table I. Six of them are represented graphically in Chart I. A 

typical protocol (I) will be found in the appendix. 

15 When cord was used inflammation resulted, probably because of inter- 

ference with the circulation. To avoid this disturbance, advantage was 

taken of the fact that anesthesia usually inhibits peristalsis, so that it 

was only necessary to use broad strips of cheese-cloth gently drawn, to 

prevent passage of fat into the intestine. 

Ld 4 
“4 

; 
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Discussion and Conclusions.—From these summaries and curves, 

it will be observed that invariably a slight but distinct fall in the 

level of blood fat occurred after the administration of fat, quite 

comparable to the results obtained by Bloor in his experiments 

TABLE I. 

Summary. 

Content of Fat in Blood after Introduction of Fat Into Ligated Stomach. 

Animal. Cat. Cat. Cat. Cat. 

Experiment. XLVIll. Es LIV. eee 

_ _ _ __ 

go ao s ° g ° as BS Rass d 
be 5 . a KO be 4 
Om = o.= = o.5 — O.n S 
~~ ~ ~p 2. PD + ~ > ao 3 aS 3 ao 3 as 3 
as “ as = as = ay - 

Ce Rea ee ore = Il, a area oe Ce Be 
BES } ELS iS EES 3 82s 3 Asiia|t AS BES & eS 2 ES 2 
H faa) oH (22) A Q oH a) 

hrs. | percent) hrs. | percent| hrs. | percent| hrs. | per cent 

Before experiment. . 0.49 0.71 0.70 0.89 

1 | 0.475] 14 | 0.62 TS O2oGs | 2 0.78 

2 | 0.45 e, [ORS | 3 0.63 

41 | 0.49 z. OZ 43 0.68 | 4 0.76 

5 0.49} 7 0.73 | 62 4 OL67 |i bz 0.74 

63 0.51 9 (Hari 83 0.67 

11z |-0.58 

Animal. Dog. Dog. Dog. 

Experiment. XLIX. LI. rx ¢ 

Before experiment. . 0.83 0.85 1.00 

Oe Oetoule ols. | Os15 2 | 0.85 

6 OR 28 ne 0.72 eo One 

8i | 0.79 | 43 | 0.72 z | 0.73 

6 0.79 + | 0.76 

7; «| «0.82 z | 0.85 

93 | 0.83 

112 | 0.78 

on chloroform narcosis, though the decrease in our trials was 

usually a little more pronounced. The minimum level of blood 

fat was reached in three hours with cats, and in five hours with 

dogs, after which a gradual rise, back to the normal or nearly so, 

resulted. Experiment LIV was perhaps the most satisfactory of 
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this series for no operation was performed. In this case it was 

intended to study absorption from the alimentary canal under 

chloroform anesthesia, and fat was administered by sound just 

after the animal had been anesthetized. Peristalsis seemed to be 

inhibited during the narcosis, for the autopsy showed that no fat 

had entered the duodenum. 

No evidence that even the slightest fat absorption took place 

in any one of these experiments can be found in the data on blood 

fat. From Experiment LIV it would appear that the surgical 

procedure used does not necessarily interfere with the processes 

occurring in the stomachs of cats and dogs under chloroform nar- 

cosis. To show that the operative measures did not influence the 

blood fat content, this point was subjected to further verification 

‘in the following two experiments. 

A cat and a dog were anesthetized in the usual manner and the 

pylori were ligated. The wounds were then sutured and blood fat 

determinations made at intervals. A slight lowering of fat con- 

tent resulted, similar to but not as pronounced as that which 

ensued when fat was put into the stomach. These protocols (II) 

are given in the appendix." 

Under normal conditions Terroine and others have found that 

the fat content of blood remains practically constant over long 

periods of time. This was confirmed in the experiments, one 

carried on for two days on a dog, and the other for eight hours on 

acat. The average deviations were 1 and 2 per cent respectively, 

and these are well- within the limits of error of the method of 

analysis. 

Fat Absorption from Intestine. 

As a further check upon the method employed, four experi- 

ments, three on cats and one on a dog, were performed to show 

that under the identical conditions prevailing, alimentary lipemias, 

similar to those obtained normally, could be produced when fat 

was injected into the intestine. 

16 In the case of the cat, for some cause which cannot be explained, a 

sudden rise of about 0.2 per cent occurred after this fall was noted. Such 

an increase was never again observed even when fat was introduced into the 

stomach. 



174 Fat Absorption from Mammalian Stomach 

Method.—The general plan was as follows: Animals were anes- 

thetized in the same way as in all the earlier experiments, the pylo- 

rus was ligated, and a fat. emulsion introduced into the intes- 

tine. The animals were kept under exactly the same conditions 

as in the stomach experiments. 

The data are summarized in Table II and illustrated graphi- 

cally in Chart II. A typical protocol (III) is given in the appendix. 

TABLE II. 

Summary. 

Content of Fat in the Blood during Absorption of Fat from the Intestine: 

Animal. Cat. Cat. 

Experiment. LVII. LyI. 

Time after Time after 
introduction Blood fat. introduction Blood fat. 

of fat. ot fat. 

hrs. per cent hrs. per cent 

Before experiment.... 0.70 0.76 

; 0.94 13 0.75 

4 0.82 3 0.83 

+ 0.87 43 0.84 

3 0.93 6 0.79 

104 1.07 732 0.87 

Animal. Cat. Dog. 

Experiment. LVIII. OTD. & 

Before experiment.... | 0.68 0.86 

re 0.72 1 0.77 
3i 0.81 3 0.85 

5 0.91 3 0.94 
. 3 1.15 

3 1.06 
13 0.87 

Discussion.—From these data, it may be observed that the 

initial fall in the level of blood fat, observed when peanut oil 

emulsion was introduced into the stomach, was more or less 

completely counterbalanced by the increase in the amount of fat 

due to absorption. However, in Experiment LIX, the only one in 

which a dog was used, a decrease of almost 0.1 per cent occurred. 
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This difference in the behavior of the dog as compared with the 

three cats may be accounted for if the rate and degree of the 

initial fall be taken into consideration. When fat was introduced 

into the stomachs of dogs, a gradual lowering of blood fat ensued, 

extending over four to five hours, and amounting to from 0.11 to 

0.27 per cent; while with cats the decrease varying from 0.09 to 

0.14 per cent was not as great and the minimum was reached in 

three hours. When the fifth hour had elapsed in the case of the 

dog, a distinct rise in blood fat manifested itself, while with cats 
this phenomenon occurred in three hours. 

The rises in the content of blood fat were 15, 35, and 67 per 

cent respectively above the normal values. The lipemias observed 
by. Bloor were as high as 100 to 120 per cent in a few experiments, 

while Terroine’s increases in blood fat during absorption varied 

from 15 to 90 per cent. The lipemias in our experiments were not 

as marked as the maxima obtained under normal conditions by 

the investigators just cited. One would hardly expect as marked 

rises in the fat content of blood in the writers’ experiments, for 

peristalsis was interfered with as well as the mechanism which 

normally activates the pancreas. However, lipase was added in 

one case and bile in most of the others, to promote absorption. 

The Stomach as an Organ of Absorption. 

To show that the ligated stomach may still function as an 

organ of absorption under the conditions like those where fat was 

introduced into it, a similar experiment was performed in which a 

10 per cent solution of sodium iodide was added to the fat which 

was administered. In all other respects precisely the same pro- 

cedure was used. Estimations of fat and iodine were made on 

samples of blood at intervals, and the amount of iodine in the 

urine was also determined. For iodine determinations Seidell’s!” 

method was used. 

Blum and Griitzner have shown that detectable quantities of 

iodine do not occur in the blood; therefore, the entire amount 

present in the blood and urine in the above experiment may be 

taken as the minimal quantity absorbed, inasmuch as some iodide 

17 Seidell, A., Jour. Biol. Chem., 1911-12, x, 95. 

18 Blum, F., and Griitzner, R., Ztschr. f. physiol. Chem., 1914, xci, 451. 
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is likely to be deposited in the tissues. After three hours 0.95 

' gram of iodine was found in the blood, and 0.01 gram in the urine; 

the combined quantities are equivalent to 1.14 grams of sodium 

iodide or 46 per cent of the amount introduced. Considerable 

amounts of sodium iodide were therefore absorbed. On the other 

hand, no evidence of the slightest fat absorption could be adduced 

from the data obtained. They resembled those already cited. 

The different behavior of the stomach toward sodium iodide and 

fat as an organ of absorption is strikingly shown on Chart ITI. 

The protocol (IV) is given in the appendix. 

Hanzlik'!® found that when aqueous solutions of sodium iodide 

were injected into the stomachs of cats, the amount absorbed in a 

half hour varied from 26 to 77 per cent. The writers’ experiment 

was carried on over a longer period than were the experiments of 

Hanzlik, but in a general way there is a close agreement between 

the results obtained, especially if a relation is assumed to hold 

true for sodium iodide similar to that which Salzman found for 

alcohol. He pointed out that fat-like substances, such as cream 

and emulsified egg yolk, lessened the amount of absorption of 

alcohol from the stomach. Hanzlik and Collins®® discovered the 

same phenomenon to hold true for the intestine.”! 

General Discussion and Conclusions. 

There are two factors which come into play in experiments of 

the type just reported: (1) absorption, and (2) deposition and 

utilization of fats. It is possible that the absorption may be so 

slow that the rate of disappearance of fat from the blood would 

equal it, in which case no rise in blood fat would result. That any 

considerable quantity of fat could be absorbed is very unlikely, 

19 Hanzlik, P. J., Jowr. Pharmacol. and Exper. Therap., 1911-12, iii, 387. 

20 Hanzlik, P. J., and Collins, R.J., zbid., 1913-14, v, 185. 

21 In this connection an experiment was made in which an alcoholic fat 

solution was introduced into the ligated stomach of a cat. It was thought 

that possibly alcohol might aid in the absorption of fat as it does with some 

salts, alkaloids, sugars, etc. Ordinarily a fall in blood fat of 0.05 to 0.15 

per cent ensued in three or four hours. In this experiment the blood fat 

remained practically constant. Additional data are necessary to deter- 

mine whether or not the alcohol had any influence upon absorption. 

THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXII, No. 1 
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Hours after administration. The arrow indicates beginning of anesthesia. 

Cuart III. Fat and sodium iodide in stomach; pylorus ligated. 
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for fat leaves the blood slowly and ought, therefore, to become 

evident. Ordinarily the marked lipemias which occur during 

absorption extend over six or eight hours. Bloor found that fat 

emulsions injected into the blood disappear very slowly, and the 

same phenomenon has been observed by Rabbeno;” they agree 

that the level of blood fat reaches its normal value in not less than 

seven hours. 

Despite the fact that amino-acids leave the blood stream quite 

rapidly, Folin and Lyman” have shown that considerable rises in 

the non-protein nitrogen of the blood occur after injecting glyco- 

coll, alanine, etc., into ligated stomachs of cats. The amount 

absorbed in this way ordinarily cannot be great, for Abderhalden, 

London, and Prym™ recovered almost all of the amino-acids ad- 

ministered per os from a duodenal fistula. 

From these considerations, one must incline to the belief that 

no noteworthy quantities of fat leave the stomach through its 

walls. If absorption does occur without producing a detectable 

rise in blood fat, because deposition and utilization take place as 

quickly as fat leaves the lumen, the rate must be exceedingly slow 

and the amount absorbed must be minimal at best. 

FAT ABSORPTION STUDIED WITH THE AID OF FAT-SOLUBLE DYES. 

Experiments on the Stomach. 

The failure of fat to be absorbed from the stomach was further 

verified by the use of oil-soluble dyes. Fat can readily be traced 

by means of such stains as Sudan III and Alkanna red, and 

this method has been used for the study of fat absorption by 

a number of investigators.2> From what we know of the intesti- 

nal absorption of fat, it seems likely that if any passes through 

the gastric mucosa it would proceed by way of the lymph chan- 

nels. The lymphatics with which the stomach is richly sup- 

22 Rabbeno, A., Chem. Abstr., 1915, ix, 477. 
23 Folin, O., and Lyman, H., Jour. Biol. Chem., 1912, xii, 259. 

24 Abderhalden, E., Prym, O., and London, E. 8., Ztschr. f. physiol. 

Chem., 1907, liii, 326. 
23 Some of the literature on this subject is reviewed by Mendel (09), 

and Mendel and Daniels (’12); see footnotes 27 and 30. 
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plied empty into the thoracic duct (Martin?®). After collecting 

the lymph, it can readily be learned whether or not any fat is ab- 

sorbed through this channel, by extracting the fluid with ether. 

If absorption occurs by way of the blood stream, any Sudan III 

which would be carried with the fat would probably be wholly or 

partly excreted into the bile. By collecting the bile, this point 

can be determined. . 
Three experiments of a preliminary nature were performed, in 

which a laparotomy was made, the pylorus ligated, and peanut 

oil emulsion stained with Sudan IIT introduced into the stomach. 

The wound was then sewed up and the animal kept under chloro- 

form anesthesia. About 15 or 20 cc. of blood were drawn at the 

end of the experiment and after defibrination the desiccated resi- 

due was extracted with ether and the extract evaporated to dry- 

ness to determine whether or not any Sudan III was present. 

The durations of the test periods were nine, twelve, and thirteen 

hours respectively. Inno instance could any stain be found in 

the dried residue of the ether extract. 

The results indicate that under the conditions of the experi- 

ments, absolutely no absorption of stained fat took place by way 

of either the blood or lymph streams. It was pointed out above 

that the height of fat absorption occurred normally in six hours; 

whereas under chloroform anesthesia the maximum fat content of 

blood is reached in eight hours. The experiments were presum- 

ably, therefore, carried on over periods sufficiently long to afford 

opportunity for absorption. 

It could be urged that if absorption were very slow the dye 

might be excreted in the bile without being detected in the general 

circulation. If absorption occurs by way of the lymph channel, 

one should be able to discover any Sudan III that would be carried 

along with it, inasmuch as so little as 0.00001 gram can be de- 

tected (Mendel and Daniels’). If the blood stream were the path 

of absorption, however, it is quite probable that all of the dye 

might be immediately reexcreted into the bile, the latter being a 

better solvent for the Sudan III than is fat. 

°6 Martin, P., Anatomie der Haustiere, Stuttgart, 2nd edition, 1911. 

°7 Mendel, L. B., and Daniels, A. L., Jowr. Biol. Chem., 1912-13, xiii, 71. 

> 
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To answer these possible objections (and also gain additional 

data to confirm the results obtained thus far), a number of other 

procedures was planned to test each possible path of absorption 

separately. 

Experimental—Cannulas were inserted into the thoracic and 

common bile ducts of dogs and cats, and absorption was studied 

under these conditions. As before, stained fat was introduced into 

the ligated stomach. At intervals samples of 10 to 20 ee. of lymph 

were collected and dried with anhydrous sodium sulphate. Bile 
samples taken at intervals were dried in the same way after pre- 

TABLE III. 

Summary of Data of Experiments with Sudan III Stained Fat in Ligated 

Stomach. 

Sudan III in 
Duration 

Animal. of “ys 2 * Bile in 
experiment. Bile 

gall Lymph. Blood. 
secreted. | badder. 

‘hrs 

(Ci) OPA Se ene ar ee 6 — —- — = 

See IZED)... 7 — — —- — 

“GUL ae a ee ee eee 1, = — — -- 

MOM chen tect oct g 5 — -— ~- — 

IDG Se lee peck ena eneaere 5 = = — = 

os Sy ysis eve teste gt _ ~- —— — 

 - Groeck Sane eee 53 Trace? - — — 
“ 6 5 2l? 

cipitating the bile pigments with barium hydroxide solution. At 

the end of the experiment, 20 cc. or more of blood were defibrinated 

and dried also. The desiccated masses were extracted with ether 

and the extracts evaporated to dryness to determine whether any 

Sudan III was present. 
Kight experiments—four on cats and four on dogs—were per- 

formed in the manner outlined above. The duration of the test 

periods varied from five to twelve hours. Typical protocols (V) 

are given in the appendix. Results are summarized in Table III. 

In some cases, especially in old cats, the thoracic duct was 

merely ligated. Any absorption occurring under such conditions 
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must proceed through the blood stream. In none of these trials 

was Sudan III found in the bile or blood. 

In this connection mention.may be made of an experiment reported by 

Mendel (1909).8° A cat was fed with fat stained with Sudan III and four 

and a quarter hours later a cannula was placed in the thoracic duct. No 

dye was found in the ether extract of the lymph. Autopsy showed that 

the fat had not entered the intestine and had probably-remained in the 

stomach for about five hours. 

Discussion.—lIf any fat were absorbed by way of the lymph 

stream, all the pigment gomg with it would be obtained in a rela- 

tively small volume. If absorbed by way of the blood, the greater 

part if not all of the Sudan III leaving the stomach ought to be 
found in the bile. Accordingly, even an insignificant amount of 

stained fat that left the stomach ought to be detected. 

From the data obtained it will be observed that in no instance 

was any stain found in the lymph; this agrees with the isolated 

result of Mendel, already referred to. Mendel’s experiment is 

interesting because, for some reason, the pylorus remained closed 

without any operative interference, and the conditions of the 

present experiments were thus simulated without opening the ab- 

domen. The writers were never able to find Sudan III in the 

blood or in bile from the gall bladder, except in Experiment 

XXXVI; nor was any ever detected in the bile collected during 

the test periods. In the one case cited a trace of dye was found 

in the residue of the ether extract of the bile. This unexpected 

finding is exceptional. It may have been an experimental error, 

or the stain may have been due to previously ingested carotin, 

which not infrequently shows a deep orange color. Since the 

pigment was only very small in amount, this isolated result is not 
regarded as significant. 

It is possible, of course, that amounts of Sudan III smaller 

than are capable of being detected by this method might have been 
absorbed, but such quantities are of no importance. This method 

is not open to the objection which pertains in the study of blood 

fat, namely, that absorption may equal the rate of deposition and 

utilization; for here all absorbed stain should be found unchanged 

in the lymph or be in a comparatively small volume in the bile. 

Conclusions.—These experiments show: (1) that no fat was ab- 

sorbed through the lymph channels, since no dye could be ex- 
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tracted from the lymph; (2) that no absorption occurred by way 

of the portal circulation, because Sudan III was never found in 

the blood or bile. As far as this method allows, it is thus well 

established that no fat leaves the lumen of the stomach through 

its walls, since no dye could be detected in either of the circulating 

fluids. A further verification of these findings is found in the 

fact that the lymph never became turbid during an experiment 

as it regularly does after intestinal absorption of fat; in a num- 

ber of instances the lymph which was milky at the beginning of 

an experiment became clear in the course of a few hours. 

Experiments on the Intestine. 

It may be contended that the conditions of the experiments 

were abnormal; this objection is one difficult to answer in a com- 

pletely satisfactory manner. We know as a result of the work of 

many investigators—Folin and Lyman, Sollman, Hanzlik, and Pil- 

cher,?® and others, for example—that absorption of other sub- 

stances from the stomach can take place under circumstances 

similar to those prevailing in these experiments. 

Absorption of stained fat from the intestine will, however, occur 

under experimental conditions identical with those which existed 

in the cases where fat was placed in the stomach. 

Method.—In one experiment, fat was introduced in the stomach 

and allowed to go through the alimentary canal; in two others fat 

containing some desiccated ox bile in solution was injected into 

the intestine after ligating the pylorus, a glycerol extract of pan- 

creas being added to the peanut oil emulsion in one case. Tem- 

porary cannulas were placed in the thoracic and common bile 

ducts. The protocol (VI) of a typical experiment is given in the 

appendix. 

Results—When fat was allowed to pass through the alimentary 

canal, results typical of those reported by Pfliiger,?? Mendel,®° and 

others were obtained. The lymph and bile were quite pmk. In 

the two experiments (one on a cat, the other on a dog) in which 

28 Sollmann, T., Hanzlik, P. J., and Pilcher, J. D., Jour. Pharmacol. 

and Exper. Therap., 1909-10, i, 409. 

29 Pfliiger, E., Arch. f. d. ges. Physiol., 1900, Ixxxi, 375. 

30 Mendel, L. B., Am. Jour. Physiol., 1909, xxiv, 493. 
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fat was introduced into the intestine after ligating the pylorus, 

Sudan III was readily detected in the lymph also. 

In view of the ready absorption of fat from the intestine under 

operative procedures comparable with those which pertained in 

the negative gastric experiments, it is unlikely that the abnormal 

conditions will account for the failure of fat absorption from the 

ligated stomach. 

RESUME. 

Although there are histological indications that fat absorption 

may occur in the stomach (Kischensky, Wuttig, Greene and 

Skaer, and others), the lymphatics of this organ have never been 

observed to assume the same appearance that the lacteals of the 

intestine have during fat absorption. Klemperer and Scheurlen 

were able to recover 99.5 per cent of the fat introduced into a 

ligated stomach, after a test period of six hours. These physio- 

logical findings are the only ones reported on this subject until 

1909 when Mendel, in a research in which intestinal fat absorption 

was studied, incidentally noted a single instance when the pylorus 

did not allow stained fat given by sound to pass into the intestine. 

The lymph from the thoracic duct showed no Sudan III to be 

present, though when stained fat was present in the intestine the 

lymph was always pink. As far as an isolated experiment can, 

this demonstrates that no fat is absorbed normally from the 

stomach in four and a quarter hours. 

In the writers’ work, no trace of fat absorption from the stomach 

could be demonstrated (1) by a study of blood fat after mtroduc- 

tion of fat into the ligated stomach, for here no rise in the fat 

content of blood could be obtained; or (2) by tracing absorbed fat 

with the aid of Sudan III under similar conditions. The absorp- 

tion of fat from the intestine was readily demonstrated under ex- 

actly the same experimental procedures. 

However, sections of the stomach which had been in contact 

with fat showed fat droplets in cells similar in a general way to 

the findings of many investigators who have studied this problem. 

From these considerations it appears that histologically demon- 

strable fat gets mto the tissue of the stomach, but none passes 

through the submucosa and beyond, into the blood or lymph 

: 
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streams. How can these apparently contradictory data be 

reconciled? 

We may assume that the cell is either partly lpoidal in nature 

or that it possesses a greater solubility for fatty substances than 

does water. Such an hypothesis is not at all unreasonable; in fact, 

it is believed by many physiologists that in mammals the cell 

exteriors are partly lpoidal. There is some experimental evi- 

dence which would tend to show that either one of these condi- 

tions assumed in the premise exists. Katzenellenbogen,*! in a 

study on the absorption of various polyhydrie alcohols from per- 

fused loops of intestine, showed that the rapidity of absorption is 

proportional to the lipoid solubility of the alcohol in question. 

In a comparison of mannitol, erythrol, and glycerol, the last left 

the intestinal lumen most rapidly, while mannitol was the most 

tardy. It is not unlikely that the same relation may hold true 

for the cells of the stomach. 

Granting the fact that the gastric mucosa has a greater solu- 

bility for fats than has the gastric juice, the fatty substances 

would naturally pass from the place of lower to that of higher 

solubility. Once within the cells, the matter of transport becomes 

intelligible, and the histological observations of Greene and Skaer 

and others can be explained. 

The absorption and transport are apparently nil or exceedingly 

slow and small in amount; for with methods that are fairly de- 

licate no detectable quantities of fat could be shown to be ab- 

sorbed either by way of the blood or lymph streams. 

APPENDIX. 

I. Selected Typical Protocols. 

Protocol I. 

Fat in the Stomach. Pylorus Ligated. 

Experiment LI.—Dog 9. Nearly full grown, 5.3 kg. Last meal con- 
sisting of chicken bones forty-three hours before the experiment. 

At 9.40 a.m. 18 ec. of 95 per cent alcohol diluted to 20 per cent were 

administered by sound. At 10.15 the animal was anesthetized with chloro- 

form; at 10.30 the abdomen was opened aseptically, the pylorus gently li- 

gated, and the wound sewed up. 50 to 60 ec. of peanut oil emulsion were 

31 Katzenellenbogen, M., Arch. f. d. ges. Physiol., 1906, exiv, 522. 
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given by sound at 10.50. Blood samples were taken at intervals noted 

below and the results are tabulated. The dog died at 10.45 p.m.; the last 

sample was taken from the heart. 

.00 6.30 8.30 10.45 

.79 0.82 0.83 0.78 ow 

Autopsy: No fat entered the intestine. 

Protocol II. 

Effect of Operative Procedures and Chloroform Anesthesia. 

Experiment XLV.—Dog 8. Male,7.8 kg. Last meal, twenty-four hours 

before the experiment, consisting of chicken bones and meat. 

At 9.40 25 cc. of 95 per cent alcohol diluted to 20 per cent were ad- 

ministered by sound. At 10.20 the animal was anesthetized with chloro- 

form. A laparotomy was aseptically performed at 10.15, and the pylorus 

gently ligated with a strip of cheese-cloth, after which the abdomen was 

sewed up. Samples of blood were taken from a marginal ear vein before the 

experiment, and at the intervals noted below. At 1 p.m. the animal vom- 

ited a few bones and some meat. The abdomen was opened at 5 p.m. and 

the ligature removed. A good recovery was made. 

STUTTGART. 8 S.b Spa oo Toes te ee cca RES aeerctete a vale, SL ete 9.30 12.30 2.50 4.50 6.00 

HSU DOT COL AP era 66 a7e 5.8.87, SEIS ways a EEE Giclee das a te eae 0.66 0.63 0.63 0.64 0.66 

Experiment LIT.—Cat 50. Female, 3.3 kg. Last meal twenty-four 

hours previous consisting of cooked meat. 

At 9.10 a.m. 1.5 gm. urethane were injected subcutaneously. Anes- 

thesia at 10.00 with chloroform. Laparotomy aseptically performed at 

10.15, and the pylorus ligated at 10.20. The wound was then sewed up. 

Blood fat determinations were made at the intervals noted below. 

2) ts 0 ee PEO crane atoc tec coen Gdoos to OOdCe 9.20 12.00 2.00 4.00 6.00 8.00 

BAGS DEM CONES o.15 cP ene aye Reins eis OTST Oe eae Yerecae eye tee ace 0.54. 0.538 0:54 0:71 On73 071 

Protocol III. 

Fat in the Intestine. Pylorus Ligated. 

Experiment LIX.—Dog 10. Female, just mature, 11.6 kg. Last meal 

twenty-two hours before the experiment. 36 cc. of 95 per cent alcohol 

diluted to 20 per cent, administered by sound at 9.30 a.m. 

Operation at 10.05. The pylorus was ligated and 60 cc. of the oil emul- 

sion plus 5 gm. of desiccated ox bile dissolved in 10 ce. of water were in- 

jected into the intestine at body temperature, at 10.15. The animal vom- 

ited; the ligature was still firm. The abdomen was sewed up at 10.25 and 

60 cc. of the same mixture were given by sound. The results of the blood 
fat determinations are given below. 

1 NTT aR I CREE DEL OEERSTRA 3 OC CIAO CTO OO EE aoe 9.25 11.45 2.00 4.00 6.00 8.00 11.15 

LBA Cpe fo el 1) RR so as Bel ea 0.86 0.77 0.85 0.94 1.15 1.06 0.87 

ee 

—- 



L. B. Mendel and E. J. Baumann 187 

Autopsy: A very little bleeding into the abdominal cavity occurred. 

The fat seemed to be almost completely absorbed, only a clear aqueous 

solution remaining in the intestinal lumen. 

Protocol IV. 

Sodium Iodide and Fat in the Stomach. Pylorus Ligated. 

Experiment LV.—Kitten 54. Male, 1.5 kg. Last meal eighteen hours 

before the experiment. 
At 10.00 a.m. 0.1 gm. of urethane were injected subcutaneously. The 

animal was anesthetized with chloroform at 10.40. The pylorus was 

ligated and the abdomen sewed up. . 50 cc. of oil emulsion containing 2.5 

gm. of sodium iodide in solution were given by sound at 10.55. The 

animal died at 2.00 p.m. The last samples of blood were taken from the 

heart. The bladder was excised and 11 mg. of iodine were found in the 

urine. The results of the blood analyses follow. 

TLIUTE E66 dit aT) DOI he a a TPE Se tee ie ero. GAO Oo eR 10.00 12.30 2.00 

LRA: JG OLA? OA re ee ee SPO Sr mae IR eri as ore Ee 0.80 0.73 0.71 

GS RAE aee DIET CETL = Ses ok ss raion ai cin aver oinio doses otelcrvelateio-ele w totale nielerveree ae site Sesto ate mreierate 1200 1227 

Autopsy: The stomach was well filled but the intestine was empty. 

Protocol V. 

Stained Fat in Ligated Stomach. A Study of Blood, Bile, and Lymph. 

Experiment XXXI.—Cat 34. Male, 3.3 kg. Last meal twenty-four 

hours before the operation. 

At 9.15, 1.5 gm. urethane were injected subcutaneously. The operation 

was begun at 9.50. A cannula was inserted in the thoracic duct at 10.50, 

and another in the common bile duct at 11.05. The pylorus was ligated and 

50 ce. of stained oil emulsion warmed to 40°C. were injected into the 

stomach at 11.15. The wound was then sutured. 

Both lymph and bile flowed rather slowly but continuously throughout 

the experiment. At the beginning, the lymph was milky, but it became 

clear at about 4p.m. Lymph from 11.15 to 4.00 amounted to 5 cc.; bile for 

same period, 3cc. Between 4.00 and 11.15 p.m. lymph and bile amounting 

to 12 cc. and 4 cc. respectively, were collected, the latter including a few 

drops of bile from the bladder. At 11.15 the animal was bled to death and 

25 cc. of defibrinated blood were dried down as well as the lymph and bile. 

In no case was any Sudan III found in the ether extracts. 

Autopsy: Intestine empty. 

Experiment V.i—Dog 1. Female, 16 kg. 60 cc. of 95 per cent alcohol 

diluted to 20 per cent were given by sound at 11.20. Vomited about 50 

Gc. of it: 
Operation at 12.00. Cannula in the thoracic duct at 12.30. The py- 

lorus was ligated and 50 ce. of stained cream were injected into the stomach 

at 12.40. The lymph flowed well but was bloody. The animal was kept 
under ether anesthesia during the experiment. It died at 5.30 p.m. 
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Samples of 15 cc. of blood were taken from the left femoral artery at 1.30 
and 3 p.m. and a similar quantity was obtained from the heart at 5.40. 

The lymph obtained between 12.40 and 2.00 was 15 cc.; between 2.00 and 

3.00, 20 cc.; between 3 and 4,:15 cc., and between 4.20 and 5.30, 15 ce. 

None of the lymph or blood samples showed the presence of any Sudan 

III nor did 10 ce. of the 23 ce. of bile in the gall bladder contain any. 

Autopsy: A little bleeding occurred from a superficial vessel into the 

abdominal cavity. The pylorus was slightly inflamed. 

Experiment XXXIII.—Dog 3. Female, just mature, 17.5 kg. Last 

meal twenty-four hours before the experiment. At 9.45 a.m. 40 ce. of 

95 per cent alcohol diluted to 20 per cent were administered by sound. 

Operation at 10.30. Cannula inserted into the thoracic duct at 11.30, 

and another into the common bile duct at 12.00. The pylorus was ligated 

and 50 cc. of stained oil emulsion were introduced into the stomach at 12.10. 

2 gm. of ox bile dissolved in water, were injected into the intestine. The 

lymph and bile flowed very rapidly at first but slowed up considerably. 

At the beginning of the experiment the lymph was slightly turbid but at 

2.30 it was quite clear and slightly bloody. 10 cc. of bile collected between 

12.10 and 4.00 were taken as a sample and 25 cc. of the 145 ec. of lymph 

collected during the same period. 30 cc. of 100 ec. of lymph collected be- 

tween 4.00 and 8.50 and 10 ce. of 50 ce. of bile collected during the same 

period were dried as well as 25 ec. of defibrinated blood, which were drawn 

at 8.50, when the animal was killed by bleeding. In no case was any pink 

residue obtained in any of the ether extracts of these fluids. 

Autopsy: Intestine was empty. 

Protocol VI. 

Stained Fat in the Intestine. Pylorus Ligated. 

Experiment XLIT.—Dog7. Female, 17 kg. Last meal twenty hours be- 

fore the experiment. At 9.00 a.m. 50 cc. of 90 per cent alcohol diluted to 

20 per cent were administered by sound. 

The dog was anesthetized with ether at 9.35. The thoracic duct was 

dissected out, and a laparotomy performed; the pylorus was ligated at 10.00 

and 50 cc. of stained oil emulsion were injected into the intestine. A 

lymph cannula was inserted at 10.30. The lymph collected between 11.30 

and 1.30 contained no Sudan III. The ether extract of 2 cc. of lymph 

obtained at 5.15 was pink and contained a considerable quantity of the dye. 

Autopsy: Slight inflammation about the pylorus. 

IT. Can Sudan IIT Dissolved in Alcohol be Absorbed from 

the Alimentary Tract? 

The question of absorption of alcoholic solutions of Sudan III from the 

stomach and intestine arose incidentally in the work on fat absorption. 

When cream was used it was sometimes stained by adding a little saturated 
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solution of Sudan III, dissolved in 95 per cent alcohol. It seemed desir- 

able to determine whether or not any absorption of the dye could occur 

in this way independently of the fat. The stain is not very soluble in 

alcohol, especially in 20 to 50 per cent solutions of the latter. 

From the Stomach. 

In all of these experiments cats were used. Stained alcohol was injected 

into the ligated stomach and cannulas were placed in the common bile 

ducts. In one experiment the lymph was also collected. 

The results are summarized in Table IV. 

TABLE IV. 

Summary. 

Stained Alcohol in Ligated Stomach. - 

: Sudan III in 
Duration puree 

Experiment No. ot fe) 
experiment.| alcohol. Biles Blood. iaympbe 

hrs. per cent 

\W LL 56 ea eae ee 6 20 oF = 

NONORp os. eae fares 5 20 — - 

aC. dla Aes 5s 20 — —_ _ 

RM es Sass tse 63 20 _ — 

> OU eae 63 20 =_ = 

‘s ai or 50 = = 

Probably no Sudan III is absorbed from 20 or 50 per cent alcohol solu- 

tions. The single positive result in Experiment VII stands alone, for in 

all other cases no stain was found in the blood or bile, nor was any found 

in the lymph in the one experiment cited. 

From the Intestine. 

Seven experiments were performed in which alcoholic Sudan III solu- 

tions were injected into loops of intestine which had been washed free of 

bile, with saline. Cannulas were inserted into the common bile ducts. 

In two cases the thoracic ducts were ligated. 

The results of the experiments are summarized in Table V. 
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TABLE V- 

Summary. 

Sudan III in 

Eons | Bache | Sot) | ee 
Bile’ Ape Blood. 

hrs. per cent 

XOX 3 20 - -- — 

SXEXSV. f: 3 20 -- — = 

EXO 6 20 — — — 

DOXOViI a: 23 20 _ _ — 

EXON 5 50 = - — 

OXeVillly =: 3 20 _ - _ Thoracic duct 
ligated. 

EXOXEXCLV.. : 5 5 20 — - ~ Thoracie duct 

ligated. 

In no instance was any evidence of absorption of Sudan III obtained. 

In one experiment not recorded above, in which the loop of intestine was 

not washed out, Sudan III was found in the bile, but not in the lymph col- 

lected for five and one-half hours after injection. The dye thus found was 

probably absorbed in solution in some bile present in the intestine. 
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AND AMINO-ACIDS. 

By N. W. JANNEY. 

(From the Chemical Laboratory of the Montefiore Home and Hospital for 

Chronic Invalids, New York.) 

(Received for publication, July 1, 1915.) 

An interesting study on the rate of metabolism of amino-acids 

has recently been reported by Csonka from Lusk’s laboratory.' 

In feeding experiments with fasting phlorhizinized dogs, it was 

shown that the nitrogen and glucose originating from glycine and 

alanine were practically entirely excreted within nine hours after 

ingestion. As in these experiments both nitrogenous and non- 

nitrogenous metabolic products of amino-acids can be studied, the 

data obtained are of more value than those of similarly resulting 

studies previously made on this subject, where only the nitrogen 

could be observed.2 Other amino-acids may require, however, 

considerably longer periods of time for their metabolism when fed 

to fasting phlorhizinized dogs.’ To enlarge upon several expla- 

nations which may be offered for this does not serve the purpose 

of the present communication. It suffices here to emphasize that 

the metabolism of the simpler amino-acids requires under optimal 

conditions a period of about nine hours’ duration. 

In further experiments by Csonka glucose fed in like manner was 

found to require nearly the same length of time for its excretion 

as the extra sugar of equivalent quantities of glycine and alanine. 

From this observation the conclusion is drawn that the entire 

series of metabolic changes leading to the synthesis of glucose from 

amino-acids and its excretion occupied a period of time but 

slightly in excess of that necessary for the simple absorption and 

elimination of the corresponding amouat of ingested glucose. 

1Csonka, F. A., Jour. Biol. Chem., 1915, xx, 539. 

2 Levene, P. A., and Meyer, G. M., Am. Jour. Physiol., 1909-10, xxv, 

214. Bostock, G. D., Biochem. Jour., 1911, vi, 48. 

3 See protocols of H. D. Dakin’s experiments, Jour. Biol. Chem., 1913, 
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In the meantime it was discovered that the author in studying 

the rate of metabolism of proteins? had made use of precisely the 

same conditions in feeding pure proteins to fasting phlorhizinized 

dogs as were employed in the amino-acid and glucose experiments 

of Csonka. The results of the two series, though obtained quite 

independently of each other, were found to be entirely comparable 

as to amounts of both extra nitrogen and extra glucose produced. 

By mutual agreement they were, therefore, prepared on the same 

principle and reported schematically on the same scale (see 

articles). 

In the present communication the results of both experimental 

series are directly compared to each other by means of the sub- 

joined charts. The average results of five protein experiments, 

casein (2), serum albumin, gliadin, and edestin are represented 

as composite nitrogen and glucose curves. The combined re- 

sults of feeding glycine and alanine are given in like manner. 

For the sake of clearness nitrogen is recorded on a separate 

schema. Marked similarity is noted in the extra glucose curves 

obtained in all cases, whether as determined from ingested glu- 

cose, amino-acids, or proteins. The same holds true in the case 

of the nitrogen. Indeed the variations observed are scarcely 

greater than could be accounted for by experimental error. 

A clear demonstration is thus offered that the rate of protein metab- 

olism may be practically identical with that of amino-acids. The 

time required by the organism to effect digestion of the complex protein 

molecule into amino-acids and the metabolism of the latter is but 

little longer than that occupied by the simple process of absorption 

and elimination of glucose. The metabolic changes here involved 

include hydrolysis of protein into complex and simpler polypeptides, 

their breakdown into amino-acids, absorption of these products, 

deamination, synthesis of glucose and urea, elimination of glucose 

and the nitrogenous end-products of protein metabolism. 

These experiments serve to demonstrate the relative rapidity 

characteristic of metabolic reactions and emphasize the conse- 

quent difficulties attending the study of any particular step in 

intermediary metabolism. 

The author desires to acknowledge his indebtedness to Professor 

Lusk for permission to use the data described above. 

4 Janney, N. W., Jour. Biol. Chem., 1915, xx, 321. 
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Protein extra glucose. 

23 Amino-acid extra glucose. 

++-+-+ Glucose extra glucose. 

Cuart I. Extra glucose excretion following ingestion of proteins, 

amino-acids, and glucose. In the curves height represents glucose and 

nitrogen hourly percentage excretion; length, hourly periods. 

0 PEE eee cece 

1 2 5 4 & 6 
Protein extra nitrogen. 

2c eee Amino-acid extra nitrogen. 

Cuart II. Extra nitrogen excretion following ingestion of proteins and 

amino-acids. Same experiments as in Chart I. 
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THE QUANTITATIVE DETERMINATION OF THE TOTAL 

PROTEIN AND NON-PROTEIN SUBSTANCES 

OF MUSCLE. 

By N. W. JANNEY anv F. A. CSONKA. 

(From the Chemical Laboratory of the Montefiore Home and Hospital for 

Chronic Invalids, New York.) 

(Received for publication, July 1, 1915.) 

The study of muscle from the standpoint of quantitative 

analysis has as yet received too little attention. Even the ele- 

mentary composition of this organ cannot be regarded as very 

accurately established as the purity of the material examined is 

questionable. Attempts have also been made to ascertain the 

relative amounts of substances isolated from variously prepared 

muscle extracts but there exists no very exact knowledge of the 

percentage composition of muscle as a whole.!. One of the chief 

causes of this uncertainty lies in the lack of an exact procedure 

for the separation and determination of the muscle proteins and 

the remaining constituents of muscle. The description of a 

method devised for this purpose is the subject of the present 

article. 

The principle employed is the removal of the non-protein sub- 

stances by means of extraction. Past experience has, however, 

made it doubtful whether a complete separation of the non-protein 

from the protein constituents of muscle can be effected by this 

means. On the other hand, the rather meager existing knowledge 

of the properties of muscle proteins precludes a departure from the 

extraction procedure. In spite of these difficulties it is believed, 

however, that the method described below will be found, if not 

rapid, to be sufficiently accurate for all general requirements. 

1 For literature see Konig, J., Chemie der menschlichen Nahrungs- 

und Genussmittel, Berlin, 4th edition, 1903. von Fiirth, O., and Schwartz, 

C., Biochem. Ztschr., 1911, xxx, 413. Hammarsten, O., Lehrbuch der 

physiologischen Chemie, Wiesbaden, 8th edition, 1914, 539 and 565. 
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196 Proteins and Non-Proteins of Muscle 

Aside from its value in the quantitative determination of muscle 

extractives, the procedure described is useful whenever it becomes 

desirable to ascertain the exact amount of protein present in 

muscle.” 

Extraction of Muscle. 

It has been observed by various workers that dried muscle can 

not be freed from non-protein substances even by prolonged ex- 

traction with ether. If, however, small amounts of the fresh 

organ be properly prepared, all but a minute quantity of the non- 

protein substances can be fairly easily removed by extracting suc- 

cessively with water, alcohol, and ether. 

In the following control experiments the previous preparation 

and the extractions were carried out as described in the detailed 

account of the method (see below). The degree of completeness 

of the aqueous extraction was studied by reextracting in like man- 

ner a second and third time with additional water. The extracts 

so obtained were acidulated and evaporated to dryness on the 

water bath. But 1 to 3 mg. of solid substance were obtained as 

residues in each case. These residues on being dissolved in a few 

ec. of water failed to respond to the usual tests for the presence 

of protein. They evidently consisted of fat. To promote com- 

plete coagulation a little sodium chloride is added before treat- 

ing with water. Other control experiments have demonstrated 

that the protein residue is free of this salt when the extraction is 

carried out as detailed. The material is then extracted in a 

Soxhlet apparatus twelve hours with 95 per cent alcohol. In ad- 

dition extraction is continued in like manner six hours with 

absolute alcohol and a final six hours with ether. ~ The results of 

an examination of the absolute alcohol and ether extracts for solids 

appear in the following table. 

It is evident that the previous extraction with 95 per cent alco- 

hol had removed all the alcohol-ether-soluble substances in nearly 

all cases. It is not safe, however, as the table demonstrates, to © 

omit routinely the treatment with absolute alcohol and ether. 

The protein residues obtained in this way by extraction with 

2 The proposed method has also been employed with fair results for 

organs other than muscle. This application has not as yet been extensively 

studied. 
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TABLE I. 

Extraction of Fresh Muscle. 

Absolute alcohol 
Species. Material taken. ronda: Ether residue. 

gm. mg. mg. 

dD Yoyer tae ts ea nh pee 9.948 5.2 0 

ID ope bea ents 9.828 0 0 

We A ool? 9.860 0 0 
(OL SSRs aes 11.932 3.4 8.2 

(ONS date ete ea 14.789 228 .8 1B Ler 

Cmckensi... as: 9 .482 0 0 

SIE) Ofc elcecioe 10.871 0 0 

Rabbits: sen2 4 10.093 0 0 

ODP he paeee epee 9.838 0 0 

* This material contained large amounts of tough connective tissue 

-and fat. 

water, 95 per cent alcohol, absolute alcohol, and ether, were again 

extracted for varying periods of time with alcohol followed by 

ether. These extracts failed on examination to yield any solid 

residue whatever. In making such control examinations, it is 

necessary to employ extraction apparatus with ground glass parts 

and to make sure of the absence of dissolved substances in the 

solvents previous to their employment for extraction. As a 

further control of the completeness of extraction, the protein resi- 

dues were subjected to various examinations (see below). 

Method in Detail. 

The fresh muscle is quickly freed from all visible fat and con- 

nective tissue, passed through a meat grinder, and thoroughly 

mixed. About 10 grams are weighed by difference from a weigh- 

ing glass provided with a ground glass lid into a beaker glass of 

about 400 ce. capacity. After the addition of 100 ce. of distilled 

water and 5 cc. of a 10 per cent sodium chloride solution, the 

contents of the beaker are heated with stirring to 90°. In a few 

minutes’ time at this temperature all turbidity in the liquid usu- 

ally disappears. Coagulation can, however, be completed if 

necessary by the drop by drop addition of a maximum of twenty 

drops of = acetic acid. Boiling and excess ot acid should be 
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avoided. The coagulated material is allowed to settle and the hot 

supernatant liquid decanted through an ordinary round filter of 

12.5 cm. diameter, which has previously been extracted with alco- 

hol and ether, dried, and weighed. The contents of the beaker 

are further extracted in like manner with 300 ce. of hot water 

added in three portions. The protein material is then brought 

quantitatively on the filter and washed twice with water. A thin 

pellicle of fat which sometimes forms on the side of the beaker may 

be disregarded. If the coagulation has been properly carried out, 

the extract should filter readily, and be water-clear or at most 

show but a faint opalescence. 

The moist filter is now carefully folded about the protein ma- 

terial, which is inserted in an extraction hull and extracted in an 

ordinary Soxhlet apparatus twelve hours with 95 per cent alcohol. 

The 95 per cent alcohol is then replaced by absolute alcohol and 

extraction continued six hours. A six hour ether extraction fol- 

lows in like manner, without removal of the material from the 

apparatus. Care must be taken that the filter paper projects 

beyond the upper level attainable by the solvent which must 

then completely surround the protein. After completion of the 

extraction the filter with its contents is removed from the appa- 

ratus, dried to constant weight at 110° in a weighing glass pro- 

vided with a ground glass lid, and the previously ascertained weight 

of the filter deducted. For greater accuracy 1 per cent of the 

weight of anhydrous protein may be subtracted in order to allow 

for the small residuum of fat and ash contained init. Duplicate 

analyses usually agree to within 0.3 per cent. The same limit 

of error holds true for nitrogen determinations made in the pro- 

tein preparations so obtained. 

The total amount of non-protein substances when desired may 

be calculated by deducting the weight of the protein from that of 

the total solids contained in the fresh muscle. Total solids are 

determined as follows. From the sample glass, about 1 gram of 

the meat is weighed by difference into a small weighing glass, pro- 

vided likewise with a ground glass cover. Drying is carried out 

in vacuum at room temperature for twenty-four hours, then at 

55° toon. 
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Muscle Proteins. 

The protein material from various analyses made as just de- 

scribed was examined to determine its purity. In appearance 

it resembled, except for pigmentation in some cases, pure prepa- 

rations of isolated proteins. All preparations were partly soluble 

in => sodium hydroxide solution. The presence of carbohydrate 

was tested for by the delicate Molisch reaction, fat determined 

according to the saponification method of Gephart and Csonka,’ 

nitrogen according to Kjeldahl]. . The results of this examination 

appear in Table II. 

TABLE II. 

Muscle Proteins. 

Amount present in 

Proteins. TEE Nitrogen.* Ash, ** Fat.** Bebe 

Fresh. |Anhydrous. 

per cent per cent per cent per cent per cent 

1h 17.0 66.5 16.4 0.1 1.3 |Negative 

(OS: cheer 16.8 75.9 16.5 0 0.7 + |Negative 

@hicken.:......<.:: 17.8 69.9 16.7 0.2 0.5 |Trace 

Fish (halibut).. 16.2 81.8 16.5 0.3 0.5 Negative 

Rabbit... <..... 15.4 66.7 16.4 0.2 0.8 |Negative 

* Calculated for anhydrous, ash- and fat-free material. 

** Calculated for anhydrous material. 

It may be stated in general that the purity of the preparations 

of the muscle proteins corresponds rather favorably to that of 

analytically pure isolated proteins examined in like manner for the 

sake of control. This holds true entirely for carbohydrate and ash 

present and in most cases for fat. Apparently a small amount of 

fat escapes extraction, even when this is continued until all sol- 

uble substances are removed as in the present instance. With 

regard to the nitrogen, we have carried out nearly forty analyses 

in such muscle protein preparations from the dog, ox, chicken, 

fish, rabbit, and man. The variations in the results of these 

analyses are but little greater than what might be expected for the 

same number of preparations of pure isolated proteins. Nitro- 

3 Gephart, F. C., and Csonka, F. A., Jour. Biol. Chem., 1914, xix, 521. 
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gen calculated ash-free varied from 16.2 to 16.7 per cent regard- 

less of species. In view of the fact that the material cannot be 

regarded as entirely homogeneous, these results may be considered 

to coincide rather closely with each other. Osborne and eo- 

workers have obtained slightly lower nitrogen values in muscle 

proteins prepared in a similar way.4 The ash values were some- 

what higher. 
Previously reported analyses of muscle, hydrolyses with amino- 

acid determinations, as well as the nitrogen estimations in carefully 

purified material just described indicate that the general composi- 
tion of muscle protein is very probably nearly the same for all species 

of higher animals. This similarity of composition is also empha- 

sized by the observation that the metabolism of muscle proteins 

from different animals yields glucose in nearly the same amount 

in all cases studied.® 

Non-Protein Constituents of Muscle. 

In order to become more conversant with the amounts of these 

substances, relative to the entire muscle and to solvents employed 

in their separation, the extracts from a series of analyses were 

studied with this in view. The aqueous and alcoholic portions 

were acidulated, evaporated to dryness on the water bath, ren- 

dered anhydrous, and weighed. The weight of these residues plus 

that of the protein obtained as the end-product is compared to the 

weight of dry muscle taken for analysis in Table III. Nitrogen 

balances calculated in a like manner from the nitrogen contained 

in the extractives and in the protein residue appear also. Evi- 

TABLE III. 

Balance of Solids and Nitrogen. 

Dog. Ox. Chicken. Fish (halibut). 

per cent per cent per cent per cent 
recovered recovered recovered recovered 

Solids aehs Sate aes Be 99.7 100.6 100.0 99.8 

INiitrogens. 42 eeeeee 99.9 100.9 98 .7 98.8 

4 Osborne, T. B., and Heyl, F. W., Am. Jour. Physiol., 1908, xxii, 433. 

Osborne, T. B., and Jones, D. B., ibid., 1909, xxiv, 437. 

5 See next succeeding article. 
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dently it is possible to collect the extract substances without very 

appreciable loss. Data concerning these non-protein muscle sub- 

stances have been calculated from these results and appear in 

Tables IV and V. The examination of the muscle proteins ap- 

pearing in Table II was made from material in the same analyses 

as were used in the succeeding tables. It is to be borne in mind 

that the information here given refers to particular analyses and 

is not to be considered as representing average results for each 

species. 

TABLE IV. 

Non-Protein Substances in 100 Grams of Muscle. 

Fresh muscle. Anhydrous muscle. 

Amount of Extract Amount of Extract 
extractives. nitrogen. extractives. nitrogen. 

gm. gm. gm. gm. 

Di eae eee | 8.4 0.47 33.1 1.83 
(ORS A Re ere ee ec 55) 0.37 24.7 164 

(ClinG Gi seen eee ee eh 0.45 30.1 1.86 

Bashe(halibut)i. 2... . 3.6 0.35 18.0 teen 

TABLE V. 

Non-Protein Muscle Substances (100 Grams). 

Soluble in water. Soluble in alcohol. 

gm. gm. 

To: a 42.7 57.3 
(OB. 5 cheer Oly Ste cnet eee ees ee 65.7 34.3 

(Clini Ges ae ee es: 56.3 43.7 

Eirshie (NaNO Ut) cds de swe ceases ee 64.0 36.0 
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THE METABOLIC RELATIONSHIP OF THE PROTEINS 

TO GLUCOSE. 

II. GLUCOSE FORMATION FROM BODY PROTEINS. 

By N. W. JANNEY anp F. A. CSONKA. 

(From the Chemical Laboratory of the Montefiore Home and Hospital for 

Chronic Invalids, New York.) 

(Received for publication, July 1, 1915.) 

Evidence has been advanced that glucose is to be regarded as a 

normal intermediary product of protein metabolism. In a pre- 

vious communication it was shown that the amounts of glucose 

yielded in the organism by various ingested proteins could be defi- 

nitely determined.! The present article deals with glucose origi- 

nating in the metabolism of body proteins. As previous calcu- 

lations of the amount of protein which the organism is able to 

convert into sugar have been based on the relative amounts of 

glucose and nitrogen appearing in the urine of fasting diabetic 

animals, z.e., the G: N ratio, a study of this value is consequently 

included. 

The fully phlorhizinized fasting dog excretes glucose and ni- 

trogen, according to Lusk, in the ratio of 3.67: 1. The G:N ratio 

3.67: 1 has been generally accepted. Elsewhere, however, Lusk 

has used a slightly higher factor, namely, 3.7:1. Making use of 

fasting phlorhizin periods with ratios 3.00 to 4.00 only, the authors 

have also calculated the same ratio from fifty-oae observations 

of this author’s experiments (Stiles and Lusk). 

In recent years, however, there have been reported more ex- 

tensive series of observations on fully phlorhizinized dogs.2. The 

average G: N ratios from the fasting twelve or twenty-four hour 

periods of these experiments have been collected in the following 

1 Janney, N. W., Jour. Biol. Chem., 1915, xx, 321. (See also for litera- 
ture.) 

2 Ringer, A. I., Dakin, H. D., Benedict, S. R., and Osterberg, E., 

Janney, N. W., Csonka, F. A., ibid., 1912-15, xii-xx, ete. 
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204 Metabolic Relationship of Proteins to Glucose 

table. Only ratios between 3.00 and 4.00 are here considered. 

Standard analytical methods were employed in all cases. 

Average Glucose: Nitrogen Ratio. 

Author. Gen. No. of periods. 

IMP EN  e O N eee Seek 3.49 82 

1D YA) cL Peers gies cre atop oth a eos eee 3.45 42 

Benedict. coca eee ee 3.48 15 

Csonks; (isk) pere eee o eae een 3.46 4 

JADNEY: 2925): appease, ees des 6 eos 3.35 84 

Aer age Gee NenILUOseEe © sR. .1aer 3.43 227 

In practically all these experiments 1 gram or more of phlor- 

hizin was injected daily according to Coolen, the modern 

technique. In such experiments a somewhat lower G: N ratio 

has been observed at times, during the night periods, and may be 

ascribed to failure of excretion of all the glucose in the organism 

at that time. As it has been shown by Lusk that under these 

circumstances the residual glucose is excreted after the next 

phlorhizin injection with corresponding elevation of the G: N 

ratio of the next succeeding period, the size of the mean ratio 

would not be affected. We would not, therefore, ascribe the 

low average G:N ratios of the table to inadequacies in the 

technique employed.® 

The value 3.43: 1 taken from the table represents, it is believed, 

the average urinary G: N ratio for the fasting phlorhizinized dog 

more accurately than do the higher ratios previously reported. 

The urmary G:N ratio cannot, however, be regarded as a very 

exact basis for estimation of the amount of glucose derivable from 

body protein. The following consideration makes this plain. 

Total nitrogen of the urine contains only about 95.3 per cent of 

nitrogen derived from glucogenetic proteins, as about 4.7 per 

cent of the total nitrogen of fasting phlorhizinized dogs originates 

3 Feces are usually entirely absent in such experiments. The nitrogen 

of starvation feces can be disregarded in calculations of the G: N ratio 
as it is of alimentary origin. Mendel, L. B., and Fine, M.S., Jour. Biol. 

Chem., 1912, xi, 5. 
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from creatine, creatinine, and purines.*’ These substances in all 

probability yield no glucose in the organism, as meat extrac- 

tives, in which they are present in considerable amount, have 

been shown to be non-glucogenetic.2 The ratio 3.43:1 cor- 

rected for this source of error becomes 3.60:1. The ratio 3.60: 1 

may then be regarded as corresponding more exactly to the rela- 

tion existing between the nitrogen of glucogenetic body proteins 

of the dog broken down in starvation, and glucose of the same 

origin. 

The G:N ratio just described is calculated from the total 

urinary nitrogen and glucose yielded by all the organ proteins 

undergoing decomposition in the fasting phlorhizinized animal. 

The muscle proteins undoubtedly occur, however, in more abun- 

dant amounts than do any other proteins in the body and it 

can be properly surmised that most of the urinary nitrogen and 

glucose of fasting animals originates in muscle proteins. The 

size of the ratio existing between the glucose and nitrogen 

yielded by the breakdown of body protein is, therefore, in all 

probability largely determined by the glucose and nitrogen yielded 

by muscle proteins. It has been demonstrated elsewhere that 

isolated proteins produce, according to their composition, various 

amounts of glucose on ingestion by phlorhizinized dogs. If the 

protein glucose: nitrogen ratio 3.60: 1 established by the authors 

for the dog be correct, dog muscle proteins should, therefore, 

be found under the same circumstances to yield an amount of 

glucose which would bear to the nitrogen of these proteins about 

the same relation as 3.60: 1. 

A purified preparation of the total proteins contained in dog 

muscle, and fresh dog muscle containing a known amount of 

total protein, was accordingly fed to fasting phlorhizinized dogs 

and the metabolic glucose derived from the protein calculated. 

As the average result of seven experiments, 56.34 grams of glucose 

per 100 grams of protein containing 16.13 per cent of protein ni- 

4 Total creatine nitrogen was calculated from the tables of Wolf, C. G. 

L., and Osterberg, E., Am. Jour. Physiol., 1914, xxviii, 71. Benedict, 

S. R., and Osterberg, E., Jour. Biol. Chem., 1914, xviii, 195. For purine 

nitrogen the value 0.10 gm. was accepted. (Wiechowski, W., in Neu- 

bauer-Huppert’s Analyse des Harns, Wiesbaden, 11th edition, 1913, 912.) 

5 Csonka, Jour. Biol. Chem., 1915, xx, 539. 
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trogen were recorded. The G: N ratio obtained from these values 

is 3.49: 1, which corresponds quite closely to the average urinary 

G: N ratio 3.48: 1, calculated by the authors. As the nucleic acid 

contained in the muscle protein is very probably not glucogenetic, 

nucleic acid nitrogen estimated as about 0.34 gram per 100 grams 

of muscle protein has accordingly been deducted from the total 

nitrogen contained, 16.13—0.34=15.79 grams. Inasmuch as 100 

grams of muscle proteins yielded 56.34 grams of glucose in the 

organism, the corrected ratio 3.57: 1 represents more exactly the 

relation between the nitrogen and glucose arising in the metab- 

olism of the muscle proteins. The ratio 3.57: 1 corresponds 

nearly to the corrected urinary G:N ratio 3.60: 1 (see above). 

From the urinary ratio 3.60: 1 and 6.25, the general protein factor, 

57.5 per cent of body protein, is calculated to be convertible into glu- 

cose. The amount of muscle proteins, the most abundant of all body 

proteins, converted into glucose in actual feeding experiments, is 

56.3 per cent. The close correspondence of these values is striking. 

Furthermore, the amounts of glucose arising in the metabolism 

of three other body proteins have been determined as follows: 

serum albumin 55 per cent, gelatin 65 per cent, fibrin 53 per cent, 

average 57.7 per cent.° From this it may be inferred that, though 

various amounts of glucose are yielded by various body proteins 

occurring in relatively lesser amounts in the organism, yet their 

average glucose yield will probably be found to correspond like- 

wise rather closely to that of total body proteins or of muscle pro- 

teins. Lusk has calculated that 58.7 per cent or 60 per cent of 

body proteins of the fasting phlorhizinized dog are convertible into 

glucose. The close correspondence of these ratios to those es- 

tablished in the present paper is due to the fact that the higher 

urinary ratios, respectively 3.67: 1 and 3.70: 1, were employed and 

no allowance was made for nitrogen arising from non-gluco- 

genetic substances (see above). If this correction be made, the 
protein glucose ratio 3.9: 1 is obtained, from which 62 per cent 

of protein (factor 6.25) would be convertible mto glucose. In a 

similar way Cremer has indeed calculated 68 per cent of glucose 

using the ratio 3.7:1. It zs believed that the investigation de- 

scribed above offers an adequate explanation based on direct experi- 

6 Janney, loc. cit. 
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mental evidence for the size of the average urinary G: N ratio in the 

phlorizin diabetic dog. That all the glucose and no more arising in 

the breakdown of body protein appears in the urine is made evident. 

No explanation is as yet afforded, however, for unusually high 

or low G:N ratios. The latter are occasionally met with in 

dogs and are the rule in other animals. For the study of this 

question the rabbit was selected. The G: N ratio in phlorhizinized 
rabbits averages about 2.8: 1. Feeding experiments were accord- 

ingly carried out and the glucose derivable from the metabolism 

of rabbit muscle proteins was determined in the same manner 

as previously described for dog muscle. 

It was found that an average of 60 per cent of rabbit muscle 

protein is convertible into glucose. The corresponding G: N 

ratio is 3.8: 1, making due allowance for nucleic acid nitrogen (see 

above). Though the urinary G: N ratio for the rabbit is 2.8: 1, the 

chief bulk of its body protein produces even more glucose than that of 

the dog with a urinary G: N ratio of 3.43: 1. Evidently the calcu- 

lation based on the urinary ratio 2.8: 1, that a maximum of 45 per 

cent of glucose is yielded by the proteins of the rabbit in metabolism, 

us to be considered erroneous. 

For the very high ratios (over 4.0: 1) rarely met with in phlor- 

hizin diabetic dogs, no adequate explanation has hitherto been 

offered. According to the authors’ analyses, about 13 per cent of 

the total nitrogen in fresh muscle is present in extract substances. 

The amount of nitrogenous extractives in muscle is known to vary 

considerably. It is possible that when these substances are present 

in small quantities, this may account for the high urinary G: N 

ratios. 

In view of the above mentioned data a distinction must evidently 

be made between the urinary G: N ratio and the G: N ratio calculated 

from glucose and nitrogen arising in the metabolism of body pro- 

tens. The latter value has been shown to be about 3.6: 1 for the 

dog and 3.8: 1 for the rabbit. There is also reason to believe that 

values could be obtained in a similar way for other species of 

higher animals which would show no great deviation from those 

just mentioned. In case of the ox and chicken, muscle protein 

hydrolyses with amino-acid determinations have been made.? 

7 Osborne, T. B., and Heyl, F. W., Am. Jour. Physiol., 1908, xxii, 433. 

Osborne, T. B., and Jones, D. B., ibid., 1909, xxiv, 437. 
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From these data it has been calculated that ox muscle proteins 

undergoing metabolism in the organism can be expected to yield 

approximately 57.5 per cent glucose, corresponding to the G: N 

ratio 3.6: 1, and chicken 54.5 per cent glucose, G: N ratio 3.5: 1.8 

The fact that no very obvious change has been observed in the 

urinary G: N ratio of the phlorhizinized dog when beef has been 
ingested makes it also probable that similar amounts of glucose are 

yielded by the body proteins of the ox. From the urinary ratio 

3.6: 1 reported for man in severe diabetes mellitus and phlor- 

hizin diabetes,® it may be inferred that the amount of metabolic 

glucose yielded by the body proteins of the human species will be 

found not to deviate very widely from the values just described.!° 

As reported analyses of muscle proteins of various higher animals"! 

show a close correspondence to each other, it may be inferred that 

their general composition is also very similar. Consequently the 

amount of glucose formed in the metabolism of these substances 

would probably be found to exhibit but slight variations in each 

case. 
Accepting that the muscle proteins and probably the total body 

proteins of higher animals yield in their breakdown in the organ- 

ism amounts of glucose and nitrogen corresponding to about the 

average ratio 3.6:1 (57.5 per cent glucose), what explanation 

can be offered for the occurrence of the much lower urinary G: N 

ratio, approximately 2.8: 1? This lower ratio is the rule in phlor- 

hizin diabetic animals (rabbit, cat, goat, exceptionally dogs). 

From it has been calculated that 47 per cent of protein is conver- 

tible into glucose.!2 That this value for the dog and rabbit is very 

considerably less than the maximal amount of sugar, which can 

originate in the breakdown of the body proteins of these ani- 

mals, the experiments described in this article demonstrate. In 

the case of the lower ratio obviously but two causal alternatives 

8 For mode of calculation employed, see Janney, loc. cit. 

9 Mandel, A. R., and Lusk, G., Jour. Am. Med. Assn., 1904, xliii, 241. 

Foster, N. B., Deutsch. Arch. f. klin. Med., 1913, ex, 501. Benedict, 8. R., 

and Lewis, R. C., Proc. Soc. Exper. Biol. and Med., 1913-14, xi, 134. 

10 Experiments on this subject are being carried out. The results so 

far obtained nearly coincide with those reported for the dog and rabbit. 

11 See immediately preceding article. 
12 Others have previously calculated 45 per cent for this value. The 

value 47 per cent is based on the G: N ratio 2.8: 1, corrected for creatine, 

creatinine, and purine nitrogen as above. . 
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can be possible. Either less glucose in proportion to nitrogen 

set free is formed from protein or all the glucose formed is not 

excreted in the urine. 
With regard to the first explanation two possibilities are appar- 

ent. Either nitrogen in this case is set free from protein in con- 

siderably larger relative amounts than are carbon, hydrogen, and 

oxygen, or, if protein is broken down as usual, the ability to syn- 

thesize glucose must be lessened. Both these views are difficult of 

acceptance. It seems very unlikely that the above mentioned 

atypical breakdown of protein is possible as it would depend on 

extensive splitting off of amino-groups or even cyclically combined 

nitrogen without the freeing of the corresponding carbon, oxygen, 

hydrogen chains, which yield glucose. Again if the power to 

synthesize the usual amount of glucose derivable from protein be 

lost, it is reasonable to suppose that animals exhibiting the low 

G: N ratio would likewise be unable to synthesize the full amount 

of glucose possible of formation in the metabolism of ingested 

proteins. This is not the case, as sugar is produced from food 

proteins in like quantity in experiments showing either high or low 

ratios. 

In pancreas and phlorhizin diabetes exhibiting the G: N ratio 

2.8: 1 it seems probable, then, that though the usual amount of 

glucose is formed from protein, it fails of complete excretion. In 

explanation it has been presumed that dextrose may exist in the 

organism in two or more colloidal combinations (Loewi, and Man- 

del and Lusk). Differences in combustibility of these colloids have 

been held to account for the different G: N ratios of diabetes. 

This hypothesis lacks experimental confirmation. The further 

suggestion of Lusk that the varying ability of amino-acids of 

body proteins to yield glucose can be responsible is not substan- 

tiated by the experiments reported in this series of articles. 

A full discussion of this important question lies beyond the 

scope of the present article. The authors’ views may, however, 

be stated in abstract as follows. Though glucose cannot be fully 
oxidized to oxygen and carbon dioxide in complete diabetes char- 

acterized by the urinary G: N ratio 2.8: 1, there is certain accept- 

able evidence that it can be utilized, necessarily in some other 

manner, by the tissues of such diabetic animals. Glucose, at 

13 Janney, loc. cit. 
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least in any considerable quantity, is not stored as glycogen 

under these circumstances. Repair and maintenance of organ 
proteins can probably be accomplished synthetically from the 

intermediary products of carbohydrate metabolism and nitrogen.“ 

It seems possible, therefore, that a portion of the glucose formed 

from the products of protein breakdown, may escape elimination 

from the body in this case, because it is synthetically utilized 

within the organism. In phlorhizin diabetes, exhibiting the 

higher G: N ratio, another condition may prevail. Here both the 

power of complete oxidation of glucose and its synthetic utiliza- 

tion may be lost. The maximal amount of this carbohydrate 

formed by the metabolism of body proteins consequently appears 

in the urine. 

Further studies on this subject as well as the medical applica- 

tions of the data of this series of articles and additional experi- 

ments are reserved for future communications. 

SUMMARY. 

The average urinary G:N ratio in the fasting phlorhizin 

diabetic dog is found to be 3.4: 1, rather than 3.67: 1 (Lusk). 

The body proteins of the dog collectively yield in metabolism 

about 57.5 per cent of glucose corresponding to the protezn G: N 

ratio 3.6:1; body proteins of the rabbit about 60 per cent glucose, 

protein G: N ratio 3.8: 1. 
Body proteins of the other higher animals, including man, 

very probably yield nearly the same amounts of metabolic glucose 

as the dog and rabbit. 

The calculated yield of 45 per cent glucose, as a maximum 

from body protein, based on the urinary G:N ratio 2.8: 1 in 

phlorhizin and pancreas diabetes, is incorrect. 

EXPERIMENTAL. 

The same experimental plan was employed as in a related in- 

vestigation to which reference may be made.!> Here it was shown 

that proteins, if proper precautions be observed in feeding, are 

broken down, absorbed, and the resulting nitrogen and glucose 

14 Janney, loc. cit. 

16 Janney, loc. cit. 

L& 
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excreted completely within nine hours after ingestion. In the 

present experiments muscle proteins were fed as such or as fresh 

muscle containing corresponding amounts of protein per kilo- 

gram of dog’s weight.'® The nitrogen of meat fed even in large 

amounts to the dog is 100 per cent utilized.17 No feces whatever 

were excreted during the experiments here reported. That ab- 

sorption and elimination of the metabolic products formed from 

the ingested material were entirely complete, can therefore scarcely 

be doubted. Reducing substances, presumably carbohydrates 

and glycogen were estimated in the meat fed, and the minimal 

amounts found deducted from the extra glucose. The corrected 

values appear in the protocols. Muscle extractives do not yield 

very appreciable amounts of glucose in the phlorhizinized 

animal.18 The present experiments corroborate this finding. 

The fresh finely divided muscle was carefully freed from visible 

connective tissue, passed through the meat grinder, and thor- 

oughly mixed. Nitrogen and glucose were determined as pre- 

viously described, glycogen was determined according to Pfluger. 

Reducing substances were estimated by means of the following 

procedure, which was carried out with quantitative precautions. 

The muscle with a like quantity of water was coagulated by heat- 

ing and filtered. The proteins were completely removed from 

the filtrate according to Schenck, the mercury precipitated by 

hydrogen sulphide, the excess of which was driven off by an air 

current. The reducing substances were determined in the final 

solution by the Pavy-Fehling method. Reliable results can be 

obtained in this manner. 

The total protein was determined according to a method de- 

scribed in the paper immediately preceding. By application of 

this method to larger quantities the dog muscle protein for feed- 

ing was prepared from the same meat, from fasting phlorhizinized 

dogs, which was used in the remaining experiments. The purity 

of the protein preparation (nitrogen = 16.3 per cent) was con- 

trolled by subjecting a sample of the original fresh muscle from 

which it was obtained to the analytical procedure and determin- 

16 The protein feeding experiments were carried out by Mr. Csonka in 

the laboratory of Dr. James P. McKelvey, Pittsburgh. 

17 Mendel and Fine, loc. cit. 

+ 18:Csonka, loc. cit. 
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ing the nitrogen in the pure protein so obtained (see table). All 

calculations involving the muscle proteins are based on values 

obtained for anhydrous material. 

Analysis of Meat Used in Feeding Experiments, Grams per 100 Grams. 

: Nitrogen Total a Red Total 
balsa, Nitrogen. aubataiibes. Glycogen. Bees: ete 

NOM Scie 8 Dave S20 0.56 0.038 17.00 16.1 

Rabbit (first four 
experiments).... PAS 53° 3.51 0.90 0.01 18.92 16.4 

Rabbit (last three 

experiments).... 22.0 3.26 0.32 0.33 16.56 16.1 

Dog Muscle and Protein Feeding Experiments. 

(Periods 24 hours.) 

Extra glucose. 

suntsca, |Past No] Sle Jose | 
Amount. protein 

fed. 

gm. gm. gm kg. gm. ; age gm ‘sae bons 

9.6 6.88) 24.37) 3.54 

28 .60} 4.60 8.73). 30:71) 3°52 G6 E27isooe29 

6.42) 22.22) 3.46 

5.79| 21.41) 3.70 

5.81} 19.44] 3.35 

27.38) 4.41 9.1 7.92| 27.40] 3.46 | 14.95} 54.64 

5.37} 19.49] 3.62 

16.29) 60.50] 3.71 

23.29) 3.75°| 14.6 | 16.87] 60.90) 3759s) T2es8ito2eee 

22.72) 3.66 | 14.1 | 15.53) 57.24) 8769) |) 13) 22\e5se29 

11.98} 44.49) 3.71 

8.74] 30.82) 3.54 

WAS Tien ee 23.92! 4.60 9.2 | 10.83] 36.32) 3.36 | 14.64) 61.21 

851i) 26702\he nln 

Lg pee ee, 21.59|° 4.25 8.5 8.98] 27.22) 3.03 | 11.76) 54.46 

6.03) 18.42) 3.05 

11.52) 35.03) 3.04 

S20)... aoe 30.94) 5.95 | 11.9 | 18.09) 40.61) 3.08 | 17.47) 56.46 

10.44) 32.79) 3.14 
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Rabbit Muscle Feeding Experiments. 

Muscle fed. 

gm. 

LOSMIE 

1105 2 ee 

Protein | Nitro- 

31.80) 5.90 

30.72] 5.70 

23.45) 4.35 

20.31) 4.00 

18.53} 3.65 

17.54) 3.45 

(Periods 12 hours.) 
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Extra glucose. 

In 
terms of 
protein 

fed. 

Amount 

gm. per cent 

18.23) 57.3 

17.95) 58.4 

12.57] 61.9 

11.32 61.1 

11.18} 63.7 

brid tear mea Wicaees 4s 

gm. kg. gm. gm. 

8.41} 30.44) 3.62 

8.48] 29.85} 3.52 

11.8 | 11.80) 40.21) 3.41 

7.27) 24.85) 3.42 

11.4 | 10.77) 36.70} 3.41 

6.36) 21.60) 3.40 

30.18} 5.60 | 11.2 | 10.33] 36.21) 3.50 

5.97} 18.60} 3.12 

5.¢¢| 18.27) 3.16 

6.86) 22.22) 3.24 

8.7} 9.14] 29.27) 3.20 

6.31} 19.80) 3.14 

6.13} 20.60} 3.37 

5.62) 17.24! 3.07 

5.05) 15.44} 3.06 

8.0 [- 7.13) 22.99) 3.22 

4.39) 12.77| 2.91 

4.20] 13.33) 3.17 

3.90} 10.87] 2.79 

7.5 | 5.90] 18.438) 3.12 

3.20) 9.22) 2.88 

(all 5.51] 18.18] 3.30 

3.08} 10.05) 3.25 
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A number of hypotheses has been suggested to account for the origin 

of the uric acid of the urine. Among them the theories of Burian and 

Schur! and of Mares? respectively claim more attention and consideration 

today than do any of the others. The theory of Burian and Schur was 

promulgated in 1900, Sivén? announcing a similar view almost simul- 

taneously. Mares’ hypothesis was suggested in 1887, but because of the 

attention claimed by Horbaczewski’s*t leucocytosis theory, advanced in 

1889 (according to which urinary uric acid was regarded as an expression 

of the extent of the disintegration of the white blood cells), the work of 

Mares did not become current until after this latter view had been aban- 

doned. A fresh impetus was given to Mares’ theory in 1910 when it was 

modified so as to be brought into accord with developments which had 

arisen since it was first formulated. 

According to Burian and Schur the uric acid of the urine arises from 

two sources: the food and the tissues. That arising from the former is 

designated the exogenous uric acid; from the latter the endogenous portion 

is derived. The endogenous uric acid is supposed to be constant in amount 

for each individual, the exogenous varying between wide limits, due to the 

presence of different quantities of uric acid precursors in the food. 

Materials free from uric acid precursors were presumed to have no 

effect whatever on the uric acid excretion; but regarding this point there is 

much difference of opinion. If they do exert an influence, then the endog- 

enous portion also may be a variable quantity, since it is then reasonable; 

1 Burian, R., and Schur, H., Arch. f. d. ges. Physiol., 1900, lxxx, 241. 

1901, Ixxxvii, 239. Burian, R., Ztschr. f. physiol. Chem., 1904-05, xliii, 532. 

2 Mares, F., Arch. slav. de biol., iii, 207, through Centralbl. f. d. med. 

Wissensch., 1888, xxvi, 2; Arch. f. d. ges. Physiol., 1910, exxxiv, 59. 

3 Sivén, V. O., Skandin. Arch. f. Physiol., 1901, xi, 123; 1906, xviii, 177; 

Arch. f. d. ges. Physiol., 1912, exlv, 283. 

4 Horbaczewski, J., Monatsh. f. Chem., 1888-89, x, 624. 
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216 Excretion of Endogenous Uric Acid 

to believe that different foodstuffs or different quantities of the same food- 
stuff may result in the excretion of unequal amounts of uric acid. Most 

of the investigations of a decade or two ago were offered in support of 

Burian and Schur’s theory, but. the experimental procedures of the period 
were scarcely suitable to solve the problem, 

Burian believed the muscles to be of primary importance as the source 

of the endogenous uric acid. Sivén’s repetition of one phase of Burian’s 

work, however, failed entirely to confirm this view; and at present there 

are no really conclusive data showing an increased uric acid output after 
muscular exercise.° 

Mare’’ present theory differs from the view just stated in that the 

endogenous uric acid is not thought to be a constant quantity, even for the 

same individual, except when the diet is uniform. According to Mares 

foodstuffs can exert an influence on the amount of uric acid excreted and 

this is due to their action in stimulating the digestive glands to activity. 

In 1905 Folin® submitted evidence opposing Burian and Schur’s theory. 

He found that on his starch and cream diet the uric acid output may sink 

to about one-half its value on a purine-free milk and egg diet. 

Mendel and Brown,’ while studying the rate of uric acid elimination in 

man, noted slight increases in the uric acid output following the ingestion 

of purine-free meals. The results were not offered at the time as a con- 

firmation of Mares’ theory, but they may be so interpreted. 

Mares’ work was extended in his laboratory in 1911 by Smetainka*® who 

concluded that purine-free foods including carbohydrate may exert an 
influence on the uric acid output. 

Lambling and Dubois’ and Maurel!® have recently published results 

which seem confirmatory of Mares’ theory. The increases in the uric acid 

excretion noted by them after the ingestion of milk and eggs respectively 

are so remarkable as to make a repetition of their experiments desirable. 

The augmenting effect of a high-protein, purine-free diet on the uric 

acid output observed by Taylor and Rose" is additional evidence in favor 

of Mares’ theory. These authors suggest that the effect may also be due 

to the exaggerated nuclein metabolism provoked by the high protein 

intake. 

5 Raiziss, Dubin, and Ringer’s single experiment regarding this point 

need not be accepted as final until it is repeated and more unequivocal data 

are presented than are given in their paper. See footnote 24. 

6 Folin, O., Am. Jour. Physiol., 1905, xiii, 66. 

7 Mendel, L. B., and Brown, E. W., Jour. Am. Med. Assn., 1907, xlix, 

896. 
8 Smetdnka, F., Arch. f. d. ges. Physiol., 1911, exxxviii, 217. 

® Lambling, E., and Dubois, F., Compt. rend. Soc. de biol., 1914, Ixxvi, 

614. 
10 Maurel, E., Compt. rend. Soc. de biol., 1914, Ixxvii, 190. 

11 Taylor, A. E., and Rose, W. C., Jour. Biol. Chem., 1914, xviii, 519. 
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Hypotheses differing from those of Burian and Schur and Mares have 
been suggested by recent investigators—Plimmer, Dick, and Lieb,” 

Weintraud,!3 Graham and Poulton,!* and Berg.!* Plimmer, Dick, and Lieb, 

because they failed to find any quantitative relationship between the 

food purines and those of the urine, advanced the idea that the food con- 

tains toxic substances which call forth an increase in the number of leu- 

cocytes. The metabolism of these cells is regarded by them as the es- 

sential cause of the increased uric acid output. Weintraud inclines to the 

belief that all food must become part of the living body before it can ap- 

pear in the metabolic end-products. According to him, therefore, all 

uric acid is in this sense endogenous. Graham and Poulton have sug- 

gested that endogenous uric acid is formed in part by synthesis from pro- 

tein and carbohydrate. Their data do not bear out the hypothesis and, 

indeed, are so conflicting as to make any interpretation difficult or im- 

possible. Berg supposes that the variations in the uric acid excretion re- 

sult directly from altering the reaction of the blood and thereby the 
products of metabolism also. 

EXPERIMENTAL PART.!6 

In the present investigation an effort has been made to deter- 

mine the source of the endogenous uric acid. The direction of the 

work had already been indicated by the results obtained in this 

laboratory by Mendel and Brown. They showed that a rise in 

the uric acid output may occur after the ingestion of food. When 

the food was purine-free the rise was small; it was, of course, large 

when the diet was not purine-free. These facts made it appear 

that Mares’ view, according to which endogenous uric acid arises 

from glandular activity, might be substantiated. It does not 

follow that the theory needs to account for the total endogenous 

output; it may serve to explain at least a part of it. 

Plan of the Investigation. 

The general plan of the investigation was to study the hourly 

outputs of uric acid in man under definite conditions. To this 

2 Plimmer, R. H. A., Dick, M., and Lieb, C. C., Jour. Physiol., 1909-10, 
XXX1Xx, 98. 

13 Weintraud, W., Verhandl. d. deutsch. Kong. f. Med., XXXth Con- 
gress, Wiesbaden, 1913. 

4 Graham, G., and Poulton, E. P., Quart. Jour. Med., 1913-14, vii, 13. 

15 Berg, R., Miinchen. med. Wehnschr., 1914, 1xi, 1275. 

16 The data presented are taken from the dissertation of R. L. Stehle, 

presented for the degree of Ph.D., Yale University, 1915. 
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end observations were made of the effects of agents assumed to 

act on the digestive functions, viz.: nutrients individually and 

in groups; various types of laxatives alone or with agar-agar; the 

HR. VOL. mg UA, 
3-9 921234 20 E xp. I. 
9-10} 62} 233 

1-12} 09} 21.7 
2-1] 18] 35 49 
1-2) 16] 147 
2-3] 17| 182 4 2 
ae oe 8910112123 45 67 3 Same 

5-6} 14} 10.0 FASTING 
6-7) hs 
7 8| 13} 15.8 
8- 9} 171 141 
9-10; 491 17.C 
0-H! 291 167 

HR VOL. mgUA 
7-8| %| [80 4g 
8-9} 28] 169 Exp. 2 .W. 
9-10} 27| 225 20 
\0-|| | 67} 22.0 
-i2| 37| 129 49 
I2- 1 | 99] 130 ae 
|- Z 17| 84 0: = 

2-3 261 104 789100 121 23 4990 7eeee 
3-4| 86) 89 
4-5/1 15] 34 Fasting 

5-6] 33!) 62 
6-7} 38) 28 
7-8) 11) 338 
aes bi | fl Pw! 7 

drugs atropine, pilocarpine, andalcohol. In this wayit wasthought 

likely that a determination of the influence of glandular activity, 

as well as a differentiation between glandular and muscular activ- 

ity in relation to the digestive processes, would become possible. 
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The routine of the individual experiments was as follows: The 

hourly outputs of urine were collected from 7 a.m. to about 9 p.m. 

or later. After 6 p.m. or earlier on the day preceding the experi- 

mental day nothing was eaten. In the few instances in which 
anything was eaten at that hour the food was such as is ordinarily 

considered purine-free: eggs, bread, butter, milk; but in the great 

majority of experiments the subject fasted from noon on the day 

previous to that on which the actual observations were made. 

The details of each experimental day are given in the protocols. 

The activity of the subject was approximately the same in each 

case and consisted of the usual laboratory routine. 

Uric acid was determined by the Folin-Shaffer method. Where 

the hourly samples were less than 50 ec. they were diluted to that 

volume; where they were considerably larger (more than 90 cc.) 

they were concentrated on a water bath after the addition of a 

small amount of acetic acid. The latter process was seldom 

necessary. 
Experiments 1 and 2, Fasting..’—The output of uric acid during 

fasting is shown in the accompanying charts. 

It will be observed that the values are highest during the fore- 

noon, sinking to a low level thereafter. An experiment similar to 

a VOL-mgU.A, 
20 {12.9 Exp: 

eae |! 
9-10; 451/29 20 
10-If | 2710.7 
H-12} 21410. 10 
2-1 | 211124 Baie 8, 
2-3] 701125 18.9 WOW lz | 23:4. Seas es2 
3-4] 21/146 
a5) 19} 9 12M. 220g. sucrose 
§-6| 39/19) 
6-7] |6| 84 
7-8] /9\11.8 
8-91 131 84 

17 A number of the experiments reported were carried out at the Battle 
Creek Sanitarium through the courtesy of Dr. J. H. Kellogg. In the 

charts the abscissae represent hours and the ordinates mg. of uric acid. 



220 Excretion of Endogenous Uric Acid 

these carried through twenty-four consecutive hours showed a 

maximum output during the late morning followed by a slow de- 

crease until very early the following morning and then a rise to 

the maximum again. 

fasting individuals. 

The form of the graph varies for different 

Influence of Foodstuffs. 

Experiments 3, 4, 5, and 6, Carbohydrate Feeding—The object 

of this series was to determine the effect of the ingestion of carbo- 

HR. VOL. mgJA, 
7-8 | 231 208 
8-9) 42) 225 
9-10 1120} 183 
(0-1! | 88} 19.0 
11-12 1172) 17.1 
12- || €6 | 149 
{- 2|180| 138 
2-3) 44) 18.0 
3-4} 48 | 208 
4- 5/148 | 17.4 
S- 61290! |0.7 
6-7/174| 10.5 
d= Bi 13 BZ 

8- 91176! 98 

AR VOL. mg VA 
7-8| 22| [18 
9-9/ 36| 163 
9=10:| SO) [92 
0-11 | 42} 146 

esl (ea 
i- 2 (898) 164 
2-3) 42) 124 
3-4} 31) (41 
4-51] 37! 158 
5-6] 43| 1C3 
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7=61.25) 320 
8-9117! Sé 

= Exp. 4. 8. 
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HR m@U.A. 7 
7- 8 re 68 30 Exp 6.W 
8-91! 67} 207 
9-10] 35| 146 20 
0-1! | 67) 17.€ 
1-12 | 281 123 10 
i2="1 30; 39 
1-2] 37| |46 0 
(Sie IAS 1839 WUAZL 23456789 
S- 4 23 lS 
4-5) 31) 182 IZM. 220¢. sucrose 
5-6) 45] 17.5 
6-7)| 54] 224 
7-8) 21} 11.8 
8-9! l¢é1 7.9 

hydrate apart from protein and fat. Sucrose was fed. A mini- 

mum quantity of water only was allowed in order to prevent a 

subsequent diuresis which would necessitate a concentration of 

the urine samples. The effect is not clear cut. In Experiments 

3 and 4 the increase in uric acid is small, but in 5 and 6 it appears 
to be more pronounced when compared with the output of the 

same subject during fasting (see Experiment 2). 

Experiments 7 and 8, Fat Feeding.—The influence exerted by 

fat, taken alone, seems to be nil. This result is not wholly in ac- 
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OTe oN2123456789 

12M. 104.6. unsalted butter 

cord with the findings of Herrmann'* and of Horbaczewski and 

Kanéra!® who found a decreased uric acid output after fat inges- 

tion. Their conclusions were based on determinations of daily 
outputs. 

Experiment 9, Protein Feeding—This series scarcely calls for 

detailed comment. 

mistakable. 
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18 Herrmann, A., Deutsch. 

The augmenting effect of the protein is un- 

The calorific value of the ingested gluten is consid- 

vente 
IAG 

30 Lupin. 

© 
789/00 12123456789 

| PM. I30¢. gluten 

Arch. f. klin. Med., 1888, xlili, 273. 

19 Horbaczewski, J., and Kanéra, F., 7bid., 1886, vil, 105. 
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erably lower than the values of the carbohydrate and fat in the 
preceding experiments. ‘This is due to the fact that the taste of 

the gluten was very disagreeable so that 130 grams represented 

the maximum amount which the subject could ingest. 

HR. VOL mg UA. 
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Experiments 10 and 12, Fat and Carbohydrate Feeding.—Al- 
though no increase in the uric acid output was found when fat was 
taken alone and only a very slight increase when carbohydrate 
was taken in this way, yet ingestion of the two together seems to 
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produce an unmistakable effect. The accompanying charts make 

this plain. 

Experiments 13 and 14, Protein and Carbohydrate, Protein and 

Fat.—When protein is taken together with either fat: or carbo- 

hydrate the rise in the uric acid output is marked, as would be 

expected from Experiment 10 in which protein alone was employed. 
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Influence of Laxatives. 

The action of laxatives of several types on the excretion of uric 

acid was investigated in order to determine whether or not the 

digestive tract proper could, through their agency, be caused to 

augment the uric acid output. 

Experiment 15, Epsom Salt-—Epsom salt is supposed to accom- 

plish its purging effect without involving specific muscular or 

glandular activities. This laxative produced no significant effect 

on the endogenous uric acid elimination. Near the close of the 

experiment the purine-free food indicated was eaten in order to 

HR. VOL.mgU.A. 
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determine its effect at so late an hour. An immediate increase in 

the uric acid output occurred. 

Experiments 16 and 17, Castor Oil—The only action of castor 

oil in small amounts is to increase peristalsis. The large amounts 

employed in these experiments produce an effect similar to that 

of Epsom salt in addition to the stimulation of peristalsis. The 

uric acid excretion appears to be unaffected in Experiment 16. 

In Experiment 17, previous to the ingestion of the laxative, agar- 

agar was taken to augment any effect on the uric acid excretion 

by increasing the work of the intestine. The graph indicates the 

absence of any increase. 

THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXII, NO. 1 
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This result is not in accord with several experiments of Abl,”° 

also carried out to determine the effect of castor oil on uric acid 

excretion. His conclusions were based on daily, not hourly, out- 

puts. The increases obtained by him, were attributed to the ac- 
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tion of the oil in causing the intestine to secrete. Other laxa- 

tives—cascara sagrada, senna, croton oil, ete.—were also found by 

Abl to increase the uric acid output. 

20 Abl, R., Arch. f. exper. Path. u. Pharmakol., 1913, Ixxiv, 119. _ 
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Experiment 18, Phenolphthalein.—The mode of action of this 

drug has not been as’ satisfactorily explained as has that of the 
two preceding laxatives. According to Meyer and Gottlieb! the 

large intestine is the place of attack, the effect beg mcreased 

peristalsis; but it is reported by Hydrick” that phenolphthalein 

acts on the intestine in general, producing both irritation and peri- 

stalsis. In this experiment, as in No. 18, agar-agar ingestion 

again preceded the taking of the laxative. As before the effect 

on uric acid excretion was nil. 
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Influence of Other Agents. 

Experiments 19, 20, and 21, Pilocarpine and Atropine.—These 

two drugs have opposite actions on the secretory apparatus of the 

alimentary tract, pilocarpine stimulating it to activity and atro- 

pine exerting an inhibiting action. If the uric acid output is influ- 

enced by the degree of glandular activity, the administration of 

these drugs should in the case of pilocarpine increase and in the 

case of atropine decrease the amount of uric acid excreted. Mares 

had already demonstrated the increasing effect of the former. 

The present pilocarpine experiment confirms his result. Two 

*t Meyer, H., and Gottlieb, R., Die experimentelle Pharmakologie, 
Vienna, 1910. 

72 Hydrick, J. L., Jour. Biol. Chem., 1914, xvii, p. xxxvi. 
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series were necessary to determine the effect of atropine—one a 

control in which an increase in the uric acid excretion above the 

normal fasting values was induced by the foodstuffs indicated, 

and another in which the effect of atropine on this increase was 

78910012 | 23 4 50G] Gee 

one iiiSng. pilocar pine 
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determined. Experiment 21, in which atropine was taken pre- 

viously to the food stated, indicates plainly the absence of the 

augmented output found in Experiment 20 when no atropine was 

taken. 
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Experiments 23 and 24, Alcohol.—In 1904 Beebe,”’ in this labo- 

ratory, found that after the intake of alcohol with a meat-contain- 

ing diet the uric acid output was increased beyond what was ex- 

creted when no alcohol was taken. It appeared desirable, there- 

fore, to determine its action with purine-free food. In the first 

experiment the normal excretion under the influence of the food 
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23 Beebe, 8. P., Am. Jour. Physiol., 1904-05, xii, 13. 
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material indicated was determined, after which a similar series 

with the addition of alcohol to the food was carried out. As the 

graphs show, there was no noticeable effect. 
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DISCUSSION. 

The data presented offer no obstacle to the assumption that a 

portion, at least, of the endogenous uric acid may originate from the 

activity of the alimentary secretory apparatus. ‘This conclusion fol- 
lows from the increased output noticeable after various food 
stimuli and after the administration of pilocarpine which is known 

to stimulate the digestive glands. It is especially noticeable after 

the ingestion of protein, the most important of the succagogic fac- 

tors. Atropine, which inhibits secretory activity, was found to 

suppress the uric acid output normally noted to follow the inges- 

tion of the foodstuffs indicated. The passage of indigestible, 

bulky agar-agar through the digestive tract did not cause the ef- 

fect which would be expected if the mere mechanical work of the 

intestinal musculature were a factor in uric acid production. 

It might be objected that the increase in the uric acid excretion 

noted in most of the experiments was due to a coexistent diuresis. 

While it is true that the two phenomena do parallel each other to 

some extent, an inspection of the charts will show that in some 

cases the relation is an inverse one. Experiments 13 and 14 illus- 

trate this feature. 
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In the paper of Raiziss, Dubin, and Ringer™ rather low endog- 
enous uric acid values are reported. They were obtained by 

employing a low-protein vegetable diet. When this was replaced 

by a starch and cream diet the values became still lower. Their 

data lead the authors to the conclusions that (1) real endogenous 

uric acid values can only be obtained on a strictly purine-free diet 

(such as starch and cream with no vegetables); (2) that the figures 

are much smaller than has hitherto been supposed; and (3) that 

different individuals excrete practically the same amounts of uric 

acid. The first of these conclusions must be interpreted in the 

light of the data above reported from which it appears that carbo- 

hydrates may exert some influence on the excretion of uric acid. 

The writers’ data in this respect are in accord with those of 

Smetanka. It is apparent now that the uric acid output, aside 

from the portion arising from precursors in the food depends, to 

some extent at least, upon the degree to which the digestive glands 

are called into activity. The very low values obtained by Raiziss, 

Dubin, and Ringer may be due to the absence from the dietary 

of protein which has been shown to exert the greatest influence 

of any of the food principles upon uric acid excretion. The output 

of uric acid on a vegetable diet is also smaller than most of the 

endogenous values heretofore reported and may likewise be at- 

tributed to its low protein content. As regards the constancy in 

amount for individuals studied, this is only true with exceptions. 

To say that the variations are not extreme would express the facts 

better. It must be remembered that, as a rule, the make-up of the 

dietaries is also not subject to extreme variations. 

The results of some of the experiments are not as clear cut as 

could be desired and some may even seem difficult of interpreta- 

tion; but it is believed that the evidence as a whole lends some 

support to the hypothesis of Mare§. 

*4 Raiziss, G. W., Dubin, H., and Ringer, A. I., Jour. Biol. Chem., 1914, 

xix, 473. 
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A MICRO-REFRACTOMETRIC METHOD OF DETERMIN- 
ING THE PERCENTAGES OF GLOBULIN AND 

ALBUMIN IN VERY SMALL QUANTITIES 

OF BLOOD SERUM. 

By T. BRAILSFORD ROBERTSON. 

(From the Rudolph Spreckels Physiological Laboratory of the University of 

California, Berkeley.) 

(Received for publication, June 29, 1915.) 

The principle of the method is essentially similar, on a reduced 

scale and with consequent necessary modifications of technique, 

to that of the refractometric method of serum analysis pre- 

viously employed by the author and collaborators.' It differs 

from the refractometric method of serum protein determination 

employed by Reiss? in that four different quantities are deter- 

mined; namely, the albumins, globulins, total proteins, and non- 

proteins, while Reiss’ method yields only an approximate esti- 

mate of the total proteins. A little over 1.5 cc. of serum is ample 

for the determination of these four quantities, while if necessary 

as little as 0.5 cc. of serum may be employed. 

The method consists of three separate estimations which are 

performed as follows. 

a. The Estimation of the fRefractivity of the Non-Protein 

Constituents. 

Glass tubes 25 cm. long, having an inside diameter of 5 mm. 

and walls about 1 mm. thick, are sealed at one end. It is well to 

blow gently into the tube while the sealed end is still soft, thus 

1 Robertson, T. B., Jour. Biol. Chem., 1912, xi, 179; 1912-13, xiii, 325. 

Woolsey, J. H., ibid., 1913, xiv, 433. Wells, C. E., ibid., 1913, xv, 37. 

Buck, L. W., Jour. Pharmacol. and Exper. Therap., 1913-14, v, 553. Thomp- 

son, W. B., Jour. Biol. Chem., 1914, xx, 1. Briggs, R. 8., ibid., 1914, xx, 7. 

> Reiss, E., Beitr. z. chem. Phys. u. Path., 1904, iv, 150; Arch. f. exper. 

Path. u. Pharmakol., 1904, li, 18; Jahrb. f. Kinderh., 1909, xx, 174. 
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of the tube hemispherical and 

cooling. Into one of these 

‘d and dried, is now intro- 

1 of an ordinary bacterio- 

making the contour of tl 

diminishing the tendency t 

tubes, which has been caref 

duced exactly 1 cc. of serum, 

logical pipette which delivers reads to 0.01 ce. It is 

convenient to draw out the tip he pipette so as to enable a 

somewhat greater length to be introduced into the tube while 

delivering the serum, thus avoiding wetting the upper part of the 

tube and the formation of air bubbles, which prevent the serum 

from flowing to the bottom of the tube. The pipette is now 

washed out with distilled water followed by 3% acetic acid solu- 

tion, which may be made up with sufficient accuracy by diluting 

4 ec. of glacial acetic acid to 1750 cc. With the same pipette 

exactly 1 ec. of =; acetic acid solution is delivered into the tube, 

as before avoiding wetting the upper part of the tube. A short 

piece of platinum or silver wire about 1.5 mm. in diameter is now 

dropped into the tube and the upper end is sealed off in a flame, 

taking care not to heat the contents. After it has cooled the 

tube is shaken. The piece of wire which is thus shaken up and 

down in the tube brings about in a short time complete admixture 

of the serum and the acetic acid solution. The tube is now 

placed in a beaker of cold water of such a depth as to immerse 

the top of the contained column of liquid a few millimeters below 

the water. It is well to rest the bottom of the tube upon a wad 

of cotton to avoid cracking by bumping during the subsequent 

boiling. The water is now slowly heated to boiling and allowed to 

boil energetically for from one to two minutes. The tube is then 

removed from the boiling water and allowed to cool to room 

temperature.® 

3 The exact length of time during which the tube is immersed in boiling 

water is immaterial provided it exceeds one minute and does not exceed 

five minutes. The concentration of acetic acid employed (an equal volume 

of X.) brings about complete coagulation on boiling without appreciable 

formation of soluble acid-albuminates. Lower concentrations (such as an 

equal volume of 3, acetic acid) do not bring about complete coagulation 

during the periods of boiling mentioned above, and hence yield values for 

the ‘‘non-proteins’”’ which are too high. Concentrations greater than 7, 

(i.e., addition of an equal volume of) bring about gelatinization on boil- 

ing instead of coagulation and the values for the ‘‘non-proteins”’ are too 

high owing to the formation of soluble acid-albuminates. 
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When cool the tube is sroken open a little above the surface of 

its contents and the coagulum i is broken up. This is best accom- 

plished with the aid of a platinum wire about 0.6-0.7 mm. in 

diameter and provided with several slight bends; this is inserted 

into the tube and the upper end twirled rapidly between the 

thumb and forefinger. The fluid and the coagulum are now sepa- 

rated by ceytrifugalization, the fluid is withdrawn by the aid of a 

Bry clean f.pette, andthe refractive indices of the fluid and of 

so aceticacid solution are determined simultaneously. The differ- 

ence Se belt aco. two refractive indices, multiplied by 2, repre- 

sents the refractivity of the non-protein constituents of the 

serum. By determining the refractive indices of the fluid and of 

so acetic acid simultaneously the necessity for regulation of the 

tempexature at which the readings are made is obviated, for 

altho the absolute values of the refractive indices are affected 
by temperature, the difference between them is independent of 

the temperature it which it is determined. 
The values for the refractivity of the non-protein constituents 

of blood serum, as. determined by this method, are invariably 

higher than the average value of 0.00157 assumed by me in my 

older method. They approximate very closely to the average 

value of 0.00224 obtained by Reiss, who employed a similar 

method of determination. That these higher values are not 

attributable to partial hydrolysis of the proteins with the pro- 

duction of soluble substances is shown by the fact that increasing 

the period of boiling, or doubling the concentration of acid does 

not lead to any increase in the values obtained. It appears prob- 

able that there are substances in serum which are precipitated 

together with the proteins by alcohol but are not coagulable by 

heat. These would be reckoned as ‘‘albumins’’. in the older 

method and as ‘‘non-proteins”’ in the new. 

The refractive index of a 1 per cent solution of NaCl is 0.00160 

greater than that of distilled water. The refractivities of 1 per 

cent solutions of other inorganic salts and of glucose and urea 

are of very similar magnitude. To within a sufficient degree of 

accuracy, therefore, the percentage of non-protein substances in 

the serum may be estimated by dividing their refractivity by the 

factor 0.00160. 

For the determination of the refractive index I employ a Pul- 
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total reflection to 

the source of light. — 

determinations 

ried with ab- 

e of fluid is 

frich refractometer which reads t 

within one minute. A sodium flame 

When it is desired to make a number of 

the cup of the refractometer should he % 

sorbent cotton and lens paper before a 

introduced. 

b. The Estimation of the Refractivity of the’ 

Glass tubes 9-10 em. long are prepared, 

diameter of 5 mm. and one end closed. Tubes 

employed in the estimation of the non-protein 

having been cleaned and dried, may be cut d 

length and utilized for this purpose. Short p 

sealed at one end are employed as stoppers, 

pressed against the open end of the longer t 

tion by short pieces of rubber tubing. In 

introduced, with the aid of a pipette si 

above, 0.5 cc. of a saturated solution of 1onium sulphate 
(prepared by dissolving an excess of ammoni sulphate in hot 

water and allowing the excess to crystallize out on cooling). 

With another pipette which has been found, by weighing, to deliver 

the same amounts as the first, we now introduce 0.5 ec. of serum, 

drop in a piece of platinum wire, affix the stopper, and shake 

thoroughly with as little delay as possible. It is necessary to 

introduce the ammonium sulphate solution first, as otherwise, 

being of greater specific gravity than the serum, it smks through 

the serum, portions of which are thus exposed for some time to am- 

monium sulphate of higher concentration than 3 saturated. 

This leads to a precipitation of albumins which do not readily 

redissolve and the results obtained are erroneous and irregular. 

If the ammonium sulphate is introduced first the serum floats on 

the top of it and energetic shaking brings about almost immediate 

admixture of the serum and the reagent. It is well, while shaking, 

to hold the thumb against the bottom of the tube, thus diminish- 

ing the danger of cracking the tube by the impacts of the heavy 

piece of wire. 

The tube, with the stopper still affixed, is now centrifuged. 

The precipitate soon settles and sufficient supernatant fluid may 

these tubes is 

hat described 
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be drawn off to fill the lower end of a bacteriological pipette and 

at least 0.25 ce. oyer. This quantity of the supernatant fluid is 

delivered into another clean, dry tube of the type employed in the 

precipitation, the pipette is washed out with distilled water, and 

then employed to deliver 0.25 cc. of distilled water into the tube. 

A piece of platinum wire is dropped in, the stopper affixed, and 

the contents are shaken. We now determine the refractive in- 

dex of this fluidt and that of } saturated ammonium sulphate 
solution.® The difference between these refractive indices repre- 

sents one-fourth of the combined refractivities of the albumins 

and of the non-protein constituents. Multiplying by 4, there- 

fore, and subtracting the refractivity of the non-protein constitu- 

ents, we have the refractivity of the albumins. Dividing this by 

0.00177 we obtain the percentage of albumin in the serum. 
. 

c. The Estimation of the Refractivity of the Globulins. 

We determine the refractive index of the serum and that of dis- 

tilled water. Subtracting from the difference the known refrac- 

tivity of the non-proteins and the known refractivity of the albu- 

mins we obtain the refractivity of the globulins. Dividing this by 

0.00229 we obtain the percentage of globulins in the serum. 

Adding together the percentages of albumins and globulins we 

obtain the percentage of total proteins. 

The following are illustrative determinations, employing ox 

serum obtained by whipping and’ centrifuging freshly drawn 

blood: 

Refractive index of the fluid obtained after acidifying with acetic 

acid and boiling (three determinations).......................- 1.33024 

Pierre MCR Ol ACEC ACI. i. isk he ce ee ee de peas 1.32902 

Sap erie he a es ies es a 2 0.00244 

‘ The fluid may be emptied into the cup of the refractometer by removing 

the stopper, inverting the tube, and gently warming the sealed end, free 

from fluid, by means of a lighted match. 

> This may be prepared, and kept as a stock solution, by mixing equal 

volumes of saturated ammonium sulphate solution and distilled water and 

adding to this mixture an equal volume of distilled water. 
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Estimated concentration of non-protein substances = = 1.5 per cent’ 
160 

Refractive index of the fluid obtained after precipitation of the 

globulins and subsequent dilution: 

Ist) determinations -2 es se oe MMR SS 1.35189 

2nd (ho Rae, ec eee a "00S 1.35172 
3rd 66 OL LS Sich Se 1.35181 

4th is Sdeipae Sfescieds le «dee ee 1.35189 
Refractive index of } saturated ammonium sulphate............. 1.34932 

Differences * 4 

Ist’ determination: +, 0:5. 0s) S254. ..\. [2 nope ee 0.01028 

2nd FE ed Su ahcw ea cante faust» eae 0.00960 

3rd BE hed oa diet eile led hse ots eer 0.00996 
4th ean i asc eee es "wl. ss de eee ee 0.01028 

Refractivity of the albumins 

Test Geterminwhion: . 52. W...42hs-te 28: 0.01028—0 .00244=0 .00784 

2nd TE cas | oi Soe eRe 0.00960 —0 .00244=0 .00716 
3rd = Leveeeeceeesesese ++ 0.00996—0 .00244=0 .00752 
4th i seveeeeeeecssseeeess 0.01028—0.00244=0 .00784 

A VOT AGE anole 2iein hs 05 ie elcsoss f= iene coors os 0 ba ROR ee 0.00759 

Concentration of albumins 

; r 784 
Ist determination = oe 4.4 per cent id 

7 

: 716 nd Sa 
177 

752 
3rd “ Bf Aart “ 

t 177 
784 

4th - =—=44 « 
: UFAFG 

ABP ARES <P Sago ees =A3 * 
Refractive index:of the serum: . ise beni... 6s. s + 0. Eo 1.34686 

Refractive index of distilled water.........:.....=:-..eeeeeee 1.32887 

Difference 22.285 eels «sade so oka ie eee 0.01799 

Refractivity of the proteins = 0 .01799—0 .00244=0 .01555 

Refractivity of the globulins =0.0 .01555—0 .00759 = 0.00796 

Concentration of globulins = 599 3.5 per cent — 

Concentration of total proteins =3.5+4.3=7.8 

6 Direct analyses by Abderhalden (Ztschr. f. physiol. Chem., 1897, xxiii, 

521) yield the average result of 1.4 per cent of non-protein substances in 

ox blood serum. 

aN 
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Two determinations by the older refractometric method, employing the 

above determined value of the refractivity of the non-proteins, yielded 

identical results; namely, 

IAM ONETTDTIOS.. os, sched AAO ee eo odo so soa sate 4.3 per cent 

GUGIGUINS: Ws 646 SE cee ERREE irene iol os nor Bout a) rs 

Mot alORanemns ees 3's sro Nea BRN A tr wt tac 9 Cae 7.8 ce 

Since the percentage of total proteins is dependent upon the dilu- 

tion of the blood and is therefore highly variable, while the rela- 

tive proportions of globulin and albumin are much more constant’ 

it is convenient to express these in percentages of the total pro- 

teins. Thus in the above result, taking the total proteins as 100. 

we find that the globulins formed 45 per cent and the albumins 

55 per cent of the total proteins. The average of four determina- 

tions reported by Hammarsten,* who employed the direct method 

of estimation in large quantities of serum, yields the result: 

globulins 42 per cent and albumins 58 per cent of the total 

proteins.’ 

The manipulations involved in the determination are simple 

and when proficiency has been attained can be carried out with 

considerable rapidity. Six or eight determinations may be made 

simultaneously and with practice this number of determinations 

may be made in less than three hours, a considerable part of 

which time is consumed by centrifugalizations. As regards ac- 

curacy, the most probable error is that of one minute in reading 

the angle of total reflection. This will lead to an error of + 0.2 

per cent in the estimation of the percentage of albumins, = 0.15 

per cent in the estimation of the percentage of globulins, and 

+ (0.1 per cent in the estimation of the percentage of non- 

proteins. 

7 Robertson, T. B., Jour. Biol. Chem., 1912-13, xiii, 325. 

8’ Hammarsten, O., Arch. f. d. ges. Physiol., 1878, xvii, 413. 

° Robertson, T. B., Jour. Biol. Chem., 1912-13, xiii, 325. 
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By THOMAS B. OSBORNE anp LAFAYETTE B. MENDEL. 

WitrH THE CoopERATION OF Epna L. Ferry AND ALFRED J. WAKEMAN. 

(From the Laboratory of the Connecticut Agricultural Experiment Station 

and the Sheffield Laboratory of Physiological Chemistry in Yale 

University, New Haven.) 

(Received for publication, July 19, 1915.) 

In a recent paper? we have discussed the comparative nutritive 

value of certain proteins in growth and the question of the pro- 

tein mininum. Attention was directed chiefly to the growth of 

albino rats on foods containing different proportions of the same 

protett, or the same proportion of different proteins. In the 

present paper we give the results of a preliminary study under- 

taken in order to learn whether differences in the relative effici- 

ency of these several proteins in promoting growth would be 

apparent when they were supplied in quantities sufficient for 

maintenance alone. 

In our previous paper we furnished data showing that when 

the percentage of protein in the food was reduced, a proportion 

was finally reached where growth either entirely ceased, or a 

decline in body weight occurred. This method of determining the 

proper proportion of protein in a diet designed for maintenance 

or for growth has long been used by investigators of animal 

nutrition to discover the most economical proportion of protein 

in the practical feeding of domestic animals. Experiments of 

this kind have been planned to furnish a sufficient supply of 

calories in the non-protein part of the ration and reduce the pro- 
portion of protein by adding food substances low in protein, or 

by diminishing the proportion of those rich in protein. All of 

‘The expenses of this investigation were shared by the Connecticut 

Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, D. C. 

? Osborne, T. B., and Mendel, L. B., Jour. Biol. Chem., 1915, xx, 351. 

241 

THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXII, NO, 2 



242 Protein Minima for Maintenance 

this has involved changes in so many factors with every alter- 
ation in the food mixture that the results have value only in re- 
spect to the particular mixture used for the animal in question, 
and are, therefore, to a very large extent empirical. Further- 

more, possible differences in the relative efficiency of different 
proteins were formerly never considered in making such experi- 
ments; and the possibility of effecting economies in the use of the 

many available foodstuffs by so combining them that any nutri- 

tive deficiencies of the proteins of one food might be supplemented 
by proper combinations with another has heretofore generally 

escaped notice. Our previous papers have shown the favorable 

results obtained by feeding certain proportions and combinations 

of proteins to growing rats. We now have the results of similar 

experiments in relation to the maintenance of these animals of 

different sex, age, and size. 

The ideal condition for the prosecution of such an investigation 

would consist in feeding a single protein as a part of a ration so 

liberal in all of the other essential food substances, both organic 

and inorganic, as to avert the need of more than a minimum o 

protein for the energy requirement on the one hand; and so\ 

restricted in respect to the content of protein on the other hand as 

to make the supply inadequate for any tissue construction or stor- 

age, yet sufficient to prevent loss of body weight. If these con- 
ditions could be fulfilled, an animal ought to remain in nutritive 

equilibrium, neither gaining nor losing weight from day to day. 

The protein minimum could thus be ascertained for each protein 

in individuals of any age, size, or sex in terms of some suitable 

unit of comparison, such as body weight or body surface. 

Numerous difficulties preventing the ideal execution of the 

plan are at once suggested. Metabolism and, accordingly, the 

nutritive requirements are affected by a number of factors involv- 
ing size, the effect of muscular activity, the influence of ingested 

foods, and the relative proportions of the different nutrients. 

Even temperament and other features incident to good health 

may need to be taken into account. 

The recent discussions of a proper unit of comparison? indicate 

the insuperablesobstacles to the establishment of a satisfactory 

3 Compare Benedict, F. G., Jour. Biol. Chem., 1915, xx, 263. 
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unit of measurement which shall serve as a reliable index of basal 

metabolism. We have therefore been compelled to adopt the 

unit of body weight as the only convenient standard for our ani- 
mals, with the full recognition that although body weight plays an 

important part, there is no absolutely fixed relation between it 

and the total heat production. We also recognize that body 

composition, 7.e., the relative proportion of inert storage sub- 

stance and active protoplasmic tissue, may vary greatly under a 

variety of circumstances where the body weight is the same. For 

the present we find no better plan than to use the weight as an 

index of the mass of metabolizing tissue. 

The energy requirement of an animal must be satisfied, what- 

ever the composition and intake of the food may be. In many 

cases the appetites of the subjects are evidently an excellent 

guide to their physiological needs. Sometimes, however, the 

quantities of food eaten appear to be out of all proportion to the 

actual energy or protein requirement. We have already discussed 

the range of variation in the food intake of growing rats on com- 

parable diets and pointed out some features connected with it.4 

In the present initial studies on the protein minima for the 

maintenance of rats, rations of a suitable sort have varied es- 

sentially only in respect to their percentage content of the nitro- 

genous foodstuffs. Our purpose was to learn first what the in- 

stinct of the rat would lead the animal to eat when supplied ad 

libitum with foods containing different proportions of various 

proteins. All of these foods, when sufficiently rich in the pro- 

teins in question, had been demonstrated to be adequate, not only 

for prolonged maintenance, but, with the exception of that con- 

taining gliadin, also for complete normal growth.’ We have kept 

rats to old age on several of these mixtures and in the case of the 

edestin food have already raised four successive generations with- 

out offering any other ration. 

The energy requirement of animals living under the conditions 

which we have maintained may perhaps be approached in a 

statistical way by recording the actual food consumption of a 

large number of rats on diets containing an abundance of added 

4 Osborne and Mendel, Jour. Biol. Chem., 1915, xx, 364. 

° For a catalogue of the results see Osborne and Mendel, Jour. Biol. 
Chem., 1915, xx, 361. 
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protein (18 per cent) in food mixtures of the general composition 

indicated on page 245. Data thus obtained are summarized in 

Table A. 
TABLE A. , 

Food Intake of Rats Maintained on 18 Per Cent Protein Foods. 

Males. 

Food Protei oe 
merce ‘rites intake Range of food Number 

Average body weight. ecko per week per week intakes of observa- 
per week. feist . srs “, per week. tions. 

gm. gm. mg. mg. - gm. 

350-390 90 245 41.0 89-90 3 

300-350 87 268 43 .9 81-97 lg 

250-300 75) 279 44.5 58-97 37 

200-250 64 286 44.8 48-89 54 

175-200 61 321 50.9 48-78 17 

150-175 55 323 50.9 40-75 12 

125-150 47 325 ile, 38-55 16 

100-125 38 329 Beil ss 31-50 13 

75-100 38 413 64.8 31-53 10 

50- 75 29 451 70.0 23-37 18 

30- 50 25 571 85.5 18-31 17 

Females. 

200-240 66 316 50.4 58-77 22 

175-200 61: 321 51.4 50-77 40 

150-175 55 332 5208 47-65 56 

125-150 48 343 54.6 35-60 39 

100-125 42 360 57 4 34-52 24 

75-100 38 397 61.9 32-48 16 

50- 75 30 471 eee 25-41 21 

30- 50 25 550 83.0 18-31 | 9 

* No account is taken in this table of the small quantity of nitrogenous 

compounds in the ‘‘protein-free milk’”’ present in these rations. 

The results show the intake of animals in maintenance, in trials 

in which the variationsin body weight did not exceed 5to 10 grams 

during periods of not less than three weeks. Of course, these 

furnish no evidence as to the minimal protein need of the animals. 

They are rather intended to show the amounts of total food, 7.e., 

calories, ingested under such circumstances by rats eating ad 
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libitum rations comparatively rich in protein. It will be noted 

that the food consumption per gram of rat decreased, as might 

be expected, with increase in weight of the animals. The state- 

ment of the number of rats for which the data have been collected 

in each case gives some indication of the degree to which the 

individual figures are representative averages. The records here 

collected may be of value to other investigators in this field, aside 

from their bearing on the protein problem. 

Our subsequent procedure has consisted in feeding ad libitum 

mixtures of the sort indicated below, containing less protein, but 

with sucrose and starch used to replace it. As an illustration of 

a typical food mixture the following is cited: 

Per cent 

1 RTC) if 2d eae ae ee MgC RO Ome LA bees tS ies LEME  ,0Ok be Ty eee eb 9 

SIDI A REE EL Rn eee CERAM TS Pe RE gre WR Oey cc est ky he pene Ree 30 

Rane teeter ac PR tect hia ta PER ate ee EEC EY Seas vi 

BATE Ue Tadltieng: cec-, oinsers hela soe Se ee Eee eines 18 

BINT ROS Cee eile es sot starsat +, soy eter eRe Dee ee 8 

BVO GCI TREC Ks ote ye tcscnc. ays 02ers Sree RN PIE eee ee a ee 28 

Such foods, in which carbohydrate and protein may be inter- 

changed without undue alterations in the energy value of the 

mixtures, furnish about five calories per gram of substance. 

Obviously a nutritive decline on a modification of this diet may be 
due to the failure of the animals to eat enough food to meet their 

energy requirement, quite as well as to insufficiency of protein, 

when this is reduced in amount. Varying degrees of muscular 

activity will call for unlike quantities of food to meet the energy 

requirement. We have not yet been able to make special allow- 

ance for this variable; but in view of the fact that our rats are 

confined in small cages where vigorous exercise is practically 

impossible, probably in the majority of cases the activity of the 

animals has not differed greatly. We have had to be content 

to counterbalance any inequalities due to unlike demands of 

muscular activity by observations on sufficiently large numbers 

of animals to offset the individual extremes. 

When the composition of a liberal food mixture which suffices 

for maintenance is altered by reducing the protein content, note- 

worthy changes in body weight and in food consumption usually 

do not ensue until the protein has been decidedly decreased. For 
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example, rations with 18 per cent, 15 per cent, or 12 per cent of 

protein may produce little alteration in the level at which body 
weight is maintained. Only when the proportion of protein 
becomes lower does the fall in weight manifest itself. This is 

frequently attended by a decline in food intake. When the pro- 

portion of protein in the diet is reduced to comparatively low 
limits there not infrequently appears to be a tendency on the ~ 

part of the animals to eat much more liberally of the food 
poor in protein and thus make up the percentage deficiency of 

the ration by increased intake. Accordingly it will sometimes 

happen that a rat which has been maintained on a diet contain- 

ing, let us say, 9 per cent of a definite protein will be equally main- 

tained on a comparable ration containing 6 or 7 per cent of the 

same mixture, by eating somewhat more liberally thereof. There 

seems to be little difference in the outcome according to whether 

the proportion of protein is reduced suddenly or gradually, so 
long as it does not fall below the maintenance quota. 

From the standpoint of the method thus far developed, with 

its inevitable limitations in respect to the energy factor, success- 

ful maintenance alone is significant, and then only where there is 
a reasonable abundance of non-protein food. It has not infre- 

quently happened that the rats would fail to eat a portion suff- 

cient for their energy needs. Obvious cases of calorie underfeed- 
ing have been excluded from the results recorded in this paper. A 

study of hundreds of figures obtained in the way outlined has 

enabled us to select a limited number of experiments for purposes 

of comparison. They represent selected positive data. The 

range of variation in the individual trials is not inconsiderable, 

and does not take into account extremes of size with accelerated 

or decreased tendency to grow, or other possible incidental causes 

of unlike food requirement. By successively altering the protein 

content of the food we have attempted to find levels of absolute 

protein intake (abundance of total calories presumably being 

ingested in each case) at which there will result: (1) exact main- 

tenance of body weight; (2) slight decline; or (3) slight gain 

(where adult size had not yet been reached). In this way it seems 

possible to approximate in a statistical way the limits which de- 

termine the condition of maintenance in so far as the protein is 

concerned. In young animals it is not sufficient to decrease the 
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protein intake to a point where growth just ceases; for there 

appears to be a considerable range below this at which growth 

fails, yet maintenance is still possible. 

Without a demonstration of the level at which some decline 

ensues, observations on the maintenance minima are not complete. 

The lower limit—the minimum—can therefore be determined only 

by reaching a plane of protein intake which is just insufficient. A 

very slight increase or decrease in the intake of protein at this 

point should promptly restore maintenance or induce decline. 

In Tables A, B, C, D, F, and H the per cent of protein is given in 

terms of the air dry preparation. The protein intakes are calcu- 

lated from the nitrogen content of the food by means of the ap- 

propriate factor for each protein. In Table E the percentage of 

protein and also the protein intake were calculated from the 

nitrogen of the food. 

The figures reported in the tabular summaries B, C, D, E, F are 

selected from experimental periods which meet these conditions. 

Periods of decline were succeeded by those of recovery and vice 

versa. Before finally considering a decline in body weight as due 

to the protein deficiencies of the diet we have tested the animal 

with a ration more liberal in the same protein to make certain 

that it could be maintained on a suitable dietary and was not 

merely declining because of unsuspected disease. Thus it some- 

times occurs that a rat will continually lose weight on a diet sup- 

posedly liberal in all respects. Such animals are not infrequently 

found to be suffering from pulmonary infections, hair balls in the 

stomach, tumors, ete., the discovery of which explains the un- 

expected results. All data unsatisfactory in this respect have been 

excluded from the selected figures presented in this paper. The 

chart in the appendix will illustrate, in the case of a few animals, 

the type of trials from which the statistics were collected. 

The tabular summaries, B, C, D, E, F, on pages 248 to 251, in- 

dicate quite unmistakably, we believe, that rats fed upon rations 

comparable in their make-up in every way except with respect 

to the content of protein can be maintained in body weight with a 

smaller intake of lactalbumin than of any other protein here 
reported. A résumé of the range of protein minima for main- 

tenance found in the individual experiments is given in Table G. 
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TABLE B. 

Protein Minimum for Maintenance. 

Lactalbumin Food. 

Males. 

Food Lactalbu- Gain (+) 
Lactal- : z ee _,| or loss (—) 5 

Rat. Body | bumin | perweek |"perweek | % body | Chserva- 
of diet. | “PSE Em | Per ee | ates pee 

period. 

gm. per cent mg. mg. gm. days 

PAIS ba 317 ff 217 12.6 +2 14 

1S yA ae ah 297 5 303 12.5 —3 98 

74 Ba ee Me ies 2 284 7 232 13.4 +0 21 

BODO r Ris icin 278 5 296 12.2 +5 70 

‘IRS Bs ee woe 272 4 335 Di ee —1 42 

ba ete. «no ape 270 5 254 10.5 +3 49 

BY: | ee ee are 254 3.5 319 9.2 —2 70 

BAAD. doe tees 253 5. 305 12.6 +0) 35 

2209}. SEE 228 6 288 14.2 —3 14 

2AAT ghee oo Reat 227 4 280 10.4 —2 35 

DOU) au wee 214 5 252 10.4 il 42 

5%, 5 eRe, Sere 202 7 241 14.5 —3 56 

Dre sere net: 183 4 366 12.1 Sell 28 

DOD St.» GRE 160 4 292 9.6 +0 70 

DSO R el kte: 129 4 324 10.7 +12 28 

2 De eee res ee 120 2.9 352 tno —1 49 

DOA Re soe Ce. 95 22 361 7.4 +3 35 

fei bolas 5 Saute Oe 78 2 435 (hey? +8 154 

OAV N «cot ee 76 2 408 6.7 +8 56 

OPAL VAS, Bi aan rte 72 2 481 7.9 +0 175 

yA kat Jee 16 AA es 66 2 557 9.2 +0 63 

DES eBook hae 60 2.5 483 9.9 —1 28 

Females. 

PAN Sa coy: 202 4 287 9.5 —3 28 

fODY cee Soe ee 189 4 329 10.8 ed 35 

125 ee ee 188 5 372 15.4 —2 28 

ONO SNe eee koe 176 4 255 8.4 —1 35 

INGtine, Seay 167 4.5 365 13.5 = il 21 

275 1 Re TR A 159 4 331 10.9 =i 21 

2112.. esas ce ag ed 88 2 417 6.9 —1 42 

ZANE ba oe aie 87 2 445 7.4 —3 35 
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TABLE C. 

Protein Minimum for Maintenance. 

Casein Food. 

Males. 

fos Gain (+) 

Body Casein ae fou SE ee Period of 
Rat weiehit content per week | per week aEeRE observa- 

of diet. per gm. per gm. daring tion. 
of rat. of rat. period. 

gm per cent mg. mq. gm. days 

Poa, ee eae oe 352 7 321 20.2 Ef 42 

PSs oid ded 314 ft 337 24.2 +1 28 

TOBE Bos tsa Move 283 6 282 Lee +0 28 

7 |S | ee a 276 iE 276 17.4 —3 28 

yi a re oe 272 5 310 13.9 —2 21 

75h eae oe 264 6 264 14.3 —1 35 

PANS eo 263 7 295 18.6 =0 56 

YS er a 247 7 284 17.9 +4 56 

OPER es 8 se as: 239 9 291 23.6 =0 35 

LUE eee 238 i 304 19.2 +2 28 

2S). ee 238 7 307 19.3 —3 21 

2322, Sie oe 233 9 328 26.6 —3 56 

2) 203 7 344 yA ler —5 « 28 

227 Ree 196 7 288 18.1 —4 28 

A334) 186 5 404 18.1 —] 56 

ZS TAU, Cee ee 185 9 351 28.4 +7 28 

lS) ee or 160 Zi 353 22.2 —6 28 

SAGs os hoe ates 141 5 338 15.2 +0 28 

PAT) bf (a or Pa 89 4.5 368 14.9 ae 35 

aw P 

' 1) : ry emales. 

WORSE os fot Sole 206 6 | 347 18.7 +3 56 

PUG ore Fe 5 oe 205 6 341 18.4 +1 14 

TS See SS exer gt 187 5 312 14.0 —3 28 

1 (07 Renae 186 5 321 14.4. —2 21 

tr 166: 1 338 21.3 +6 21 
it ee Ren 160 7 318 20.0 —4 21 

DEMS cea ahaewr3 « 152 9 306 24.8 —4 49 

DANO ig eo a 98 4.5 360 14.5 —3 35 

DUR metate: fon, 94 5 400 18.0 —1 42 

7 (eed a, ee 5 425 19.1 —2 14 

FA oe Oe ee 51 4.5 552 DD) 4. —4 14 

iN 

= 3 (ee rs 
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TABLE D. 

Protein Minimum for Maintenance. 

Edeéstin Food. 

Males. 

. Gain (+) 

Boas Edestin Faro eee hae Period of 
Rat. wei ght. content per week per week aeiEhe observa- 

of diet. per gm. per gm. dune tion. 
} of rat. of rat. period. 

gm. per cent mg. mg. gm. days 

DOD OM oe eis see 366 6 271 15.1 —1 42 

MS BA ee Soi s, hd we lcl bee 341 9 264 22.1 +2 14 

VOU OMe ss Asolo 336 re 250 16.3 —4 21 

NGGome. cachesk ie 294 5 252 We +0 49 

NOSO AE. lag ote 286 a 293 19.1 +9 21 

DOOD Seis. acces 282 6 288 16.0 —3 21 

DOO ts al acme 276 5 321 14.9 +2 35 

ZOUONS . lo Meee 247 {i 365 23.8 +4 56 

DAES. -:\d:: Meeroee 244 6 310 Wie +1 35 

NOGiyn3. seen 244 9 247 2024 +0 28 

OSTA: <-ese ee 237 a 297 19.3 —2 35 

USN Ga sneer 214 af 317 20.6 —3 14 

DAO ae oe 111 6 373 21.0 —3 21 

: 4 40 
‘Females. 

PANUB Ss Ss Saas ae 225 6 265 14.8 —3 21 

OS be, chee Be 218 5 325 15.1 +6 42 

BOOS Mess s Seka 215 6 310 1723 +0 28 

ZOOS re kd dese 215 6 349 19.5 +7 28 

WA DYE ccchi Cece MES & 204 7 334 21.8 +0 21 

2029 sorts nena 196 6 328 18.3 +3 21 

eit eee an 162 4.5 395 16.6 +2 63 

Py ay BAR Sager see 162 7 323 21.0 —1 14 

DOES eels. cite eis: 124 5 363 16.9 +0 42 

DAS srs haeieesiels 118 4.5 393 16.5 +0 63 

DODO MEN cabs eee 98 a 336 . 21.9 +2 35 

AW Ue Sean Aa 93 4.5 395 16.5 +3 28 
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TABLE E. 

Protein Minimum for Maintenance. 

Milk Proteins. 

Males. 

Milk Gain (+) 
: Food A Milk 3 ] — : 

Rat Body protein poke Peake: Sarenay A and of 
Bue weight. content Ren Wee per week weight o piety 

of diet. posse per gm. during Lots 
5 of rat. period. 

aie, hei eae mg. mg. gm. days 

AGA er hae 329 7.4 259 19.2 0) 42 

Ley Ge Sees 316 4.9 302 14.9 —2 35 

[foto ba Cae 253 7.4 299 22.1 +0 70 

DMM decease 26 oe3 229 4.9 302 14.9 +0) 28 

PAP Oe 214 4.9 306 15.1 —4 21 

A. 5 Ce 185 4.0 340 13.4 -—1 28 

Females. 

ICV LN 170 4.9 351 Wes +1 42 

TO 2 ae nae 156 4.9 378 18.7 +0 35 

PEPIN SED, o:27s + se 137 622 342 2 +0 63 

TABLE F. 

Protein Minimum for Maintenance. 

Gliadin Food. 

Males. 

Be Sate Gain (+) 
Food Gliad 

Body | Gliadin | intake | intake | °T!05*(—) | Period of 
Rat. meiEhE content per week | per week weet observa- 

of diet. per gm. per gm. during tion. 
of rat. of rat. period. 

gm. per cent mg. mq. gm. days 

USSZ Sees: 293 12 266 27 .0 —3 35 

Q2HOM eS Stes: 285 12 241 24.4 +1 21 

SOU rie Se era: 267 12 268 2 2 +0 42 

Ney ope aoe ee oe 266 9 308 23.4 +() 35 

Females. 

HOSTS. Sosa. 3 187 10.5 304 27.0 +6 42 

LS BO eerie asc: 179 6.0 375 19.0 +1 105 

BL See 92 7.0 369 21.8 —1 21 
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TABLE G. 

Range of Protein Minima for Maintenance in Individual Experiments. 

Protein added to Food intake per week | Protein intake per week Size of rats. 
the ration. per gm. of rat. per gm. of rat. 

gm. mg. mg. 

Lactalbumin. Males. 

60-100 361-557 6.7- 9.9 

100-200 292-366 7.3-12.1 

200-250 241-288 | 10.4-14.5 

250-300 232-335 9.2-13.4 

300 217 12.6 

Females. 

80-100 417-445 6.9- 7.4 

100-200 255-372 8.4-15.4 

Casein. Males. 

80-100 368 14.9 

100-200 288-404 15 .2-28.4 

200-250 284-344 17 .9-26.6 

250-300 264-310 13 .9-18 .6 

300-350 321-337 20 .2-21 .2 

Females. 

50-100 360-552 14.5-22.4 

100-200 306-338 14.0-24.8 

200-250 341-347 18 .4-18.7 

Edestin. Males. 

100-200 373 PANE) 

200-250 247-365 17 .3-23.8 

250-300 252-321 11.7-19.1 

300-400 250-271 15.1-22.1 

Females. 

90-100 336-395 16.5-21.9 

100-200 323-395 16 .5-21.0 

200-250 265-349 14.8-21.8 

Milk proteins. Males. 

100-200 340 13.4 

200-300 283-302 14.9-22.1 

300-350 259-302 14.9-19 .2 

Females. 

100-200 342-378 17 .3-21.1 

Gliadin. Males. 

250-300 241-308 23 .4-27 .2 

Females. 

90-200 304-375 19 .0-27 .0 
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Ranges of 7 to 15 milligrams of lactalbumin per gram of rat per 

week represent minima lower than those found for casein, edestin, 

milk proteins, or gliadin, not to mention the impossibility of 

maintenance with zein. With the pronounced individual varia- 

tions in the total food intake exhibited in our experience it is 

almost impossible to make precise comparisons of rats of the same 

size on precisely the same intake of protein. It is an obvious 

shortcoming of this method of procedure that the energy intake is 
not controlled, so that when it is large there may be a relatively 

greater protein-sparing effect where the non-protein nutrients are 

ingested in undue amounts. The selected figures recorded in our 

summaries scarcely give any justification for the assumption that 

greatly increased energy intake will explain the lower values at 

which maintenance was secured with the lactalbumin food. It | 

will be noted further that whereas maintenance could be secured | 

very frequently with a lactalbumin content of less than 5 per | 

cent in the diet, this was rarely the case with the other proteins. 

With all the foods, however, very small rats, naturally eating larger * 

quantities of food per unit of body weight, often attained main- 

tenance (without growth) on lower protein intakes than sufficed 

for rats of larger size, e.g., above 125 grams. 

We have pointed out in our earlier communications that the 

“protein-free milk’? which forms a part of the rations described is 

not entirely free from milk protein. It contains not more than 

0.7 per cent of nitrogen, of which only a part at most is in the form 

of protein. Assuming that all of this nitrogen is equivalent in 

value to protein—a premise for which there is no experimental 

evidence—100 grams of the food mixtures used by us would con- 

tain 1.2 grams of such protein, besides the protein intentionally 

supplied. The hypothetical addition of protein would amount to 

3.6 milligrams in a food intake of 300 milligrams per week per gram 

of rat. The increment would apply to all of the diets in essenti- 

ally like amounts. Even if it were assumed that the rats on 

lactalbumin food eat twice as much of their ration, the increased 

intake of hypothetical protein in this extreme case would hardly 

suffice to equalize the protein minima of the lactalbumin-fed rats 

with those on the other proteins, when animals of comparable 

sizes are contrasted. The superiority of the lactalbumin in these 
trials, therefore, cannot be charged solely to protein derived from 

ee 
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the so called “protein-free milk.’”’® Speaking broadly, we have 

not been ableto accomplish with a protein intake of 12 to 15 milli- 

grams per gram of rat in the case of either edestin or casein, the 
degree of maintenance which is usually attained by feeding 

lactalbumin. For edestin and casein a correspondingly efficient 

intake seems to be about 20 milligrams in the form of our particu- 

lar mixtures. It is too early to make thoroughly satisfactory 

§ Referring to older papers by us, McCollum and Davis (Jour. Biol. 

Chem., 1915, xx, 647) have contended that we have assumed too high a 

figure for the plane of intake of protein which will serve to maintain young 

rats in body weight. What we did (Osborne and Mendel, Ztschr. f. physiol. 

Chem., 1912, xxx, 341) ‘was to compare the growth of rats on food mix- 

tures containing different percentages of protein. When the lower 

limit of 7 to 9 per cent was reached, maintenance ensued but growth 

ceased. We failed to realize the importance of calculating and comparing 

the actual protein consumption of the animals in the earlier experiments 

in addition to contrasting the results of varying the percentage of protein in 

the food mixture. The food intakes and other data are actually reported 

in our charts so that they are available for comparison. In some of the 

cases it appears likely that the failure to grow better, and therefore the 

semblance of maintenance without growth, was due to insufficient total 

food intake, i.e., calories. Even more significant is the fact that these 

early experiments were conducted with food mixtures on which it was 

subsequently shown that all rats sooner or later decline unless some adju- 

vant such as butter fat, egg fat, or cod liver oil is furnished (Osborne and 

Mendel, Jour. Biol. Chem., 1913, xv, 311; 1913-14, xvi, 423; 1914, xvii, 401; 

1915, xx, 379). We have therefore never included the results from the 

earlier trials with manifestly incomplete food mixtures in comparisons with 

our later experiments; and all attempts to do so seem to us unfair in the 

light of the literature of the subject. When McCollum and Davis attempt 

to defend the thesis that the lowest plane of protein for maintenance is, 

let us say, 3 per cent of the food mixture (in the case of a distinct ration pre- 
pared by them) one may question whether they are justified in making 

wide-spread comparisons on this basis. There is no guarantee what- 

ever that rats will eat the same total quantity of unlike food mixtures 

which contain the same content of protein. The actual intake must be 

measured. Not until we can finally say that animals require a stated weight 

of protein per unit of body weight tosecure maintenance in the presence of 

an abundance of energy-yielding food shall we be in a position to make 

absolutely conclusive comparisons. Incidentally it may be pointed out 

that we have recently published figures on the maintenance of rats with 

diets containing low percentages of protein quite in harmony with the low 

percentage figures of McCollum and Davis on a different type of ration 

(Osborne and Mendel, Jour. Biol. Chem., 1915, xx, 351). 

reel eat 
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comparisons with the other proteins except to note that, com- 

paratively, more gliadin is required. That this is not due to 

defective utilization in the alimentary tract in the case of any of 
these proteins has been demonstrated by us directly by analyses 

of the feces in those instances where a relatively high protein in- 

take was found inadequate for perfect maintenance. The mixed 

proteins of cow’s milk, as represented in our ‘“‘milk food,’’? contain- 

ing casein together with some lactalbumin, approach casein and 

edestin in value for maintenance, possibly being somewhat more 

efficient as exemplified by a very slightly lower maintenance 
minimum figure. The higher figures for gliadin are in accord with 

its known exceptional character in respect to the yield of the 

various amino-acids characteristic of proteins. Gliadin yields 
a small amount only of lysine,® and 22 per cent of its nitrogen as 

glutaminie acid and 25 per cent as ammonia. What value the 
latter has in nutrition we do not yet know, but it is difficult to 
believe that it can. be utilized for the synthesis of new protein 

in any degree comparable with that of the amino-acids. The 

apparent need in maintenance of greater quantities of gliadin 

than of most other proteins may be to a certain extent due to this 
relatively large proportion of nitrogen which it yields as ammonia. 

The experiments described in this paper show how rats will 
actually respond to the particular diets offered, but they fail to 

give as accordant results as are necessary to reveal differences 

between the different proteins except in rare cases. This is chiefly 

due to the wide variations in the amount of food eaten, not only 

by different rats, but by the same individual at different times. 

"This consisted of milk powder, starch, and lard, the milk powder 
being in part replaced by starch, butter fat, and ‘‘protein-free milk’? when 

it was desired to alter the content of protein, e.g.: 
15 per 6 per 
cent cent 

protein. protein. 
gm. gm. 

Mille powders). Sei ets SAR ee kn. ep Lt 60 25 

SiArele. he ao ee Se ek as 12 33 

Lara. eee I ee 28 11 

Butter fat.a) o.; (meee ren ee a Ae... ase 14 

“‘Protert-tres silk’ pees et 8 eee... ed: 17 

100 100 

* Osborne, T. B., Van Slyke, D. D., Leavenworth, C. S., and Vinograd, 

M., Jour. Biol. Chem., 1915, xxii, 259. 
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We are now engaged in a system of limited feeding which 

promises to solve the problem. In these trials a limited weighed 

amount of food was supplied daily and was eaten completely. 

The quantity furnished was that on which the rats were at the time 
growing normally when the food contained an abundant pro- 

portion of protein. We were thus assured that the animals re- 

ceived a sufficient supply of calories. Comparison was made 

between the different proteins by reducing the percentage until 

growth ceased, or a gradual decline in body weight occurred. 

The food and protein intakes were so adjusted as to be the same 

for the body weight of each animal in comparable experiments. 

The results of a few preliminary experiments are given in 

Table H. These data confirm those already obtained with the 
same proteins fed ad libitum. 

TABLE H. 

% S eo dfes Food intake.* Protein intake. . 
i") = Cy 

a Tahoe ee eles : - 

Ene Ba eiB INTs 3 z 3 te: 
me. [2 13/2 let] § | 3g 12] sd | Panga 

ie Pests RRC: fle le pm. a 
Sier| ea a | Sg o 80 iy oS op 
SE; S| & las) 3 pa | 2 5 A 
AQ ne hel tan he = a =< ay 

days | gm. | gm. | gm gm mg. gm, mg. 

26450" | 42 | 169) 170/+ 1) 310.8} 298-304} 12 .8)12.3-12.5)}5%lactalbumin. 

26460 21 169] 170/+ 1) 310.8} 294-304) 12.8)12.1-12.515% e: 

26450 | 42 | 170} 165}— 5} 310.8) 307-312} 10.3]10.1-10.3/4% ; 

264607 | 42 | 170) 160)/—10} 310.8) 306-322) 10.3)10.1-10.6)4% - 

27330" | 42 | 153} 134)—19) 277.2} 305-340) 12 .5)13.7-15 .315% casein. 

27329 | 42 | 121] 103)~18] 218.4] 306-354) 9.8/13.8-15.9|5% “ 

27299 | 42 | 127] 126/—\1] 258.9] 338-344] 11.7 15.2-15.51I5% ~*~ 

* The composition of the foods was as follows: 
Lactalbumin. Casein. 

per cent Pen cent per cent 

ROWE LUM ee eT eres ike soe Dic eva dealin, Se 4 5 5 

SOP TOUS UMSTe MUNI ee mains es are ado. < uci fiwiche he eee ne 28 28 28 

Biutteriaieeee eee os Soke Soa ee 18 18 18 

ard A eee ee occa Liotta ld eee ae 8 i i 

Sar G hi. 2 aes eee odes, oe eee ee 32 32 25 

SUCROSE = 5!) oes oc RR sce o ciciceend SONI) a ao ay agen 2 ea 10 10 th 

It will be noted that the total calories, ash, ‘‘protein-free milk’’ factors, 

etc., are nearly alike in their relation to the body weight. 
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The different proteins are, with a few exceptions, not so widely 

divergent in their general amino-acid make-up as to lead us to 

expect wide differences of protein minimum requirement, aside 

from a few striking examples. In the case of growth with its 

greater need of protein units, the divergencies of the proteins may 

manifest themselves more conspicuously than in mere mainte- 

nance. The apparently greater efficiency of lactalbumin, in con- 

trast with the other proteins recorded above, is in harmony with 

the observations of the apparent economy of this protein as a 

supplement to deficient rations.° 

° Osborne and Mendel, Jour. Biol. Chem., 1914, xvii, 325; 1914, xviii, 1. 
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SOME PRODUCTS OF HYDROLYSIS OF GLIADIN, LACT- 
ALBUMIN, AND THE PROTEIN OF THE 

RICE KERNEL. 

By THOMAS B. OSBORNE, DONALD D. VAN SLYKE, CHARLES S. 
LEAVENWORTH, anp MARIAM VINOGRAD. 

(From the Connecticut Agricultural Experiment Station, New Haven, and 

the Hospital of the Rockefeller Institute for Medical Research, 

New York.) 

(Received for publication, July 12, 1915.) 

To settle questions concerning the quantity of some amino- 

acids yielded by several proteins which form important con- 

stituents of human food we have cooperated in the following 

analyses in order to eliminate, as far as possible, uncertainties 

due to inexperience in the use of methods, and also those due to 

working with samples of different origin. We have also paid 

especial attention to the determination of lysine, in order to gain 

further information in respect to the differences frequently en- 

countered between the results of the direct isolation of this amino- 

acid as picrate and its indirect estimation by the Van Slyke 

method.? 

The Amount of Lysine in Gliadin. 

The discovery of a small quantity of lysine among the products 

of hydrolysis of gliadin has some important bearings. In the 

first place it raises the question of the individuality of gliadin, 

for the amount of lysine isolated was so small that it seemed 
likely that it was derived from some contaminating protein. A 

rigid fractionation of 500 grams of this preparation of gliadin 

yielded extreme fractions from which similar small quantities 

of lysine were obtained, thus giving no evidence of the presence 

of any other protein.’ 

1 A portion of the expenses of this investigation was also shared by the 

Carnegie Institution of Washington, D. C. 

* Compare Van Slyke, D. D., Jour. Biol. Chem., 1913-14, xvi, 531. 

3 Osborne, T. B., and Leavenworth, C. S., Jour. Biol. Chem., 1913, xiv, 

481. 

259 



260 | Determination of Some Amino-Acids 

That ghadin is in fact a definite substance and not a mixture 

of two or more proteins has recently been asserted by Groh and 

Friedl* who have compared several of the physical properties of 

successive fractions of carefully purified gliadin, and conclude 

that there is only one alcohol-soluble protein in wheat gluten. 

In the second place the results of an analysis by Van Slyke,® 

made by his indirect method, indicated a much larger quantity 

of lysine than that isolated as picrate, and consequently raised 

the question of the limits of accuracy of the determinations of 
lysine made by this method, as well as those by Kossel’s method. 

The great importance of gliadin as a constituent of human food, 

as well as its extensive use in nutrition experiments, from the 

results of which conclusions frequently have been drawn on the 

assumption that it yields no lysine, makes it important to know, 

as accurately as possible, its true content of the lysine complex, 

as well as of its other constituents. We have therefore made 

four new analyses by the Van Slyke method, the closely agreeing 

results of which, corrected for the solubility of the bases, can 

now be compared with those obtained by other methods. 

Gliadin. Van Slyke Method. 

Per cent of total nitrogen. Corrected for solubility of cB a 
Uncorrected. the bases. 255 

I* u* | me | ve | ul m | w |as z 

Ammonia N..| 24.27] 24.68] 24.67} 24.83 24.61 

Etumin.-N .. ..2|' 70.83) (0.50), O:50), 60:48 0.58 

Cystine N....| 0.28} 0.30) 0.38} 0.38] 0.70) 0.72} 0.90} 0.90) 0.80 

Arginine N...| 5.11) 4.96) 4.65) 4.79] 5.62] 5.47| 5.29) 5.43) 5.45 

Histidine N..| 2.84) 2.93! 2.43) 2.57| 3.44! 3.59) 3.19] 3S aeivaese 

Lysine N....:| 1.14) 1.28} 1.26) 1.30) 1.22] 1.86) -1J36)eaGieeeeee 

Amino N of 

filtrate..... 52.70) 53.10 51.65) 52.25) 51,95 

Non-amino N 

of filtrate... 12.07| 11.08 11.10} 10.30] 10.70 

Botalse-n& x 98.66) 98.53 98.81 

* Total nitrogen = 0.624 gm. 

** Total nitrogen = 0.501 gm. 

4 Groh, J., and Friedl, G., Biochem. Ztschr., 1914, Ixvi, 154. 

5 Van Slyke, Jour. Biol. Chem., 1911-12, x, 15. 
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Determinations of the basic amino-acids in this same preparation of 

gliadin, and also in two samples obtained from it by fractional precipitation 
from alcohol, gave the following results :® 

Gliadin. Former Results by Kossel’s Method. 

Grams from 100 gm. of gliadin. 

Arginine. Histidine. Lysine. 

Mieie saurple 8 Le Met ee me PP 1.63 0.16 

dW Dee ea ed Ba SP ahs’ 1.49 

RT aietiOnvAc, Teese Nae re 2.48 1.438 0.15 

RE te tire 2.43 1.44 
Hractionl bay leet ee 2.92 1.49 0.07 

et See ae eee 2.90 1.48 

An earlier determination of arginine in the gliadin hydrolyzed by Os- 

borne and Clapp’ gave 3.16 per cent. Kossel and Kutscher® found in three 

different fractions of the alecohol-soluble protein of wheat 3.05, 2.75, and 

3.13 per cent of arginine and 1.20 and 1.53 per cent of histidine. 

These determinations agree as closely as can be expected when 

the difficulties involved in the execution of Kossel’s complicated 

method are taken into consideration. The following figures 

facilitate a comparison of the average of the above results with 

those obtained by the Van Slyke method. 

Grams amino-acid from 100 gm. of 
gliadin by the methods of: 

Kossel. Van Slyke.* 
Former analyses. Present analyses. 

Je acs) VES sed» AE ee 2.70 2.97 

JESU epee Ata ATE ge Race kL a 1.49 2.19 

LVI CR eee en Pel cee AL LMS Ae 0.13 ED 

* Calculated for 17.5 per cent of nitrogen in the gliadin. 

That the figures for arginine and histidine by the Van Slyke 

method are somewhat higher is to be expected, for slight losses in 

carrying out the Kossel method are almost inevitable. We can 

consider, therefore, that the proportions of these two amino- 

acids are now fixed within reasonably satisfactory limits. The 

6 Osborne and Leavenworth, loc. cit. 

7 Osborne, T. B., and Clapp, 8. H., Am. Jour. Physiol., 1906-07, xvii, 

231. 
8 Kossel, A., and Kutscher, F., Zischr. f. physiol. Chem., 1900-01,xxxi, 165. 
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difference among the several results for lysine is relatively great, 

and we have therefore subjected it to further investigation. 

Since the amount of lysine picrate previously obtained from this 

sample of gliadin was lower than the amount corresponding to 
either Van Slyke’s lysine nitrogen or the free amino nitrogen (see 

latter part of this paper), new determinations were made of the 

basic nitrogen precipitated by phosphotungstic acid according to 

the modified Hausmann method, and also of lysine by Kossel’s 

method. The new direct determination of lysine was made as 
nearly as possible under the conditions of Hausmann’s method 

for determining basic nitrogen, with the modification that losses 

which might occur on decomposing the phosphotungstate pre- 

cipitate were avoided by using the amyl alcohol-ether method.°® 

100 gm. of the air dry gliadin, equal to 95.28 gm. ash- and moisture-free, 

were boiled with 1000 cc. of 20 per cent hydrochloric acid for twenty-four 

hours, the solution was concentrated under diminished pressure until most 

of the hydrochloric acid was removed, and boiled with an excess of mag- 

nesium oxide until free from ammonia. The solution was then filtered and 

concentrated to 1 liter. Two portions of 10 ec. each were diluted to 100 ce. 
and the nitrogen precipitable by phosphotungstic acid was determined by 
the modified Hausmann method. We thus found in each portion 0.0096 gm. 

of basic nitrogen, equal to 1 per cent of the gliadin, or exactly the same 

amount as in the determinations previously made with 1 gm. portions. 

The remainder of the solution was diluted to 10 liters, 300 ee. of con- 

centrated sulphuric acid, and then 3000 cc. of a 20 per cent phosphotungstic 

acid solution, containing 5 per cent of sulphuric acid, were added. After 
standing over night the precipitate was filtered out and washed with a 

5 per cent solution of phosphotungstic acid. The precipitate was then 

suspended in about 500 cc. of water, to which about 10 cc. of 30 per cent 

sulphuric acid were added, and shaken out with a liberal quantity of a 

mixture of equal parts of amyl alcohol and ether. A clear solution of 

phosphotungstic acid in the organic solvent formed at once, the decomposi- 

tion being effected with great ease. The aqueous solution was drawn off 

and the amyl alcohol-ether layer was washed three times with distilled 

water. The aqueous solution was then shaken three times more with 

fresh amy] alecohol-ether mixture, and the latter was each time washed with 

water to avoid loss. 

The solution of the bases was brought to a volume of 1 liter, and nitro- 

gen was determined in two portions of 10 ec. each, 0.86 and 0.86 mg. being 

found. This is equal to 0.88 gm., calculated back to the whole of the 
original solution which had previously been found to contain 0.96 gm. of 

9Van Slyke, Jour. Biol. Chem., 1915, xxii, 281. 
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nitrogen precipitable with phosphotungstic acid. The loss by decomposi- 

tion of the precipitate was 0.08 gm., or 8.3 per cent of the basic nitrogen. 

How this loss occurred is not clear. 
Arginine and histidine were removed from this solution by baryta and 

silver nitrate, as in the Kossel method, and the lysine by precipitating with 

phosphotungstic acid. The lysine phosphotungstate was decomposed by 

the amyl alcohol-ether process as just described. After removing the 

sulphuric acid with an excess of baryta and the latter by carbonic acid, 

the solution of the lysine carbonate was made up to 1000 cc. and nitrogen 

determined in two portions of 25 cc. each, 2.6 and 2.4 mg. being found, equal 

to 0.1000 gm. of nitrogen, or 0.5210 gm. of lysine, in the whole solution. 

Correcting this for the solubility of lysine phosphotungstate in the 15 

liters from which it was precipitated gives 0.7085 gm. of lysine, equal to 

0.76 per cent of the gliadin. After evaporating to a syrup and diluting with 
a little alcohol, an alcoholic solution containing just enough picric acid to 

convert this quantity of lysine into the picrate was added. A characteristic 

yellow precipitate formed at once, which was filtered off the next day, and 

when dried weighed 0.9746 gm., equal to 0.3794 gm. of lysine. 
Since lysine phosphotungstate is soluble to the extent of 12.5 mg. of 

lysine per liter, and the volume of the solutions from which this had been 

precipitated was 15 liters, we must add 0.1875 gm. to the lysine found, mak- 
ing the total 0.5669 gm., equal to 0.64 per cent of the ash- and moisture-free 

gliadin. The purity of the substance weighed was shown by recrystalliz- 

ing from water whereby 0.8390 gm. of pure, crystallized lysine picrate was 

recovered. Adding to this 0.0756 gm. for the solubility of lysine picrate in 
the 14 cc. of filtrate gives a total of 0.9146 gm. equal to 94 per cent of the 

substance weighed. The nitrogen in the solution from which the 0.9746 gm. 
of lysine picrate had been obtained was equivalent to 0.5210 gm. of lysine, 

equal to 0.1416 gm. more lysine than was isolated as picrate. The filtrate 

from the 0.9746 gm. of substance was evaporated to dryness, during which 
process a very small quantity of yellow substance, similar in appearance 

to lysine picrate, separated. The residue was extracted with alcohol, and 

the insoluble matter filtered out, washed with alcohol, and dissolved in wa- 

ter. The solution when evaporated to dryness left a residue which weighed 

only6mg. The alcoholic solution was also evaporated, and left a residue 
weighing 0.3450 gm. Since 0.7764 gm. of picric acid had been added, of 

which 0.5952 gm. separated with the lysine picrate, 0.1812 gm. of picric 

acid was therefore left in this filtrate. Deducting this from the weight of 

the residue left on evaporating the filtrate we have 0.1638 gm. of substance. 

The solution from which the lysine had been precipitated contained 0.1000 
gm. of nitrogen, and the precipitated lysine0.0728 gm., leaving 0.0272 gm. of 

nitrogen, equal to 16.4 per cent of the residue, providing there was no loss 
on decomposing the second phosphotungstate precipitate. If all of this 
residue was lysine it would be equal to only 0.17 per cent of the gliadin 

which shows that the loss of lysine in precipitating as picrate was, at the 
most, small. 
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The amount of lysine which we have thus found, 0.64 per cent, 

is much more than the 0.16 per cent obtained in the earlier analyses, 

but considerably less than the 1.21 per cent calculated from the 

partition of nitrogen in the Van Slyke analysis. 

Since the conditions of precipitation of the phosphotungstates 

in the Hausmann method are quite different from those in the 

Van Slyke, we repeated the determination of lysine in gliadin, 
under the conditions of the latter method, in order to determine 
whether or not the differences here encountered may thus be 
explained. 

100 gm. of the same sample of gliadin, equal to 93.38 gm. ash- and mois- 

ture-free, were hydrolyzed as before. After removing the ammonia 400 cc. 

of concentrated hydrochloric acid were added and the solution was made 

up to4 liters. After heating to 95°, a boiling solution of 320 gm. of phos- 

photungstic acid, dissolved in 1350 ec. of water was added, and the solution 

allowed to stand for forty-eight hours, during which time the phosphotung- 

states crystallized out. The precipitate was sucked out and washed with 

an ice cold 2.5 per cent solution of phosphotungstic acid in 0.8 normal 

hydrochloric acid. The precipitate was decomposed by the amy] alcohol- 
ether method. The sulphuric acid used in the decomposition was removed 

with baryta, and the arginine and histidine were removed with silver ni- 

trate and baryta from a volume of 400cc. Barium and silver were removed 

by sulphuric acid and hydrogen sulphide, and the solutions made up to 

1000 ec. after adding 30 ec. of concentrated sulphuric acid. 

The lysine was then precipitated from the solution heated to 95° by 
adding a boiling solution of 40 gm. of phosphotungstic acid dissolved in 
200 ee. of 5 per cent, by volume, sulphuric acid. The lysine phosphotung- 

state was decomposed with baryta in the usual way and, when freed from 

baryta with carbonic acid, the solution was made up to 1000 cc. and nitro- 

gen determined in two portions of 25 ec., 0.0038 gm. being found in each, 

equal to 0.1520 gm. nitrogen or 0.7920 gm. lysine in the entire solution. 

After concentrating the remaining 950 cc. of solution to a thin syrup, alco- 

hol was added until a turbidity formed and then an alcoholic solution con- 

taining 1.18 gm. of picricacid. After standing over night the lysine picrate 

was filtered out, washed with alcohol, and dried at 100°. It weighed 1.23 

gm., equal to 0.4788 gm. lysine. Since the first phosphotungstic acid 

precipitate was thrown down from 5350 cc. and the second from 1200 cce., 

this figure, when corrected for the solubility of lysine phosphctungstate, 

namely 0.0125 gm. lysine per liter, is equivalent to 0.5607 gm. of lysine in 

the original solution, or 0.63 per cent of the gliadin. 

This agrees exactly with the result obtained by precipitating 

the phosphotungstates under the conditions of Hausmann’s 

modified method, namely 0.64 per cent. It also shows that no 
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greater loss occurred on decomposing the lysine phosphotungstate 

with baryta than with amyl alcohol and ether. 

The filtrate from the lysine picrate was evaporated and the 

residue extracted with alcohol to remove excess of picric acid. 

The substance insoluble in alcohol was dissolved in water and 

every effort made to isolate lysine picrate from it, but none could 

be obtained.. We have thus shown that gliadin contains at least 

0.64 per cent of lysine and have reduced the difference between 

the amount found by direct determination as picrate by the Kossel 

method and that indirectly to 0.57 percent. Since the results 

obtained by the Kossel method are unquestionably somewhat too 

low and those by the Van Slyke method may be somewhat too 

high this difference between the two methods is probably no 

greater than we should expect. The amount of lysine actually 

yielded by this protein is probably not far from the average of 

these two results, namely, 0.92 per cent of the gliadin. 

The Amide Nitrogen of Gliadin. 

The closely agreeing figures for nitrogen as ammonia in the 

Van Slyke analyses are of interest inasmuch as they confirm the 

already large number of determinations previously made on this, 

as well as many other preparations. In a paper!? published some 

time ago attention was directed to the fact that proteins which 

yield much nitrogen as ammonia also yield much glutaminic 

acid, and it was suggested that this nitrogen might be in amide 

union with one of the carboxyl groups of the glutaminic and aspar- 

tic acids. The amount of ammonia required for such a union#¢was 

calculated, and for most proteins found to correspond closely 

with that determined by analysis. Among the few for which a 
notable difference was found was gliadin. New determinations 

have shown a higher yield of glutaminic acid!! which, together 

with the aspartic acid, corresponds closely with the quantity 

required for this assumed union with the ammonia actually yielded 

by gliadin, namely 5.12 per cent. 

10 Osborne, T. B., Leavenworth, C.S8., and Brautlecht, C.A., Am. Jour. 

Physiol., 1908-09, xxiii, 180. 

11 Osborne, T. B., and Guest, H. H., Jour. Biol. Chem., 1911, ix, 425. 
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If, as is probable,” the amount of aspartic acid found is about 

one-half of that present, the calculated amount of ammonia, if 

this were in amide union, would be 5.18 per cent. The agreement 

between the results of analysis (5.12 per cent) and this calculation 

is striking, and suggests that the amount of glutaminic acid which 
has been obtained from glutenin, hordein, and zein may like- 

wise be less than that actually yielded by these proteins. 

The Amount of Lysine in Lactalbumin. 

The only analysis of the products of hydrolysis of this protein 

is that published by Abderhalden and Pribram. Since the 
feeding experiments with lactalbumin by Osborne and Mendel" 

have shown that a much smaller quantity of this protein supple- 

ments the nutritive deficiencies of the lysine-free zein than does any 
one of numerous other proteins, it seemed probable that it would 

be found to yield relatively large amounts of this amino-acid. 

This expectation has been realized, as the following figures show. 

The preparation of lactalbumin employed for these analyses was a 

part of a large quantity that was used for the feeding experiments just re- 

ferred to, and was made in the following manner: Nearly all the fat was 
separated from fresh cow’s milk by centrifugation, and the casein was re- 

moved by adding very dilute hydrochloric acid until the precipitation was 

complete. Most of the casein was strained out on cheese-cloth and the 
solution then filtered through paper pulp. A perfectly clear filtrate with 

only a faint trace of opalescence was thus obtained. The lactalbumin was 

coagulated by heating rapidly to boiling, and at once filtered out and freed 

from chlorides and lactose by grinding with water in a ‘‘Nixtamal’’ mill, 

and then washing with boiling water. The coagulum was next digested 

six times with strong alcohol, whereby all but an insignificant amount of 

substance soluble therein was removed. This preparation, when dried in 

the air at room temperature, weighed 1775 gm. and contained 8.17 percent 

moisture, 0.66 per cent ash, and, calculated ash- and moisture-free, 15.51, 

15.47, and 15.49 per cent of nitrogen (Kjeldahl). 

In regard to the chemical individuality of this preparation we 
can only say that it represents a mixture of all of the coagulable 

12 Compare Osborne, T. B., and Jones, D. B., Am. Jour. Physiol., 1910, 
xxvi, 305. 

13 Abderhalden, E., and Pribram, H., Zischr. f. physiol. Chem., 1907, li, 

409. 
14 Osborne, T. B., and Mendel, L. B., Jour. Biol. Chem., 1914, xviii, 1. 
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proteins present in the milk serum after removing casein. No 

attempt was made to separate these from one another as we wished 

to know the amino-acid make-up of the coagulum thus prepared 

for use in feeding experiments. 

The analysis by the Van Slyke method gave the following 

results. 

Lactalbumin. Van Slyke Analysis. 

Per cent of total nitrogen. 

; oo 30 
Uncorrected. Conee ey paints. a8 e 

EES 
= oo 

I Eg ns* hon <> I II Ill = pits 

AIMINO MIA Nah es ese 8.26) 8.84} 8.60 

Humin N absorbed by lime.| 2.11} 2.15} 2.69 

Humin N in amy! alcohol 

EXERVCU MES erate tile wi ee 0.47) 0.51 

COPEL RITES a ae al OFS6)" OF40)) OFS0l 1239)" 1 Si toni? “1230 

rename IN. 9. 2. a 661) 9 6223/6220) Misa7 1A A 720 

ngtidimes Nis. 2h. tek dee 3.141 3.47) 2.94) -4.65| 4.80) 4.27] 4.57 

ILSAEVLINGIN TS Ae eared pices Sk ae Oe 12-19) LIE On | 2s UAE 12227) 12.09/12 235) 12224 

AminoN of filtrate......... 63.3 | 62.8 | 62.3 | 62.1 | 61.0 | 61.5 | 62.0 
Non-amino N of filtrate....| 3.65) 3.5 | 3.3 | 225 1.8 16a S270 

GROUCH We Sea ak Se ee 100.45} 99.77 98.91| 

* Total nitrogen = 0.556 gm. 

** Total nitrogen = 0.571 gm. 

*** The corrections for II and III are double the usual amounts, be- 

cause the bases were recrystallized from a volume of solution equal to that 

in which they were precipitated. 

Determination I was made exactly as indicated in the original 

description of the method, except for the improvements in ma- 

nipulation outlined in the next succeeding article. Since the result 

of this determination for lysine was higher than that of the Kossel 

determination, it was thought that some mono-amino-acids might 

have been occluded in the phosphotungstate precipitate of the 

bases, and failed to be entirely dislodged by the washing. Con- 

sequently in Determinations IJ and III the phosphotungstates, 

after being washed in the usual manner, were purified by re- 

crystallization. 

For this they were suspended in water, and dissolved by the addition 

of just sufficient sodium hydrate. The solution was then acidified, heated, 



268 Determination of Some Amino-Acids 

and the bases were reprecipitated by addition of 15 cc. of concentrated hy- 

drochloricacid and 5 gm. of phosphotungstic acid in each determination, the 

volume of the final mixture being 200 cc., as in the case of the first precipi- 

tation. The recrystallized precipitate of the bases was finally washed 

seven times with suction, and decomposed with amyl alcohol, ether, and 

acid, as described in the following paper. All the coloring matter which 

accompanied the bases was extracted by the amyl alcohol and ether. The 

nitrogen. taken up by the organic solvents was determined by driving off 

the latter with vacuum distillation, taking the residue up in water, and 

treating by the Kjeldahl method. This is given in the table as ‘“‘Shumin N 

in amy! alcohol extract.’’ 

That when the bases are thoroughly washed recrystallization 

is unnecessary is indicated by the fact that this process did not 

affect the figure for lysine, and that the amount of nitrogen and 

amino nitrogen in the mother liquors from the recrystallization 

corresponded only to the amount calculated from the solubility 

of the bases. The total nitrogen in the filtrate and washings from 

the second precipitations in Determinations II and III was, in 

each case 0.0087 gram, the amino nitrogen 0.0036 gram. These 

amounts are added to the total figures for the filtrate, uncorrected, 

but deducted in the corrected figures. 

The good agreement of Analysis I with II and III indicates 

that the phosphotungstate precipitate in all three analyses was 

quite pure. Otherwise the recrystallization used in IT and III 

would have changed its composition. 

In order to obtain further evidence as to the purity of the 

phosphotungstate precipitate, 7.e., whether it contained only 

lysine, arginine, histidine, and cystine, we have endeavored to 

xclude possible contamination by tryptophane, the only known 

amino-acid which, under the conditions of the analysis, could 

possibly be precipitated with the bases. 

In the original paper on the hydrolysis method it was shown 

that tryptophane when boiled with hydrochloric acid yields a 

product which, in not too dilute solution, can be partially pre- 

cipitated by phosphotungstic acid. The solubility of this phos- 

photungstate is, however, so much greater than that of the 

hexone base phosphotungstates, that tryptophane in order to 

contaminate the latter would have to be present in larger amounts 

than it occurs in any protein we have previously analyzed (the 

non-amino nitrogen of the mono-amino fraction in no case ex- 
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ceeded the minimum proline + oxyproline nitrogen sufficiently 

~to make possible the presence of more than a few per cent of 

tryptophane). An indication of the amount of tryptophane 

which would have to be present in lactalbumin in order to 

contaminate the base precipitate is indicated by the following 

experiment. 

0.200 gm. of tryptophane, equivalent to 5.5 per cent of the lactalbumin 

hydrolyzed in Analyses II and III, was boiled twenty-four hours with 50 ce. 

of 20 per cent hydrochloric acid. The solution was concentrated on the 

water bath and then treated like the hydrolysate in the Van Slyke protein 

analysis. Relatively little ammonia and humin nitrogen (0.6 and 1.0 mg.) 

was found. The filtrate from the humin was brought to 50 cc., with the 

addition of 2 cc. of concentrated hydrochloric acid and 4 gm. of phos- 

photungstic acid, the concentrations of these acids being those ordinarily 

used in precipitating the bases. When the solution stood over night a 

considerable amount of crystalline phosphotungstate separated, as in the 

former experiments of Van Slyke and of Gortner, where 38.7 per cent of the 

nitrogen was precipitated. 

That the precipitation is dependent on the concentration of 

the tryptophane solution, however, is shown by the following: 

150 cc. of a solution containing 3.5 per cent of HC] and 2.5 per cent of 

phosphotungstic acid were added to the above mixture after the phos- 

photungstate had crystallized, and the crystals were dissolved by warming. 

The solution was then allowed to stand several days, the dilution being 

that usually used in the Van Slyke protein hydrolysis. A perceptible 

precipitate formed, but it was slight, and contained only 1.8 mg. of nitrogen. 

If this amount of tryptophane nitrogen had been present in the 

precipitate of the lactalbumin bases only one-fourth or 0.45 mg. 

of nitrogen, equivalent to 0.08 per cent of the total, would have 

been calculated as lysine, the base on which the Kossel and 

Van Slyke hydrolyses gave the most widely deviating figures, 

namely, 10.5 and 12.2 per cent of the total nitrogen. As the 

precipitate from the lactalbumin was recrystallized at equal dilu- 

tion, however, at least twice as much tryptophane, or an amount 

equal to 11 per cent of the lactalbumin used, could have been pres- 

ent in the protein without appreciably affecting the lysine figures. 

In order to ascertain whether there can be more than this 

amount of tryptophane in lactalbumin we have utilized Gortner 
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and Blish’s discovery that 86 per cent of tryptophane can be con- 

verted into humin by adding glucose to the hydrochloric acid — 
solution in which the protein is hydrolyzed. The following 

experiment confirms Gortner on this point. 

0.200 gm. of tryptophane and 1 gm. of glucose were boiled twenty-four 

hours with 50 ec. of 20 per cent hydrochloric acid. The solution, unlike 
«a tryptophane-HCl solution without glucose, blackened during the boil- 

ing. Thereafter it was treated like the hydrolysate in the Van Slyke pro- 

tein analysis, with the following results. 
N Per cent of 
mg. , the N. 

BAWTTIITO ML Aas dicen 3 acc. reeaiee hic tr ee eee eee 0.69 225) 

LLU) cc a teat ee BUNNIES bert Cae atl ie heel «| 23.74 86.5 

Phosphotungstate precipitate... ....0......... 0 eas 4.2 

Biltratex(by ditkerence) pene. + eee eee 1.87 6.8 

27.46. 
* This precipitate was brown, flocculent, of low specific gravity. It 

appeared more like humin that had escaped precipitation with calcium 

hydrate than like the amino-acid phosphotungstates, which are crystalline 

and heavy. 

In the lactalbumin analysis 7 grams of albumin and 7 grams of 

glucose were boiled with 200 cc. of 20 per cent hydrochloric acid. 

The hydrolysis was continued forty-six hours, as a preliminary 

experiment indicated that the glucose retards somewhat the 

rate of hydrolysis. Thehydrolyzedsolution was brought to 250 cce., 

and 100 ce. containing 0.3948 gram of nitrogen were taken for 

analysis. 

Lactalbumin IV. Hydrolyzed in the Presence of Glucose. 
Per cent of total nitrogen.* 

Uncorrected. Corrected for solubility 
of the bases. 

JATIN OTA ihe oe ee, Di ere oe chee 8.37 

Enamn j57che eee ek ee Sa 3.70 

Oy Shes ais Cee Ae WERT ASS, § Soses'a 4 -n 0.39 1.05 

TATUM CYST aE 5 SMS Sethe eac ote ae ee 7.29 8.10 

Eins tidime = wwe ae eee antes ee 2.26 oe 

UD Gov ELON Ey res) oa Pape? Cc ae 12%42 12.54 

PAMINOMN(O fal bRAve meee te ake see ae cna e 60.10 58.79 

INon-aminoyNiOmiltiratessn. 0066s 4. ose 4.82 3.58 

o] Boe] Lote eae i 1 A ea Ree ALL Ve 99.35 

* Total nitrogen = 0.395 gm. 

15 Gortner, R. A., and Blish, M. J., Jour. Am. Chem. Soc. U@lay 

XXXVI, 1630. 
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The chief effect of the glucose is to increase the humin nitrogen 
from 2.1-2.7 up to 3.7 per cent. The total nitrogen of the bases 

is not reduced at all, the percentage, corrected for solubility, 

being 25.66 with glucose, compared with 24.94 to 25.91 without 

glucose. Nor are the proportions of amino to non-amino nitrogen 

in the bases significantly affected. (The lower histidine figure in 

Analysis IV is due to the high result in the arginine determination, 

not to differences in either the total, or the amino N of the bases.) 

The above results show in two ways that tryptophane could 

not have interfered with the figures for the bases. 

1. There was not enough tryptophane present. Making the 

apparently justified assumption that the 3.7 per cent of humin 

nitrogen represented 86 per cent of the tryptophane nitrogen, 

the maximum amount of tryptophane nitrogen present would be 
4.3 per cent of the total, equivalent to 4.85 per cent of tryptophane 

in the protein. The experiment with tryptophane reported on a 

preceding page indicates that over twice as much would have 

had to be present in order to contaminate the bases appreciably. 

2. Removing the tryptophane by changing it into humin did 

not affect the figures for the bases. 

The distribution of nitrogen according to the modified Haus- 

mann method was determined with the following results. 

Hausmann Analysis of Lactalbumin. 

Per cent of the lactalbumin. 

iL TS Average 

JR ITLITEVEIIN GU ai or (eS ioe eS? 

LEU VE IT US 2) Rates ait i es ie i ar rr 0.55 0.53 0.54 

TB EISIE IN| pase nin g oath otal talk aie aaah ale a ea na ay O 3.59 3.61 

INN foae epee ete Aad 10.01 10.04 10.02 

Potal Ns eee eee tie hae ya Ge8 15.49 ° 

If we compare the corresponding data from the Van Slyke 

hydrolysis we obtain figures which agree well: 

Per cent of the lactalbumin. 

Van Slyke. Hausmann. 

Ari Oma Neher ae eee ee AR cle eh IL ail 1.32 

Tf umin: Nae see eer ee ee tes hol 0.36 0.54 

Basic Ncakk cede aos oe eee RR il te So a 3.44 3.61 

INon-basieyNesss eit Sera ee ee dee 10.388 10.02 

16 Osborne, T. B., and Harris, 1. F., Jour. Am. Chem. Soc., 1903, xxv, 328. 
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Comparing the percentages of these bases, as determined 

directly by the Kossel method, with those calculated from the 
results of the Van Slyke method we have in per cent of the lac- 

talbumin: 
Per cent of the lactalbumin. 

Kossel. 

is II. Van Slyke. 

POR PATI ek Neo ,. a dyc0sieaistas wiok & see DE tae ieee oie 3.01: 3.00 3.47 

BY eSRIIME bla eh Pe 503 ois nce nh oe eee eee 1.53 1.52 2.61 

MSU cies ciate « «ss a iy; pe h scace, Se een ena 8.06.» S40 9.89 

The agreement between these analyses for arginine is satis- 
factory, but for histidine and lysine the difference is too great. 

Since for the hydrolysis by the Kossel method sulphuric acid 
was used, it appeared possible that the decomposition of the 
lactalbumin might not be as complete as with hydrochloric acid, 

which was used for the Van Slyke analysis. Furthermore, as 

suggested by Van Slyke,!” losses also might have been caused by 

adsorption during the process of decomposing the voluminous 

phosphotungstate precipitates with baryta. We therefore made 

new determinations of lysine, making the precipitations with 

phosphotungstic acid as nearly as possible under the conditions 

of the Van Slyke method. Although the yield of lysine was 

increased to 8.8 per cent, calculated on the unrecrystallized 

picrate, or 8.45 per cent, calculated from the recrystallized product 

the figure could not be raised to the level (9.9 per cent) estimated 

by the Van Slyke method. 

In making this analysis 50 gm. of the same preparation of the air dry 

lactalbumin, equal to 45.45 gm. ash- and moisture-free, were boiled with 
hydrochloric acid for twenty-four hours, and ammonia was removed by 

heating with magnesia. The solution was then divided into equal parts, 

the second phosphotungstate precipitate of the lysine from Part I being 

decomposed with baryta, and that from Part II by shaking with dilute 
sulphuric acid and a mixture of amyl alcohol and ether. 

The final solutions containing the lysine sulphate were made up to 

1000 cc. each. In two portions of 25 cc. of Solution I we found 0.0102 and 

0.0100 gm. nitrogen, and of Solution II 0.0102 and 0.0102 gm., equal to 0.4080 

gm. in each of the total solutions. These results show that in this case, at 

least, there was no loss of lysine through adsorption by the voluminous 

barium phosphotungstate. Since the phosphotungstates were precipitated 

17 Van Slyke, Jour. Biol. Chem., 1913-14, xvi, 531. 
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from a volume of 2642 cc., the nitrogen found should be increased by 0.0066 

gm. on account of the solubility of lysine phosphotungstate, equal to 0.0025 

gm. nitrogen per liter, which makes the corrected lysine nitrogen 0.4146 
gm., equal to 2.1393 gm. of lysine, or 9.60 per cent of the lactalbumin, as 

against 9.89 per cent estimated by the Van Slyke method. 

To determine how much of this nitrogen could be isolated as lysine 

picrate the remaining 950 cc. of Solutions I and II were treated with picric 

acid and the precipitates dried at 100°. These weighed 4.71 and 4.69 

gm., equivalent to 8.82 and 8.78 per cent of lysine respectively, after cor- 

recting for solubility of the phosphotungstate precipitates and for the 

portions previously removed for nitrogen estimations. The precipitated 

lysine picrate was recrystallized from water and 4.44 and 4.41 gm. were ob- 

tained. Adding 0.0810 gm. for the solubility of the picrate in the 15 cc. of 

mother liquor gives 4.52 and 4.49 gm., equal to 95 per cent of the precipi- 

tated lysine picrate recovered analytically pure. 

The corrected percentage of the recrystallized picrate, 8.47 

and 8.42, is comparable with that obtained in the earlier analyses, 

namely, 8.06 and 8.10. This slightly higher result may be due to 

a more complete hydrolysis by hydrochloric acid than by sulphuric 

acid, or to a more complete decomposition of the first phospho- 

tungstic precipitate of the arginine, histidine, and lysine by the 

amyl alcohol-ether method, compared with the baryta method. 

The latter assumption is improbable, however, because the second 

precipitate of lysine phosphotungstate, although decomposed 

with baryta, yielded as much lysine as the first. 
We have thus been able to isolate lysine picrate in a pure 

crystalline condition equal to 8.47 per cent or to 8.82 per cent in 
the form of the amorphous precipitate, which was at least 95 per 

cent pure and probably much purer. The solution from which 

this lysine picrate was obtained contained nitrogen equal to 9.6 

per cent of lysine. 

Since a very careful examination of the filtrates from the lysine picrate 

failed to yield even traces of this salt, the picric acid was removed by 

acidifying the concentrated solutions with hydrochloric acid, filtering out 

the greater part of the picric acid which crystallized out, and removing the 

remainder by shaking with ether. To the suitably concentrated solutions 

phosphotungstic acid was added, whereupon relatively considerable pre- 

cipitates formed at once. These were decomposed by hydrochloric acid and 
amyl alcohol and ether, and the solution was evaporated to remove excess 

of acid. From one of these solutions an attempt was made to obtain more 

lysine picrate, but none whatever could be secured. In view of the not 

THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXII, NO. 2 
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inconsiderable amount of nitrogen unaccounted for, it seems highly probable 

that lysine picrate could have been thus obtained had this nitrogen be- 

longed to lysine. 

The other solution was ween from chlorine with silver carbonate, silver 

was removed from the filtrate from, the silver chloride by hydrogen sul- 

phide, and the solution was evaporated to small volume. This was very 

strongly alkaline to litmus, became turbid on adding alcohol, and after 

standing, yielded a crystalline precipitate. Owing to the small amount 

of the substance contained in this solution it was impossible to determine 

its nature. 

It is evident that besides lysine these solutions contained some 

other substance or substances precipitated with the lysine phos- . 

photungstate, and that this fact may explain in part the higher 

result for lysine in lactalbumin given by the Van Slyke method. 

On the other hand, the amount of cystine which was precipitated 

by phosphotungstic acid in the Van Slyke analysis, and there- 

fore would be expected in the lysine fraction here, would account 

for all of this undetermined nitrogen, and leave the deficit to be 

explained only by the unavoidable losses of manipulation. 

The Protein of Polished Rice. 

Six hundred grams of commercial polished rice were washed 

with water and then allowed to soak over night at room tem- 

perature. The softened grains were next ground to a thin paste in 

a special mill, together with 2 liters of water, which included that 

in which they had been soaked. Two liters of 0.2 per cent sodium 
hydroxide solution were added, the insoluble matter was allowed 

to settle, the solution syphoned off, and the residue centrifuged. 

The entire extract thus obtained was filtered perfectly clear 

through a pulp filter and precipitated with dilute acetic acid, 
added until the protein separated sharply. After the precipitate 

had settled the solution was drawn off and replaced by alcohol 

equal to three times the volume of the solution which remained. 

This was done to remove any alcohol-soluble protein that might 
be present, and which could best be extracted from the finely 

divided precipitate before it was rendered more compact by 

collecting on a filter. After standing in this dilute alcohol for 

two days the precipitate was boiled out twice with 500 cc. of 80 

per cent, by volume, alcohol, and dehydrated with absolute alco- 

hol. The air dry preparation weighed 25 grams, equal to 4.17 

ae. ee 



Osborne, Van Slyke, Leavenworth, Vinograd 275 

per cent of the polished rice, and contained 7.98 per cent moisture, 

0.78 per cent ash, and 15.20 and 15.29 per cent nitrogen, equal to 

16.68 per cent calculated for the ash- and moisture-free substance. 

The alcoholic extracts were concentrated and found to contain 

a very little protein, similar to gliadin from wheat in its solubility. 

The amount was too little to enable us to learn anything about 

it, and we were also unable to determine whether it was an 

original constituent of the seed. 
The preparation of the rice protein, which is equal in amount 

to somewhat more than one-half of the protein of the polished 

rice, represents the glutelin of the seed which Rosenheim and 

Kajiura have named oryzenin.'’ This protein has been hydro- 

lyzed by Suzuki, Yoshimura, and Fuji!® who identified arginine, 

histidine, and lysine among its decomposition products, but failed 

to make satisfactory quantitative determinations of these amino- 

acids. We therefore thought it would be of interest to analyze 

our preparation by the Van Slyke method, and have done so with 

the following results. 

Rice Protein. 

Per cent of total nitrogen.* Sitios 

iT a can ee eos) Gs SP ics ee es ae amino-acid 

Average per 100 

I. I. Average. Reger i ets 
ty of bases. 

SAMITRAOMTAING bi) 2 Es ek 23 11.43 iiieses 

Eitmmams Ness: uo 57 si ee 1.46 2 1.59 

Cyannt etn te oo 2 i tyace it osn 0.41 0.50 0.46 0.88 L2G 

Aromime IN’ Aili. 6255202. 16.85 17.50 LAAT 17.69 9.15 

rstadine Wort. 295 A. 3.5 4.54 4.99 4.77 5.39 oLee 

Tage ge eee occa, cane 4.81 4.82 4.82 4.90 4.26 

AminoN of filtrate....... 52.95 53.00 52.98 O22 13 

Non-amino N of filtrate 6.05 6.10 6.08 5.28 

Morals: tbe ster 5. oh le 98 .30 100.16 

* Total nitrogen = 0.611 gm. 

** Calculated on the assumption that the ash-free protein contains 

16.68 per cent of nitrogen. 

‘8s Rosenheim, O., and Kajiura, 8., Jour. Physiol., 1907-08, xxxvi, pp. 

liv-lv. 

19 Suzuki, U., Yoshimura, K., and Fuji, 8., Jour. College of Agriculture, 

Tokyo Imperial University, 1909, i, 77. 
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In the following table the amount of basic substances yielded 

by oryzenin, which probably constitutes nearly all of the protein 

of the endosperm of rice, is ‘compared with that yielded by the 

proteins of the endosperm of the seeds of wheat and maize. The 
figures for wheat are calculated on the assumption that wheat 

gluten, which contains nearly all of the protein of the endosperm 

of the seed, consists of equal parts of gliadin and glutenin; those 

for maize on the assumption that corn gluten, which represents 

the protein of the endosperm of the maize kernel, consists of two 

parts of zein and one of maize glutelin. 

Basic Substances Yielded by the Proteins of the Endosperm of the Seeds in — 

per cent of the Protein. 
Wheat. Maize. Rice. 

ENT 1 a ae MO, tans AAT Tbe Lod RE oie 3.86 3.39 9.15 

13 FCT: 1 Pond ee Sere DORE Rokcae | SOR eee GR Ios te 2.02 1.55 3.32 

vniter ce hi, (ecujr th. ote Serve aee es ae eee 1.58 0.97 4.26 

LETT VOTE aie eee RR A Se SEL seh tL Tare KZ Zl La | 4.62 3.13 2.22 

Percentage of assimilable nitrogen*............. 40 29 88 

* The figures for assimilable nitrogen are taken from the work done in 

Rubner’s laboratory by Karl Thomas.2° The different proteins were taken 

in moderate amounts after a period on a protein-free diet, when the hody 

was presumably in a condition to retain and assimilate as much of the 

absorbed protein as the amino-acid content rendered possible. The per- 

centage of absorbed nitrogen incorporated into, or at least retained by, 

the body tissues, was calculated, with the results given above. It is rather 

striking that the figures for the utilizability of these proteins correspond 

so closely with the lysine which they yield. 

From these figures it is evident that the protein of the rice 

kernel does not show the marked differences which the other cereal 

proteins show in respect to their amino-acid make-up when com- 

pared with the majority of food proteins, and particularly with 

most tissue proteins. It is, therefore, not improbable that the 

nutritional requirements may be satisfied by a smaller quantity 

of this protein than of those of wheat or maize kernels. These 

facts are in harmony with the extensive use of rice as food for men 

despite its low content in protein; and furthermore with the bio- 

logical utilizability of the respective proteins as determined by 

Thomas. 

20 Thomas, K., Arch. f. Anat. u. Physiol., Physiol. Abt., 1909, 219. 
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Free Amino Nitrogen of the Proteins. 

Van Slyke and Birchard have determined in a series of proteins 

the amount of nitrogen which reacts as free NH» with nitrous 

acid.2!. In all the native proteins analyzed by them, except a 

gliadin preparation of doubtful purity, the free amino nitrogen 
was found equal to one-half the lysine nitrogen, as determined 

by Van Slyke’s nitrogen distribution method. This relationship, 
in conjunction with the fact that the free amino nitrogen of the 
native proteins reacts with nitrous acid at the slower rate char- 

acteristic of the w-NH»2 group of lysine as compared with the 

faster acting a-NH2 groups of the other amino-acids, led to the 

conclusion that the w-NH2 group of the lysine is free in the native 

proteins, and is the only free amino group therein, all the a-NHe 

groups of the constituent amino-acids being bound in peptide 

linkings. 

Recently Hartley”? has added further evidence in support of 

this conclusion. He finds that in the albumin and the globulins 

of horse and ox serum the free NHz is equal to half the lysine 

nitrogen. ! 

In order to find whether the 2:1 ratio between lysine nitrogen 

and free amino nitrogen holds for lactalbumin and rice protein, 

and for gliadin, we have determined the free amino nitrogen in 

all three proteins and compared the results with those for lysine. 

0.75 gm. of each protein (air dried) was dissolved and diluted to 25 ce. 

5 ec. portions were taken for Kjeldahl determinations, and 2 cc. for amino 

nitrogen by the nitrous acid method.?* The solvents used were different. 

The gliadin was dissolved in 2.5 cc. of glacial acetic acid plus 1 cc. of water, 

and the clear solution diluted up to 25 cc. The lactalbumin wasdissolved 

in 5 ce. of cold 10 per cent sodium carbonate, and the turbid solution diluted 
to25cc. Therice protein was taken up with sufficient 4 per cent potassium 

carbonate to make the volume 25 cc. Blanks were run in duplicate in each 

case with acetic acid or carbonate of similar concentration, the volume of 

gas obtained from the blank being subtracted from that obtained in the 

analysis. The results are given in the following table: 

21 Van Slyke, D. D., and Birchard, F. J., Jour. Biol. Chem., 1913-14, xvi, 

539. The evidence showing that nitrous acid does not hydrolyze the pro- 

teins under the conditions of the determination is given in this paper. 

22 Hartley, P., Biochem. Jour., 1914, viii, 544. 

23 Van Slyke, The Gasometric Determination of Aliphatic Amino Nitro- 
gen in Minute Quantities, Jour. Biol. Chem., 1913-14, xvi, 121. 
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Free Amino Nitrogen of the Proteins Compared with the Lysine Nitrogen 

: Per | Percent of total N = 4 
Total N N gas Tem- |4™iD© | cent of | the lysine N_as deter- 

Protein. in 2cc.| from | Pre | pera- N in2 |: otal N| mined by method of: 
ae Rech ase aaa bare ees as am- 

ino N. Van SIyke.| Kossel. 

mg. ce. mm, eG: mg. 

Ike Or 

Lactalbumin. .} 9.21 | 1.05 759 25 0.588} 6.49 6.10 5.45 

Average.... 1.06 

Rice protein. .| 7.92 | 0.30 751 19 OAV 2\ 27, 2.00 — 

Average.... 0.30 

Wheat 0.11 

gliadin*....| 9.40 | 0.10 762 25 0.058} 0.62 0.66 0.32 

Average.... 0.105 

* Repetition with more material gave the same result. A solution three 

times as concentrated gave 0.31 cc. of nitrogen gas at 26°, 760 mm., equiv- 

alent to 0.61 per cent of the total nitrogen. 

lysine N 2 

freeNH, 1 

holds for all three proteins when the lysine determinations by the 

Van Slyke method are taken. The lysine nitrogen figures for 

lactalbumin and gliadin by Kossel’s method run somewhat lower, 

but parallel. 

It is evident from the above table that the ratio 

SUMMARY. 

1. From gliadin an amount of analytically pure lysine picrate 

was isolated equivalent to a lysine content of 0.64 per cent of the 

ash-free protein, correction for the solubility of lysine phos- 

photungstate being made. The amount obtained is_ several 

times that reported by previous authors (0 to 0.16 per cent), 

from which figures gliadin has heretofore been regarded as prac- 

tically lysine-free. 

The lysine content estimated from the partition of nitrogen by 

the Van Slyke method was still higher, 1.21 per cent. 

As the results by the picrate method are based on the weight 

of pure substance actually isolated, they are minimum figures. 

The nitrogen partition results, on the other hand, may be taken as 

maximum figures; for they represent all the basic amino nitrogen 

not in the form of arginine, histidine, and cystine. It appears 
. 
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probable, therefore, that the true lysine content of gliadin lies 

between the results by the two methods, and may be stated as 

0.93 = 0.28 per cent. 

Expressed in the same manner, the histidine content is 1.84 + 

0.35 per cent, the arginine 2.84 + 0.14 per cent, the upper limit 

in each case giving the results by the Van Slyke method, the 

lower that by Kossel’s. 

In the case of lysine especial efforts were made to eliminate all 

sources of loss which might account for the lower results by 

Kossel’s picrate method as compared with the distribution method; 

but, as indicated above, without raising the results by the former 

method to the level of the latter. The lower results by Kossel’s 

method were not due to hydrolysis with sulphuric acid instead 

of hydrochloric, or to precipitation of the phosphotungstates under 

conditions different from those employed in the Van Slyke 

method, or to loss in decomposition of the lysine phosphotungstate 

with baryta. 

2. The amount of nitrogen yielded by the gliadin as ammonia 

corresponds closely with that required for amide union with one 

carboxyl group of the larger amount of glutaminic and aspartic 

acids recently obtained from gliadin. This fact is added evidence 

that the nitrogen yielded as ammonia by acid hydrolysis exists 

in the protein molecule in acid-amide form as in asparagine and 

glutamine. 

3. In all three proteins, as in the series analyzed by Van Slyke 

and Birchard and by Hartley, the free amino nitrogen determin- 

able by the nitrous acid method was found equal to one-half the 

amount of lysine nitrogen determined by Van Slyke’s method. 

As in all cases Kossel’s picrate method gave somewhat lower, 

though parallel, results for lysine, the lysine determined as the 

picrate was less than that calculated from the free amino nitro- 

gen of the proteins, although the deviation was not great. The 

approximate constancy of the ratio, free NH» : lysine NH2 = 1:2, 

indicates that one of the two NH» groups of lysine exists free in 

the protein molecule, the free group being probably the w-NH» 
group. 

4. The hexone base content of lactalbumin was found to be the 

following, the upper limit in each case representing the results by 

Van Slyke’s method, the lower that by Kossel’s: lysine, 9.16 + 
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0.68 per cent; histidine, 2.06 + 0.54, per cent; arginine, 3.23 + 

0.23 per cent. 
As in the case of gliadin, it was found impossible to isolate an 

amount of lysine picrate corresponding to the entire content 

indicated by the nitrogen distribution method. The difference 

between the two sets of results could not be reduced below 1.3 

per cent, despite exceptional precautions to eliminate error in 

both methods. Both agreed, however, in showing that lactal- 

bumin is exceptionally rich in lysine. This fact is particularly 

interesting in view of the ability of lactalbumin, shown by Osborne 

and Mendel, to stimulate the growth of rats when used to supple- 
ment a ration low in lysine. 

5. The partition of nitrogen among the products of hydrolysis 

of oryzenin, the chief protein of the endosperm of rice, was de- 

termined by the Van Slyke method. Compared with the endo- 

sperm proteins of wheat or maize, the protein of rice yields rela- 

tively much of each of the basic amino-acids, arginine, histidine, 

and lysine, and comparatively little ammonia and non-amino 

nitrogen. In its general amino-acid make-up it more nearly 

resembles the majority of the proteins of animal tissues than do 

the proteins of maize or wheat. This may explain the extensive 

use of rice as an almost exclusive diet in spite of its low protein 

content. 



IMPROVEMENTS IN THE METHOD FOR ANALYSIS OF 
PROTEINS BY DETERMINATION OF THE CHEMI- 

CAL GROUPS CHARACTERISTIC OF THE 
DIFFERENT AMINO-ACIDS. 

By DONALD D. VAN SLYKE. 

(From the Hospital of the Rockefeller Institute for Medical Research.) 

(Received for publication, July 12, 1915.) 

Although the principle of this method for determining the prod- 

ucts of protein hydrolysis remains as described in the original 

article in this Journal,! the technique has been so modified at a 

number of points that the liability to error has been diminished 

and the ease and sureness of the manipulations increased. Brief 

mention of these points therefore appears justified. 

Inwashing the phosphotungstic precipitate of the bases it is possible, 

with a steady and moderately strong suction, to dispense with the 

special form of plaited filter described in the original paper, and 

utilize a two-inch Buchner funnel with a flat circle of hardened 

filter paper pressed over the perforations in the usual manner.? 

The washing is carried out without at any time releasing the suc- 

tion. Successive portions of 10 to 15 cc. of the washing solution 

are poured onto the well packed precipitate, which is stirred up 

with each portion by means of a flat-tipped rod, so that all parts 

of the precipitate are reached. If a steady suction is maintained 

all the time, this can be done without danger of loosening the filter 

from the floor of the funnel, and is a considerably neater and 

easier process than that originally described. It can not be 

utilized with a strong central vacuum, as this sucks the washing 

solution through before it can be stirred up with the precipitate. 

Nor can it be used with a weak pump, as the filter paper will not 

1 Van Slyke, D. D., Jour. Biol. Chem., 1911-12, x, 15. 

2 This simplification was introduced by Dr. Percival Hartley, of the 

Lister Institute, during the course of his analyses of serum proteins (Bio- 

chem. Jour., 1914, viii, 541). 
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be held strongly enough to the floor of the Buchner funnel to 

prevent its detachment during the stirring. With a good aspira- 

tor pump of the ordinary type, however, this technique is pref- 

erable to the original, because the area of filter paper that must 

be quantitatively washed is much smaller. 

The washing solution should be cooled to 0° before it is poured on- 

to the precipitate. It has been found that the solubility of the 

phosphotungstates of the hexone bases is only about one-fourth 

as great at 0° as it is at room temperature. Consequently when 

the washing solution is used at or near 0° the danger of dissolving 

appreciable amounts of the precipitate is reduced to a minimum. 

The above suggests the obvious desirability of not only wash- 
ing, but precipitating the bases at 0°. We can not yet say that 

this is a safe procedure, however. The phosphotungstates of | 

some of the mono-amino-acids, such as alanine, phenylalanine, and 

proline, are fairly insoluble at 0°, and it is possible that an attempt 

to precipitate the bases in a solution cooled to this temperature 

might result in some cases in the precipitation of such acids of 

the mono-amino fraction. 

The number of washings necessary in each case to free the phos- 

photungstate precipitate completely from the mother liquors 

is determined by testing the successive washings for calcium. For 

this a 10 per cent sodium hydrate solution containing some sodium 

oxalate is used. The specific gravity of this solution is so high 

that the drops of washing solution tested can be floated in a 
layer on top, and the sensitiveness of the test made much more 

delicate than when the portion of washing liquid to be tested is 

mixed with several volumes of oxalate solution. For the test, 

1 or 2 ce. of the alkaline oxalate solution are placed in a test-tube 

of 8 or 10 mm. diameter, and 2 or 3 drops of the washings from the 

stem of the Buchner funnel are allowed to run down the side 

of the tube and form a layer on top of the solution. The tube is 

now gently shaken until just enough alkali has mixed with the 

upper layer to turn the latter alkaline. The tube is viewed 

against a dark background, but with plenty of Jig assing 

through the solution itself. If no cloud is visible in a upper 

layer, the tube is allowed to stand a few minutes. If no evidence 

of a precipitate can then be seen, the washing is complete. — 

The fact that under these conditions the washing out of the 
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mono-amino fraction is really complete, is shown by the results 

of recrystallization of the basic phosphotungstates (see lactalbumin 

analysis in the preceding paper, p. 267, for example). The mother 

liquors from the recrystallized bases were found to contain amino 

and non-amino nitrogen only in the amounts to be expected from 

the solubility of the bases. If in any analysis, however, there 

should be reason to doubt the purity of the phosphotungstate 

precipitate, or the efficiency of the washing, the precipitate may 

be recrystallized in the manner described in the report of the 

lactalbumin analysis. 

For decomposition of the basic phosphotungstates (removal of the 

phosphotungstic acid and putting the bases into solution again) 

we have found quite a different procedure to be preferable, as a 

rule, to the use of barium originally recommended. Winterstein? 

showed that when a precipitate of basic phosphotungstates was 

suspended in dilute hydrochloric acid and shaken with ether the 

precipitate went into solution, the greater part of the phospho- 

tungstic acid being extracted from the aqueous mixture by the 

ether. By shaking with repeated portions of ether, all the 

phosphotungstic acid could be removed, and concentration of the 

water solution yielded as a residue the pure hydrochlorides of 

the bases. Our experience indicated that with this method the 

complete removal of phosphotungstic acid, such as is necessary 

before the cystine sulphur can be determined, is, though possible, 

extremely difficult. Jacobs some time ago discovered, however, 

that amyl alcohol has a surprising affinity for phosphotungstic 

acid, and extracts it with great readiness from water solution.4 

We find that a mixture of equal parts of ether and amy] alcohol 

serves perfectly for decomposing the phosphotungstic precipitate 

of the hexone bases. It is preferable to amyl alcohol alone be- 

cause of the lighter specific gravity of the ether mixture, and it 

appears to extract phosphotungstic acid from water as readily 

and completely as does amyl alcohol. The following procedure 

is utilized. 

The basic precipitate from the 3 or 4 grams of protein ordinarily 

used in an analysis is removed from the filter by a spatula and 

3 Winterstein, E., Ztschr. f. physiol. Chem., 1901-02, xxxiv, 153. 

4 Jacobs, W.A., Jour. Biol. Chem., 1912, xii, 429. 
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washing, and transferred to a half-liter separatory funnel, using 

200 or 300 cc. of water to effect the transfer. Five or 10 ce. of 

concentrated hydrochloric acid are added, and the mixture is 

shaken with the 1:1 amyl alcohol-ether, using so much of the 

latter that it all floats in a layer above the water after the pre- 

cipitate has gone into solution. Usually about 100 cc: of the ether- 

amyl alcohol suffice, and one or two minutes’ shaking results in 

complete solution of the precipitate. If too little of the ether- 

amyl alcohol has been used, some of it will, after taking up phos- 

photungstic acid, sink as an oil below the aqueous phase. In 

case this happens, more of the extracting mixture is added, until 

all floats in one layer at the top. - 

In some cases the aqueous and ether-amyl alcohol layers do not 

separate readily with a clean boundary between them. This 

effect is due to the presence of a slight amount of humin which 

may have escaped previous adsorption by calcium hydrate. 

In this case the unadsorbed humin is carried down with the basic 

phosphotungstates, and fouls the solution when their precipitate 

is decomposed as above described. In order to clear the solution 

up, it is all, without separation of the aqueous and ether-amyl 

alcohol layers, passed through a Buchner funnel with suction. 

The clear filtrate readily separates into two layers. The aqueous 

layer is extracted with three more successive portions of ether- 

amyl alcohol, using each time a volume of the mixture equal to 

about one-fourth the volume of the water solution. Finally 

the combined amy] alcohol-ether extracts are shaken out once with 

water, to remove traces of bases that might have been carried into 

the extract; this portion of water is then shaken once or twice 

with fresh amyl alcohol-ether, and combined with the main 

solution of the bases. The latter should be free of phosphotungstic 

acid, as demonstrated by the absence of a precipitate when a few 

drops are added to a saturated solution of barium hydrate ina 

small test-tube. The solution of the bases is now concentrated 

to dryness in vacuum in order to drive off the free hydrochloric 

acid, and the residue is washed into a 50 ce. flask. 

The above procedure is much quicker than the decomposition 
with sodium hydrate and barium chloride originally described, 

involves the use of smaller volumes of solution, and finally gives 

a solution of the bases that contains no barium. This is of great 
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advantage in the subsequent arginine determination, where the 

presence of barium is likely to cause disagreeable bumping. 
The determination of amino nitrogen in the bases can now, with 

the micro-amino apparatus, be performed with only 1 or 2 cc. of 

the total 50 cc. It is consequently desirable to use the micro- 

apparatus and perform duplicate determinations of amino nitro- 

gen, rather than use the larger amino apparatus with 10 ce. of 

solution, and be limited to a single determination. 

The total nitrogen of the bases, as determined in the arginine 

residue, can also be determined advantageously in duplicate. 

The alkaline solution, left after decomposition of the arginine 

and removal of the ammonia formed, is diluted up to 100 or 200 ce. 

and divided into halves. Each half of this solution is then 

Kjeldahled separately, using 20 cc. of sulphuric acid for the 

digestion. 

In conclusion it may, be well to call attention again to the 

fact that the method was designed for use only with proteins 

not accompanied by other classes of substances, particularly 

nitrogenous substances, which would obviously falsify the inter- 

pretation of the results unless the behavior of the non-protein 

substances were so accurately known that corrections could 
be made. . 

Reference to the accompanying paper by Osborne, Van Slyke, 

Leavenworth, and Vinograd will show that with the above changes 

in technique the agreement between duplicate determinations 

is much closer than that claimed for the method in its original 

description. . 

5 Humin nitrogen as a measure of tryptophane. Gortner and Blish 
(Jour. Am. Chem. Soc., 1915, xxxvii, 1630) have recently shown that if 

tryptophane and glucose are boiled together in 20 per cent hydrochloric 

acid under the conditions used for the protein hydrolysis, 86 per cent of 
the tryptophane is converted into humin. We have repeated the experi- 

ment with the same result. It appears highly probable that if an 

amount of glucese equal to that of the protein be added to the protein- 

acid mixture before hydrolysis, the humin nitrogen divided by 0.86 will 

approximately indicate the maximum amount of tryptophane. Gortner 

and Blish have shown that the action of glucose increases the humin 
yield of zein and gliadin, and we have found the same for lactalbumin. 

It may be well to mention that it appeared necessary to boil the lactal- 

bumin in the presence of the glucose 48 hours, instead of 24, in order 

to attain complete hydrolysis. 





AN OXALIC ACID PRODUCING PENICILLIUM.! 

By JAMES N. CURRIE anp CHARLES THOM. 

(From the Laboratories of the Dairy Division, Bureau of Animal Industry, 

United States Department of Agriculture, Washington.) 

: (Received for publication, July 22, 1915.) 

Oxalie acid formation by fungi has received the attention of several in- 

vestigators since de Bary? observed that the mycelium of Sclerotinia sclero- 

tiorum became incrusted with an oxalate in its older stages. The most 

elaborate study of the problem was made by Wehmer.’ His results were 

published in a series of twenty-three papers. Tabulated data showing 

oxalic acid production under various conditions were given for Aspergillus 

niger and Penicillium glaucum. No other molds were considered in detail. 

Wehmer reviewed his own work and also that of other investigators up 

to 1906 in his chapter on the chemical action of Aspergillaceae contributed 

to Lafar’s Handbuch der technischen Mykologie.* More recent literature 

contains several casual references to citric acid production in small quanti- 

ties by various fungi but records no systematic study of the problem. 
Wehmer states that the only acids produced by either Aspergillus or 

Penicillium in notable quantities are oxalic and citric. He concludes that 

investigators who have reported lactic, formic, and acetic acids did not 

work with pure cultures. Oxalic acid fermentation in its true sense, the 

production of free oxalic acid, according to Wehmer has been observed only 

in cultures of Aspergillus niger. Aspergillus glaucus, Penicillium glaucum, 

Botrytis cinerea, Sclerotinia sclerotiorum, and Rhizopus nigricans produce 

oxalic acid only in traces and only as the media is maintained close to the 

neutral point. 

Wehmer studied the various conditions which influence oxalic acid pro- 

duction. He found it was favored by low temperature, abundant carbo- 
hydrate food supply, the presence of an insoluble calcium salt as calcium 

phosphate or carbonate, and the presence of substances from which the 

mold can produce basic material such as organic nitrogenous compounds 

and salts of organic acids. 

1 Published by permission of the Secretary of Agriculture. 

* de Bary, A., Bot. Ztg., 1886, xliv, 401. 

3’ Wehmer, C., ibid., 1891, xlix, 233. 
4 Lafar, F., Handb. d. technischen Mykologie, Jena, 2nd edition, 1905- 

07, iv, 242. : 
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We have studied the oxalic acid production of twenty-three 

species of Penicillium. Many of these occur on the foodstuffs of 

man and of domestic animals under such conditions that oxalates 

might be produced. With the exception of the one species with 

which this paper is chiefly concerned it is doubtful if the quantity 

of oxalates formed would in any case be large enough to become 

a significant factor in food chemistry. 

Gwe 

The three most important facts demonstrated are: (1) Oxalie 

acid is produced by many species of Penicillium. As a common 

product of their metabolism it may be likened to lactic acid among 

bacteria. (2) Oxalic acid is a transient and not an end-product 

of metabolism. (3) An undescribed Penzcilliwm for which we 

propose the name Peniczllium oxalicum should be added to the 

list of true oxalic acid ferments. A technical description of this 

organism with drawings is therefore givep. 
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Description of Penicillium Oxalicum. 

Colonies on Czapek’s agar solution. near ivy-green (Ridgeway XXX1I) 

velvety, spreading widely with surface growth conidiophores only; reverse 

of colony pale yellow; agar uncolored or only slightly colored; conidio- 

phores up to 200 » long by 3.3 to 5.4 uw in diameter enlarged to 5 u at apex; 

conidial fructification consisting of a single verticil of two to three branches 

15 to 20 x 3.5 u, appressed, bearing verticils of conidiiferous cells 10 to 14 

x 2.5 to 3.5 in small parallel whorls which bear conidial chains in close 

columns which form visible masses of conidia easily broken free from the 
surface of the colony by tapping or jarring the glass; conidia at first cylin- 

drical then elliptical from 2 x 3u, 2x 4y, 2x 5u,up to 3.5 x 5u persistently 

elliptical, remaining in chains in alcoholic mounts swelling to 7 to 10 in 

diameter and germinating by one or sometimes two tubes. No odor 

discernible. 

Gelatin without sugar slowly liquefied more or less, with alkaline reac- 

tion. Produced rhombic crystals in prune gelatin. Grew richly at 37°C. 

Shows a morphology of conidial apparatus resembling P. italicwum, Weh- 

mer, but differs widely from that species in appearance and habits. First 

found by T. P. Haslam in cultures from corn in Kansas. Later isolated 

from moldy corn and corn meal from many localities including Connecti- 

cut, Maryland, Virginia, and Illinois. It also occurs in soil cultures but 

evidently if it is a soil organism it is so well adapted to grow upon corn that 

it becomes a very common component of the flora of moldy corn and corn 

products. 

Methods of Culture and Analysis. 

The media employed were after the general formula of 

Czapek. The magnesium sulphate and potassium chloride were 

reduced because the magnesium tends to precipitate out the phos- 

phate and the sulphate and chloride radicals add to the difficul- 

ties of separating the organic acids. Two media were used, one 

of which will be designated 3 per cent cane-sugar and the other 

5 per cent cane-sugar. The inorganic salts used in each are shown 

in the following table. 

3 per cent cane-sugar. 5 per cent cane-sugar. 

Sodium nitrate............ 1.0 gm. per 1000 cc. 3.0 gm. per 1000 cc. 

Potassium nitrate......... 1.0 is 0.0 rs 
Potassium dihydrogen 

PUGEPUSECS or... 22555 ten... O6D a 1.0 a 
Magnesium sulphate....... 0.01 sg 0.25 He 

Potassium chloride........ 0.01 “ 0.25 ue 

Ferrous sulphate.......... 0.01 i OL -* . 

THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXII, NO. 2 
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Where the 3 per cent cane-sugar medium was used the mold 

was inoculated into 125 ec. of medium and 100 ce. of filtrate were 

analyzed. In all other cases the medium was filtered, the mycel- 

ium thoroughly washed with hot water, and. the wash water added 

to the filtered medium. In no case did the mycelium after thor- 

ough washing yield a further quantity of oxalates even when di- 

gested with hydrochloric acid. The filtrate was then made alka- 

line with ammonia, heated almost to boiling, and a little mag- 

nesia mixture added. In this magnesia mixture chlorides were 

replaced by nitrates. This removes the excess of phosphates and 

a considerable quantity of pigment and other substances which 

would interfere with the purification of the oxalate. The oxalate 

was then precipitated as the calcium salt, dissolved in dilute hy- 

drochloric acid, and reprecipitated. The twice precipitated oxa- 

late was then dissolved in dilute sulphuric acid and estimated by 

titration with potassium permanganate. The purity of the cal- 

cium oxalate obtained by this procedure was established for 

nearly every mold studied by estimating the calcium oxide by 

direct ignition of the oxalate. When a calcium salt had been 

added to the medium the entire culture was thoroughly digested 

with warm hydrochloric acid before filtration and the removal of 

phosphates by magnesia mixture had to be omitted. 

Examination of these data shows that P. oxalicum, culture num- 

ber 103, under all conditions investigated far exceeded all others 

as a producer of oxalic acid. P. ztalicwm which resembles P. oxalz- 

cum in morphology and also numbers 28 and 2467 which belong 

to the Citromyces group, produced very considerable amounts of 

oxalic acid when grown on media containing calcium carbonate. 

Wehmer?’ states that some of his Citromyces cultures formed oxa- 

lates as a secondary reaction on the citrate first formed, when cul- 

tivated in the presence of an excess of calcium carbonate. 

Two cultures of P. oxalicum designated by numbers 103 and 

3563.8 which had been derived from different sources were se- 

lected for further study. These were grown at 20°C. on 5 per 
cent cane-sugar media, and also on 10 and 20 per cent cane-sugar 

media in which sodium nitrate and potassium dihydrogen phos- 

phate were proportionately increased. The other inorganic salts 

5 Wehmer, @Chem.-Ztg., 1909, xxxiii, 1281. 
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TABLE I. 

Oxalic Acid Produced per 100 cc. of Medium, Expressed in ce. 

mn. n. mn. 100 ne Sy - 

s |#2| a8] |e. | as ae 
icilli * og o#8 oe So os 682 Penicillium. Z : : : 3 : 29 - : ee : 

2 | so | ge | se | 08] ge | oss 
5 an as BS ets as oon 

Rinophiltimeeere eae i OO eORO O70 0.0) 0.0 

Brevicawlenaeecn.c. tae. 2a Oro5 | 0201) 050 0.8) 0.0 

@amemberviesencn cli os. Onimleoniee = alleoleOn 52-022 On|nage42 

Giramunl arin aa ea ele OR alplpelolsOul) S2:0\) 21249) 35.41 

JRL haa phe Sree haere ee ee 10 | 21.5 | 22.2 | 44.9 | 118.4) 21.3 | 38.41 

IG OTST ene Ae, ee Me iieouleloso 15.6 38.32 

EEX AN SUNM Se eh) ae eres 14 | 14.1 | 12.4 | 31.9 | 24.4) 10.9 | 38.46 

Ciprinunis.:. ee Fee 1a" (0-0) }) 10.07 | 4:6 0.0} 0.0 

Purpurogenwim: =: ........-. /A 20: OF a OsCn is (020 0.0) 0.0 

Eeeauetorti... 26.6.0. c4..- 18 | 21.0 | 26.2 | 30.4] 48.8] 11.6 | 38.51 

Winclaixder. J! cece ke es 207) 0200) OZ0" 0.0 wee], 0:0 

WommMUNes.. =... ase. s- 23) 1426: | 1920"°32.9"|* 1525) 16:8 

Chrysogenum.............. 26.) 14.4 |) 7.6 38.45 

StOLOMIfErUmM: oes 2. es. se 27 | 12.2| 8.4) 36.0] 20.4) 20.4 | 38.38 

JDK AACE Abbas ee er 34,200. |) (0200) (080 0.0) 0.0 

PMTOIOSUMN: : oka. ce see ws os AG O04) OLOst 2070 0.0} 0.0 

IN GUN se 102} 0.0] 0.0 38.1} 6.2 

Oxalicum...... 103 | 54.1 | 58.0 | 35.2 | 288.0} 86.6 | 38.39 

Wearntabtlesdtss os. 65... Sa. k8s 3DDL 7+ 0).0) F100 19.2] 10.2 

IN| OHPRDEE OTIC |: 6S Soest eee eee Sips || TOP 8 || TIN eter as Ah | Bisa 7/ 

Citromyces group......... 63 | 10.2 | 20.2 10.0 | 38.49 

3 cE wo Nee SA 2467 | 16.0 | 16.7 | 24.0 | 148.6] 14.4 | 38.30 

= cna g ieee oot BRS | he TRY || US) || P40) 38.29 

* Designation of cultures is the same as that used by Thom, Cultural 

Studies of Species of Penicillium, U. S. Dept. of Agriculture, Bureau of 

Animal Industry, Bull. 118, 1910. 

were as given for the 5 per cent cane-sugar media. At various 

intervals the acidity of these cultures was determined by titra- 

tion with phenolphthalein as indicator and the oxalate radical es- 

timated by precipitation as calcium oxalate and titration with 

potassium permanganate. For comparison Aspergillus niger, the 

oxalic acid ferment par excellence was included. Numbers 4, 5, 

and 6 were gently rotated daily to increase diffusion throughout 
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the media. It is difficult to accomplish this without submerg- 
ing the mycelium, with resultant interference in continuous 

metabolism. 
\ 

TABLE II. 

Acidity per 100 cc. of Medium and Total Oxalate Radical, Expressed in 3 cc. 

os i 5 days. 8 days. 12 days. 14 days. 21 days. 28 days. 

#2 op 
as ; 5 ; : u ; ; : E : 

£al|l = 3 ue] 3 jz 3 << 3 Be 3 Ae) = 
Bo o tad o Eat 3) wn 3) ca o 4 oO * 

@.f$.o)<4)o0 | 4) 6 | 4.) 6 | — oe 

1 A.niger| 5 104.4] 125.7) 128.8) 158.4] 188.8} 216.8] 130.8) 157.5) 98.4 | 124.8] 66.0 | 95.2 

2103 e0 5 59.8] 89.6] 55.2} 86.0} 54.4] 84.8) 59.2} 86.6) 29.8 | 56.8) 7.6 | 35.2 

3 3563.8.. 5 11.2} 39.6) 44.0] 70.2} 42.8) 72.8] 27.2) 52.0] 29.8 | 40.2) 5.2 | 31.4 

AatO3. 4. J: 5 61.6) 91.0} 71.2} 101.6] 40.8] 70.6) 48.0] 78.6 

Hi By sae 10 67.5] 117.1] 97.5| 151.4] 79.0] 132.8 

GelOsies. -| 20 72.0} 119.0} 106.5] 179.3] 124.0) 195.8 

These results show that P. oxalicum though a less rapid pro- 

ducer of oxalic acid than Aspergillus niger is nevertheless a true 

oxalic acid ferment. It very quickly produces an acidity in media 

which under favorable conditions may reach 0.8 per cent free 

oxalic acid (COOH.H2O).. The media from cultures of P. oxali- 

cum are only slightly colored during the first eight to ten days 

and, give a sharp end-point with phenolphthalein. Without the 

presence of an alkali carbonate to neutralize the acid formed, more 

than 1 per cent of oxalic acid accumulates as the free acid and as 

oxalates. Although the mold grows poorly and forms very few 

spores when grown upon media to which calcium carbonate is 

added, the yield of oxalic acid is greatly increased and may reach 

nearly 40 per cent of the weight of sugar employed. The results 

show clearly that oxalic acid is not an end-product but reaches a 

maximum point in eight to twelve days and then declines. If 

the media be agitated this maximum point is attained more 

quickly. 

Penicillium oxalicum is very omniverous in habit. Its ability 

to produce oxalic acid from various sources of carbon was tested 

by growing it upon media made up exactly as the 5 per cent cane- 

sugar media except that the sugar was replaced by 5 per cent of 

the organic substance to be tested. 
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TABLE III. 

Oxalic Acid Produced per 100 cc. on & per cent Medium, Expressed ints cc. 

10 days at 20°. 15 days at 20°. 

Culture. 

103. 3563.8. 103. 3563.8. 

GW COSES4ee... ae ee 105.6 78.0 87.8 41.6 

IBC GOSE  cbclece + oe Cree 95.6 34.4 114.8 93.8 

Botato starch=... 2.2 106.8 66.8 103.0 66.6 

Siyiceringeee 57.4. eae ire 10.3 19.4 56.6 

IReptone: seaakan 5 setae: 89.3 58.8 L726 80.4 

Calcium lactate.....~. 1552 8.6 

Both cultures grew luxuriantly on all these media except glycerin 

and calcium lactate. The most striking cultural difference ob- 

served between these two cultures was their deportment on gly- 

cerin media. In all other cases 103 had showed itself more active 

than 3563.8, but on glycerin this was reversed. This was shown 

very plainly in the abundance of mycelium as well as in the ac- 

tual production of oxalic acid. The ability of this organism to 

hydrolyze gelatinized starch is shown from the fact that it pro- 

duced as much oxalic acid in ten days from starch as from a 

soluble sugar. 

It has not been the purpose of the authors to indulge in any 

speculations concerning the mechanism of oxalic acid formation 

or its biological significance with regard to the metabolism of 

fungi. The chief interest of this paper lies in the fact that we have 

observed a Penicillium which forms oxalic acid as the chief 

product of its metabolism. This is an observation hitherto 

unrecorded in the literature of fungi. 
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Interest in the hexone bases of malignant tumors has been 

stimulated by the recent work of Osborne and Mendel! who 
found a physiological relationship between certain members of 

this group and normal growth. In prolonged experiments with 

white rats these investigators showed that, if lysine was omitted 

from the diet of a growing animal, growth halted. If lysine was 

added to the diet, the animals began to grow again. On the 

other hand, in the case of fully grown animals lysine could be 

omitted from the diet without disturbing the nutritive balance. 

Thus they distinguished in the diet the factor of growth from that 

of maintenance. Lysine is purely a growth-factor. Experiments 

with arginine indicated that it had a similar function but as yet 

this has not been established experimentally. 

No satisfactory explanation for the dependence of growth upon 

either of these amino-acids has been advanced. It seems obvi- - 

ous, however, that the body cannot synthesize these substances 

and must depend upon outside sources for them. Furthermore, 

there is a difference between a growing tissue and a fully developed 
one in its requirement for a given amino-acid, for the adult tissue 

contains some of this amino-acid; and the difference in requirement 

would seem to be quantitative. 
It is also instructive that certain types of germinating tissue 

are rich in hexone bases. Spermatozoa are made up largely of a 

protamine or a histone, combined with nucleic acid. On analysis 

protamine yields large amounts of diamino-acids, particularly 

arginine which may constitute as much as 80 per cent of the 

1 Osborne, T. B., and Mendel, L. B., Jour. Biol. Chem., 1912, xii, 473; 

1912-13, xiii, 233; 1914, xvii, 325. 
295 
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protein molecule. In germinating seeds, also, arginine and ly- 

sine occur in abundance, and even free. These facts have led me 

to examine the quantitative. relationship between these amino- 

acids in rapidly growing tissue, namely, human malignant tumors. 

Of pertinent interest is the work of Miss Slye? who showed in the 
case of a mouse tumor that heredity is an important factor. In 

other words the problem of cancer she believes is a problem of 
growth rather than of infection. 

Chemical analyses of tumor tissue are recorded but they are 
more or less incomplete. Up to the present, strange to say, no 

one has made a quantitative determination of the hexone bases 

in tumors. This is especially remarkable since we have reliable 

quantitative methods for estimating these amino-acids. 

Neuberg,’ using the ester method of Emil Fischer in estimating 

certain mono-amino-acids, concluded that these were present in 

about the same proportion in cancer as in normal tissue. Bergell 

and Doérpinghaus‘ using the same method in the study of carci- 

noma and sarcoma considered that the proportions of alanine, 

glutamic acid, aspartic acid, and phenylalanine, were higher than 

in normal tissues; but the author of this method never claimed 

that it gave quantitative results. 

Selecting a group of three amino-acids, 7.e., glycocoll, tyrosine, 

and glutamic acid, Abderhalden® concluded that the percentage 

of these in malignant tumors does not vary from normal. Bergell® 

using the N-distribution method of Hausmann, determined the 

total N of hexone bases in rat tumors, and concluded that this 

was much increased. However, this method is grossly inaccu- 

rate and conclusions cannot be drawn from such results. 

EXPERIMENTAL DATA. 

Material for this investigation was obtained through the 

courtesy of Drs. Rusk and Cooke of the Pathological Department 

2Slye, M., Jour. Med. Research, 1915, xxxii, 159. 

3 Neuberg, C., Arb. a. d. Path. Inst. z. Berlin, 1906, 593. 
4 Bergell, P., and Dérpinghaus, T., Deutsch. med. Wehnschr., 1905, xxx, 

1426. 

5 Abderhalden, E., and Kautzsch, K., Zischr. f. physiol. Chem., 1910, 

Ixvi, 69. 

6 Bergell, P., Ztschr. f. Krebsforsch., 1907, vi, 204. 
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of the University of California. The specimens were obtained 

from four to twelve hours after death. Immediately the material 

was dissected free from all extraneous tissue, weighed, examined, 

and prepared for analysis. ‘The mass was ground fine through a 

meat chopper and treated repeatedly with hot water to remove 
non-protein nitrogen. The water extract was concentrated in 

vacuo to a small volume and the protein in solution precipitated by 

the addition of several volumes of alcohol. This precipitate was 

added to the main bulk of protein which had been thrown down 

by heat. The united material was placed on the water bath, 
heated to dryness, ground to powder, and extracted repeatedly, 

in the cold, first with alcohol and later with ether. Then the 

dried material was weighed and found to represent from 16 to 18 

per cent of the original weight. These values are shown in 

Table I. The dry powder was used for analysis. 

Five cases were analyzed, as follows: (1) carcinoma of the lar- 

ynx; (2) metastatic mass in the liver from a primary carcinoma of 

the stomach; (3) lymphosarcoma; (4) endothelioma; and (5) 

a liver metastasis from a primary carcinoma of the ileum. Notes 

bearing on the histories of the cases, as well as the gross anatomical 

and microscopic diagnoses, are given below. 

TABLE I. 

: : Weight of fresh Weight of dry Percentage of dry 
No. Diagnosis. material. substance. substance. 

am gm 

1 | Primary carcinoma 
Gala rym 24. 2. 126 PVE 1720 

2 | Metastasis to liver 

from primary car- 

cinoma of stomach 1350 230.5 hee! 

3 | Lymphosarcoma.... 228 38 .0 16.6 

4 | Endothelioma......: 154 28 .0 18.0 

5 | Liver metastasis 

from primary car- 

cinoma of ileum... 408 67 .0 16.4 

Case 1—Carcinoma of the larynx. Duration of symptoms, 9 months. 

Anatomical diagnosis: Recurrent carcinoma of the larynx with metastases 

in regional lymph nodes and invasion of the pharynx, palate, and esopha- 

gus. The growth in the neck on section was pale, showing areas of necrosis 



298 Hexone Bases of Malignant Tumors 

and softening alternating with grey and cellular tissue. Theregional lymph 

nodes showed replacement of the greater part of their substance by tumor 

tissue having a tendency to early central degeneration and softening. 

Microscopic examination: Tumor is made up of branching strands of 

atypical cells evidently of epithelial origin. There are no typical ‘‘pearls.”’ 

Mitotic figures and giant cells are common. Average sections consist of 

about three-fifths well preserved tumor cells and two-fifths loose edema- 

tous stroma containing various wandering cells. 

Case 2.—Primary carcinoma of the stomach, with metastasis to the 

liver. Duration,4 months. Anatomical diagnosis: Metastases were found 

in the liver, mesentery, omentum, diaphragm, and right lung. The liver, 

weight, 3950 gm., was almost all replaced by greyish white metastases 

which varied in size from a few mm. in diameter to 10 to15cem. The larger 

masses showed central broken down, semi-liquid material. The moderate 

sized ones showed slight necrosis. The smaller ones showed no gross evi- 

dence of degeneration. 

Microscopic examination: The growth consisted of a typical carci- 

noma simplex with only a slight amount of necrosis in the smaller nodules. 

Mitotic figures are found but are not especially common. Tumor nodules 

consist of about two-thirds well preserved tumor cells and one-third stroma 

and other cells. 

Case 3.—Sarcoma of the right kidney. Duration of symptoms, 4 months. 

Anatomical diagnosis: Metastases found in retro-peritoneal and medias- 

tinal lymph nodes and liver. Lobar pneumonia, acute peritonitis. Right 

kidney, which was the seat of the tumor, showed in the upper half an ex- 

tensive tumor growth. On the surface were central isolated and confluent 

opaque grey areas which are surrounded by grey and rather translucent 

tissue. The entire upper half of the kidney is infiltrated by a firm grey 

tumor which has involved the cortex more or less completely and much of 

the medulla. 

On section, the tumor shows a pale grey translucent tissue with numer- 

ous larger and smaller opaque greyish yellow necroses. Retro-peritoneal 

lymph nodes are enlarged and matted together, from 1 to 4 em. in diameter. 

On section pale grey areas of necrosis are seen. Lymph nodes along the 

aorta in the posterior mediastinum show similar metastases. 

Microscopic examination: There are irregular areas of degeneration 

and necrosis around which are seen growing tumor cells. These cells are 

somewhat elongated and hexagonal, and have a considerable amount of 

pink-staining protoplasm. Cells appear singly or in small nests and are 

separated by fibrous stroma. They are invading the surrounding tissue. 

Occasional mitotic figures are found. The picture suggests a sarcoma 

rather than a hypernephroma. The analysis was made from gland metas- 

tases and such glands show about two-thirds of the section,to be well pre- 
served large plump cells. The other third consists of lymph strands and 

stroma. ; 

Case 4.—Endothelioma of the kidney. Anatomical diagnosis: Speci- 

men consists of kidney about four times the normal volume removed at 
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operation. Superficially it is for the most part irregularly lobulated with 

low projections held beneath the tense capsule. The surface is pale and 

smooth except at one pole where there is a nodular mass covering an area 

about 3 x 5 cm. as if the tumor was projecting through the capsule. 

These nodules vary from ochre yellow to brown with spots suggesting 

hemorrhage. From the pelvis a nodular cream-colored mass projects. 

On section of the mass the tumor tissue appears as a uniform soft white 

somewhat edematous growth. There are few vessels and connective tissue 

septa. The invaded kidney is in great part replaced by tumor tissue except 

a pale marginal zone of cortex in which it is almost impossible to make out 

the markings. : 

Microscopic examination: Shows the growth to be composed of large 

cells arranged in columns and circular masses with a delicate stroma for 

the most part, but also with broad tense connective tissue bands in places. 

In the stroma are thin-walled capillaries. The tumor cells show small 

rather deeply stained nuclei, a large vacuolated inner protoplasmic zone, 

and a thin line of cytoplasm at the periphery. Sections stained with 

Scharlach R show the presence of large amounts of fat. Tumor sections 

show approximately four-fifths well preserved tumor cells. The rest is 

made up of stroma and other cells. 

Case 6.—Primary adeno-carcinoma of the ileum with metastasis to the 

liver. Duration of symptoms, 3 weeks. Anatomical diagnosis: Adeno- 

carcinoma of the ileum with perforation. Metastatic growths in the 

liver along the bronchial, mesentery, and retro-peritoneal lymph nodes. 

Primary tumor was situated in the lower ileum. Its center had become 

necrotic and the bowel wall had perforated, leading to general peritonitis. 

The liver from which the material was taken weighed 3140 gm. and showed 

numerous pearl-grey metastatic nodules from 0.3 to 4 cm. in diameter. 

The larger nodules showed considerable central necrosis. 

Microscopic examination: The picture is typical of a very rapidly grow- 

ing undifferentiated cancer. The glandular arrangement is not in evi- 

dence in the metastatic nodules. Stroma is inconspicuous and the tumor 

cells make up about nine-tenths of the bulk of the nodules in the liver. 

The amount of hyaline necrosis in the tumor nodules cannot be estimated 

but the nuclear shadows can still be made out and there is little evidence 

of autolysis. 

Determination of the Hexone Bases. 

The method of Kossel and Kutscher’ for the determination of 

the hexone bases has been modified by Osborne, Leavenworth, 

7 Kossel, A., and Kutscher, F., Ztschr. f. physiol. Chem., 1900-01, xxxi, 

165. Kossel, A., and Pringle, H., ibid., 1906, xlix, 318. 
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and Brautlecht,® also by Steudel,® and by Van Slyke.!° In this 

work all these modifications were employed and the method fol- 

lowed was essentially that used by Van Slyke in his analysis of 

casein. The material was hydrolyzed with ten volumes of 20 

per cent hydrochloric acid for a period of thirty-two to thirty- 

eight hours. The progress of the hydrolysis was followed until 

complete by determinations of the amino nitrogen with the Van 
Slyke apparatus. Lysine was isolated as the picrate, weighed, 

and its purity controlled by analysis of the amino nitrogen. 

Arginine and histidine were isolated as picrolonates according to 

the method of Steudel, and purity was controlled by melting point 

and analysis of the nitrogen. In all cases the values for the bases 

were calculated from the salts and not from the determination of 

the nitrogen in solution. The analytical data are given in Table 

EX. 

The results shown in the table indicate that in the malignant 

tumors studied the amount of hexone bases was fairly uniform. 

The arginine N expressed in per cent of the total nitrogen was 

between 11.63 and 13.65, an average of 12.42 per cent. The 

highest figures found, 12.8 and 13.65, were in Cases 2 and 5. 

These were liver metastases and consisted almost exclusively of 

carcinoma cells. In the other cases beside the tumor cells more or 

less connective tissue stroma was present. In Cases 3 and 4 

approximately a third to a fifth of the tumor mass consisted of 

connective tissue. | 

The histidine N represents 3.88 to 5.58 per cent or an average 

of 4.86 per cent of the total N. The lysine N represents 9.89 to 

12.65 per cent, an average of 11.23 per cent of the total N. It is 

noteworthy that if one of the members of this group is increased, 

the other two also are relatively more abundant. Perhaps these 

three substances are bound in some way as a unit in the protein 

molecule. The work of Wakeman" also favors this view. 

The interpretation of the results of these analyses is facilitated 

by reference to similar analyses of normal tissues. Unfortu- 

8 Osborne, T. B., Leavenworth, C.8.,and Brautlecht, C. A., Am. Jour. 

Physiol., 1908-09, xxiii, 183. 

9 Steudel, H., Ztschr. f. physiol. Chem., 1902-03, xxxvii, 219; 1905, xliv, 

17, 
10 Van Slyke, D. D., Jour. Biol. Chem., 1913-14, xvi, 535. 

11 Wakeman, A. J., 7bid., 1908, iv, 119. 
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nately, however, few are at hand. A series of analyses of various 

organs including those of man was made by Wakeman who 

employed essentially the methods I have used. He found that 

the percentages of the hexone bases for a given tissue vary 

but slightly in different animals and not greatly in different organs 

of the same animal. For comparison with my results I reproduce 

in Table III the figures obtained by Wakeman. 

In Table IV are given the percentages of the hexone bases in 

a few isolated proteins. 

TABLE III. 

Arginine N Histidine N _Lysine N Totalidae 
: t- t- te : Avimal Onean. | BeSPt seein eee | NDS 

*Adult man........| Normal liver 6.88 2.01 6.60 15.48 

*Adult man........| Normal liver 5.61 1.76 5.54 12.91 

“DO. eee. 2- - ae Norma liiver, 8.32 2.31 4.81 15.44 

FHOUSC han ce aoe Normal liver Het? 1.76 5.64 13a 

+) DIO (ta he ee a aI er Kidney 4.19 2.51 6.05 12°75 

=A ley es Placenta at 

full term ane 0.30 3.5 8.1 

AAO) ct ee ee 2 Muscle Uo) 1.8 7.6 16.9 

Average for somatic tissue........ 6.07 1.78 5.68 13.52 

Average for tumor...... naa 12.42 4.86. | 11°93°s) soem 

* Wakeman. 

** Koelker and Slemons. 

TABLE IV.* 

Protein. Arginine. Histidine. Lysine. Total base N. 

per cent per cent per cent per cent 

SH goo) buminee seer 10.2 Dee 4.3 NW 

** Gliadin (wheat).... 6.7 2.4 @ 9.1 
¥F Oagenmere ee ne 8.0 4.0 8.6 20.6 

** Lactalbumin (milk) 6a2 2.4 9.2 17.8 

* These figures for nitrogen percentages are calculated from the amino- 

acid percentages by factors given by Van Slyke (Ber. d. deutsch. chem. 

Gesellsch., 1911, xliv, 1690). 

** Osborne and Mendel. 
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A comparison of the amounts of hexone bases in malignant 

tumors with the amounts in various normal adult tissues shows 

an increase in the-former. Generally, the yields of arginine, 

lysine, and histidine obtained on hydrolysis of malignant tumors 

are over 100 per cent greater than those obtained on hydrolysis 

of normal somatic tissue. The quantities of these bases are also 

greater than those found in any isolated protein except the 

protamines and histones. 
Attempts to isolate or to obtain qualitative tests for histone and 

protamine, using the fresh tumor tissues, were unsuccessful. 

These results in conjunction with those of Osborne and Mendel 
may explain the action of lysine in promoting normal growth on 

the ground that this diamino-acid which cannot be synthesized 

in the body is an inherent requirement of the newly forming pro- 

tein and is embodied in the structures of the latter molecule. 

If this is true for lysine, it seems probable that further experiments 

with arginine and histidine will show these bases to have a similar 

role. 

It is pertinent that Sweet!? and Rous have recently demon- 

strated that when white rats having carcinoma are fed on a diet 

deficient in the hexone bases the tendency to metastasize is dimin- 

ished. In some of their cases, however, the tumor grew as rapidly 

as ever, and in that event there was a correspondingly rapid 

emaciation of the body. This fact, it seems to me, may indicate 

that the somatic tissue was broken down to furnish these sub- 

stances to the rapidly growing tumor cells. 

Whether such high percentages of the hexone bases as we have 

found is a peculiarity of malignant tumors, or whether such an 

increase will be found in normal rapidly growing tissue is a prob- 

lem now under investigation in this laboratory. 

SUMMARY. 

In five cases of malignant tumor the quantity of hexone bases 

was approximately double that found in normal tissue. 

These results suggest a new approach to the study of the cancer 

problem, especially as it relates to metabolism. 

2 Sweet, J. E., Corson-White, E. P., and Saxon,G.J., ibid., 1913, xv, 181. 

13 Rous, P., Bull. Johns Hopkins Hosp., 1915, xxvi, 146. 
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A COLORIMETRIC METHOD FOR THE DETERMINATION 
OF PHENOLS (AND PHENOL DERIVATIVES) 

IN URINE. 

By OTTO FOLIN anp W. DENIS. 

(From the Biochemical Laboratories of the Harvard Medical School and 

of the Massachusetts General Hospital, Boston.) 

(Received for publication, July 26, 1915.) 

Since the appearance in 1882 of the pioneer researches of Bau- 

mann on the urinary phenols, a large number of investigations 

has been made on this subject. The method used for the quanti- 

tative determinations of these bodies has been almost invariably 

the iodometric titration variously modified and improved by 

Kossler and Penny,! by Neuberg,? Mooser,? and by Hensel.4 At 

best the iodometric method has many disadvantages, being ex- 

tremely time consuming and requiring the use of a comparatively 

large amount (500 ec.) of urine. Further, as will be shown be- 

low, if the directions given by the various investigators who have 

worked on the technique of this method be followed a considera- 

ble portion of the phenol contained in the urine may be lost. 

The first step in the determination of phenols according to the 

methods of Kossler and Penny, Neuberg, Mooser, etc., consists 

in evaporating the faintly alkaline urine on a water bath to about 

one-fifth of its original volume. We have found that during this 

evaporation a considerable proportion of the phenol is oxidized, 

thus producing results much below the truth. 

Experiments Showing the Loss of Phenol When Heated in Alkaline Solutions. 

1. 25 ce. of phenol solution required 16.80 cc. 7 iodine when titrated 

according to the iodometric method. 

25 ce. of the above phenol solution were treated with 0.5 cc. of 10 per 

cent sodium carbonate and 100 cc. of water, after evaporation for one 

1 Kossler, A., and Penny, E., Ztschr. f. physiol. Chem., 1893, xvii, 139. 

2 Neuberg, C., ibid., 1899, xxvii, 123. 

3 Mooser, W., zbid., 1909, Ixiii, 176. 
4 Hensel, M., ibid., 1912, Ixxviii, 373. 
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hour on the steam bath during which time it was reduced to a volume of 

50 ce. It was found on titration to require only 16.00 cc. 74 iodine. 

2. 25 cc. of the same phenol solution when treated like the above except 

that one drop of 10 per cent sodium hydrate was used instead of sodium 

carbonate, required when titrated only 6.00 cc. 74 iodine. 

3. 25 ec. of a solution of paracresol required on titration 14,00 ce. of 44 

iodine. : 

25 ec. of the same solution when evaporated on the steam bath for one 

hour after the addition of one drop of 10 per cent NaOH and 100 cc. of 

water required 4.00 cc. of 7h iodine. 

Besides the uncertainty attending the preliminary evaporation 

in alkaline solution, the subsequent removal of the phenols from 

the urine by distillation with mineral acid, and the redistillation 

necessary to separate the phenols from acetone, formic acid, and 

other substances capable of reacting with iodine, make determi- 

nation of phenols in urine a formidable task. By the use of the 
phosphotungstic phosphomolybdic reagent described by us? 

some three years ago we are now able to make a colorimetric 

phenol determination in urine in ten to fifteen minutes and with 

the use of not more than 10 or 15 ce. of ordinary urine. 

Our method is as follows: 10 cc. of ordinary, or 20 of very 

dilute, urine are placed in a 50 ee. volumetric flask. To this is 

added an acid silver lactate solution® (from 2 to 20 ec.) until no 

more precipitate is obtained. A few drops of colloidal iron are 

then added, the flask is shaken, filled to the mark with distilled 

water, shaken again, and its contents are filtered. By means 

of this precipitation uric acid and traces of proteins, both of which 

also give a blue color with our reagent, are quantitatively removed. 

We have convinced ourselves by numerous experiments on a 

variety of phenols that these substances are not precipitated by 

the above procedure and may be quantitatively recovered in the 

filtrate. 25 ec. of the filtrate are transferred to a 50 cc. volu- 

metric flask, and to it is added a sufficient quantity of saturated 

sodium chloride solution containing 10 ec. of strong hydrochloric 

acid per liter to precipitate all the silver. The flask is then filled 

to the mark and the contents are filtered. 

5 Folin, O.¥ and Denis, W., Jour. Biol. Chem., 1912, xii, 239. 
6 This solution consists of a 3 per cent silver lactate solution in 3 per 

cent lactic acid. 
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To determine ‘free’ (non-conjugated) phenols 20 cc. of this 

filtrate are placed in a 50 cc. flask and treated with 5 cc. of the 

phosphotungstic phosphomolybdie acid reagent’? and 15 cc. of 

saturated sodium carbonate solution. After diluting to volume 

with lukewarm water (30-35°C.) and allowing to stand for 

twenty minutes the deep blue solution is read in a Duboscq color- 

imeter against a standard solution of phenol. 

To determine total (free and conjugated) phenols 20 cc. of the 

same filtrate are transferred to a large test-tube; to this are added 

ten drops of concentrated hydrochloric acid, and the test-tube is 

covered with a small funnel. “This mixture is heated rapidly to 

boiling over a free flame and is then placed in a boiling water 

bath (we usually use for this a tall beaker) for ten minutes. At 

the end of this time the tube is removed, cooled, and the contents 

are transferred to a 100 cc. volumetric flask. 10 cc. of the phos- 

photungstic phosphomolybdic reagent and 25 cc. of saturated 

sodium carbonate solution are now added, and after making up 

to volume and shaking, the solution is read (after twenty minutes) 

against a standard solution of phenol. As a standard we use a 

solution of pure phenol in 739 HCl containing 1 mg. of the former 

substance in 10 ce. 5 ce. of this solution (equivalent to 0.5 mg. of 

phenol) when 10 cc. of saturated sodium carbonate solution 

are added and the whole is made up with water at about 30°C. 

to a volume of 100 cc., give, when set in the colorimeter at 20 mm., 

a convenient standard. As phenol is an exceedingly hygroscopic 

substance it is necessary to standardize the solution by means a 

the iodometric titration. 

This titration is carried out as follows: Make a phenol solution in 75 

HC] containing 1 mg. of crystallized phenol per cc. Transfer 25 ce. of the 

phenol solution to a 250 ce. flask, add 50 ec. 75 sodic hydrate, heat to 65°C., 

add 25 ce. 75 iodine solution, stopper the flask, and let stand at room tem- 

perature thirty to forty minutes. Add 5 cc. of concentrated hydrochloric 

* This reagent is prepared by boiling together for two hours 100 gm. 

of sodium tungstate, 20 gm. of phosphomolybdic acid (or an equivalent 

amount of molybdic acid), 50 ce. of 85 per cent phosphoric acid, and 75 tc. 

of water. After the period of heating, cool, make up w ith water to a 
volume of 1 liter, and filter if necessary. 
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acid and titrate excess of iodine with 74 sodium thiosulphate solution.’ lee. 

of +5 iodine solution corresponds to 1.567 mg. of phenol. On the basis of 

the results dilute the phenol soltition so that 10 cc. contain 1 mg. of phenol. 

The above method as described is not directly applicable to 
the determination of phenols in blood, tissues, or feces. A 

modification suitable for work on this class of material will be 

published shortly. 

8 Because of the red precipitate in the solution it is rather difficult to 

see the end-point of the titration. For those who have not had much 

experience it may be advisable to dilute the solution to a definite volume 

(after adding the hydrochloric acid), then to filter, and to titrate a portion 

of the filtrate as recommended by Sutton; with a little practise, however, 

the titration can be made without this procedure and we prefer not to use 

it. 
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The formation and significance of phenol and phenol deriva- 

tives in the animal metabolism was formerly a very important 

subject of biochemical investigation. The papers by Baumann 

in this field are still models of successful research as well as of 

simple and clear exposition.! At that time and in fact up till a 

short time ago carbolic acid was extensively used as an antiseptic 

by surgeons; and the dark colored “carbolic acid urines’”’ were 

accordingly constantly available and constituted abundant evi- 

dence of the fact that externally applied phenol is absorbed. Simi- 

lar urines were obtained when laboratory animals were poisoned 

by means of external applications of phenol. The absorbed phe- 

nol was at first supposed to be excreted with the urine either as 

alkaline salts (phenolates) or as free carbolic acid, but it was 

later shown in Hoppe-Seyler’s laboratory that, although traces of 

phenolates or free phenol might at times occur, such traces were 

insignificant compared with the amounts of phenol present in the 

form of some combination which yielded free phenols only on 

hydrolysis with mineral acids. 

Clinical or experimental ‘‘carbolic acid urines” were by no 

means the only urines which yielded a positive phenol reaction 

when distilled with mineral acids. In fact all urines gave more 

or less phenol though the urines of herbivorous animals were par- 

ticularly conspicuous in this respect. 

Baumann’s work on the phenols was a development of his previous 

researches on the sulphates in urine. He had found that after the sul- 

‘See particularly one of his papers, Baumann, E., Arch. f. Physiol., 
1876, xiii, 285. 
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phates in urine had been precipitated with barium chloride in the presence , 

of acetic acid a second crop of barium sulphate was obtained on boiling the 

filtrates with hydrochloric acid, Baumann seems at once to have appre- 
ciated the possible significance of the fact that phenol and sulphuric acid ! 

were produced in urines under the same conditions although at that time | 
(1875) the phenol sulphuric ester which he had in mind was a purely hypo- 
thetical product which had not yet been prepared. By analyses of dif- 

ferent kinds of urine he soon found that quantitatively the sulphuric acid 

and the phenol liberated by treatment with mineral acids varied together 
and seemed to go hand in hand. The urines of horses and cattle which 

had previously been shown to be rich in phenols were also extraordinarily 

rich in organic or ‘‘conjugated’’ sulphates. 

The indirect evidence thus obtained was soon followed by the isolation 

of the hypothetical phenol sulphuric acid compound. The product as it 

occurred in evaporated urine residues was soluble in dilute alcohol yet 
almost insoluble in absolute alcohol and on the basis of this fact Baumann’ 

by a series of extractions and fractional precipitations succeeded in obtain- 

ing from horse urine a potassium salt which could be split by hydrolysis 

into phenol and sulphuric acid and which by analysis was shown to be a 

salt of the stipulated phenol sulphuric ester CsH;0250,0H. Some time 

later Baumann prepared the product synthetically and thus positively 
proved its identity.2 He isolated the same product from clinical and ex- 

perimental ‘‘carbolic acid urines’’ and found that in such urines practi- 
cally all the sulphates existed in the form of ethereal sulphates identical 

with or analogous to his phenol sulphuric ester. 

In attempting to determine the location of the condensation process 

involved in the formation of phenol esters Baumann found that the conju- 

gation took place with very great rapidity; within an hour after intra- 

venous injections of phenols the free phenols disappeared from the system 

and were replaced by conjugated phenols. Since this rapid condensation 

occurred without the simultaneous treatment with sulphates it was a 

priori highly improbable that sulphates or the sulphuric acid formed in 

the metabolism could account for the rapid disappearance of the free 

phenols. In the liver, for example, Baumann found only extremely minute 

quantities of conjugated sulphates together with extraordinarily large 
amounts of conjugated phenols. He thus came on the track of another 

substance besides sulphuric acid which is capable of giving ester combina- 

tions with phenol. The other substance was of course glucoronie acid. 

With regard to this substance Baumann assumed, and the assumption was 

long regarded as correct, that normally it plays a secondary réle; because 

normally the sulphuric acid and sulphates are present in excess, and be- 
cause the phenols, as he believed, combine first of all with sulphuric acid, 

so that condensations with the glucoronic acid should occur only after the 

supply of sulphates had been exhausted. This view turned out to be 

2 Baumann, Ztschr. f. physiol. Chem., 1878-79, ii, 337. 
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incorrect, as was later shown by Neuberg, Salkowski, and others. They 

were able to isolate glucoronic esters sil urines containing an abundance 

of inorganic sulphates. 

The origin of the phenol thus found in urine was at first more a matter 
of speculation than of actual knowledge. The fact that the urine of 

herbivorous animals contained somuch more phenol than did the urines of 

dogs or of man suggested that the mother substances were derived from 

plant food and the presence in such materials of tannins pointed to these 

as the probable precursors. It was soon found, however, that in man the 

phenol excretion was not increased by vegetable food, but rather by food 
rich in proteins; and since all the common food proteins contain consider- 

able tyrosine, this substance soon came to be looked upon as a precursor 

of at least a part of the phenol. Through the investigations of Brieger 

it was shown that phenol, as well as indol, is indeed formed in ordinary 

putrefaction of protein materials; and Brieger* found that the intestinal 

contents, and more specifically the contents of the large intestine, con- 

tained phenol. These observations, which were later verified and extended 

by Baumann and by Baumann and Brieger working together,® furnished 

satisfactory explanation as to the origin of the phenol found in the urine. 

The greater amounts of phenols found in the horse and the cow are prob- 

ably not due to any specific precursors present in the food of these animals 

but to the fact that their intestinal tract is very long and their food com- 

paratively indigestible, so that the phenol-forming bacteria exert a rela- 

tively greater destruction of the food material. Weyl,® one of Baumann’s 

pupils, then succeeded in showing that putrefactive bacteria under condi- 

tions prevailing in the intestine, 7.e., in the absence of oxygen, produce 

large quantities of phenols from tyrosine. By feeding experiments with 
tyrosine it was found that the urinary phenols were increased (Brieger). 

By means of vigorous cathartics the phenols could be made to practically 

disappear from the urine, and, on the other hand, it was found that in cases 

of severe constipation or intestinal obstruction, whether clinical or experi- 

mental, the phenol excretion was much increased. In its broader outlines 

the history of the urinary phenol was thus cleared up in a relatively short 
time. 

The whole subject was, however, by no means exhausted. Ordinary 

phenol represents but a small fraction of the total phenol products found 
in the urine. 

The most important phenol quantitatively is in fact paracresol. In 

addition there is in urine some orthocresol and at least two dioxyl 

3 Mayer, P., and Neuberg, C., 7bid., 1900, xxix, 256. Salkowski, E., ibid., 

1904, xlii, 224. 

* Brieger, L., ibid., 1878-79, ii, 241. 

° Baumann and Brieger, ibid., 1882-83, vii, 274. Baumann, ibid., 1882- 
83, vii, 282. 

& Weyl, T., ibid., 1879, iii, 312. 
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benzenes, namely pyrocatechin and hydroquinone, as well as some aro- 

matic oxy acids, particularly paraoxybenzoic acid. 

The origin and occurrence of these products is, however, substantially 

the same as that of phenol. Weyl found more paracresol than phenol 

among the decomposition products of tyrosine. Baumann and Preusse’ 
found that paracresol when fed to dogs is in part excreted as paracresol 

(ester) and in part is oxidized to paraoxybenzoic acid. Paraoxybenzoic 

acid, on the other hand, when fed to dogs or when acted on by putrefactive 

bacteria, lost carbonic acid and thus gave rise to phenol.? Phenol, para- 

cresol, and paraoxybenzoic acid were thus definitely shown to be derived 

from tyrosine, a normal protein constituent. 

OH C;H: CH: CHNH: COOH, tyrosine 

OH CyH, CH, COOH, p-oxypheny]l acetic acid 

—— 

OH C;H,s CHs, p-cresol + CO2 

{ 
OH C,; Hs COOH, p-oxybenzoie acid 

i 
OH C, H;, phenol + COz 

Of the dioxybenzenes pyrocatechin is more abundant than is the hydro- 

quinone; the existence of the latter in normal urine is in fact rather doubt- 

ful. _After feeding phenol or benzene both diphenols have been obtained 

in quantities adequate for definite identification. Thus from feeding 100 

gm. of benzene to a dog in the course of eight days Baumann obtained 

0.56 gm. of pure hydroquinone. 

The oxidation of benzene to phenol and to dioxybenzenes is from a bio- 

chemical standpoint very interesting as a definite illustration of the -vigor- 

ous oxidations which can and do occur in the animal body. As a matter 

of fact the oxidation of benzene does not result wholly in such phenols. 
A large part, probably the larger part, of the benzene is oxidized to the 

straight chain compound muconic acid. This fact escaped Baumann alto- 

gether and was not discovered until a few years ago (1909) by Jaffé. 

The oxidation of benzene to phenol and dioxybenzenes is in a 

sense different from the way the phenols originate from tyrosine 

in the intestinal tract. The latter is due to bacterial decomposi- 

tion, the former to oxidations in the body tissues. Such oxida- 

tions doubtless play some réle in the ordinary formations of phe- 

nol derivatives as for example in the formation of oxybenzoic acid 

from cresol or in the production of the dioxybenzenes from phenol. 

7 Baumann, E., and Preusse, C., ¢bid., 1879, iii, 156. Preusse, zbid., 
1881, v, 58. 

8’ Baumann, E., and Herter, E., cbid., 1877-78, i, 261. 
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The formation of phenol esters in the animal organism repre- 

sents a most interesting illustration of the development of pro- 

tective mechanisms by virtue of which poisonous or deleterious 

substances are converted into harmless compounds. Any such 

protective mechanism may or may not furnish completely ade- 

quate protection to the organism. In general biologists are in- 

clined to assume that the protective processes are adequate, while 

clinicians are constantly considering established or possible de- 

ficiencies and generally believe in “auto-intoxications” as an im- 

portant feature in the etiology of diseases. In respect of the 

phenols it has been tacitly assumed on the basis of Baumann’s 
brilliant results that their condensation into harmless products is 

quantitative, and since Baumann’s time this phase of the prob- 

lem has received very little attention. 

Our chief purpose in this paper is to show that the extent to 

which the phenols are conjugated into harmless compounds in 

the body must still be regarded as a distinctly open question. 

We first encountered the phenols both in urine and in blood as 

.the substances which interfere with the direct determination of 

uric acid by the colorimetric method. Since the conjugation of 

the phenols with sulphuric (or glucoronic) acid yields products in 

which the free hydroxyl group responsible for the color reaction 

with our phenol or uric acid reagent disappears, the results ob- 

tained certainly indicated that both in urine and in blood there 

are notable quantities of free phenol groups. Exactly how much 

of such materials is present, as well as their relation to the total 

phenol products, could not be determined until we had procured 

the necessary analytical technique. This technique as we have 

used it in the present investigation is described in the preceding 

paper. 

As an interesting and possibly convincing proof that the phe- 

nols formed within the body are in fact eliminated as free phenols, 

. we would cite our analytical figures (Table I) obtained from a 

leukemia patient who was treated with small quantities of ben- 

zene. From the very first day of the benzene treatment to the 

end of the ten day experiment there was an unmistakable increase 

in the elimination of the free as well as of the conjugated phenols. 
Indeed toward the end of the benzene treatment,*as before this 

treatment was begun, the free phenols predominated. The diet 
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was qualitatively the same throughout the experiment and con- 

sisted of bread and butter, milk, and eggs. The total nitrogen 

figures are cited to show that the diet is not responsible for the 

variations in the phenol excretion. 

The reason why we attach considerable weight to the free phe- 

nol figures recorded in Table I lies in the fact that benzene is 

known to yield phenols and cannot yield aromatic oxy acids when 

oxidized within the body. This is important because in our 

present scheme of colorimetric phenol determination we determine 

the total and the total free phenol products without attempting 

TABLE I. 

Free and Conjugated Phenols Produced from Benzene.* 

py cium Total N. MRewanemsuma beunene ioe 

Total. Free. Conjugated. in 24 hrs. 

ce. gm. gm, per cent per cent gm. 

1120 11.8 0.30 56 44 0 

1260 12.6 0.31 55 45 0 

1300 13.0 0.58 3l 69 1 

1400 12:7 0.55 46 54 1 

1500 10.9 0.75 42 58 1 

1600 11S 0.40 68 32 1 

1420 10.9 0.78 60 40 1.66 

1920 10.8 OTT 40. 60 1.66 

1325 9.2 0.83 55 45 1.66 

1400 WPT 0.87 57 43 1.66 

*The subject of this experiment, an early case of myelogenous leukemia, 

was a man 44 years old, weighing 56 kg. 

to distinguish between the true phenols and the phenol aeids. 

The latter seem to take comparatively small part in the conjuga- 

tion processes and have long been known to occur chiefly in free 

form (or as salts) in the urine. 

Without reference to their pharmacological action the phenol acids, 

like the phenols proper, whether free or combined, are primarily products 

of intestinal putrefaction. As an index or measure of such putrefaction 

the phenol products determined by our scheme of analysis may fairly be 

considered at least as important as the indican determinations which here- 

tofore have been used almost exclusively as measures of the intestinal 

putrefaction. The indican is derived from the tryptophane group of the 
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decomposed. protein—the phenols, as already referred to, come from the 

tyrosine group. Very little is known concerning the tryptophane con- 

tents of different protein materials, but there is no reason for believing that 

the tryptophane and the tyrosine content of proteins go hand in hand. 

Nor can we assume that the putrefactive bacteria attack these two amino- 

TABLE II. : 

Phenol Excretion on High Protein Diets. 

Volume} pota] aay : Diagnosis and No. ee ; Goakn Indican. vohiavice: 

Free. | Total. | Free. caked 

ce gm gm gm per cent|per cent 

161 | 25007) 31.2 | 0.33 | 0.43 | 77 23 0 Typhoid, 6th 
week. 

93) 1100" |) 22= 1°0)30 10.86) | “83 17 Chorea, convales- 

cent. 

83 | 1560 | 20. | 0.23} 0.45 | 51 49 Trace | Pleurisy, conva- 

lescent. 

84 | 1540 | 19.8 | 0.23 | 0.38 | 61 39 0 Pleurisy, conva- 

lescent. 

Vt | 1940} 19.4] 0.35 | 0.56 | 62 38 Pernicious ane- 

mia. 

177_—(| 2440 | 19.5 | 0.24 | 0.89 | 62 38 Pneumonia, tem- 

perature 103°. 

96) | 1140 | 18.2 | 0.35 | 0.64 |) 55 45 Chronic infec- 

tious arthritis. 

209 | 2000 | 16.8 | 0.28 | 0.40 | 70 30 Pneumonia, just 

after crisis. 

204 | 1060 | 16.6 | 0.17 | 0.35] 48 52 Pneumonia, tem- 

perature 103°. 

181-3} 1690 | 16.2 | 0.28 | 0.49 | 57 43 Pneumonia, con- 

valescent. 
172 | 1820 | 16.0 | 0.25 | 0.42 | 59 4] Pernicious ane- 

° ; mia. 
37 | 1100 | 16.0 | 0.25 | 0.39 | 61 39 Trace | Syphilis, gumma 

of liver. 

VAS) IDO bei 0522: 0229! |) 275 25 Pneumonia, tem- 

perature 104°. 
19 | 2400 | 15.3 | 0.42 | 0.66 | 63 37 Trace | Arthritis, endo- 

carditis. 

acids in any very definite proportion. As measures of intestinal putre- 

faction indican and the phenol products found in urine therefore do not 

necessarily vary together. That they do not do so was shown by Baumann. 

We have made a number of indican determinations (by the method of Myers 

and Fine) and we have reached the same conclusion (see tables). 
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Since our method of determining the phenols in urine does 

not involve a preliminary (necessarily imperfect) separation by 

extraction or distillation as has been the case in all the methods 

hitherto available it was to be expected that the figures obtained 

by our procedure would be higher than the phenol figures recorded 

in the literature. In point of facts our phenol figures are so dif- 

TABLE III. 

Phenol Excretion on Low Protein Diets. 

Volume wees : ; 
No. of a. al hn cae Disese 

OEE ie. Total. | Free. Conju- ; 
gated. 

cc. gm. gm. |per cent|per cent gm. 

78 1160 | 4.0 | 0.34 | 87 13 0 Pleurisy, convales- 

1 cent. 

if 200 | 4.4/0.14] 69 31 Trace | Carcinoma of stom- 
ach. 

91 900 | 4.5 | 0.16} 70 30 0 Chorea. 

17 600 | 5.0] 0.36] 61 39 0.14 | Gastric ulcer. 

2 1200 Sell Ong) 72 28 0.16 Gastric ulcer. 

163 460°} 5 O16") 7a 29 Chronic infectious 

arthritis. 

77 1290 | 5.7) 0.34 | 87 13 Pleurisy, convales- 
cent. 

179 850 | 5.9 | 0.29] 62 38 Cirrhosis of liver. 

81-2 | 1320} 6.2] 0.25 | 64 36 Pneumonia, conva- 
lescent. 

190 1160 | 6.6 | 0.14 | 638 37 0 Pneumonia, conva- 

lescent. 

85 1900 | 6.7 | 0.26 | 66 34 0 Pleurisy, convales- 
cent. 

164 580 | 6.9] 0.31 |] 58 42 Chronic infectious 

, . arthritis. 

SOON 7. P0522) 461 39 (Neu Renal calculus. 

21 1000 (45) 0.23 70 30 0 Pleurisy. 

197 1100 7.5 | 0.24 63 37 0 Arthritis. 

40 520 | 7.6) 0.21 | 74 26 0.29 | Cardiorenal disease. 

ferent that it is hardly worth while to institute any comparisons. 

Moreover, since we in the course of the past year have made prob- 

ably a larger number of phenol determinations (several hundred) 

than all the determinations previously recorded in the literature, 

we feel justified in simply classifying and recording a representa- 

tive proportion of our own results. 

Oe, 
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Tables II and III contain results obtained on high and low pro- 

tein diets respectively. The subjects investigated were all pa- 

tients in the Massachusetts General Hospital. No attempt has 

been made to classify the subjects according to the nature of the 

diseases for which they were treated at the Hospital. Our (un- 

recorded) results cover very nearly every kind of clinical material 

occurring with any degree of frequency in a general hospital, but 

no evidence was obtained tending to show the existence of any- 

thing approaching a specifically abnormal production of phenols 

in connection with any one disease. 

Our results obtained from adult hospital patients including the 

figures recorded in Tables II and III are somewhat vitiated by 

one rather serious defect. Because of the vigilance with which 

the bowels are kept open by means of enemata and cathartics in 

hospital patients the formation and excretion of phenols is doubt- 

less reduced to an incalculable extent. The recorded figures do 

show nevertheless that the phenol excretion tends on the whole 

to be much higher on protein-rich diets and to fall on diets con- 

taining small amounts of protein. The differences would doubt- 

less have been more striking except for the condition referred to 

above. 

Concrete examples of the effect of the protein intake on the 

level of the phenol excretion are shown in the figures cited below. 

Effect of Protein Feeding on the Phenol Excretion. 

Total N. Total Phenols. 

monia. 
— 

¥ 

| 

0.25 Mr. M. convalescing from pneu- 

} Mr. D. convalescing from pleurisy. 

Snronoonoeae: 

(= nN le) 

bo 

or ON OLED 
} Miss C. convalescing from chorea. 

bo 

0.3 to 0.5 gram of “total phenols” in a twenty-four hour quan- 

tity of human urine seems large in comparison with the phenol 

figures heretofore recorded in the literature. That such figures 

are not indicative of an abnormal phenol formation is shown 
however, by the figures recorded below which were obtained from 

perfectly normal healthy subjects. 
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Phenol Excretion in Normal Persons. 

Normal men 

Normal boy 11 years old 

Normal boy 7 years old............ 

Normal infant 3 months old 

Total 
N. 

TABLE IV. 

Phenols. 

Free. Total. 

gm. gm 

0.29 0.48 

0.27 0.39 

0.38 

0.22 0.33 

Only 0.29 

0.17 0.24 

0.116 0.18 

0.03 0.05 

Phenol Excretion in Hospital Children and Infants. 

Hiss! atte: 

i cc. 

61 860 

63 740 

64 550 

65 610 

69 | 1150 

71 75d 

50 890 

60 600 

66 620 

54 850 

90 | 1140 oS or 

NI 

ox 

deo} 

a 

Nukes Total 

Free. 

0.042 

0.04 

0.068 

0.031 

0.050 

0.040 

0.08 

0.03 

Phenols. 

Total. | Free. 

am | oar 
0.043) 98 

0.04 | 100 

0.068} 100 

0.035} 89 

0.052} 96 

0.042) 95 

0.09 | 89 

0.05 | 70 

0.06 | 77 

0.25 | 60 
0.28 | 52 

40 

48 

Diagnosis and remarks. 

Malnutrition, 10 months 

old. 

Malnutrition, 4 months 

old. 

Malnutrition, 2 *months 

old. 

Malnutrition, 2 months 

old. 

Infectious diarrhea, 4 years 

old. 
Malnutrition, 6 months 

old. 

Still’s disease, 10 years 

old. 

Normal infant, 3 months 

old. 

Rachitis, very early stage, 

10 months old. 
Normal boy, 11 years old. 

Chorea, 15 years old. 



O. Folin and W. Denis 319 

From infants and children we have obtained phenol figures 

which are remarkable when considered from the prevailing con- 

cept of the protective mechanism by means of which the phenols 

are supposed to be ‘“detoxicated”’ by transformation into conju- 

gated compounds. From the figures given in Table IV it will 

be seen that while some children show substantially the same 

ratio between the free and the conjugated phenols as we have 

TABLE YV. 

Phenol Excretion in the Cat, Rabbit, Pig, Dog, Guinea Pig, and Goat. 

Phenols. 

Animal. nade og Sand Ud ote Food. 

Free. | Total. | Free. gated 

ce. gm. gm. gm. |per ceni|per cent 

Oatgl ee Te 150 | 1.9 ; 0.012} 0.031} 39 61 | Rice and cream. 

i) ee 80 | 3.5 | 0.017] 0.042} 40 60 | Lean beef. 

oO eee 1223) 5.6) OF02150.058i) 36 64 x oo 

CATA Sy ere 130 | 1.0] 0.0138] 0.022) 59 39 | Rice and cream. 

DS ee 150 1.1 | 0.014} 0.026) 54 46 re eS § 

7 I gee 95 | 4.5 | 0.023] 0.037) 62 38 | Lean beef. 

Babbit 1...... 390 | 3.4 | 0.055) 0.075] 73 27 | Oats and spinach. 

cee 150 4.3 | 0.055} 0.062} 89 11 s “ S 

eS 440 | 5.6 | 0.057] 0.077| 74 26 s “ oe 

ad 2 330 | 3.9 | 0.065} 0.100} 65 35 cs “S by 

gel , .t: 3490 | 2.3 !0.10 | 0.24} 42 58 | Starch. 

2. pda eee 2850 | 16.8 | 0.48 | 0.63 | 76 24 | Wheat bran. 

i SPAN Ty eee LZOOR 222.0210) |) OnL7 60 40 | Starch. 

oS | ee ae 2080 | 11.6 | 0.46 | 0.58 | 79 21 | Wheat bran. 

Maeslee e289.) 19) | 0.05 |-0.06'| 83 17 | Bread and milk. 

Guinea pig 1 20 | 0.37] 0.006) 0.011) 58 42 | Oats. 

ee 20 | 0.45) 0.008) 0.012) 65 35 ns 

4 2 20 | 0.45} 0.008) 0.013} 61 39 es 

Hy 13 | 0.33) 0.008] 0.012) 66 34 S 

Goatees ae: 250 | 8.25) 0.346) 0.775) 44 56 

found in adults, others, for one reason or another, reveal little or 
absolutely no conjugation, the whole of the phenols being excreted 
in free form (or as salts). 

The distribution of the phenols between the free and the con- 
jugated is virtually the same in the urine of other animals as in 
man, the free phenols representing from 30 to 90 per cent of the 
total. That this is so is shown by the phenol figures obtained 
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from cats, rabbits, guinea pigs, pigs, and a goat—reported in 

Table V. 

The variation in the total phenol excretion with variations in 
the level of the protein metabolism is most strikingly shown in 

the figures obtained from the pigs, though the same phenomenon 

is illustrated by the results obtained from the cats. 

SUMMARY. 

The excretion of total phenol products in the uyine appears to 

be much greater than is indicated by the phenol figures hereto- 

fore recorded in the literature. 

The phenols are by no means quantitatively converted into 

conjugated phenols. The detoxication process involved in such 

conjugations appears therefore to furnish only a partial protec- 

tion against the toxic or deleterious effect of the phenol products 

formed by putrefaction in the intestinal canal. 

In any given individual man or animal, the total phenol excre- 

tion tends to vary directly but not proportionally with the pro- 

tein intake. 



SOME OBSERVATIONS ON THE SELECTIVE ACTIVITY 
OF THE HUMAN KIDNEY. 

By OTTO FOLIN anv W. DENIS. 

(From the Biochemical Laboratories of the Massachusetts General Hospital 

and of the Harvard Medical School, Boston.) 

(Received for publication, August 4, 1915.) 

The kidney is manifestly an organ possessed of selective power 

in the sense that it excretes waste products and does not excrete 

(except in minute traces) materials which have food value. In 

the light of our present knowledge it seems probable that the 

kidney selection of the waste products may be subdivided into 

several more or less independent and more or less specific selec- 

tions of specific waste products. Such independent specificity 

on the part of the kidney is certainly suggested by the specific 

functional deteriorations which are known to occur, as for ex- 

ample, the ‘‘salt retention’? and the “nitrogen retention” types 

of nephritis and the uric acid retention characteristic of gout. 

The occurrence of such retentions has been shown chiefly by 

means of blood analysis, for so far ordinary ure analysis has 

failed to throw much light on these more detailed features of 

kidney activity. It is possible, however, that if the urme passed 

by each kidney could be collected separately and quantitatively 

urine analysis might afford valuable additional mformation con- 

cerning the effect of disease on the specific selective function of 

each kidney in relation to the excretion of the different waste 

products. The chief practical obstacle in the way of such inves- 

tigations is the difficulty of collecting separately, quantitatively, 

and simultaneously the urine passed by each kidney for reason- 

ably long periods. 

In the present paper we wish to record some analyses of “‘single 

kidney” urines. These urines fulfill the requirement of repre- 

senting complete and simultaneous collections from each kidney, 

but unfortunately do not represent the best kind of clinical 
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material from which we could hope to find evidence of specific 

deteriorations of the kidney functions. Our patients were 
obtained from the Genito-Urinary Department of the Massachu- 

setts General Hospital. They had been operated on for malig- 

nant growths in the bladder, and were serviceable for our studies 
chiefly because the double ureterostomy performed by the sur- 

geons rendered possible the separate collection of the urine from 
each kidney. 

The analytical figures obtamed would seem to merit publi- 
cation: first, because practically no similar or analogous data 

have yet been recorded; and, secondly, because the figures inci- 

dentally serve to illustrate the effect of moderate clinical hydro- 
nephrosis and pyelitis on the excretory activity of the kidney. 

In each of the four patients studied one or both kidneys had 

been infected and had in addition been somewhat damaged 

(according to the surgeons’ reports) by the pressure of the bladder 

tumor on the ureteral opening. Since the hydronephrosis result- 

ing from such back pressure is believed by pathologists to mjure 

the convoluted tubules rather than the glomeruli one might 

expect (on the basis of current physiological theories of kidney 

excretion) that the damage to the kidney, if sufficient to demon- 

strably reduce its function as a whole, should be far more strik- 

ing in relation either to the “salt’’ or to the nitrogen (urea, creat- 

inine, and uric acid) excretion. A more highly specific deterio- 

ration, as for example, with reference to the excretion of urea or 

uric acid alone is scarcely to be expected from such cases.! 

Case I.—J. B., male, a Russian Jew, 53 years old, weight 140 lbs. Oper- 

ated on Oct. 24, 1914, by Dr. O’Neil. At this time a double ureterostomy 

was done, the ureters being brought out through the lumbar muscles. 

As soon as the wound had healed it was possible to make quantitative 

collections of urine from each kidney by means of two cups, provided 

with outlet tubes, which were held tightly against the body by means of a 

rubber belt. In this patient prior to operation there had existed marked 

obstruction to the outflow of urine from the right ureter with resultant 

1 The analytical methods used were: 

Nitrogen, Folin-Farmer method (Jour. Biol. Chem., 1911-12, xi, 493). 

Creatinine, Folin’s micro method (ibid., 1914, xvii, 469). 

Urie acid, Folin-Denis method (ibid., 1913, xiv, 95). 

Sodium chloride, Volhard method. 

Phosphates, by the uranium acetate titration. 
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hydronephrosis of the right kidney. In this kidney a fairly active pyelo- 

nephritis had also existed, but at the time our first series of observations 

was made the infection seemed to have subsided. The left kidney was 

believed by the surgeon to be in normal condition. Between the end of 

Period 1 and the beginning of Period 2, an interval of one month, the 

patient suffered from an abscess which formed near the point of exit of the 
right ureter. The right kidney soon became badly infected. The effect 

of this infection is shown in the diminished relative power for the excretion 

of nitrogenous bodies shown by the right kidney during Period 2. 
Besides the observations made of the excretion of the ordinary urinary 

constituents (recorded in the first table), we have also made at the end 

of the first period a study of the excretion of phenolsulphonephthalein, 

of levulose, and of hippuric acid. 

The sulphonephthalein excretion when 6 mg. of the dye were injected 

subcutaneously amounted in two hours to 31 per cent for the right kidney 

and to 48 per cent for the left. 

> For the levulose test 150 gm. of the sugar were given before breakfast 

(7.30 a.m.). Urine was collected from each kidney at fifteen minute 

intervals; from the left kidney excretion began in about seventy-five 
minutes (9.45 a.m.); from the right in four hours (11.30). When 2 gm. of 

sodium benzoate were given at 7.30 a.m. there was excreted inthe urine 

passed by the right kidney between 10.45 a.m. and 4.15 p.m. 0.26 gm. of 

hippuric acid, and in that from the left kidney 0.36 gm.; no free benzoic 

acid could be found in either specimen of urine. 

Case IT.—A. B., male, 60 years old. Diagnosis, carcinoma of bladder. 

On March 1 a double ureterostomy was done by Dr. G. G. Smith. The 

day before operation the phenolsulphonephthalein test gave the following 

results: 

Left ureter, appearance time fourteen minutes. Amount excreted in 

one hour 35 per cent. 

Right ureter, appearance time forty minutes. Amount excreted in 

one hour 15 per cent. 
On account of lack of time we were unfortunately unable to repeat the 

phthalein test at the time our specimens of urine were collected. As in 

Case I the bladder tumor had caused a considerable obstruction to the 

outflow of urine from the right kidney with a resultant moderate hydro- 

nephrosis; a pyelitis of moderate severity also existed on the right side. 

Case IIIT.—M. C., male, 55 years old. Diagnosis, carcinoma at base of 

bladder in region of the right ureter, bilateral pyelonephrosis. On March 

10 a bilateral lumbar ureterostomy was done by Dr. Hugh Cabot. Six 
days later it was possible to make quantitative collections of urine from 

each kidney. 

Case IV.—K. V., female, 60 years old. Diagnosis, papilloma on left 

lateral bladder wall about the site of the left ureteral orifice. During 

the operation it was necessary to cut the left ureter during the excision of 

the tumor. Our collections were made on the fourth day after operation 

when the patient was still wearing a catheter in the left ureter and a second 

catheter in the urethra. 
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Below is given in tabular form the averages of our main analyti- 

cal results obtained from Cases I, IJ, and IV. From these it would 

appear that the damage produced by moderate hydronephrosis 

complicated by pyelitis is not particularly uniform in character 

so far as the excretory function of the kidney is concerned. Since 

the chloride excretion has suffered practically no damage in the 

first two cases and has diminished no more than the nitrogen 

excretion in the fourth case it appears that the power of the 

kidney to excrete nitrogenous bodies is more easily or more 

frequently damaged than is the salt excretion by moderate 
hydronephrosis and pyelitis. Slght indications of more detailed 

selective injury are also present. The phosphate excretion, for 

example, does not correspond particularly closely to the chloride 

excretion. On account of the limited number of cases and 

figures we do not think, however, that any broad generalization 

is warranted. The excretion of creatinine and that of uric acid 

also do not vary together, the creatinine excretion resembling 

more nearly the level of the total nitrogen excretion, but here 

again it is quite possible that a larger number of results might 

lead to a different conclusion. 

Average Ratio between the Excretion of the Normal and That of the Injured 

Kidney (the Excretion from the Normal Kidney Taken as 100). 

Case. Water. Nitrogen. | Creatinine.| Urie acid. oe Phosphate. 

1) Period 1 66 66 60 125 101 77 
(Period 2 50 31 71 24 

an 66 13 14 19 95 

IV 63 50 60 63 48 44 

It is clear, however, that the figures obtained rather agree 

with the view that the excretion of urine by the kidney can be 

subdivided into an unknown number of different more or less 

independent excretions. 

For the above cases we are indebted to Dr. Hugh Cabot who 

has kindly allowed us to make free use of this interesting mate- 

rial. We have also to thank Dr. E. G. Crabtree for his assistance 

in the management of these patients during the periods of 

observation. 



A QUALITATIVE (REDUCTION) TEST FOR SUGAR IN 
NORMAL HUMAN URINE. 

By OTTO FOLIN. 

(From the Biochemical Laboratory of the Harvard Medical School, Boston.) 

(Received for publication, July 26, 1915.) 

The sensitiveness of the various alkaline copper solutions em- 

ployed in testing for sugar depends probably most of all upon how 

little cuprous oxide they are capable of holding in solution. The 

merit of S. R. Benedict’s qualitative test for sugar is due in large 

part to its small solvent effects on the cuprous oxide, although it 

possesses the additional advantage of being but slightly reduced 

by creatinine. The creatinine disturbs not only by its reducing 

power, but also by its property of holding relatively considerable 

traces of cuprous oxide in solution. 

The fact that all human urines probably contain varying 

amounts of sugar, and that therefore no sharp or definite line of 

demarcation exists between normal and pathological urines with 

reference to their sugar contents, is a fact which is not adequately 

shown or recognized by the current qualitative ‘‘tests for sugar’ 

in urine. The test described in this paper is proposed as a simple 

and instructive method for showing the presence of such normal 

traces of sugar. 

The test depends, first, on the use of an uncommonly sensitive 

alkaline copper solution, and, secondly, on the fact that in the 

presence of copper alkaline picrate solutions are not reduced by 

sugar. The importance of the last named consideration lies in 

the fact that it permits the removal of the creatinine and other 

substances with picric acid before applying the reduction test. 

The reagent is made up in two solutions: 

A. 5 grams of crystallized copper sulphate are dissolved in 100 

ce. of hot water and to the cooled solution are added 60-70 cc. of 

pure glycerin. 
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B. 125 grams of anhydrous potassium carbonate are dissolved 

in 400 ec. of water. 

One part of the glycerin-copper solution (A) is mixed with two 

parts of potassium carbonate solution (B). Only small portions 

should be mixed at a time as the reagent (after mixing) does not 

keep but undergoes gradual reduction. , 

The test is made as follows: To about 10 cc. of urine in a test- 

tube or small flask add about 2 grams of picric acid and about 2 

grams of good quality bone-black (Kahlbaum’s or Merck’s blood 

charcoal), shake for five minutes, and filter. 

Concentrated urines, which give the most trouble in testing for sugar, 

contain from 3 to 5 mg. creatinine per ce. By the above procedure the 

creatinine content is reduced to practically nothing—at the most a few 

hundredths mg. per ec. being left in the filtrate. Bone-black has very 

strong adsorbing properties for the picrates of creatinine. By allowing 

the urine and picriec acid to stand for a longer time (half an hour or over 

night) the addition of bone-black may be omitted if desired. The filtrate 

in that case will contain about 0.1 mg. per cc., a quantity too small to 
interfere with the test for sugar. 

Add 1 or 2 ec. of the creatinine-free filtrate to about 10 cc. of 

the freshly mixed sugar reagent in a large test-tube (together with 

a pebble or two to prevent bumping) and boil with constant shaking} 

for one and one-half minutes. If the sugar present is considerable 

(above the normal variations), a typical reduction is obtained. 

If the trace of sugar is smaller, but still rather large, the whole 

solution will become turbid as in Benedict’s test. If no such tur- 

bidity is produced and the boiling mixture remains clear, transfer 

it at once (7.e., while still very hot) to a centrifuge tube and cen- 

trifuge for one to two minutes. Typical red cuprous oxide such 

as is obtained with pure sugar solutions will be found in the bot- 

tom of the centrifuge tube below the green crystalline potassium 

picrate which usually forms as the liquid cools. 

Some copper reagents made as described above give a slight 

cuprous oxide sediment when boiled alone, 7.e., without any added 

sugar or urine. When that is the case the reagent must be boiled 

and centrifuged once before using it for the test. 

‘The shaking is desirable to avoid bumping and is necessary to pre- 

vent superheating and consequent reduction of the reagent on the sides 
of the test-tube. 
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In the course of nearly one hundred tests made on the urines 

of as many different normal persons (students) a positive reduc- 

tion was obtained in every case. In many instances the amount 

of cuprous oxide found in the bottom of the centrifuge tube was 

very large indeed. The amount of sugar present in normal hu- 

man urine is therefore probably much greater than is indicated 

by the negative findings recorded on the basis of the clinical quali- 
tative tests for sugar in current use. 





ON d-LYXOHEXOSAMINIC ACID AND ON a-a,-ANHYDRO- 
MUCIC ACID. 

By P. A. LEVENE anp F. B. LA FORGE. 

(From the Laboratories of the Rockefeller Institute for Medical Research.) 

(Received for publication, July 9, 1915.) 

Theoretically there are possible as many a-amino hexoses as 

there are hexoses. In order to simplify the present argument 

the enantiomorphous isomerism of the entire molecule will not 

be taken into consideration. The hexoses will be discussed as 

if they belonged to one series, either d or 1. Under such conditions 

the number of hexoses and of a-hexosamines is eight. For each 

hexosamine there is possible a corresponding a-hexosaminic acid, 

while the number of the possible a-a;-anhydro-tetrahydroxy- 

adipic acids is only six. 

Of the eight possible a-hexosamines two are known. Of these 

one (glucosamine) was obtained from natural sources! and syn- 

thetically,? and the other (chondrosamine) was discovered recent- 

ly by the present writers. Of the eight possible hexosaminic 

acids four were known prior to the present work: glucosaminic 

acid (obtained from glucosamine and synthetically from arabi- 

nose) ,* chondrosaminic acid (obtained by us from chondrosamine), 

xylohexosaminic, and ribohexosaminie acids (obtained by us syn- 

thetically).° 

There is a smaller gap in the series of possible a-a,-anhydro- 

tetrahydroxyadipic acids, since, prior to this publication, only one 

was missing of the six possible. The five known acids were: the 

1 Ledderhose, G., Zitschr. f. physiol. Chem., 1878-79, ii, 213; 1880, iv, 139. 

? Fischer, E., and Leuchs, H., Ber. d. deutsch. chem. Gesellsch., 1903, 
XxXXxvl, 24. 

3 Levene, P. A., and La Forge, F. B., Jour. Biol. Chem., 1914, xviii, 123. 

4 Fischer, E., and Tiemann, F., Ber. d. deutsch. chem. Gesellsch., 1894, 

xxvii, 138. Fischer and Leuchs, ibid., 1902, xxxv, 3787. 

’ Levene and La Forge, Jour. Biol. Chem., 1915, xx, 433; 1915, xxi, 351. 
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so called ‘“isosaccharic acid,’’ which was proven by the present 

writers to be a-q,-anhydro-mannosaccharic; further, a-a,-anhy- 

dro-saccharic, a-a,-anhydro-idosaccharic, a-a;-anhydro-allomucie, 

a-a,-anhydro-talomucic acids.® : 

The present work deals with the preparation of one more hexos- 

aminic acid, namely, d-lyxohexosaminic acid, and of a-a,- 

anhydro-mucie acid. The amino-acid was obtained by the action 

of hydrocyanic acid on lyxosimine. The anhydro-tetrahydroxy- 

adipic acid was obtained by deamination of the amino-acid and 

subsequent oxidation with nitric acid. The structure of the acid 
was established by the fact that it was found to be optically 

inactive. Of the two epimeric anhydro-tetrahydroxyadipic acids 

derived from d-lyxohexosaminie acid, one only, namely, the one 

corresponding to mucic, is optically inactive; the other is identical 

with anhydro-talomucie acid and has been obtained by us from 

chondrosamine. 

COOH COOH COOH COOH 
H NH.|H CHO H| NH, H |—O 

OH|)H <—— OH|H <—— OH|H —— OH) cna 

OH OH|H OH|H OH|H OH|H 

H O H | OH H| OH laliOel H |— 
COOH CH.OH CH.OH CH.OH COOH 

Active Inactive 

Thus the series of anhydro-tetrahydroxyadipic acids is com- 

pleted. 

Referring to the preparation of the a-a,;-anhydro-mucie acid 

it must be emphasized that the amino-acid needs to be absolutely 

pure in order that it may yield a satisfactory quantity of the an- 

hydro-mucie acid. 

Reference may also be made to the mode of preparation of 

lyxose. Starting out from milk sugar it was found convenient 

to isolate first the galactose by an unpublished process originated 

in the Bureau of Chemistry, Washington, D.C. The galactonic 

acid was isolated directly as the calcium salt, which in turn was 

readily converted into the pentose by Ruff’s method.® 

6 Ruff, O., and Ollendorff, G., Ber. d. deutsch. chem. Gesellsch., 1900, 

xxxill, 1798. 
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EXPERIMENTAL. 

Preparation of Acid Calcium d-Galactonate. 

1600 grams d-galactose were dissolved in four parts of water, 

2000 grams bromine added and allowed to stand three days, with 

occasional shaking at room temperature. The solution was 

then concentrated in vacuum to about two-thirds of its volume, 

to remove the excess of bromine. The hydrobromic acid was 
removed with lead carbonate, the filtrate freed from lead with 

hydrogen sulphide and concentrated to about 3 liters in vacuum. 

It was then boiled with an excess of calcium carbonate for about 

three-quarters of an hour and filtered hot on a Buchner funnel. 

On cooling, the calcium salt crystallized out in an almost chemi- 

cally pure condition. For the preparation of lyxose it was re- 

crystallized once from hot water. Final yield: 1500 grams. 

d-Lyxosimine. 

100 grams crystalline finely ground d-lyxose were dissolved in 

100 ee. dry methyl] alcoholic ammonia saturated at about +10°. 

Crystallization of the imine began in a few minutes and was 

complete after about forty-eight hours. The product was 

chemically pure and needed only to be washed with a little 

methyl alcoholic ammonia and dried. The yield was quantitative; 

melting point, 142-148° (uncorrected). 

0.1932 gm. of substance gave 12.6 cc. 7; NHs. 

Caleulated for 
CsHu NOs: Found: 

Je. spre Cece oon Remit Sica, 0 Ot ee ee ar ae a 9.40 92 

d-Lyxohexosaminic Acid. 

32 grams of finely divided lyxosimine were covered with 32 ce. 

of water, 18 ec. of 80 per cent hydrocyanic acid added, and the 

suspension was warmed carefully to about 35° by immersion in 

warm water. Solution took place rapidly and soon spontaneous 

warming of the reaction mixture began. The temperature was 

controlled by a thermometer placed in the reaction flask and 

prevented from rising above 42°. When the tendency to warm 
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up had ceased, the solution was allowed to stand for about one- 

half hour at room temperature, cooled to 0°, mixed with 300 cc. 

cold concentrated hydrochloric acid, and saturated with hydro- 

chloric acid gas. 

Three portions, as above, were combined and worked up exactly 

as in the case of xylohexosaminic acid.’ Care must be taken in 

handling the final concentrated aqueous solution, If too great 

an excess of methyl alcohol is added, it carries down gummy 

impurities, which are hard to remove from the crystals. Hence 

the aleohol should be added very carefully. From 95 grams imine 

the yield was 18 grams. It was recrystallized from 50 per cent 

methyl alcohol. d-Lyxohexosaminic acid darkens slowly above 

180° and decomposes at about 215°. 

0.1217 gm. of substance gave 15.3 ec. amino N, at 21.5°, 762 mm. 

0.1036 gm. of substance gave 0.1382 gm. CO, and 0.0632 gm. H20. 

Calculated for 
CsHisOcN: Found: 

Nise gaa Calne 5 cine Se Pe ee IG ee cee ora 7.18 CalZ 

Oe fe ee kone A A ON Re 36.92 36.54 

|S anne eer set ce emai hh! to) SO ORT 6.66 6.85 

The rotation of the substance in 2.5 per cent hydrochloric acid solution 
was as follows: 

25° 3 —0.25° X 2.1662 er ® SS [a]>, after 15 minutes i x 0.1505 

me —1.44° X 2.1662 ona ‘ : a ee Se are [@],, after 44 hours I X 0.1505 

a-a,-Anhydro-mucic Acid. 

9 grams of lyxohexosaminic acid were dissolved in 100 cc. 3 

per cent hydrochloric acid and 15 grams of silver nitrite added in 

portions over a period of about four hours. A few cc. of 10 per 

cent hydrochloric acid were then added and the reaction was al- 

lowed to proceed over night at room temperature. The silver 

chloride was filtered off and all but a slight excess of the hydro- 

chloric acid removed from the filtrate with silver nitrate. The 

clear solution was concentrated in vacuo to about 25 cc., 30 cc. of 

concentrated nitric acid were added, and the solution was warmed 

in an Erlenmeyer flask over a small flame until a vigorous evolu- 

7 Levene and La Forge, Jour. Biol. Chem., 1915, xxi, 354. 
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tion of red fumes began. The flame was then removed and the 

reaction allowed to proceed with occasional warming. After 

twelve minutes the solution was poured into two glass dishes and 

evaporated to a thick syrup on the water bath. The contents of 

the dishes were then diluted with a little water, combined, and 

again concentrated. After evaporating once more with water, the 

syrup on cooling solidified to a mass of white crystals which ap- 

peared under the microscope as white oblong plates. After stand- 

ing in the refrigerator for a time the mass was triturated with a 

few cc. of a mixture of dry acetone and ether and filtered on a 

Buchner funnel. The process was repeated once more to remove 

the adhering syrup. The crude product after drying weighed 

about 2 grams, although more crystallized from the acetone-ether 

mixture used for drying. For analysis it was recrystallized by 

dissolving in about one hundred parts of boiling dry acetone, fil- 

‘tering and concentrating the solution to about one-eighth of its 

volume. Anhydro-mucic acid crystallizes from acetone without 

crystal water in long prisms which melt at 203—204° (corrected).® 

0.1040 gm. of substance required 10.7 ec. 7; KOH; calculated, 10.8 ce. 

0.1563 gm. of substance in 3 ec. H,O showed no rotation with p-light in 

a 1 dm. tube, where a rotation of 0.02° would not have escaped detection. 

0.1424 gm. of substance gave 0.1946 gm. CO, and 0.0534 gm. H.O. 

Caleulated for 
CéHsO7: Found: 

Od 6 Seep add oS ae een ann ee 37.50 Bil Pil 

13) BSCR eee eee SNe SEES Boe 4.20 Ara 

’ Temperature given for anhydro-allomucic, 200-201°, also corrected. 





ON THE ACTION OF ASEPTIC TISSUE ON GLUCOSONE. 

By P. A. LEVENE anp-G. M. MEYER. 

(From the Laboratories of the Rockefeller Institute for Medical Research.) 

(Received for publication, July 9, 1915.) 

It is definitely established by the work of recent years that in 

the process of animal oxidation the hexose molecule suffers trans- 

formation into lactic acid, and that this phase is preceded by the 

transformation of one molecule of hexose into two of methyl 

glyoxal. In a previous communication the possible steps leading 

to this transformation were discussed.t. It was shown in that 

publication that whenever any one hydrogen atom of the hexose 

molecule was substituted by a complex organic or mineral radicle 

the sugar was not affected by the tissue enzymes. In the pres- 

ent experiments it was aimed to test the action of the tissue 

enzymes on glucosone. Theoretically glucosone may dissociate 

into one molecule of glyceric aldehyde and one of hydroxymethyl] 

elyoxal, and these in turn may be transformed into lactic (through 

methyl glyoxal) and pyruvic acids respectively. 

CHO CHO 
| 

CO CO 
| | 

HOCH CH,OH 
—----- 

e 
HCOH CHO 

HCOH HCOH 
| 

H.COH H.COH 

1 Levene, P. A., and Meyer, G. M., Jour. Biol. Chem., 1914, xviii, 469. 
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On the other hand, glucosone may be regarded as a substituted 

glyoxal, and by analogy with methyl glyoxal might have been 

expected to be transformed into a hexonic acid:? ; 

Hm H OH H Ae H H OH” Hi OH 
| I. | | | | | | | 
Cc -—-C —C —C -—-C —-C—, fe 7G yt Fie} —C 2G 
| | | | I I | Il 
OH. "GH OH O O OH OH. OHH. Ghee 

The experiments were performed under the same conditions as 

in the previous work. Aseptic kidney tissue was used as enzyme. 

In all experiments the glucosone solution remained unchanged. 
The reducing power for Fehling’s and for permanganate solutions 

was not altered by the action of kidney tissue. Also the yield 

of phenyl osazone was apparently not affected by the experiment. 

Thus the results of the present experiments’are in harmony with 

those of last year. They show that only the unchanged hexose 

molecule is affected by the tissue enzyme, and that only the 

unchanged hexose undergoes a cleavage into two molecules, each 

containing a chain of three carbons. This in its turn may signify 

that the first step in the process of lactic acid formation from 

sugar consists in the dissociation of the hexose molecule into two 

of glyceric aldehyde. Perhaps this phase is the part of a special 

enzyme. 
EXPERIMENTAL. 

Tissues.—Kidneys were removed under aseptic conditions from ex- 

sanguinated rabbits. 
Solutions.—For the preparation of glucosone 60 gm. of phenyl glucosa- 

zone in portions of 15 gm. were decomposed with 150 ec. concentrated HCl 

and the glucosone was isolated according to the method of Fischer.* The 

glucosone was obtained as a clearsyryup. With phenyl hydrazine it formed 

an osazone in the cold. Approximately 3 gm. of this syrup were dissolved 

in 150 ec. sterile 1 per cent Henderson phosphate solution and passed 

through a sterile Berkefeld filter. This solution was divided into three 

portions of 50 ec. each. One rabbit kidney was cut into small pieces and 

added to each flask. Two of the flasks were allowed to stand at 37° for 

three hours; the other served as control. 

2 Dakin, H. D., and Dudley, H. W., Jour. Biol. Chem., 19138, xiv, 155. 

Levene and Meyer, 7bid., 1913, xiv, 151 and 551. Neuberg, C., Biochem. 

Ztschr., 1913, xlix, 502. 

3 Fischer, E., Ber. d. deutsch. chem. Gesellsch., 1889, xxii, 87. 



P. A. Levene and G. M. Meyer 339 

Bacteriological Control—Smears and cultures were made of all tissue 

mixtures before analysis and only those free from contamination were 

considered. The bacterial examinations were made by Dr. Martha Woll- 

stein, to whom we desire to express our appreciation. 

Methods of Analysis ——The diluted solutions were freed of proteins by 

small amounts of metaphosphoric acid. The presence of unchanged gluco- 

sone was noted in all solutions after standing at 37°. 

Oxidation with Fehling’s Solution—The Lehmann-Maquenne method 

as described by Griesbach and Strassner* was employed. 

Oxidation with Permanganate—The total oxidation as described by 

Greifenhagen, Kénig, and Scholl, and outlined in a previous communi- 

cation, was also used.5 

Oxidation with Fehling’s Solution. 

N 1 Equiva- 
prea Cu SOs. at 5 ep o ee Ged 5 Glucose. 

cc. cc. ce. cc. mg. per cent 

heControliee es. . 2 27.8 21.8 6.0 19.0 0.95 

After 18 hrs)... 2 ilies 21.8 6.0 19.0 0.95 

iC oninolae cn. oa: 4 27.8 17.5 10.3 33.2 0.83 

Aber 1S TSs,,.2.5- 4 27.8 17.4 10.4 Son0 0.84 

After 42 hrs...... 4 27.8 Ls 10.4 33.6 0.84 

MGC ontrol....:... 7. 4 27.8 7 se 10.5 34.0 0.85 

After 18 hrs...... 4 27.8 eZ 10.6 34.3 0.86 

After 42 hrs...... 4 27.8 yf ass 10.5 34.0 0.85 

Oxidation with Permanganate. 

Original N« = oxalic |“ KMnO;| Gluco- Gluco- 
solution. KMn0; : acid: . used. sone. sone. 

(ree cc. ce. cc. mg. per cent 

JaControlk ee f.0- 2 41.00 22.6 18.4 30.1 1h! 

After 18) hrs/2. ¥ 2 41.30 BP Tl 18.6 30.4 152 

MeControlies ss. 2 40.00 | 23.8 16.2 PAD As 133 

After 18 hrs...... 2 41.25 24.5 16.6 Pal 1.35 

Aiter 42:hrs)...4.. 2 40°65 | 23.3 16.3 26.6 Ilse) 

phe Coteral toe. 2 40.90 | 24.1 16.8 27.5 1.38 
After 18 hrs...... 2 41.00 23.9 7 eAl Des) 1.39 

After 42 hrs...... 2 43 .00 PAg Sp Al 16.9 Pat AG 1.38 

*1 cc. ¥ KMnO,4 = 1.634 mg. glucosone. 

*Griesbach, W., and Strassner, H., Zischr. f. physiol. Chem., 1913, 
Ixxxvill, 199. 

> Levene and Meyer, Jour. Biol. Chem., 1912, xii, 268. 
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ACIDITY OF UNDILUTED NORMAL GASTRIC JUICE 
FROM A CASE OF HUMAN GASTRIC FISTULA. 

By M. L. MENTEN. 

(From the Hull Laboratories of Biochemistry and of Physiology, University 

of Chicago.) 

(Received for publication, July 8, 1915.) 

Although acidity of gastric contents from several cases of hu- 

man gastric fistula has been determined by the titration method, 

recent review of the literature (Boldyreff!) on this subject reveals 

no estimation of the acidity by the more accurate gas chain 

method. At the suggestion of Professor A. J. Carlson, who very 

kindly supplied me with samples of collected material, the hydro- 

gen ion concentration of various samples of gastric juice from his 

gastric fistula subject, Mr. V., was measured. This case, on which 

chemical studies have already been reported by Professor Carl- 

son,? because of a complete cicatricial stenosis of the esophagus, 

furnished gastric juice undiluted with saliva. In these studies, 

which are tabulated below, the method used was that outlined in 

detail by Michaelis,’ and which, therefore, requires no description 

here. Where the amount of material permitted, the measure- 

ments were made in duplicate; if the quantity was insufficient 
for this, after the first measurement, the electrode tube was emp- 

tied of its hydrogen, refilled with a new supply, and a second 

reading made. In only one or two cases did the variation in du- 

plicate samples amount to 1 millivolt. The terms for designating 

the different sorts of gastric juice are those employed by Profes- 

sor Carlson in his previous reports of this case, viz., ‘ hunger” 

juice, where continuous secretion obtains; “appetite” juice, the 
secretion produced by the stimulation of the gustatory mechan- 

1 Boldyreff, W., Quart. Jour. Exper. Physiol., 1915, viii, 1. 

2 Carlson, A. J., Am. Jour. Physiol., 1915, xxxviii, 248. 
* Michaelis, L., Die Wasserstoffionen Konzentration, Berlin, 1914. 
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ism; and ‘‘empty stomach fluid,” that taken one hour after the 

stomach has been washed out with 100 ce. of water. 

No Date Py 

April 

1 1.09 

2 1.26 

lor) —_ bo S oO — _ 

5 “< 12.20 | 1.00 

6 “ 12.30 | 1.13 

7 ri 1.42 

8 a 1.13 

0) 1.00 

10 FS 0.94 

11 12 1.00 

12 os 1.08 

13 s 119 

14 FS 1.58 

15 13 0.97 

16 : 1.13 

17 a 1.01 

18 = 1.33 

21 a 1.06 

22 14 1.25 

23 i 0.97 

24 - 0.92 

eS oN OH — be be ae 

\ 

Description. 

Appetite (mixed, old), clear, trans- 
parent. 

Appetite (mixed), S.E.,* very faint- 

ly opalescent. 

Hunger, markedly opalescent. 

Appetite (slow secretion), markedly 

opalescent. 

Appetite, slightly opalescent. 
“ “< “cc 

Empty stomach, opalescent with 

gastric mucin. 

Hunger, opalescent with gastric 

mucin. 

Appetite, faintly opalescent. 
ce “ce “ 

4 contains gastric mucin, 

greenish tinge. 

Appetite, clear, transparent. 

Hunger, greenish in color. 

Empty stomach, slightly opalescent. 

Appetite, bile tinged. 

. slightly opalescent. 

Hunger, “b) i 

Empty stomach, opalescent with 

gastric mucin. 

Empty stomach, opalescent with 

gastric mucin. 

Hunger slightly opalescent. 

«« greenish with much gastric 

mucin. 

Hunger, opalescent with small 

amount of mucin. 

Appetite, opalescent with small 

amount of mucin. 

Appetite, opalescent with few shreds 

of gastric mucin. 

* This gastric juice was from Professor Carlson’s second gastric fistula 

subject, Mr. 8S. E. 
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The results obtained were in very good agreement with those 

obtained in the same specimens by Professor Carlson by titration. 

It may also be noted that they correspond fairly closely to the 

figures obtained by Fraenckel‘ for acidity of gastric juice col- 

lected from Pawlow pouches in dogs and measured by the gas 

chain method. 
Other reports of electrically measured human gastric Juice, un- 

diluted and after test meals, are those published by Michaelis 

and Davidsohn® and by Christiansen,® but as both of these series 

of measurements are on gastric juice collected from various patho- 

logical cases and show extreme variations in acidity, they need 

not be discussed here. 

I wish again to acknowledge my indebtedness, and to express 

my sincere thanks to Professor Carlson for his kindness in supply- 

ing the material for the experiments outlined in this paper. 

4 Fraenckel, P., Ztischr. f. exper. Path. u. Therap., 1905, i, 431. 

° Michaelis, L., and Davidsohn, H., 7b7d., 1910-11, viii, 398. 

6 Christiansen, J., Biochem. Ztschr., 1912, xlvi, 24; Deutsch. Arch. f. klin. 

Med., 1911, cui, 103 and 456. 





A SPECTROSCOPIC EXAMINATION OF THE COLOR RE- 
ACTIONS OF CERTAIN INDOL DERIVATIVES AND 

OF THE URINE OF DOGS AFTER THEIR 
ADMINISTRATION. 

By ANNIE HOMER. 

(From the Lister Institute, London, and the Departments of Biochemistry and 

Pathological Chemistry, University of Toronto.) 

(Received for publication, July 7, 1915.) 

A study of the literature of the subject of urinary pigments 

shows that the presence of a variety of chromogens has been 

detected in normal and pathological urines amongst which may 

be mentioned: urochrom, urobilin, urohematoporphyrin, urohem- 

atin, urocyanin, indirubin, indigotin, urorosein, uroerythrin, 

purpurin, skatol red, ete. 

There is some difference of opinion as to whether the above 

mentioned substances represent separate pigments, or whether 

some of the color reactions were due to the presence of the same 
chromogen in an impure condition, or even to a mixture of two or 

more commonly occurring chromogens. It will be seen that 

there has been much discussion as to whether the indigotin of 

animals and of plants were one and the same substance; whether 

the indirubin of Rosin is not identical with the uroerythrin of 

Simon, with the urorubihematin of Harley, with the purpurin of 

Golding Bird, with the uromelanin of Thudichum, and with the 

urorosein of Sieber; whether the skatolred of Bri2ger and urorosein, 

uroerythrin, and purpurin are not the same substance; whether 

urobilin is a mixture of pigments, ete. 

It is quite possible that a pigment noticed and named by one 

observer was in reality the same as that noted by another as a new 

_ substance under the special conditions of his experiments. 

With a complex fluid such as urine in which there may be several 

chromogens present the question as to the possible identification 

of a pigment by its absorption spectrum is open to criticism un- 
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346 Color Reactions of Indol Derivatives 

less precautions are taken to ensure the elimination of the other 

chromogens present in the fluid. A little experience with spec- 

troscopic analysis shows that the position of the absorption bands 

of a substance in solution is often affected by the solvent and by 
the reaction of the solution. Moreover, if there are two or more 
substances in solution each of which has a characteristic absorp- 
tion spectrum then the absorption bands of the one will be affected 

by the presence of the other in the solution and vice versa. 
From considerations such as these it is obviousthat, unlesssteps . 

be taken to separate the pigment under observation from others 

in solution, varying results will be obtained and some already 

known chromogen will be described as an apparently new pigment 
precursor in the urine. 

In many cases of the description and identification of pigments 

in the urine no exact measurements of the color reaction have 

been recorded; this in itself leads to confusion as neither the naked 

eye nor a spectroscope with the Fraunhoffer lines as the only 

scale indication can be used with any degree of accuracy. More- 

over, many of the observations recorded have not been made 

under comparable conditions; this again leads to the production 

of contradictory results. 

It was ascertained that there was a certain amount of fragmen- 

tary data as to the color reactions of some indol derivatives; in a 

few cases measurements had been made of the pigments obtained | 

from the chromogens in the urine after the administration of cer- 

tain indol substances and speculations as to the possibility of the 

precursors of certain pathological pigments being indol derivatives 

had been put forward. 

As I was fortunate enough to have in my possession specimens 

of several indol compounds closely related to tryptophane, it was 

thought of interest and perhaps of service to make a systematic 

spectroscopic study of the color reactions of these compounds 

and of the urine of dogs to which these substances had been 

administered whether by mouth or by subcutaneous injection; 

such a study might demonstrate the connection between certain 

urinary pigments and indol derivatives. 

It was also possible that a comparative study of the absorption 

spectra thus mapped out would furnish indirect qualitative evi- 
dence as to whether the absorption of. tryptophane from the ali 
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mentary canal normally involves its preliminary decomposition 

by intestinal bacteria, the quantitative aspect of which problem 

is being carried out in conjunction with Dr. Hopkins of Cam- 

bridge, England. 
The substances investigated were: indol, skatol, indolaldehyde, 

indolearboxylic acid, indolacetic, indolaceturic, and indolpro- 

pionic acids, isatin, tryptophane, and some of the condensation 

products of tryptophane with aldehydo- and keto-compounds. 

The method of procedure was as follows. 

1. For the Substances Themselves—Dilute aqueous solutions 

or suspensions of the substances were treated with concentrated 

hydrochloric acid and, if necessary, with a few drops of a dilute 

solution of an oxidizing agent such as potassium nitrite, ferric 

chloride, hydrogen peroxide, or calcium hypochlorite. In most 

cases it was necessary to warm the reacting liquids for the pro- 

duction of the color reaction; in some the reaction took place at 

room temperature. The concentration of acid required for the 

reactions varied considerably; in each case the temperature of the 

reaction and the degree of acidity were adjusted so as to ensure 

the production of the full color reaction and to make the absorption 

bands as pronounced and as sharp. as possible. 

In most cases the pigments were extracted with an organic sol- 

vent and the extract was well washed with dilute acid; in others 

it was found advisable to examine the acid solutions directly. 

It was noticed with all these indol compounds that an excess of 

the oxidizing agent transformed the color of the solutions to a 

yellowish or brown shade; also that the pigments in solution in 

organic or inorganic solvents required the presence of acidic 

ions for their colors to be evident; alkalis converted the color of 

the solutions from purple or red to brown. 

2. For the Urines under Investigation.—The samples of the 

urines of dogs to which the above mentioned substances had been 

administered by mouth or by subcutaneous injection were sub- 

jected to the treatment used for the substances themselves. It 

was necessary to add acid to the extent of one-half to one-third 

of the volume of urine taken, and it was noticed that a greater 

amount of oxidizing agent was required than for the aqueous 

solutions of the substances themselves; this was to be expected. 
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The dogs were put on a diet on which they were not excreting 

the chromogen of indican. The normal urine of every dog used 

was tested for the presence of the chromogens of indican, urobilin, 

and other pigments. 

It was found that the dogs employed excreted no indoxyl com- 

pounds and no urobilin on diets of bread and milk. Even after 
the administration of comparatively large dases of some of the 

above mentioned indol compounds there was no urobilin detected 

in the urine. 

In the case of pathological human urines it was found necessary 

to remove urobilin by means of lead acetate solution before pro- 

ceeding to an examination for indol pigments. If indican were 

present, the urine, after treatment with nitrite or other oxidizing 

agent, was repeatedly extracted with chloroform to remove all 

traces of indigo pigments before attempting to make an exami- 

nation of the amyl alcohol-soluble pigments. After the complete 

removal of the chloroform-soluble substances the urine was 

extracted with amyl alcohol andthe extract well washed with 

dilute acid before being examined spectroscopically. 

a. A Spectroscopic Examination of the Color Reactions of Various 

Indol Derivatives. 

An examination of Table I shows that of the simple indol 

compounds all except indolpropionic acid gave characteristic 

absorption spectra; none of them gave any indication of the 

production of indigo by the oxidation methods employed. 

Indolaldehyde gave a color reaction with acid alone; the ad- 

dition of an oxidizing agent did not affect the position of the ab- 

sorption bands. The position of these bands measured with the 
instruments at my disposal agreed with those given by Ellinger 

(Table III). 

It will be seen that indolaldehyde, skatol, and tryptophane 

have an absorption band in common, viz: 549-536. Indol- 

acetic acid has a corresponding band but the position is slightly 

shifted (A552-539). 

Indolacetic acid, indolaceturic acid, and tryptophane show 

signs of a band \505-485 which is the characteristic absorption 

band of the indolearboxylic acid pigment. It looks as though 
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in the oxidation of these substances there is a tendency to pro- 

duce indolearboxylic acid or some product in common with that 

formed from the latter substance. 

b. A Spectroscopic Examination of the Urine of Dogs after the 

Administration of Various Indol Derivatives. 

An examination of Table II shows that the administration of 

indol and indolaldehyde was followed by a vivid indican reaction 

which could be detected for three days after doses of 0.1 gram of 

these substances. 

After the administration of skatol the dog urine exhibited a 

well marked color reaction and the absorption band agreed with 

that given by Brieger and by Porcher and Hervieux for skatol 

red (Table III). On the second day after the dose, whether 

given by mouth or subcutaneously, the urine gave a well marked 

indican reaction. 

The administration of indolearboxylic acid was followed by the 

elimination of the substance in the unchanged state, a fact evi- 

denced by the color reaction of the urine. 

Laidlaw and Ewins? have shown that the administration of 

indolacetic acid is followed by the elimination of indolaceturic 

acid. The accompanying comparison (Tables I and II) of the 

color reactions of the urine after the administration of indolacetic 

acid with the color reactions of indolaceturic acid itself lends 

support to the quantitative experiments of these observers. It 

was noticed, however, that if the urines were allowed to become 

“stale” then the color reactions of the urine were those of indol- 

acetic and not of indolaceturic acid. 

Peculiar interest is attached to the chromogen present in the 

urine after the administration of indolpropionic acid. The acid 

itself does not give any characteristic color reaction with an 

oxidizing agent, but administration of the substance to a dog is 

followed by the elimination of a chromogen which is very sensitive 

to the merest trace of acid. 

The color reaction was given by the urine on addition of acid 

and being allowed to stand at room temperature in contact with 

' The excreted indolcarboxylic acid was identified by qualitative and 
quantitative analyses (unpublished observations). 

* Ewins, A., and Laidlaw, P. P., Biochem. Jour., 1913, vii, 18. 
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air but the absorption spectrum exhibited under these conditions 

is not the same as that given by the urine after oxidation with 

nitrite or with ferric chloride and acid. 

The production of a cherry-red color from the urine suggested 
the presence of the chromogen of urorosein, but the spectroscopic 

examination revealed the presence of a substance different from 

the chromogen of urorosein. 

From Table ITI it will be seen that incomplete ‘oxidation of the 

chromogen under consideration gives rise to the bands \557—537 

and 521-496 whereas after complete oxidation three bands 

were measured, v7z., \587—561, 546-533, and 4499-485 of which 

the band \499-485 was the best marked. The wave length of 

the third band suggests that of urebilin (Garrod and Hopkins 

505-485) and the question arose as to whether this band was an 

inherent property of the pigment or whether it indicated the 

presence of urobilin, a factor which might well be introduced on 

account of the reaction of the animal to this substance.* 
It was found that the unknown chromogen like urobilin was 

precipitated by lead acetate solution and by saturation of the 

urine with ammonium sulphate. The precipitated chromogen 
(Garrod and Hopkins’ method for the separation of urobilin was 

used) was carefully tested for the presence of urobilin; the ether- 

chloroform solution showed a faint, ill defined band at about 

490. An alcoholic solution of the chromogen made alkaline 

with ammonia and treated with zine chloride did not give a 

fluorescent solution. It was obvious that there could not have 

been more than a trace of urobilin present in the urine. 

The precipitated chromogen when treated with acid and an 

oxidizing agent was converted into the colored substance paving 

the three well marked bands described above. 
From these observations it is evident that the band \499-485 

is an inherent property of the pigment and is not due to the pres- 

ence of urobilin. 

The production of this pigment is of interest as it probably 

represents some profound change in the molecule of indolpro- 

pionie acid during its sojourn in the animal body. The chemical 

3 The account of the chemical and physiological reaction of the animal 

body to this substance will be given in a later paper by Dr. Hopkins and 

the author. 
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aspect of this change is one of the problems which Dr. Hopkins 

and the writer of this paper are attempting to solve. 

Administration of tryptophane, whether in small or large 

amounts, and also of its condensation products with formaldehyde, 

with glyoxylic acid, and with pyruvic acid, was not followed by 

the elimination of any corresponding chromogen in the urine; 

there was no indication of the chromogens of indican or of any 

other indol pigment, of urobilin, or of any unchanged tryptophane 

in the urine. 

The spectroscopic evidence is in favor of the statement that 

normally the metabolism of tryptophane in the dog does not 

require the preliminary formation of the substances known to be 
the products of bacterial action on tryptophane. In the feeding 

experiments under consideration as much as 10 grams of trypto- 

phane, both in the solid form and in solution were given in single 

doses to a dog of 233 pounds’ weight. In this way the organs of 

the animal were overloaded with the substance and the chances 

were that any of the above mentioned bacterial products, if 

formed from tryptophane normally, would be present under these 

conditions in sufficiently large amounts to be detected in the urine 

by their particular color reactions as it had been observed that 

after the administration of the various indol derivatives the color 

reaction, even in the case of small doses, could be detected in the 

urine excreted during the next thirty-six hours or more. 

In certain pathological conditions or by the adoption of some 

special diet whereby the flora of the intestine is altered, the 

metabolism of tryptophane is often affected so that there is pro- 

duction of indol compounds leading to the elimination of the chro- 

mogens of indigo and of indol pigments in the urine. 

The pigments of clinical interest in the urine which seem to 

have a close connection with indol compounds are wrorosein and 

indican. 

The urorosein reaction is characteristic of the urines of patients suffer- 

ing from a variety of diseases such as chlorosis, pulmonary diseases, osteo- 
malacia, nephritis, typhoid, carcinoma of the esophagus, ulcer of the 
stomach, anacidity, perityphlitis, and diabetes. The production of the 
chromogen of this pigment from such a variety of diseases is probably due 

to disturbances in the intestinal tract, but at the same time it must not be 
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forgotten that the detection of a chromogen by the production of a rose-red 

color is somewhat unreliable unless the position of the absorption band is 

measured in each case. It has been my own experience with several patho- - 

logical urines sent to me as exhibiting the urorosein reaction that, if the 

color reaction were carefully carried out so as to get the maximum effect, 

the spectroscopic examination revealed the presence of indican and not 
of urorosein. 

Nencki and Sieber,‘ Rosin,® and Garrod and Hopkins* have made 

careful measurements of the absorption band exhibited by urorosein so 

that its detection, provided the investigator possesses a spectroscope fitted 

with a scale, should be a simple matter. 

Herter’ investigating the case of a child with a peculiar intestinal flora 

whose urine exhibited a marked urorosein reaction isolated indolacetic 

acid as the precursor of the pigment. But Laidlaw and Ewins? have shown 

that absorption of indolacetic acid from the intestine was followed by the 

elimination of indolaceturic acid in the urine. Noticing the color of the 
urine they suggested that indolaceturic acid was the chromogen of the 

pigment but they did not make measurements of the absorption band 

exhibited by the pigment derived from indolaceturic acid or by urorosein 

urines. 

The work described in this paper had been started some time 

previous to the publication of Laidlaw and Ewins’ paper; these 

observers very kindly furnished me with a colorless sample of 
crystalline indolaceturic acid and so enabled me to continue my 

spectroscopic work without having to isolate this substance from 

the urine of dogs to which I had administered indolacetic acid for 

other purposes. 

It will be seen from the accompanying tables that indolacetic 

acid treated with an acid and an oxidizing agent gave a char- 

acteristic absorption band 552-539; indolaceturic acid under the 

same conditions gave a well marked band \579-539. Of these 

two the mean position for the indolaceturic pigment agrees with 

that given by Nencki, Rosin, and Garrod and Hopkins for urorosein 

urines. 

Laidlaw and Ewins’ observations on the fate of indolacetic 

acid in the organism together with the spectroscopic evidence 

adduced in this paper make it unlikely that indolacetic acid is the 

* Nencki, M., and Sieber, N., Jour. f. prakt. Chem., 1882, exxxiv, 333. 

> Rosin, H. R., Arch. f..path. Anat. u. Physiol., 1891, exxiil, 519. 

® Garrod, A. E., and Hopkins, G., Jour. Physiol., 1896. xx, 112. 

7 Herter, C. A., Jour. Biol. Chem., 1908, ecxxxix, 253. 
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chromogen of urorosein but at the same time the fact that Herter 

actually isolated indolacetic acid as the chromogen has to be 

accounted for. 
In order to throw some light on the subject I attempted to iso- 

late the chromogen from human urines exhibiting the urorosein 

reaction. There were many difficulties in the way, amongst 

others the fact that so many of the urines sent to me did not yield 

the urorosein but the indican reaction and that in many cases 

(especially of chlorosis) the reaction was so slight that there 

was little hope of isolating a crystalline product: a fraction of a 

milligram of the pure substance gives an intense color reaction. 

There was sent to me a sample of urine from a patient at Guy’s 

Hospital, London, suffering from achlorhydria gastrica. In the 

first sample sent there was indication of the presence of indolace- 

turic acid (absorption band 573-540). The urine, evaporated 

to half its bulk 7n vacuo, was treated according to the directions 

given by Laidlaw and Ewins as follows: The urine after saturation 

with ammonium sulphate was acidified, extracted with ether, and 

the ethereal layer washed with ammonium sulphate solution 

and then with water. The acid was shaken out of the ether with 

sodium carbonate solution which was withdrawn, acidified, and 

again saturated with ammonium sulphate and extracted with 

ether. The ether extract was washed as before. After the 
removal of the ether by evaporation a small amount of a gummy 

oil was left. However, this would not form a picrate in the 

manner described by Laidlaw and Ewins. 

The gummy residue gave an intense glyoxylic reaction and on 

treatment with acid and an oxidizing agent gave an intense color 

4553-533 which proved to be that of indolacetic acid and not of 

indolaceturic acid and also not that of the original urine. 

It was obvious that during the concentration and subsequent 

treatment the chromogen in the urine had been hydrolyzed to 

indolacetic acid. 

Further samples were sent from the same case. However, a 

spectroscopic examination after the removal of urobilin revealed 

the presence of indolacetic and not indolaceturic acids. The urine 

was extracted as before and an oily magma of crystals was obtained; 

these crystals were identified as hippuric acid. The oily magma. , 
was therefore dissolved in 5 per cent sulphuric acid and _precipi- 

THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXII, NO. 2 
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tated with mercury reagent. After the decomposition of the mer- 

cury precipitate in the usual way the filtrate from the sulphide 

was freed from sulphuretted hydrogen and from acid, and ex- 

tracted with ether. The ethereal solution was well washed and 

after the evaporation of the ether there remained a small amount 

of an oily substance which slowly began to crystallize. The erys- 

talline residue was too small in amount to be recrystallized for 
melting point determinations, but spectroscopic examination of 

the crystals indicated that the substance was indolacetic acid. 

In another case of urine supposed to be exhibiting the urorosein 

reaction it was observed that the absorption band was 4533-524; 

this corresponds to neither indolacetic nor indolaceturic acid pig- 
ments and was probably due to the presence of a mixture of pig- 

ments, although to the eye the color was that of urorosein. 

Moreover, it was found that with samples of the urine of dogs 

after the administration of indolacetic acid to them, if the urorosein 

test were made with the freshly excreted urine the reactions were 

those of indolaceturic acid, but if the urine were allowed to be- 

come ‘“‘stale’’ the color reaction changed to that of indolacetic 

acid. Further, if crystalline indolaceturic acid were added to 

normal urine which was then allowed to stand for some days, the 

color reaction changed to that of indolacetic acid. 

From the work of Laidlaw and Ewins and from the evidence 

adduced in this paper it is obvious that the chromogen of urorosein 

is indolaceturic acid; from the above observations it is possible 

that on standing the indolaceturic acid urines may undergo 

bacterial decomposition with formation of indolacetic acid and 
glycine and, further, that even starting with a urine giving the 

reaction for indolaceturic acid, attempts to isolate the latter 

substance when present in moderately small amounts may fail 

on account of its hydrolysis into indolacetic acid. 

From considerations such as these it is easy to understand the 

isolation of indolacetic acid and not of indolaceturic acid by Herter 

as the chromogen of urorosein. Had he measured the position 

of the absorption band of the pigment derived from indolacetic 
acid he would have seen that it did not agree with that given by 

Rosin and others for the absorption band of urorosein. 

It is thus evident that the urorosein reaction is due to the 
presence of indolaceturic acid in the urine which (from the obser- 

vations of Laidlaw and Ewins) has been formed from indolacetic 
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acid absorbed from the intestine. Indolacetic acid may there- 

fore be regarded as the precursor of the pigment urorosein in the 

metabolic functions of the body but indolaceturic acid is the 

actual chromogen of the pigment: the failure to realize this point 

may lead to confusion in the examination of urines with a “rose- 

red” color reaction. 

In connection with a study of the urorosein reaction it seemed 

necessary to consider the question of the identity of skatol red and 

urorosein. 

Brieger® isolated skatol from the products obtained by the distillation of 

feces and showed that after administration of this substance to a dog the 

urine contained a chromogen which on oxidation gave rise to a pigment 

which he called skatol red. The work of Brieger, Mester,’ and others has 

shown that the chromogen of skatol red is skatoxyl sulphate. The only 

evidence of the occurrence of skatoxyl compounds in human urines is that 

furnished by Otto!" who has shown that in the early stages of diabetes melli- 

tus indoxyl compounds could be isolated from the urine whereas in the 

later phases of the disease, when gastric symptoms occurred, skatoxyl 

compounds were excreted. 

In view of the more recent work on the color reactions of the urine of 

patients with disordered digestive functions and of the capacity of sub- 

stances, even when analytically pure, to adsorb chromogenic materials 

this work of Otto calls forrepetition, especially as he identified the com- 

pound isolated by him by analysis of the nitrogen and sulphuric acid con- 

stituents only; analysis of the carbon and hydrogen content was also neces- 

sary in a case in which a decision was being made between compounds 

whose composition and molecular weights so nearly approximated. 

But whether skatoxyl compounds are to be found in human urines or not, 

the fact remains that skatol after administration by mouth or by sub- 

cutaneous injection is eliminated as skatoxyl sulphate, and that this sub- 
stance on treatment with ar acid and an oxidizing agent is transformed 

into a pigment having an absorption band \577-550 (Brieger). The posi- 

tion of this band is the same as that observed for urorosein. Brieger con- 

sidered it different from indirubin but the same as the pigments urorubin, 

urorosein, uroerythrin, and purpurin, a view shared by Porcher and Her- 

vieux!! but not held by Réssler!? and Maillard.!3 

§ Brieger, L., Ztschr. f. physiol. Chem., 1880, iv, 414. 

® Mester, B., ibid., 1888, xii, 130. 

10 Otto, J. G., Arch. f. d. ges. Physiol., 1884, xxxiii, 607. 
‘| Porcher, C., and Hervieux, C., Compt. rend. Acad. d. sc., 1904, exxxviil, 

iiers 

 Rossler, C., Centralbl. f. inn. Med., 1901, xxii, 847. 

13 Maillard, L. C., Ztschr. f. physiol. Chem., 1905, xlvi, 515. 
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Maillard considered that the skatol red of Brieger was not a pure pigment 

but was contaminated with indirubin and, further, that the skatoxy] elimi- 

nated in the urine does not account for the whole of the skatol injected; 

he suggests that some may have been converted into an indoxyl compound. 

Porcher and Hervieux were opposed to Maillard’s views and considered 

that skatol becomes entirely converted into skatoxyl: they emphatically 

upheld their views as to the identity of skatol red and the above mentioned 

pigments. 

The work of MacMunn and of Garrod has demonstrated that urorosein 

and uroerythrin are different substances (Table IIT). 

From the work of Laidlaw and Ewins, of Herter, and from the 
evidence adduced in this research, it seems clear that the pre- 
cursor of the urorosein pigment is indolaceturie acid. On the 

other hand it has been clearly demonstrated by Brieger, Otto, 

and Mester that the chromogen of skatol red is skatoxyl. But 

the evidence as to the occurrence of skatoxyl in human urines 

is by no means established whereas the urorosein reaction has 

been commonly noted and its connection with indolacetic and 

indolaceturic acids demonstrated. 

It is thus obvious that under suitable conditions there can be 

isolated from the urine two distinct chromogens which produce 

the same color reaction. Some explanation of this phenomenon 

must be found. 

It is possible that the same oxidation product may have been formed 

from these two chromogens, although the fact that the absorption spectrum 

of the indolacetic acid pigment is different from that of the indolaceturic 

acid pigment does not favor this hypothesis. 

It is known that the character of an absorption spectrum depends on 

the atomic and molecular vibrations of the substance and that the actual 

position of the bands is influenced by the size, character, and weighting 

effect of the side chains of the ringed compounds: thus, the position of the 

band of the indolaceturic acid pigment is nearer the red end of the spectrum 

than that of the indolacetic acid pigment, and the latter nearer the red than 

the indolcarboxylic acid pigment. There is very little difference between 

the weighting of the molecules of indolaceturic acid and skatoxyl sulphate, 

and it is conceivable that the weighting of their respective oxidation 

products (which presumably belong to the same type of compound) is such 

that there is similarity of their absorption spectra both as regards char- 

acter and position of absorption bands; but evenso, until we know the type 

of reaction this color reaction involves it is with extreme diffidence that 

suggestions of this kind are brought forward. 
At the same time it must be remembered that even though there is a 
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certain similarity between the colors produced in the two cases absolute 

identity or a difference cannot be claimed until the colored substances 

themselves thus formed have been isolated and identified; for the present 

purposes such a course is not expedient. 

However, an examination of the pigments formed from indol- 

aceturic acid and from skatoxyl urines indicated that although at 

first the evidence seemed to point to their identity it was shown 

later that skatol red apparently consists of two pigments. 

The two chromogens of the pigments whose identity was under 

consideration were not precipitated to any appreciable extent by 

the addition of lead acetate solution to the urine; they were also 

incompletely precipitated by saturation of the urine with ammon- 

ium sulphate. 

The pigments were insoluble in chloroform, ether, and xylol 

but were readily soluble in ethyl and amy] alcohols. 

The indolaceturic pigment is insoluble in chloroform to which 

has been added one-third its bulk of alcohol, but if the chromogen 

be dissolved in ethyl alcohol and oxidized with nitrite in the 

presence of the required amount of acid and then shaken with 

chloroform, the latter solvent takes up the pigment to a slight 

extent. The absorption band of the pigment in the chloroform- 
alcohol layer shows a shift in position (A580-545). On washing ~ 

the chloroform-alcohol extract with water the color is removed 

from the chloroform to the aqueous-alcohol layer. Reacidifi- 

cation of the liquids does not restore the color to the chloro- 

form layer; this observation is contrary to Garrod and Hopkins’ 

experience. 

On the other hand if a small amount of amyl alcohol were added 

to the chloroform the indolaceturic pigment was readily absorbed 
and could not be washed away with water. The solution showed 

a well marked band 580-540. 

The skatol red urines were treated with lead acetate solution 

‘and the excess of lead was removed. The clear filtrate was then 

oxidized in the usual way. 
It was found that the skatol red pigment was insoluble in 

chloroform but on shaking the urine to which a small amount of 
ethyl alcohol had been added, there was a separation of the color 

into two component parts, the one soluble in the chloroform-ethyl 

alcohol layer as a bluish purple almost blue color and the other 
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remaining in the aqueous acid layer as a rose-red color. After 

the removal of the chloroform-alcohol-soluble pigment the acid 

layer was extracted with amyl alcohol. 

The bluish purple chloroform-alcohol-soluble pigment showed 

a diffuse band 585-560 with sharp edges; the rose-red amyl 

alcohol extract showed a diffuse band \560-530 and a band \505-— 

480. 
Mixture of the chloroform-ethyl alcohol and the amyl alcohol 

extracts of the components of skatol red gave a band 572-545 

and in this case the band \505-485 was hardly discernible. 

It was found that an amyl alcohol-chloroform extract of the 

pigment obtained from the skatol red urines previously treated 
with lead acetate solution showed a slight shift of the band 

(\575-545) but the character of the band was not that of the chlo- 
roform-ethyl-alcohol component (above): it was ill defined and 

diffuse. It is clear therefore that the latter extract contains a 

separate pigment and the position of the band \585—560 can not 

be ascribed to the shifting effect of the chloroform on the position 

of the absorption band of skatol red. 

It is evident therefore that the pigment known as skatol red 

can be resolved into two component parts; such a separation could 

not be accomplished with the indolaceturic pigment. 
A further point of dissimilarity was the comparative stability 

of skatol red both in acid-aqueous and in acid-amyl-alcohol solu- 
tions whereas the characteristic color of urorosein urines and of 

the pigment from the isolated indolaceturic acid fades very rapidly, 

even from concentrated solutions in acid-amyl-alcohol. 

Moreover, it was ascertained that after the administration of 

indolacetic acid to dogs there was no trace of indican in the urine. 

In the ease of skatol given to a dog who was on a diet on which he 

was excreting no indoxyl compounds, no indican could be detected 

in the first day’s urine but the chloroform extract was reddish 

purple in color and showed an absorption band \535-560; this was 

probably the indirubin referred to by Maillard as contaminating 

Brieger’s skatol red. On the second day the urine showed evi- 

dence of the formation of indoxyl compounds (positive indican 

reaction) and on this day the skatol red reaction was much less 

vivid than on the first day. Both the indican and skatol red 

reactions were faint on the third day. 
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It is possible that the bulk of the skatol is eliminated as skatoxyl 

sulphate while a small amount is converted into indoxyl sulphate. 

In the first day’s urine, in the presence of excess of skatoxyl, the 

indoxyl combines with part of the skatoxyl to form a compound 

of the indirubin type while in the second day’s urine, the skatoxyl 

compound being present in a much less amount, the indoxyl 

follows the usual path of indigotin formation. 

From these considerations it is probable that skatol red and 

urorosein, although they possess similar absorption spectra are 

not identical. The experimental evidence shows that the skatol 

red of the urine is not a simple pigment but a mixture of pigments 

which, when present together, mutually affect each other’s ab- 

sorption so as to produce an absorption band corresponding to 

that of urorosein. 

The indican reaction is exhibited by the urine of dogs excreted 

for several days following after the administration of indol and 

indolaldehyde. After the administration of skatol the indican 

reaction is not evidenced until the second day. In the case of 

indol and indolaldehyde the color reaction is very intense and 

persists for some time after their administration (Table II). The 

question as to the production of indican in the urine is one of in- 

terest in view of these observations. 

The chromogen of indican is a sulpho- or gluco-compound of indoxyl 

and is to be found normally in the urine of herbivora and in pathological 

human urines. While Ellinger considers that the indoxyl compounds of 

the urine owe their origin solely to the bacterial production of indol from 

tryptophane in the intestine, Rosenfeld states that under certain con- 

ditions there appear, in the urine of rabbits, indoxyl compounds which can 

only have been produced from the breakdown of the tissues and not from 

the intestinal decomposition of tryptophane. Ellinger, criticizing Rosen- 

feld’s experimental evidence, states emphatically that the indican of the 

urine comes solely from indol formed in the intestine, a view also held by 

Salkowski, Underhill, Porcher, and others.’ 

‘4 Blumenthal, F., and Rosenfeld, F., Charité-Ann., 1903. xxvii, 46. 

Ellinger, A., Zischr. f. physiol. Chem., 1903, xxxix, 44. Ellinger, A., and 

Gentzen, M., Beitr. z. chem. Phys. u. Path., 1904, iv, 171. Also, Rosenfeld, 
F., ibid., 1904, v, 83. 

1° Underhill, F. P., Am. Jour. Physiol., 1903-04, x, p. xxvii. Salkowski, 

K., Zischr. f. physiol. Chem., 1904, xlii, 213. 
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The indican reaction seemed to be a feature of many of the 

pathological urines sent to me. In some cases the reaction was 

slight; in others, especially in the urine of patients suffering from 

pernicious anemia and cirrhosis of the liver, the reactions were 

most vivid. . 
The experimental data which I am slowly accumulating point 

to the liver as being the seat of the decomposition of tryptophane. 

It is quite feasible that in pathological cases such as those cited 

above, the presence of indoxyl compounds in the urine is not of 

necessity due to the bacterial disturbances in the intestinal tract 

but may owe its origin to the formation of indolaldehyde in the 
liver as a result of the failure of the disordered liver cells to deal 

normally with tryptophane. 

SUMMARY. 

A study of the absorption spectra of the colored substances 

obtained by the action of certain reagents on indol derivatives 

has been made and correlated with those derived from the chro- 

mogens eliminated in the urine of dogs to which these indol de- 
rivatives had been administered. The results show that: 

1. Of the various indol derivatives administered, indol, skatol, 

indolaldehyde, indolearboxylic and indolacetic acids ‘undergo 

little change in their passage through the animal body. Apparent- 

ly with indolpropionic acid there are more deep seated changes 

taking place. 

2. Tryptophane under normal circumstances is apparently 

not broken down into any of the above mentioned substances 

before absorption from the alimentary canal. 

3. The urorosein reaction is due to the presence of indolaceturic 

acid in the urine which has been produced from indolacetic acid 

in the intestine, the latter probably being formed as the result 

of bacterial action on tryptophane. Under some conditions the 

urorosein reaction is changed to that of indolacetic acid. 

4. The pigment known as skatol red has the same absorption 

spectrum as urorosein and some observers consider them to be 

identical. The evidence adduced in this research shows that they 

are different. Skatol red consists of a mixture of two pigments 

which can be isolated by the use of suitable solvents; further, the 
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stability and solubility of the mixed pigments are different from 

those of urorosein. 

5. The indican reaction is given markedly by the urine of dogs 

within a short time after the administration of indol and indol- 

aldehyde and persists for some days. This color reaction is not 

given until the second day after the administration of skatol. 

No indican could be detected in the urine after the adminis- 

tration of other indol derivatives. ; 
6. The presence of indoxyl compounds in pathological human 

urines may be due to: (a) disorders of the liver whereby the 

liver cells may be incapable of dealing with tryptophane beyond 

the stage of indolaldehyde, or (b) the absorption from the intes- 

tinal tract of indol or of indolaldehyde produced from tryptophane 

by the action of intestinal bacteria. 
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TABLE I. 

Color Reactions of Indol Derivatives 

Spectroscopic Examination of the Color Reactions of Indol Derivatives. 

Solvent for 
Sukstance. Treatment. pipment, Absorption bands. 

Indol HCl and KNO.| Amy] alcohol | \528.5-490 (concentrated — 

solution). 

4528.5-505 (dilute solu- 
tion). 

Skatol HCland KNO,} Amyl alcohol | \546.5-533.5 and a dif- 

fuse ill defined band 

494-505. 

CHCl; \546.5-533.5 and a dif- 
fuse ill defined band 

494-505. 

Indolaldehyde | HCl (concen-| HCl aqueous | \549-536.5 and a strong 

trated) band 495-480. 

HCl and KNO,| HCl aqueous | \549-533.5 and \494.5- 

480. 

HCl aqueous | (Dilute solution) \546- 

527.5 and 494.5-475 

(well marked). 

HCl and FeCl;| Amyl aleohol | \549-533.5 and \499.5- 

475. 

Indolearboxylic | HCl and KNO,| Amy] alcohol ; 505-484. 

acid 

Indolacetic acid | HCland KNO,| HCl aqueous | \552-539 (faint) and 

505-490 (faint). 

Amyl alcohol | \557-539 and 4505-492. 

HCl and FeCl;| Amyl alcohol | \552-531 and \505-492. 

HCland KNO,| Amyl alcohol | \552-531 and 4505-492. 

Indolaceturie HCland KNO,| Amylalcohol | \579-539 (strong) and 

acid 502-485 (very faint). 

HCl and H.O, | Amylalcohol | \579-539 and 502-492. 
HCl and FeCl;} Amyl alcohol | \579-539 and 502-492. 

Tryptophane Slow oxidation} CHCl; 570-471 (faint). 

with FeCl; 

in presence 

of air and 

acid 

HCl and KNO,| Amyl alcohol | Ill defined bands 552- 

HCl and FeCl; Amy] alcohol 

534 and 4505-485. 

4549-531 and \502-485. 
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Substance. 

Condensation 
products’ of 

tryptophane 

with: 
1. formaldehyde 

2. glyoxylic acid 

3. pyruvic acid 

Tsatin 

Annie Homer 

TABLE I—Concluded. 

Treatment. 

HCl (concen- 

trated) 

HCl and KNO, 

HCl and FeCl; 

HCI and H;0, 

HCl and KNO, 

HCl and FeCl; 

HCl and H,0, 

HCland KNO, 

HCl and FeCl, 

FG! and H.02 

HCl and KNO, 

HCl and 

CaO0Cl, 

Solvent for 
pigment. 
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Absorption bands. 

Acid aqueous 

Amy] alcohol 

Amy] alcohol 

Amyl alcohol 

and also 

CHCl; 

Amy] alcohol 

Amy] alcohol 

Amy] alcohol 

Glyoxyliec color 

tion. 

Yellowish brown solu- 

tions. 

reac- 

No bands. 

Yellowish 

tions. 

brown  solu- 

No bands. 

and also 

CHCl, 

Amyl alcohol | Yellowish brown solu- 

tions. 

Amy] aleohol 

Amyl aleohol | No bands. 

and also 

CHCl, 

Amyl alcohol | Brown solution. No 

bands. f. 

CHCl; No bands. 



364 Color Reactions of Indol Derivatives 

TABLE II. 

Spectroscopic Examination of the Urine of Dogs after the Administration of 

Various Indol Derivatives.* 

Se ee eS epee Be of cae . Absorption bands. 

Indol(by mouth)| HCl and CHCl 627-598 (indican). 
Ca0Cl, i 

(by injection) 

HCl and CHE! 627-598 (indican). 

HCl and KNO, Amyl alcohol | No other pigment could 

be detected even three 
days after the dose. 

Skatolt (by |HCland CHCl; No indican first day. 
mouth and by CaOCl, 

injection) HCl and FeCl; CHCl; ' | Purple color 560-535 
first day. 

CHCl; 627-598 second day. In- 

dican. 

Skatolf (by | KNO:2 and HCI Amyl alcohol | 572-545. 

mouth and by More dilute 565-546. 

injection) 

Component 1 Chloroform-alcohol solution: sharp band 

585-560; solution almost blue in 

color. 

Component 2 Amyl alcohol solution: diffuse and ill 

defined band 560-530 and another 

505-480; this latter is not due to the 

presence of urobilin. Amyl alcohol 

solution almost rose-red in color. 

Chloroform-amyl alcohol solution of mixture of 1 and 2 shows band 575-545. 

Indolaldehyde | HClandCaOCl, | CHCl; 627-598 (well marked). 

(by mouth) HCl and FeCl; CHCl; 627-598. 

HCland KNO, Amyl alcohol | None. 

after remoy- 

al of pie 
ments solu- 

ble in CHCl; 

Indolearboxylie ; HCl and CaOCl, | CHCl, None (no indican). 

acid (by | HCland FeCl; CHCl; None. 

mouth) HCland KNO, Amyl alcohol | \505-484. 



TABLE Il—Continued. 

Substance admin- 
istered. 

Indolacetic acid 

(by mouth and 

by injection) 

Fresh urine 

Stale urine 

Normal urine to 

which had 

been added: 

1. indolacetic 

acid 

2. indolacet- 

uric acid 

3. indolace- 

turie acid, 
and allowed 

to stand for 

some time 

Indolpropionic 

acid (by mouth 

and by injec- 
tion) 

Tryptophane (by 

mouth and by 

injection) 

Treatment of 
urine. 

HCl and CaOCl, 

HCiand FeCl; 

HCI and KNO: 

EKO) and H.O2 

HCland FeCl; 

HCland KNO; 

HCl and H,0.2 

HCl and FeCl; 

HCl and KNO; 

HCl and KNO, 

HCland KNO; 

Acidified urine 

allowed tostand 

in contact with 

air 

Kynurenic acid 

precipitated 

from urine 

(Capaldi) col- 

ored red 

HCl and CaOCl, 

HCl and FeCl; 

HCland KNO, 

BKC and H.O, 

HCl and FeCl; 

HCl and CaOCl, 

HCl and FeCl; 

HCland KNO, 

HCl and HO, 

HCl and FeCl, 

Solvent for 
pigment. 

CHCl; 

Amyl alcohol 

Amy] alcohol 

Amy] alcohol 

Amyl alcohol 

Amy] alcohol 

Amyl alcohol 

Amyl aleohol 

Amy] alcohol 

Ether or ethyl 

alcohol ex- 

tract of ky- 

nurenic acid 

precipitate 

CHCl; 

Amy] alcohol 

Amy] alcohol 

Amy] alcohol 

CHCl; 
CHCl; 
Amy] alcohol 

Amyl alcohol 

Amy! alcohol 

Absorption bands. 

None (no indican). 

570-542 and 505-490. 

570-542 and 505-490. 

4570-542 and 505-490. 

4550-533 and 505-490. 

\555-533 and 505-490. 

\570-542 and 4505-490. 

4552-534 and 4505-490. 

521-496 (very marked) 

and 557-537. 

4527-500. 

None except in one case 

when after injection 

on the third day there 

was a band )625-598 

(indican). 

Three well 

bands. 

587-561, 1546-533, and 

499-485 (best mark- 

ed). 

marked 

None (no indican). 

None. 

None; ill defined brown 

color. 
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TABLE II—Concluded. 

Se ey acetate 
Formaldehyde, | HClandCaOCl, | CHCl, None. 

' glyoxylic acid, | HCl and FeCl; Amyl alcohol | None; ill defined brown 
and pyruvic | HCland KNO, color. 

acid conden- 

sation prod- 

ucts with 

tryptophane 

(by mouth) 

Isatin (b y| HCl and CaOCl, | CHCl; None. 

mouth) HCland KNO, Amyl alcohol | None; ill defined red- 

dish brown color. 

* Normal dog urine, with the diet chosen, gave negative tests for uro- 

bilin, indican, and other pigments with characteristic absorption spectra. 

Rabbit urine was taken and tested for indican and the band measured. 

The absorption band of indican extended from 624-598. 

{ The skatol pigment was fractionally extracted and was separated into 

two components, the one soluble in chloroform-alcohol and the other in 

amyl alcohol. 
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TABLE IIla. 

Absorption Bands of Pigments Derived from Indol Derivatives Previously 

Described by Other Observers. 

Substance. Observer. Absorption bands. 

Indolaldehyde (with | Ellinger 540-530 and 4490-480. 

HCl) 

Indolacetic acid Salkowski 550-530. 

TABLE III b. 

Absorption Bands of the Pigments Obtained from Reactions with Urine Pre- 

viously Described by Other Observers. 

‘Substance. Observer. Absorption bands. 

Indican Bouma 630-590. 

De Negri 620-559. 

Indirubin Bouma 562-527. 

De Negri 580-535. 

Rosin 589-474 (maximum 578). 

Uroerythrin MacMunn 546-481. 

Garrod In presence of H2SO, \586- 

552; in presence of HCl 
608-517. 

In alcoholic solution \546- 

520 and \506-481. 

Urohematoporphyrin | Garrod In acid solution: 

597-587; 576-570; X557- 

541. 

Urorosein Garrod and Hopkins | 4561-540; in CHCl; \582.5- 

550. 
Rosin \538 (maximum). 

Nencki 557 (Maximum). 

Skatol red Brieger 577-550. 

Porcher and Her- 

vieux 577-550. 
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TABLE IV. 

Pigments Exhibited by a Few of the Pathological Urines Submitted for 

Investigation.* 

Other pigments after treat- 
Case. Urobilin. Indican. . ment with KNGs and) Hien 

Chlorosis 1 Yes Yes 573-546 (urorosein). 

2 Yes Yes None. 

3 Yes Very marked | Ill defined band \524- 
504. 

Pernicious Yes Vivid reaction | None. 

anemia 

Pernicious Yes Vivid reaction | None. 

anemia (no oxidizing ; 

reagent re- 5 

quired) 

Cirrhosis of the | Yes Vivid reaction | Ill defined band in the 

liver green. 

Achlorhydrin Yes No 4573-540 (urorosein). 
gastrica 1 

An attempt to isolate the chromogen resulted 

in the separation of a substance having an 

absorption 552-533 (indolacetic 
pigment). 

Achlorhydrin Ves: No 552-533 (indolacetic 
gastrica 2 pigment). 

Achlorhydrin 

gastrica 2 

Isolated crystal- 552-534 (indolacetic 
line residue pigment). 

Achlorhydrin Yes No 533-524 (? a mixture of 

gastrica 3 pigments). 

* Tf the urines gave a marked urobilin reaction they were treated with 

lead acetate before being tested for the presence of indol pigments. If 
the urines contained the chromogen of indican, after oxidation with nitrite 

and acid, they were repeatedly extracted with chloroform to remove this 

pigment be‘ore being extracted with amyl alcohol. 
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INTRODUCTION. 

A. Historical. 

At the time that the work described in this paper was started 

there were very few data as to the amounts of tryptophane present 

in proteins, and for the lack of such data their tryptophane con- 

tent was usually represented as positive or negative. 

Hopkins and Cole,! the first investigators to isolate tryptophane from 

a protein digest, weighed the substance in the crystalline form and found 

that 1.5 per cent of tryptophane could be obtained from pure casein. 

Osborne and Harris? made use of Hopkins and Cole’s glyoxylic reaction 

to find the relative amounts of tryptophane present in various vegetable 

proteins. Their observations were of a qualitative rather than a quanti- 

tative nature. 

Levene and Rouiller* suggested that for the estimation of the trypto- 

phane content of proteins, the digestion mixtures, made 5 per cent acid, 

be treated with mercury sulphate reagent; the mercury sulphate precipi- 

tate containing tryptophane be decomposed in the way described by Hop- 

kins and Cole; and the tryptophane in solution be estimated by direct 

titration with bromine water in the presence of amyl alcohol. The dis- 

appearance of the characteristic purple color was taken by them as an 

indication of the end of the reaction. They published data with regard 

to the estimation of tryptophane in presence of tyrosine and cystine; 

1 Hopkins, F. G., and Cole, 8. W., Jour. Physiol., 1901-02, xxvii, 418. 

Osborne, T. B., and Harris, I. F., Zischr. f. analyt. Chem., 1904, 

xlili, 376. 
“ 3 Levene, P. A., and Rouiller, C. A., Jour. Biol. Chem., 1906-07, ii, 481. 
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370 Estimation of Tryptophane 

made suggestions as to the method of procedure should these two sub- 
stances be present in the digest; and stated their intention of publishing 

data as to the tryptophane content of proteins; but nothing further has 
been published by them on this subject. 

Fasal‘ precipitated the tryptophane in the protein digest by means of 

mercury sulphate reagent and after decomposition of the mercury sul- 
phate precipitate, estimated the amount of tryptophane in the solution 

by means of Hopkins and Cole’s glyoxylic reaction. -Using the same 
method he also estimated the percentage of tryptophane in malignant 

tumors. He published the following figures for the percentage of trypto- 
phane in various proteins: Hammarsten’s casein 0.65 per cent; crude 

lactalbumin 3.07 per cent; and edestin 0.38 per cent. 

Sanders and May® subjected proteins to pancreatic digestion and then 

inoculated the digest with fecal bacteria and colorimetrically estimated 

the indol thus produced. Their method assumes that the tryptophane 

is completely converted into indol, but such is not necessarily the case; 

a certain proportion of skatol and other derivatives of indol will always 

be simultaneously formed. 

Herzfeld’ has taken the tryptic digest of proteins and has colorime- 

trically estimated the tryptophane present in the digest by means of p- 

dimethylaminobenzaldehyde. He compared the color produced by the 

interaction of this reagent and tryptophane with the color of a solution 

of ammoniacal copper sulphate previously expressed in terms of a solution 

of pure tryptophane similarly treated with p-dimethylaminobenzaldehyde. 

The writer of this paper adopting Herzfeld’s directions has investigated 

the color reactions of various indol derivatives with this reagent, and has 

ascertained that the production of a blue color is not specific to trypto- 

phane. A similar blue color is produced by indolacetic, indolaceturic, 

and indolpropionic acids and by skatol: indolaldehyde and indolearboxylic 
acid give a greenish blue color while indol under the same conditions gives 

a red color ultimately changing to purple. Under the conditions given by 
Herzfeld in another paper® the red color of indol with this reagent does not 
change. 

Herzfeld has estimated the tryptophane content of about 20 proteins 

and amongst others he quotes: casein 0.51 per cent; edestin 0.58 per cent; 

lactalbumin 0.91 per cent; Witte’s peptone 1.25 per cent. 

It will be noticed that these numbers for casein are lower than those 
given by Fasal and by Hopkins and Cole. Herzfeld’s low results may be 

due to the fact that he worked with small quantities of the respective 
proteins (0.1 gm.) and that he continued the digestion for twenty-four 

hours only, and further, that he made use of a color reaction not specific to 

4 Fasal, H., Biochem. Ztschr., 1912, xliv, 392. 

5 Fasal, zbid., 1913, lv, 88. 

6 Sanders, J. A., and May, C. E., Biochem. Bull., 1912-13, ii, 373. 

” Herzfeld, E., Biochem. Ztschr., 1913, lvi, 259. 

8 Herzfeld, loc. cit., 82. 
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tryptophane. Hopkins and Cole showed that the maximum yield of 

tryptophane was obtained after seven to ten days’ digestion, a fact recog- 

nized and appreciated by Plimmer and Eaves? in their estimation of tyro- 

sine in protein digests. The result given by Fasal for casein is much 

lower than that given by Hopkins and Cole who actually isolated trypto- 

phane in the crystalline form. It is a matter of common experience to 

obtain a 1 per cent yield of tryptophane from commercial casein. Fasal’s 

numbers were based on colorimetric reactions involving the use of gly- 

oxylic acid. From the author’s observations on the factors affecting the 

color reaction in question!” it is conceivable that the discrepancy between 

the figures quoted by Fasal and by Hopkins and Cole was due to the inter- 

ference of other substances of an indol nature thrown down by the pre- 

cipitating reagent. 
Finally Elizabeth Kurchin," using Herzfeld’s method, has estimated 

the tryptophane content of normal and pathological kidneys. 

B. Method Adopted in the Present Investigation. 

It is a matter of common experience that tryptophane can not 

be isolated in any appreciable extent from the products formed 

during an acid hydrolysis of proteins and for this reason in most 

of the previously described methods the protein has been hydro- 

lyzed by trypsin. As the use of trypsin is accompanied by many 

disadvantages it seemed worth while to ascertain whether any 

other hydrolyzing agent could be used with any degree of satis- 

faction: it was found that baryta answered the purpose. 

In the method for the estimation of the tryptophane content * 

of proteins which is advocated in this paper the protein is hydro- 

lyzed with baryta water. After the removal of the baryta with 

sulphuric acid the protein digest, made 5 per cent acid with sul- 

phuric acid, is precipitated with mercury sulphate reagent. The 

precipitate is decomposed and the filtrate from the mercury 

sulphide is freed from substances likely to absorb bromine. The 

tryptophane content of the final solution thus obtained is esti- 

mated by titration with solutions both of nascent and of molec- 

ular bromine previously standardized against solutions of pure 

recrystallized tryptophane. 

The determinations of the percentage of tryptophane in casein 

by the method described in this paper were made in the spring 

9 Plimmer, R. H. A., and Eaves, E. C., Biochem. Jour., 1913, vii, 297. 

10 Homer, A., zbid., 1918, vii, 101. 
11 Kurchin, E., Biochem. Ztschr., 1914, lxv, 451. 
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and autumn of 1913; the publication of the results has been 

delayed as it was desired to ascertain whether indol derivatives 

likely to be formed in the digest would be precipitated by the 

mercury reagent, and if so to what extent their formation would 

affect the determinations. It was also desired to make various 

quantitative experiments on the action of acids st alkalis on 

tryptophane. 

The estimation of the tryptophane content of casein by a 

method involving the use of baryta as the hydrolyzing agent, 

of mereury sulphate as the precipitant for the tryptophane 

liberated during the hydrolysis, and of bromine for the final 

estimation of the tryptophane in solution, therefore resolved 

itself into the following considerations: 

I. The absorption of bromine by tryptophane in aqueous 

solution. 

II. A study of the extent to which substances other than trypto- 

phane are precipitated by mercury sulphate reagent and of the 

bromine capacity of the substances thus precipitated which are 

likely to appear in the final solution for estimation. 

III. The estimation of the tryptophane content of the hydroly- 

sis mixtures involving: a. The treatment of the alkaline digests 

so as finally to obtain for bromination a solution containing the 

tryptophane and as free as possible from other substances likely 

-to absorb bromine. b. The estimation of the tryptophane con- 

tent of the final solutions by a determination of the ratio of 

their absorption of bromine to that of a solution of pure reerys- 

tallized tryptophane under the same experimental conditions. 

IV. The action of acids and alkalis on tryptophane. 

Section I. The Estimation of the Bromine Absorption of Trypto- 

phane in Aqueous Solution. 

The following solutions were required for the estimations: 

A. Solutions of tryptophane prepared by dissolving known 

weights of the substance in known volumes of water. 

B. A saturated solution of bromine in water. This solution 

was standardized (every time used) against potassium iodide 

and a standard solution of thiosulphate. 

C. Solutions of nascent bromine prepared by the interaction 
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(in presence of acid) of aliquot parts of the following: a solution 

of sodium bromate containing 15.1 grams per liter and a solution 

of sodium bromide containing 51.5 grams per liter. 

10 ce. of each of these solutions were measured into stoppered 

bottles and 5 ce. of concentrated hydrochloric acid were added. 

After standing for some time there was added an excess of a solu- 

tion of potassium iodide, and the liberated iodine was titrated 

with a standard solution of thiosulphate. The bromine value 

of the mixture of bromide and bromate was thus made. 

D. A standard solution of thiosulphate (75): a 10 per cent solu- 

tion of potassium iodide, and a freshly prepared solution of starch. 

Method of Procedure.—Accurately weighed amounts of trypto- 

phane were dissolved in known volumes of distilled water and 

aliquot parts of the solution were measured into stoppered flasks 

and treated with a known excess of an aqueous solution of brom- 

ine, or with a known amount of nascent bromine liberated by the 

addition of 5 cc. of concentrated hydrochloric acid to the mixture 

of the previously measured volumes of sodium bromate, bromide, 

and tryptophane solutions. The flasks were tightly corked and left 

at room temperature for fixed periods of time. Excess of a 10 per 

cent solution of potassium iodide was then added, and the flasks 

were recorked and allowed to stand for at least fifteen minutes. 

The iodine, representing the excess of bromine, was estimated by 

titration with standard thiosulphate solution. The difference 

between the amount of bromine originally added to the solution 

and the unabsorbed bromine finally titrated represents the brom- 

ine absorbed by the substance. 

In these determinations the use of a thermostat is to be recom- 

mended as it was found that the bromine absorption of solutions 

of pure tryptophane at room temperature during a given period 

of time was greater in summer than in winter seasons of the year 

(England); further, to ensure constant values for the absorption 

of bromine it is necessary to have considerable excess of bromine 

and to adhere rigidly to a definite time for the reaction to take 

place; a variation in the time of the reaction is accompanied by 

slight variations in the absorption of bromine by a given weight 

of the substance. 

It has been stated by Plimmer and Eaves that under the con- 

ditions employed by them, one molecule of tryptophane absorbs 
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about six atoms of bromine. My results (Table I) indicate a 

greater absorption; one molecule of tryptophane absorbs about 

eight atoms of bromine, although there are indications that its 

bromine capacity is higher still. In the initial stages there is rapid 

absorption of bromine but the rate of absorption soon falls off 

and, as would be expected, complete saturation does not take 

place for some time. It will also be seen that the bromine ab- 
sorption with molecular bromine is slightly higher than with 

nascent bromine. 
From these results it is obvious that the absorption of bromine 

by tryptophane in aqueous solution takes place in stages and 

that in the complete saturation of the substance with bromine 

the time and temperature of the reaction must be taken into 

account. 

Section II. The Use of Mercury Sulphate Reagent as a Precipitant 

and the Extent to Which the Substances Other than Trypto- 

phane Precipitated Therewith Will Absorb Bromine. 

The mercury sulphate reagent” according to Hopkins and 

Cole precipitates tryptophane, cystine, tyrosine to a certain 

extent, polypeptides, and other incompletely hydrolyzed prod- 

ucts. Of these, tryptophane, tyrosine, and polypeptides will 

absorb bromine: there is conflicting evidence as to whether cystine 

absorbs bromine or not. Levene and Rouiller* consider that it 

does, whereas Plimmer and Eaves,’ in view of the work of Knoop 

on the absorption of bromine by amino-acids in digests, do not 

regard cystine as a factor to be considered in the bromination of 

protein digests. However, cystine, although precipitated by the 

mercury reagent, can not interfere because it is destroyed by the 

alkaline hydrolysis. To make quite sure of this point 300 cc. of 

the solutions as finally prepared for estimation with bromine were 

treated with zine and hydrochloric acid, and the reduced liquid 

was tested for the presence of cystine by means of the sodium 

nitroprusside and the ferric chloride color reactions. Negative 

results were obtained, thus showing that after a baryta hydrolysis 

12 10 per cent mercury sulphate in 5 per cent sulphuric acid. 

13 Knoop, F., Beitr. z. chem. Phys. u. Path., 1908, xi, 356. 



TABLE I. 

The Absorption of Bromine by Tryptophane in Aqueous Solution. 

Time Weight of tryptophane in Weight of bromine 
pemune pt solution piney ddods 

min gm. 

Mean results. 

Room temperature 

(summer). 
May 

0.0648 30 | 0.4901 (nascent) 

June 

0.0311 30 | 0.4884 (nascent) 

August 

0.0311 30 | 0.4884 (nascent) 

October 

0.0311 30 | 0.4884 (nascent) 

May 

0.0648 30 |0.4130 (molecular) 

June 

0.0467 30 (0.1935 (molecular) 

July 

0.0648 30 |0.4136 (molecular) 

October 

0.0311 30 |0.1290 (molecular) 

Room temperature 

(winter). 

0.02255 30 | 0.2301 (nascent) 

0.02255 45 | 0.2301 ss 

0.02255 60 | 0.2301 He 
0.02255 2 hrs.| 0.2301 

0.02255 4hrs.| 0.2301 

Temperature of reaction 

eC. 

0.0624 30 | 0.4602 

0.04992 2 hrs.| 0.2301 : 

0.04721 4hrs.| 0.4683 

0.04721 7 hrs.| 0.4683 

0.04721 8 hrs.| 0.2301 Ae 

Temperature of reaction 
gc: 

0.0500 30 | 0.4720 2 

0.0500 1 hr. | 0.4720 a 

0.0500 2 hrs.| 0.4720 a 

0.0500 4 hrs.| 0.4720 ne 

0.0500 6 hrs.| 0.4720 og 

0.0500 8 hrs.| 0.4720 ss 

Weight of 
bromine 
residual. 

ocooeoeo 

— Or “I “J 

SS) (StS 

Bromine 
absorbed by 

ular 
weight 

of tryptophane. 

3.29 

3.31 

3.33 

3.30 

3.43 

3.30 

3.41 

3.38 
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of proteins and subsequent precipitation with mercury sulphate 

reagent there is no cystine in the precipitate. 

It was found that solutions of indol, skatol, indolaldehyde, 

indolearboxylic, indolacetic, indolprepionic acids, tryptophane, 

and the various additive compounds of tryptophane when 

dissolved in 5 per cent sulphuric acid were all precipitated by 

mercury sulphate reagent. Further, it was found that all these 

compounds would absorb bromine under the conditions employed 

for the estimation of tryptophane. 

In the case of tryptophane it has been shown (Table I) that the 

bromination is affected by conditions of time and temperature. 

The same is probably true for the absorption of bromine by 

other indol derivatives, but unfortunately, owing to scarcity of 

material, it was impossible to do similar time experiments with 

regard to their absorption of bromine: their bromine absorption 

after half an hour’s reaction was investigated, as this was the 

time chosen for the bromination of the solutions obtained from 

the protein digests. 

The solubility of indol, skatol, indolaldehyde, and indolearbox- 

ylic acid in water is so slight that it was impossible to get reliable 

data as to their bromine capacity under the conditions adopted 

for the bromination of the final solutions obtained from the 

protein digests (Section III). Bromination of weighed amounts 

of the solids themselves did not yield concordant results. 

Solutions of indol and skatol in absolute alcohol were bromin- 

ated: the bromine absorption of a volume of alcohol corresponding 

to that used in the titrations of indol and skatol was estimated 

and deducted from the value for the bromine absorption of the 

solutions: again no concordant results could be obtained. 

In another series of experiments the indol and skatol were 

dissolved in a small volume of absolute alcohol (25 ce.) and the 

solution was diluted with water to 100 ce. Aliquot parts of these 

solutions were treated with bromine and a correction was intro- 

duced for the bromine absorption of the alcohol. It is with diffi- 

dence that the results are published: the author does not consider 

that much reliance can be placed in them, they merely serve to 

show the order of the bromine absorption of these substances. 

The following results were obtained: 

14 Homer, loc: cit, 117. 
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TABLE II. 

The Absorption of Bromine by Aqueous-Alcoholic Solutions of Indol and 

Skatol. 

Weight of bromine 
Bike a absorbed by 

ane Weight Weight, \/)\Ce.-romne 
Weight of substance fb : freavdidal used by 1gm. 

in solution. o. ede? Ea yolume ef 1 gm. ne 

taken. 
of substance. 

Mean results. (Nascent) 

gm. gm. gm. gm. gm. gm. 

Indol 

0.0364 0.4683 0.2651 0.0745 3.54 414 

0.0402 0.4620 0.2965 0.0745 3.44 402 

Skatol 

0.03045 0.4683 0.3128 0.0745 2.66 348 

The bromine absorption of indolacetic and indolpropionic 

acid in aqueous solution was also measured and the results have 

been embodied in Table III. 

TABLE III. 

The Absorption of Bromine by Indolacetic and Indolpropionic Acid in Aque- 

ous Solution. 

Bromine absorbed by 

’ Weight of substance in Weight Weight 1 gm. 
volume of solution of bromine ot residual 1 gm. molecular 

taken. added. bromine. weight 

of substance. 

Mean results. 

Time of reaction 

30 min. 

gm. 

Indolacetiec acid gm. gm. qm. gm. 

0.0402 0.4856 0.3483 3.40 595 

0.0400 0.3793 0.2402 3.43 600 

Indolpropionie acid 

0.0400 0.4856 0.3408 3.62* 674 

0.0401 0.4683 0.3358 3.30 623 

0.0227 0.2295 0.1583 3.13 591 

* The high value in this set of determinations was probably due to 

the fact that a small amount of sodium carbonate solution had been 

added to dissolve the acid. 
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Section III. The Baryta Hydrolysis of Casein and the Estimation 

of the Tryptophane Liberated Therein. 

a. The Preparation from the Hydrolysis Mixture of the Solution 

for Estimation with Bromine. 

100 grams of casein were treated with 350 grams of barium 

hydrate in 2.5 liters of water, and the mixture was heated on a 
water bath for periods varying from twenty to one hundred and 

twenty hours. The baryta was removed by slight excess of 

sulphuric acid and the liquid filtered. The filtrate was made 

5 per cent acid with sulphuric acid, treated with an excess of mer- 

cury sulphate reagent and allowed to stand for forty-eight hours. 

The mercury sulphate precipitate may contain tyrosine, cystine, 

various incompletely digested protein substances, and other indol 

derivatives as well as tryptophane. 

The tryptophane was separated from the other substances 

present in the mercury sulphate precipitate and likely to absorb 

bromine by the following process: The precipitate, after having 

been freed from tyrosine by repeated washing with 5 per cent 

sulphuric acid until the washings no longer gave Millon’s test, 

was suspended in 2 per cent sulphuric acid and decomposed with 

sulphuretted hydrogen. The filtrate from the mercury sulphide 

was freed from sulphuretted hydrogen and while still acid (ap- 

proximately 2 per cent) was treated with a solution of phos- 

photungstic acid with avoidance of excess. After standing, the 

precipitate of polypeptides, ete., if any, was filtered off; the 

excess of phosphotungstic acid was removed by means of baryta, 

and the latter by means of sulphuric acid. The liquid was again 

tested with Millon’s reagent, and if there were any indications 

of tyrosine the precipitation with the mercury sulphate reagent 

was repeated. In the experiments under consideration it was 

found unnecessary to reprecipitate. 

Cystine, although precipitable by the mercury reagent, can not 

interfere because it is destroyed by the alkaline hydrolysis. 

In view of these observations (Section II) with regard to the 

precipitation of indol derivatives by the reagent it was necessary 

to make tests for the presence of indol derivatives other than tryp- 

tophane in the solutions for bromination. 
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The following four color tests are in vogue for the detection 

of indol derivatives in solution: 

1. The glyoxylic reaction originally employed as a specific 

test for tryptophane, is given by all indol derivatives although 

the actual shade of color produced varies considerably.'® 

2. The purple color reaction with bromine water is specific to 
tryptophane and, under certain conditions, for its additive com- 

pounds. The other indol derivatives absorb bromine but do not 

give any characteristic color reaction with this reagent. 

3. Sodium nitrite and hydrochloric acid give color reactions 

with all indol derivatives. Indol, skatol, indolaldehyde, indol- 

carboxylic acid, indolacetic, indolaceturic acids treated with 

these reagents give color reactions which are characterized by 

well defined absorption bands, whereas indolpropionic acid gives 

no characteristic color under the same conditions.” 

4. Indol derivatives treated with Ehrlich’s p-dimethylamino- 

benzaldehyde according to the directions given by Herzfeld yield 

characteristic color reactions. Indol gives a characteristic red 

color, and tryptophane, as shown by Herzfeld, gives a beautiful 

blue color. However in the present research it was ascertained 

that a similar blue color is given by indolacetic, indolaceturic, 

and indolpropionic acids and by .skatol: indolaldehyde and in- 

dolearboxylic acid give a greenish blue color. 

The original protein digests and also the solutions finally 

obtained after the decomposition of the mercury sulphate pre- 

cipitate were therefore tested for the presence of indol, skatol, 

indolaldehyde, indolearboxylic and indolacetic acids, and for 

tryptophane by the color tests given above. Indolpropionic acid 

can not be detected in presence of tryptophane except by extrac- 

tion of the solution with ether, in which tryptophane is insoluble, 

removal of the solvent, and conversion of the residue, if any, into 

the nitroso-derivative. 

If indol, skatol, etc., are present in a digest, presumably they 

must have been formed from tryptophane during the process of 

hydrolysis, and they will be precipitated by the mercury reagent 

together with tryptophane. Owing to the slight solubility of 

indol, skatol, indolaldehyde, and indolearboxylic acid there can 

15 Homer, loc. cit. 
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be, at the most, but traces of these substances in the final solutions 

for estimation with bromine: as regards indolacetic and indol- 

propionic acids their absorption of bromine is so close to that of 

tryptophane (page 377) that for the small amounts present they 
will not appreciably affect the estimation: that is to say, they will 
influence the bromine absorption to the same extent as though 
they had been present as the parent substance, tryptophane. 

As a matter of experience in fourteen hydrolyses with baryta 

there were three only of the final solutions which gave any indi- 

cation of the presence of indol derivatives other than tryptophane. 

Of these, two indicated traces of indol, and one traces of indol- 

acetic acid. Moreover, that there could not have been any 

appreciable conversion of tryptophane into derivatives not 

appearing in the final solutions is shown by the results obtained 

from the hydrolyses of the same sample of casein for varying 

periods of time (page 381) and from the results of the hydrolyses 

of pure tryptophane. 

b. Estimation of the Tryptophane Content of the Solutions Obtained 

after the Decomposition of the Mercury Sulphate 

Precipitates, etc. 

An aliquot part (50 cc.) of the solution for estimation was 

treated with excess of nascent or molecular bromine of known 

strength and the unabsorbed bromine estimated by means of 

potassium iodide and standard thiosulphate solution. The 

bromination was carried out in well stoppered bottles fitted with 

ground glass stoppers or with tightly fitting waxed corks. The 

bromine absorption of the solutions was compared with that of a 

freshly prepared solution of pure recrystallized tryptophane 

treated with the brominating solutions under comparable con- 

ditions of time and temperature; from these observations 

the tryptophane content of the hydrolysis mixtures could be 

calculated. 

It was found that concordant results could be obtained if the 

conditions as indicated above (page 373) were kept constant 

during each series of experiments. 

Samples of commercial casein obtained from three different 

firms were hydrolyzed with baryta and the hydrolysis mixture was 
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treated in the manner described above to ascertain (a) the trypto- 

phane content of the protein by the method under investigation 

and to see how it compared with the values given by other observ- 

ers; (@) the length of time of hydrolysis for a maximum yield 

of tryptophane; and (vy) to what extent further hydrolysis would 

lead to a diminution of tryptophane in the final solution. 

The results of the determinations have been embodied in Table 

IV and in each case the mean results of a series of observations 

have been given. 

TABLE IV. 

The Tryptophane Content of Commercial Casein as Estimated by the Method 

Described in This Paper. 

Bromine absorbed by Bromine ; s 

Cae Weight Time of Volume final solution. pe gee 

le. | LG |iydeoivsio| Of ana! eee ee 
: ‘ (a) (b) ai 

Nascent. | Molecular. aaTGne. ets 

gm. ‘hrs. cc. gm. gm. gm. gm. 

A 200 40 500 10.45 3.30 1.59 

13) (QD) 100 20 1000 3.24 3.29 0.99 

3.64 3.44 1.06 

2 100 — 40 1000 3.41 3.29 1.04 
3.85 3.44 iil 

(3) 100 60 1000 3.41 3.29 1.04 

. 33500 3.44 1.09 

(4) 100 80 1000 3.41 3.29 1.04 

3.88 3.44 els 

C(1)| 100 120 1000 4.07 3.30 1.24 
(2) 100 120 1000 4.07 3.30 1.24 

An examination of the results given in Table IV shows that 

except for Sample A the percentages of tryptophane indicated 

are all lower than those given by Hopkins and Cole but higher 

than those given by Fasal and by Herzfeld. Hopkins and Cole 

obtained 1.5 grams of tryptophane from 100 grams of Hammar- 

sten’s pure casein; but to the best of my knowledge their average 

vield from commercial casein was not much more than | per cent. 

From the determinations made with Sample B it appears that 
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the length of time suitable for a complete separation of trypto- 

phane from casein is about forty hours. 

That there could not have been any appreciable loss of trypto- 

phane due to the formation of indol derivatives or other com- 

pounds not present in the final solution is evidenced first by 

the results obtained from the hydrolysis of the same sample 
(Sample B) for varying periods of time and secondly, by the fact 

that duplicate hydrolyses of Sample C conducted for the same pe- 

riods of time and treated separately have given concordant results. 

The solutions for estimation with bromine were all tested for 

the presence of indol derivatives (possibly precipitated by the 

reagent): where detected they were present as traces only. 

The advantages in favor of the use of the above described 

method for the estimation of the tryptophane content of proteins 

are: 

1. The ease with which the hydrolysis can be conducted. 

2. The fact that the tryptophane does not tend to disappear 

during the hydrolysis. 

3. The values obtained for casein are nearer those obtained by 

Hopkins and Cole, who actually isolated and weighed the trypto- 

phane, than those given by investigators using colorimetric methods. 

In any case the values obtained in this research, in view of the 

possible formation of decomposition products from tryptophane 

and their subsequent loss in the processes employed, are doubtless 

too low rather than too high. 

4. The method is proving of the utmost service in a series of 

experiments in which the action of tissue enzymes on tryptophane 

is being studied. 

From the consideration of the question of the possible destruc- 

tion of tryptophane by prolongation of the time of digestion of 

the protein with baryta I was led to a consideration of the action 

of alkalis and acids on pure tryptophane. 

SectionIV. The Action of Acids and Alkalis on Pure Tryptophane. 

a. The Action of Acids on Tryptophane. 

It is a matter of common experience that tryptophane can not 

be estimated in any appreciable quantity from the products 

formed during an acid hydrolysis of tryptophane. 
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The following experiments demonstrate this clearly: 

1. 100 grams of casein were heated with 150 cc. of a 25 per 

cent solution of sulphuric acid for periods of 1, 2, 4, 8, 12, and 20 

hours. Baryta was used to remove the acid and after filtration 

of the barium sulphate the filtrate was made 5 per cent acid with 

sulphuric acid and treated with mercury sulphate reagent. After 

washing the precipitate free from tyrosine it was found that in 

each case there was little more than a trace of precipitate left on 

the filters, at any rate not sufficient for estimation. 

Thus at no period of the digestion was tryptophane present 

in any appreciable quantity. 

In order to ascertain whether the poor yield of tryptophane in 

an acid hydrolysis is due to the direct action of acid on the sub- 

stance as soon as it is liberated from the protein molecule the 

following experiments were made with pure tryptophane. 

2. 25 grams of pure tryptophane dissolved in 150 ce. of a 25 

per cent solution of sulphuric acid were heated on a sand bath 

for forty-two hours. The acid was removed by baryta and after 

filtration of the barium sulphate, removal of the last trace of 

baryta or of acid, the liquid was evaporated to crystallizing point 

and 12.5 grams of tryptophane were recovered. The recovery 

of so much tryptophane showed that the decomposing action 

of the acid had been slight. 

In two other experiments 5.5 and 10 grams of tryptophane, to 

each of which had been added 1 gram of ferric sulphate, were heated 

on sand baths with 100 ec. of a 25 per cent solution of sulphuric 

acid for twenty-one and twenty-four hours respectively. The 

reacting liquids became deeply pigmented and in neither case was 

it possible to recover any tryptophane nor was any indol deriva- 

tive isolated from the gummy residues although they both gave 

a marked glyoxylic color reaction. 

3. Small weighed amounts of pure tryptophane were treated 

(a) with 25 per cent sulphuric acid alone, (b) with 25 per cent 

sulphuric acid in presence of a small amount of ferric sulphate, 

and (c) with the acid in presence of small amounts of copper sul- 

phate. At the end of the time allowed for the reaction the liquids 

were made slightly alkaline with baryta, filtered, the precipitates 

well washed, and the filtrate after the removal of the baryta 

was made up to a certain bulk (Solution A). 
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An aliquot part of Solution A was made 5 per cent acid and 
after filtration from barium sulphate was precipitated with 

mercury sulphate reagent. The mercury sulphate precipitate 

was treated in the usual way (page 378) and the resulting neutral 

solution made up to a known volume (Solution B) aliquot parts 

of which were treated with nascent bromine. 

The other portion of Solution A was made slightly alkaline 

with baryta and steam distilled. Both distillate and residue 

were tested colorimetrically for the presence of indol- derivatives; 

the tests were negative. 

In some cases the bromine absorption of both Solutions A and B 

was estimated with a view to ascertaining whether after the . 

hydrolysis of tryptophane with acid there were present in the 

digest substances which absorbed bromine but which were not 

precipitated by the mercury sulphate reagent. 

An examination of Table V shows that the bromine capacity 

of Solution A when estimated directly is considerably higher 

than can be accounted for by the tryptophane precipitated as 

the mercury sulphate compound and estimated in Solution B. 

It is thus obvious that there are formed during an acid hydrol- 

ysis of tryptophane substances which absorb bromine but which 

are not precipitated by the mercury sulphate reagent. 

It is also evident that acid alone has a slow action on pure 

tryptophane whereas in the presence of an oxygen carrier there 

is considerable decomposition of the substance: for the same 

period of time the effect of a salt of iron is somewhat more marked 

than that of a salt of copper. The rate of decomposition, how- 

ever, does not provide a simple explanation of the disappearance 

of tryptophane in acid digests. 

Some observers consider that during an acid hydrolysis of 

tryptophane an internal anhydride is formed, but from the 

evidence adduced in this paper (Section IT) it is clear that so long 

as the indol ring remains intact, it should be precipitated by 

mercury sulphate reagent and should absorb bromine. 

The results recorded above demonstrate the presence of sub- 

stances in the hydrolysis mixture which absorb bromine but 

which are not precipitated by the mercury sulphate reagent. 

It may be that the tryptophane newly split off from the protein 

molecule is very susceptible to chemical reaction, and it is con- 
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TABLE V. 

The Action of 25 per cent Sulphuric Acid on Pure Tryptophane. 

ne d aa| 6 ! 
Ce) 
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; gss| &., < 3 
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Solution A was the hydrolysis mixture after the removal of acid and 

metallic salt. 

Solution B was prepared from the decomposition of the mercury sul- 

phate precipitate thrown down from an aliquot part of Solution A and 

represents the tryptophane content of Solution A. 

ceivable that during an acid hydrolysis of protein some product 

of hydrolysis acts as an oxygen carrier, or it may be that the 

other amino-acids serve as catalysers and induce the destruction 

of the tryptophane as quickly as it is split off from the complex 

molecule of the protein. 

b. The Action of Baryta on Pure Tryptophane. 

Before the completion of this research Herzfeld’ had published 

the results of his observations on the action of alkalis on proteins 

and on tryptophane itself. He hydrolyzed small quantities of 

protein and of tryptophane itself with different alkaline solutions. 

After distilling the hydrolysis mixtures, he estimated the indol 

THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXII, NO. 2 
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in the distillate. His results showed that there is slight produc- 

tion of indol from the action of water, more from the action of 

0.5 per cent sodium carbonate solution, and a considerable amount 
from that of a 9 per cent solution of:caustic soda in presence of 
copper sulphate. He states that the indol in the distillates from 
the baryta hydrolysis is even less than from the hydrolysis with — 

0.5 per cent sodium carbonate. 

My experiments on the action of baryta on tryptophane and 

on tryptophane in presence of ferric salts recorded in this paper 

had been done before the appearance of Herzfeld’s paper. Since 

then I have also tried the action of baryta on tryptophane in 

presence of copper sulphate. The results of my experiments 

confirm the observation of Herzfeld, although he estimated the 

indol production, whereas I estimated the tryptophane content 

of the hydrolysis mixtures. It will be seen that after forty 
hours’ hydrolysis there has been practically no loss of tryptophane, 

and even in the presence of salts of iron and copper the loss was 
not very marked. ‘ 

As in previous cases the hydrolysis mixtures after being freed 

from baryta and from copper or iron were made up to a known 

volume (Solution A). An aliquot part of Solution A was precipi- 

tated with mercury sulphate reagent and the remainder was 

used for colorimetric tests. 

The mercury sulphate precipitate was decomposed in the usual 

way and the filtrate made up to a known volume, Solution B. 

Part of Solution B was estimated for its tryptophane content by 

means of solutions of nascent bromine: the remainder was used 

for colorimetric tests. 

Of the final solutions, that obtained from the hydrolysis with 

baryta in presence of copper was the only one which showed any 

indication of indol, but even so the intensity of the color reaction 

revealed the presence of traces only. 

In other experiments the hydrolysis mixtures were not used 

for precipitation with the mercury reagent but were made slightly 

alkaline with baryta and distilled; the distillates were extracted 

with xylol and tested with p-dimethylaminobenzaldehyde; there 

was a distinct indol coloration but the intensity of color given by 

the xylol extract of the distillate obtained from one-half the 

total bulk of the hydrolysis mixture was not as great as that given 
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by 0.005 gram of pure indol dissolved in xylol and treated with 

the reagent in the same way. It was also noticed that if the 

baryta were completely removed from the hydrolysis mixture 

and the latter then made alkaline with sodium carbonateand 

distilled, the intensity of the color reaction of the xylol extract 

of the distillate was much greater than in the previous case. This 

observation is also in confirmation of Herzfeld’s statements. 

It is obvious that at the temperature at which the hydrolysis 

of tryptophane with baryta was conducted, there was little 

production of indol. Colorimetric tests failed to reveal the 

presence of other indol derivatives in the hydrolysis mixtures 

or in the final solutions for estimation with bromine. 

TABLE VI. 

The Action of Baryta on Tryptophane. 

CBs oe 5 
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CuSO, 0.5 1 40 1.42 3.00 0.41 18 

Solution A was the hydrolysis mixture after the removal of baryta and 

métallic salt. 
Solution B was prepared from the decomposition of the mercury sul- 

phate precipitate thrown down from an aliquot part of Solution A and 

represents the tryptophane content of Solution A. 

From the results indicated in Table VI it is obvious that there 

is practically no loss of tryptophane during the hydrolysis with 

baryta even for forty hours. If the hydrolysis was conducted 

in the presence of a relatively large amount of metallic salts 

there was less than 20 per cent loss during the forty hours’ 

hydrolysis. 
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SUMMARY. 

The baryta hydrolysis of proteins, the precipitation of the 

tryptophane from the hydrolysis mixtures with mercury sulphate 

reagent, and the subsequent bromination of the tryptophane 

in solution after the decomposition of the mercury sulphate 

precipitate is advocated as a method for the estimation of the 

tryptophane content of proteins for the following reasons: 

1. The ease with which the hydrolysis can be conducted. 

2. The separation of the tryptophane from the other sub- 

stances precipitated by the reagent is simplified by the fact that 

cystine is destroyed during an alkaline hydrolysis. 

3. Prolongation of the time of hydrolysis does not lead to a 

destruction of the tryptophane split off from the protein complex. 

4. The results obtained by this method for the tryptophane 

content of casein more nearly approximate those of Hopkins and 

Cole who actually isolated the tryptophane in a crystalline form 

than do those of other observers who have based their results on 

colorimetric methods. 

5. The precipitation of tryptophane in solution and the esti- 

mation of the tryptophane content of the filtrate from the de- 

composition of the mercury compound by means of its bromine 

absorption are proving of great service and reliability in experi- 

ments now under progress in which the action of various tissue 

enzymes on tryptophane is being measured. 

A criticism of the method, one shared by the methods of Fasal 

and Herzfeld and others, can be made, v7z., that the reaction 

used in the final determinations is not specific to tryptophane 

but is shared by other members of the indol group. In this case 

the bromine absorption of other indol derivatives present in the 

solutions, presumably formed from tryptophane, would not affect 

the final results to any appreciable extent. However, as a matter 

of experience, it has been found that the final solutions do not 

contain more than traces of indol derivatives and, further, that 

the results obtained indicate that there is no appreciable for- 

mation of substances from tryptophane which do not appear in 

the final solutions for estimation with bromine. 

From these considerations we see that, although the value 

obtained for the tryptophane content of a protein may be some- 
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what lower than the true value, yet it can be taken as the lowest 

value assignable to the protein under consideration. Such values, 

though only approximate, may be of the utmost service in experi- 

ments on nutrition and in the preparation of synthetic diets. 

Finally a separate series of experiments has shown the greater 

resistance of tryptophane to the action of baryta than to the action 

of acids with or without the presence of oxygen carriers. 
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THE RELATION BETWEEN THE ADMINISTRATION OF 
_ TRYPTOPHANE TO DOGS AND THE ELIMINATION 

OF KYNURENIC ACID IN THEIR URINE. 

By ANNIE HOMER. 

(From the Physiological Laboratories, University of Cambridge, the Physio- 

logical Laboratory, University College, London, the Lister Institute, London, 

and the Departments of Biochemistry and Pathological Chemistry, Uni- 

versity of Toronto.) 

(Received for publication, July 7, 1915.) 

It is known from the work of Willeock and Hopkins! and from 

that of Osborne and Mendel? that tryptophane is an essential 

constituent of diet for the maintenance of the life of an animal 

and it is generally accepted that there is some close connection 

between tryptophane and blood pigment although up to the 

present this conjecture has not received the support of experi- 

mental evidence. 

The only direct indication of the fate of this substance in the animal 

body has been furnished by Ellinger* who showed that in dogs and in rab- 

bits the excretion of kynurenic acid was increased by the administration 

of tryptophane by the mouth or by subcutaneous injection: in the human 

being there was no excretion of kynurenic acid after the administration 

of tryptophane by the mouth. 

The formation of kynureniec acid from tryptophane presents an inter- 

esting problem, as it involves the conversion of an indol into a quinoline 

compound. Kynurenic acid has hitherto been regarded as y-hydroxy- 

8-carboxytryptophane,‘ and both Ellinger and Dakin have suggested possi- 

ble ways of formation of the acid fromtryptophane. Ellinger regards indol 

glyoxylic acid as an intermediate stage in the conversion whereas Dakin 

considers the formation of indolpyruvic acid as a prelude to the opening 

of the pyrrol ring thus: 

} Willeock, E. G., and Hopkins, F. G., Jour.. Physiol., 1906-07, xxxv, 88. 

2 Osborne, T. B., and Mendel, L. B., Jour. Biol. Chem., 1914, xvii, 325. 

3 Ellinger, A., Zischr. f. physiol. Chem., 1904-05, xliil, 325. 

4 Camps, R., 7bid., 1901, xxxiii, 390. 
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But in view of the fact that»kynurenic acid has been shown to be y-hy- 
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these suggestions are no longer tenable. However, for the present the 

author is not prepared to offer any suggestion as to the method of forma- 

tion of this compound from tryptophane. 

Before proceeding to certain metabolism experiments, under- 

taken conjointly with Dr. Hopkins of Cambridge, England, in 

which it was desired to obtain some evidence of the way in which 

tryptophane becomes converted into kynurenic acid in the meta- 

bolic processes of the dog, it seemed advisable to ascertain whether 

the kynurenic acid eliminated represented a complete picture of 

the metabolism of tryptophane in the body or whether a certain 

amount of the tryptophane administered became ‘‘side-tracked” 
into kynurenic acid while the remainder was utilized in furnishing 

either the energy or the particular compounds necessary for the 

maintenance of the life of the individual. 

With this object in view varying doses of tryptophane were 
administered to dogs of different sizes and ages and the output of 

* Homer, A., Jowr. Biol. Chem., 1914, xvii, 509. 
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kynurenic acid in the urine was estimated by Capaldi’s method® 

as follows: 

The urine was treated with half its bulk of a 10 per cent solution of 

barium chloride to which had been added 5 per cent concentrated am- 

monia. After standing for half an hour the liquid was filtered and the 

filtrate evaporated to half the bulk of the original volume of urine taken 

for the estimation. The residual liquid was decomposed with a 4 per cent 

solution of hydrochloric acid and allowed to stand for a period of sixteen 

to twenty-four hours. The crystalline precipitate was filtered, washed 

with dilute hydrochloric acid, dissolved in ammonia, and the excess of 

ammonia removed by evaporation on a water bath. The solution of kynu- 

renic acid in ammonia was then treated with a 4 per cent solution of hydro- 

chlorie acid and allowed to stand for six hours. The crystalline precipitate 
was filtered through a Gooch crucible, washed, dried at 110 C., and weighed. 

In one series of determinations (Table I a) in which a dog was 

being fed on lean meat and in which, during the preliminary 

period the dog was excreting traces only of kynurenic acid, it 

was noticed that, in the period after the removal of the trypto- 

phane from the diet, there was apparently an appreciable amount 

of kynurenic acid being excreted. An examination of this sup- 

posed kynurenic acid showed that the substance was practically 

pure uric acid. 

It was evident that the determination of kynurenic acid in the 

urine by Capaldi’s method could not be relied upon in presence 

of uric acid. In order to get a true idea of the amount of kynu- 

renic acid in the urine it was necessary therefore, either to modify 

Capaldi’s method so as to eliminate the possible contamination 

of the precipitate with uric acid, or to make separate estimations 

of the uric acid content of the Capaldi precipitates, or to choose 

a diet for the dogs on which they would excrete an amount of 
uric acid insufficient to interfere with the estimations. 

In one series of experiments (Table Ib) in which a dog on a 

meat diet was given constant doses of tryptophane, the kynu- 

renic acid (admixed with uric acid) was estimated by Capaldi’s 

method (pptes. A) and the uric acid content of the precipitate 

was estimated as follows: 

The kynurenic-uric acid precipitates (pptes. A) were dissolved in am- 

monia and the excess of ammonia was evaporated off on the water bath. 

6 Capaldi, A., Ztschr. f. physiol. Chem., 1897, xxiii, 92. 
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The solution was made slightly alkaline with ammonia and saturated with 

Kahlbaum’s pure recrystallized ammonium chloride. The precipitated 
ammonium urate was decomposed and ultimately weighed on a Gooch 

crucible as uric acid. 

At the same time determinations of the total amount of uric acid pres- 
ent in the urine were made by Hopkins’ method in order to ascertain 

whether there was any simple relationship between the amount of uric 

acid present in the urine and that carried down with the Capaldi precipi- 
tates: there was none. 

In view of the interference of uric acid in the estimation of 

kynurenic acid by Capaldi’s method and the labor involved in 
the subsequent estimations of the uric acid content of the mixed 
precipitates of kynurenic and uric acids, it seemed worth while 

to determine whether uric acid was excreted to any appreciable 

extent in the urine of dogs on a diet of a lower purine value. 

Of all the observers who have studied the question of the origin of 

kynurenic acid in the metabolic processes of the dog, amongst whom may 

be mentioned Liebig, Schmidt, Schmeiderberg, Schultzen, Hauser, Voit 

and Reiderens, and Solomin, the last mentioned alone seems to have recog- 

nized that uric acid was excreted by dogs in any appreciable amount. 

Solomin’? made determinations of the relative amounts of kynurenic 

acid and uric acid excreted by dogs on a diet of 400 gm. of horse flesh, 

250 ec. of milk, and 250 gm. of bread a day. He determined the total 

output of uric acid by the Salkowski-Ludwig method and the kynurenic 

acid by Capaldi’s method. For a dog of about 9 kg. weight the average 

output of uric acid was 0.11 gm. and of kynurenic acid 0.30 gm. a day. 

It will be seen (Tables Ia and I b) that the dogs on a diet of 

500 grams of meat per day were excreting somewhat larger 

amounts of uric acid than were excreted by the dogs in Solomin’s 

experiments. Further, it was found (Tables IV a, b, and c) that 

traces only of uric acid were excreted by dogs on a diet of bread 

and milk, of bread and milk and a small amount of meat (25 to 

50 grams), of dog biscuits alone, and on a starvation diet. 

If a dog can be induced to take any of these diets with regular- 

ity then Capaldi’s method can be used for the estimation of the 

kynurenie acid content of the urine. The results thus obtained 

will give a true representation of the acid present and will not be 

too high on account of its contamination with uric acid. 

7 Solomin, P., ibid., 1897, xxiii, 501. 
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Since the presence of uric acid interferes with the estimation 

of kynurenic acid it was necessary to ascertain whether the esti- 

mation of uric acid by (a) Hopkins’ and (b) by Folin’s methods 

could be relied on in presence of kynureniec acid. 

(a) Mixtures of uric and kynurenic acids were taken. The 

mixture of acids was dissolved in the least possible quantity of 

sodium carbonate solution and the uric acid estimated by Hop- 

kins’ method. 

Mixture of acids. Uric acid precipitated as ammonium urate and 
estimated as uric acid by 

Weight of uric acid | Weight of kynurenic 1. Titration with 2. Weighing on a 
taken. acid taken. KMn0Os solution. Gooch crucible. 

gm. gm. gm. gm. 

0.1209 0.1232 0.1202 

0.2458 0.1506 0.2432 

0.3406 0.1256 0.3320 

0.1980 0.1720 0.1920 

There was no indication of the contamination of the final pre- 

cipitates of uric acid with kynurenic acid. 

(b) Mixtures of uric and kynurenic acids were taken and the 

uric acid was estimated by Folin’s colorimetric method. 

Three separate solutions of weighed amounts of pure uric and 

kynurenic acids were made by dissolving the mixed acids in a 

solution of lithium carbonate and making the volume up to 100 

ec. Aliquot parts of these solutions (2 cc.) were treated with 

Folin’s phosphotungstic reagent and estimated colorimetrically 

against a standard solution of pure uric acid treated in the same 

way. 

HET OG GETS: Weight of uric acid in total vol- 
ume of solution estimated 

colorimetrically by 
pean oburic acid Weight oe arent acid Ralintaancthods 

gm. gm. gm. 

0.100 0.100 0.100 

0.100 0.109 0.998 

0.100 0.100 0.101 
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From these results it is obvious that the presence of kynurenic 

acid does not interfere with the estimation of uric acid by Hop- 

kins’ and by Folin’s methods. 

In the accompanying tables are given the results of the esti- 
mations of the amount of kynurenic acid eliminated in the urine 

of dogs after the administration of tryptophane. Tables La, b, 
and ec deal with the administration of repeated similar doses of 

tryptophane to dogs and puppies; Tables II a, b, and e with the 

administration of increasing doses of tryptophane to dogs and 

to puppies and a consideration of the output of total nitrogen 

during the tryptophane feeding; Table III, with the administra- 

tion of large doses of tryptophane; Tables IV a, b, and c with the 

excretion of uric acids by dogs on various diets. 

Before attempting to draw any conclusion as to the signifi- 

cance of the data given in these tables with regard to the possi- 
bility of the elimination of kynurenic acid being of the nature 

of a side issue, and not representing the main line of breakdown 

of tryptophane in the animal body, it was necessary to ascertain 

whether kynurenic acid, once formed, could be further dealt with 

by the body: in other words, does the kynurenic acid isolated 

from the urine represent the total amount produced from the 

tryptophane absorbed? 

Hauser® administering kynurenic acid to dogs by the mouth and by 
subcutaneous injection was able to recover in one case, 36 per cent and in 

another case, 56 per cent of the tryptophane given. He found that after 

the administration of the substance to man none could be recovered from 
the urine. On the other hand Solomin’ found that there was as much as 

90 per cent of the kynurenic acid administered by injection excreted in 

the unchanged form by dogs and 60 per cent by rabbits. The amount of 

the substance recovered after administration by the mouth was much less 

for both animals. In the case of man none or only a very small percent- 

age of the substance could be recovered after administration by the mouth. 

It is possible that the samples of kynurenic acid used by Solomin, iso- 

lated by Capaldi’s method from the urine of dogs kept on a high meat diet 

for some time, were contaminated with uric acid. The administration of 

a ‘‘mixed’’ product would lead to results showing a higher loss than had 
actually taken place. In Hauser’s experiments with dogs a considerable 

loss was shown; here again the investigator may not have been dealing 
with a pure product. 

§ Hauser, A., Arch. f. exper. Path. u. Pharmakol, 1895, xxxvi, 1. 
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With Hauser’s results indicating a possible utilization of at 

least 50 per cent of the kynurenic acid administered, it was neces- 

sary to ascertain whether, with pure kynurenic acid, the results 

would confirm those of Solomin or those of Hauser. 

One of my dogs who had been on varying amounts of trypto- 

phane was put on a diet on which he was excreting traces only of 

uric acid and no kynurenic acid. Doses of chemically pure kynu- 

renic acid prepared according to the directions given in a pre- 

vious paper (Homer)* were administered to the dog. The kynu- 

renic acid content of the urine excreted during the thirty-six hours 

following the administration of the substance was estimated by 

Capaldi’s method. 

Weight of kynurenic acid isolated from the 
Weight of kynurenic acid administered. urine by Capaldi’s method. 

gm. 2 gm. 

0.690 (subcutaneously) 0.630 

0.330 (by mouth) 0.266 

These results support the view that the body of the dog does 

not utilize the kynurenic acid to any appreciable extent; whence 

it follows that, in the consideration of the experimental results 

recorded in the accompanying tables, the output of kynurenic 

acid can be taken as a true representation of the total amount of 

kynurenic acid formed by the body from the tryptophane admin- 

istered to the animal. 

A study of the accompanying tables shows that: 

1. Kynurenic acid is not utilized by the body of the dog but 

is eliminated in the urine in an unchanged condition. 

2. There is no simple relation between the amount of trypto- 

phane administered and the kynurenic acid eliminated in the 

urine. 

If the tryptophane were completely changed into kynurenic 

acid the proportion should be: 1 gram of tryptophane: 0.95 gram 

of kynurenic acid. 

The greatest amount of kynurenic acid excreted by any of the 

dogs was only 38 per cent of the theoretical amount possible; the 

average was about 10 per cent and in some cases it was as low as 

or even lower than 5 per cent of the theoretical amount. 
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3. In each animal the excretion of kynurenic acid reached a 

maximum beyond which further increase in the dose of trypto- 

phane was without effect. — 

The amount of tryptophane excreted by any one dog may 

depend upon the relative size of its liver. Thus a dog of 233 

pounds’ weight excreted as much as 1.8 grams of kynurenic acid; 

a dog of 134 pounds’ weight excreted 0.64 gram of the acid; puppies 

of 6 pounds 14 ounces’, and 4 pounds 53 ounces’ weight respectively 

excreted 0.3 and 0.13 gram of the acid on the same weights of 

tryptophane, etc. 

4. The young animals have a greater capacity for the utiliza- 

tion of tryptophane than the fully grown dog has (Tables I ec 

and II b). 
5. There is no marked increase in the output of nitrogen during 

the tryptophane feeding period. The administration of the sub- 

stance has therefore no marked effect on the general metabolic 

processes of the body (Table II c). 

6. Even after flooding the digestive organs with a large dose 

of tryptophane, the corresponding amount of kynurenic acid was 

not eliminated; neither could any unchanged tryptophane be 

detected in the urine, nor could any other indol derivatives be 

detected in the urine by colorimetric methods (Table III). 

SUMMARY. 

The results of the investigation seem to indicate that: 

1. Kynurenic acid apparently is not readily capable of further 
utilization in the body of the dog as all which is administered is 

excreted in the urine. It is therefore justifiable to assume that 

all the tryptophane converted into kynurenic acid in the body 
is excreted in the urine as such. 

2. The production of kynurenic acid from tryptophane does not 

represent either the only or the main line of breakdown of trypto- 

phane in the animal body; this is specially true of the young 

animal. 

The evidence adduced in this paper seems to indicate that a 

certain amount of the tryptophane administered becomes ‘“‘side- 

tracked”’ into kynurenic acid while the remainder is utilized in 

some direction not yet elucidated, but which may probably have 
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some intimate connection with the furnishing of the particular 
substance or substances necessary for the maintenance of life of 

the individual. 

The work described in this paper was undertaken originally at 

the suggestion of Dr. Hopkins, Cambridge, England. The author 

wishes to express her appreciation of the help he has given and 

the interest he has shown during the progress of the investigation. 

Dog A. (Weight. 134 lbs.) 

TABLE La. 

The Repeated Administration of Tryptophane. 

Date. Diet. 

Mar. 31- 

Apr. 1 250 gm. lean meat 

Apr. 
ie 2 ce “ce “ “ce 

= 3 500 “ce cc (73 

3- 4 500 gm. meat, 3 gm 
Ale 5 e “ce “ “oe “ 

5- 6 “ “ “ COL 

t= 7 cc “ “ “ “cc 

7= 8 “ce “ “ce “ce its 

8-9 “ “ “ “oO 

9-10 iz9 be “ce “ce “ 

10-11 “ “ce is3 it “ce 

12 “ce (73 (<9 “ “ce 

12-13 500 gm. lean meat 
=e “ “c “c “ 

14-15 “ “ “ “ 

15-16 “ “cc cc “ce 

16-17 “ i393 “ ce 

17-18 “ 73 “ (73 

18-19 ce “ce “cc ce 

19-20 “cc (79 “c “ce 

. tryptophane 
“ 

Volume of urine. 

ce. 

190 

170 

Not measured 

400 

475 

253 

300 

339 

250 

350 

400 

310 

350 

440 

500 

Not estimated 

370 

290 

390 

360 

KXynurenic acid 
in urine esti- mated by Cap- aldi’s method. 

a J = 

Traces. 

648 

.912 

.078 

.640 

.625 

540 

518 

042 

0 
0 
0 
0 

uy) 
0 
0 
0 

0.535 

.1403 

oo .0877 

0.2025 

0.1072 

0.0920 
Spoilt. 

0.0982 

It was shown afterwards that the precipitates weighed as kynurenic 

acid between the dates April 12-20 were practically pure uric acid. 
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TABLE II a. 

The Administration of Increasing Doses of Tryptophane to a Dog. 

Dog B. (Weight 233 lbs.) 

Date. 

\ 

Diet. 

Nov. 

18-19 | Bread and milk and 50 gm. meat 

19-20 

20-21 

1 

“ ce “ “ “ “ “cc 

“ “ cc ce ce “ce “cc 

The same and 1 gm. tryptophane 
“ “cc cc oe “cc cc 

The same and 2 gm. tryptophane 
“ce cc CCR CE ICE “ 

“cc “ “cc 4 “ “ 

“ “ “ee 6 cc <4 

cc ce (<3 it es 9 “ 

Dog died 

of the liver and kidney. 

TABLE IIb. 

Uric acid | Kynurenie Volume d of urine. . excreted. oxen 

Ce, 
7m - 

Traces | Traces. 
“ “ 

295 34 

305 es 0.0939 

None 

560 ee 0.156 

345 “s 0.354 

None 
180 “ 0.224 
500 “ 0.679 

A post mortem examination of the dog showed considerable hemolysis 

The Administration of Increasing Doses of Tryptophane to a Puppy Aged 

§ Months. Dog C. (Weight 16 lbs.) 

Oct. 

27-28 | Bread 150 gm., milk 250 cc., meat 25 gm. 

28-29 

29-30 

30-31 

Oct.31- 

Nov. 1 

“ “cc “ce “ “cc “cc “ 

“cc “ce “cc “cc “ “ “cc 

cc ef “c 73 “ce “ “ec 

“ “cc 

wD —® bo 

Bread, milk, and meat 

Volume of urine 

380 

255 

406 

134 

260 

390 

“cc 

“cc 

Kynurenic 
acid 

excreted. 

gm. 
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TABLE III. 

The Administration of Large Doses of Tryptophane to a Dog. Dog B. 

Date. 

Oct. 

13-14 

14-15 

15-16 

16-17 

(Weight 233 lbs.) 

or) 
s.6 | Kynurenic 

Diet. BE acid 
Ss excreted. 

cc gm. 

Bread 250 gm., milk 250 ce., meat 50 gm. 540 | Traces. 
ce “ce “ “ec “ee cé “ cc “ee 342 “ 

The same and 10 gm. tryptophane 66 | 0.212 

(Only about 4 of food eaten.) 

The same and 10 gm. tryptophane 685 | 1.256 

A further dose of 10 gm. of tryptophane was given with the dog’s food 
on Oct. 17 but by this time the dog refused to touch any more food inthe 

cage whether with or without the addition of tryptophane. 

Tryptophane has a very bitter taste and it was difficult toadminister 

as much as 10 gm. at a time and successfully mask its bitterness. 

The Excretion of Uric Acid by a Dog on a Meat Diet. 

TABLE IV a. 

Results for Dog B, Table Ib.) Dog H. 

(Compare with 

Total output of uric acid for the 
24 hours estimated by 

Date. Diet. Volume of Urine. | ———->——— 
Folin’s method | Hopkins’ method 
on 5 ec. urine. on 100 ce. urine. 

ce. gm. gm. 

Apr. 

1- 2 Biscuits 150 Traces 

2- 3 a 235 we 

3- 4 1 lb. lean meat 167 0.0729 

4-5 “ree a sf 264 0.131 

5- 6 eeaaes a we 160 0.0929 

6- 7 fest © s 150 0.0622 

7-8 So Wish inadead ~ 175 0.155 0.160 

8- 9 nae cs 324 0.239 0.250 

9-10 Seesaw ee 232 0.1380 

10-11 Biscuits 52 0.0150 

11-12 cs 160 Traces 
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TABLE IVb. 

The Excretion of Uric Acid by Dogs on Diets with Low Purine Value. 

rage J K ic 
Date. Diet. ceeged.| ty ate 

Dog A on diet of bread and milk for some days previous. 

June 

13-14 Bread and milk Traces 0.0148 

14-15 * “ ee gs 0.0083 
15-16 “ce “ce “ce F “ Traces. 

Dog B on diet of bread and milk and small amount of meat for some days 

previous. 

Nov. 

18-19 Bread, milk, and 50 gm. meat Traces Traces. 
19-20 “ “ “ “ “ “ “ “ 

90-21 “ec ce ce “ec “ “cc “ “ce 

Dog E on diet of dog biscuits for some days previous. 

Dec. 

16-17 150 gm. dog biscuits Traces Traces. 
ZS “ce “ “ce <9 “ “ 

18-19 it9 “ “ ce ce ce 

Dog F on diet of dog biscuits and small amount of meat. 

Ma 

4-5 150 gm. biscuits and 25 gm. meat Traces 0.0134 
6 Ge ti “ “ GGG « Ke 0.0110 

6-7 cress fe SE SERS Eee es 0.0110 

TABLE IV c. 

The Excretion of Uric Acid by a Dog Kept Without Food from Feb. 24 to 

Mar. 4. Dog G. 

Total excretion of urie acid 
Date. Volume of urine. (estimated by Folin’s method 

on 5 ce. of urine). 

Co. gm. 

Feb. 

24-25 410 ORO 

25-26 516 0.019 

26-27 344 0.030 ~ 

27-28 710 0.032 

Feb. 28—Mar. 1 260 0.031 

Mar. 

1-2 452 0.023 

2-3 398 None. 

3-4 276 None. 





THE DEXTROSE AND DIASTASE CONTENT OF THE 

BLOOD AS AFFECTED BY ETHER ANESTHESIA 
OF ANIMALS FED ON DIFFERENT DIETS. 

By ELLISON L. ROSS anp HUGH McGUIGAN. 

(From the Department of Pharmacology, Northwestern University Medical 

School, Chicago.) 

(Received for publication, July 9, 1915.) 

In 1904 Hawk! reported glycosuria following anesthesia of dogs. See- 

lig? confirmed his results. In 1914 Ross and Hawk* published work in 

which it was shown that ether anesthesia of dogs fed on a mixed diet was 

not followed by glycosuria. 

Many suggestions have been advanced to explain this glycosuria. Shaf- 

fert thinks it is probably due to asphyxia during the anesthesia. The 

work of Araki, Grube, and others? indicates that post anesthetic glycosuria 

may be due to a reduction of the body temperature during the anesthesia, 

But the fact that the glycosuria is just as pronounced in animals if the 

body temperature has been kept normal by artificial heat during the anes- 

thetic period argues against this explanation. It is well known that as- 

phyxia may cause glycosuria. Still this can not be an important factor 

since it has been shown that? there is no detectable difference in the glyco- 

surias caused by the administration of ether well supplied with air and 

anesthesia when a very limited amount of air is mixed with the ether. 

Post anesthetic glycosuria then is considered by some to be 

due to excitement; by others to the specific action of the ether; 

and by others to both of these factors. If both are involved the 

relative importance of each requires investigation. 

In any glycosuria, either one of two changes may be immedi- 

ately operative: (1) a change in the kidney itself, or (2) changes 

in the blood, the most important of which is a rise in the concen- 

tration of the sugar content. That post anesthetic glycosuria is 

1 Hawk, P. B., Am. Jour. Physiol., 1903-04, x, p. xxxvil. 

> Seelig, A., Arch. f. exper. Path. u. Pharmakol., 1905, lii, 481; 1906, liv, 
206. 

3 Ross, E. L., and Hawk, P. B., Arch. Int. Med., 1914, xiv, 779. 

4 Shaffer, P. A., Jour. Biol. Chem., 1914, xix, 297. 

* See review of literature in reference 3. 
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extremely transient argues against changes in the kidney, such as 
increased permeability. Therefore changes in the amount of 

sugar in the blood appear. to be the most important immediate 

cause of sugar in the urine. Consequently it was thought that a 

study of the effect of anesthesia on the dextrose and diastase con- _ 

tents of the blood of dogs which had been fed on mixed and meat 

diets might throw some light on the mechanism of ether glycosuria. 

EXPERIMENTAL WORK. 

Healthy dogs were chosen for the work. Each animal was fed on a con- 
stant pure lean meat diet for from five to eight days and then anesthetized 

and the necessary samples of blood for analysis were taken. For an equal 

period the same dogs were then fed on a mixed diet which consisted of 
about three-quarters of the amount of meat of the preceding week, but to 

which were added 100 to 200 gm. of soda crackers per day. They were 

again anesthetized and samples taken for analysis as before. In several 

instances the animals died during the first anesthesia and consequently 

could not be used for the second. We have noticed that accidents under 
ether happen more frequently when the dogs are fed on a meat diet than 

on a mixed diet, an observation deserving notice in medical practice. The 
animals were anesthetized in the early forenoon in each case, and had 

been last fed the noon preceding. 

The method of giving the ether provided an abundant admixture of air. 

This was accomplished by blowing air through a bottle of ether from which 

a tube led to a mask for the nose. No attempt was made to warm or to 

moisten the vapors passed to the animal. 

Blood samples were taken from the jugular vein, just before the ether 

was administered and again after the animal had been tied on the board. 

Ether was then given and other samples of blood were taken after 15, 60, 

and 120 minutes of anesthesia. Another sample was taken thirty minutes 

after the ether was discontinued. Each time when blood was taken about 

8 cc. were drawn in a clean syringe and quickly placed in a centrifuge tube. 

Then 8 ce. more were drawn into a syringe which contained a very small 

amount of powdered potassium oxalate. The first sample was centri- 

fuged and the serum used for a determination of the diastase; the second 

sample was used for determination of the dextrose. 

The method of determination of the diastase content of the serum was 

that of von Hess.° The Benedict colorimetric method? was used for the 
dextrose. All determinations of dextrose were made in duplicate and the 
average value was taken. 

The dogs were weighed each day just before feeding. Tables I and II 
Show the average weights in pounds, for the first two and the last two days 

* McGuigan, H., and von Hess, C. L., Am. Jour. Physiol., 1914-15, 
XXxV1, 359. 

7 Lewis, R. C., and Benedict, S. R., Jour. Biol. Chem., 1915, xx, 61. 
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of each period of feeding. The following tables give the results of the work 

done. 

TABLE I. 

Body Weights in Kilos While on a Mixed Diet. 

No. of dos. sitacers: teat sue der Gain or loss. 

1 11.97 12.33 +0.36 
9 ~/ coe 9.49 9.45 —0.04 
Ba Cee ioid ob ata: 7.15 7.29 +0.14 
EAS Acceiove HT tices 10.84 10.22 — (262 

Ce ae eae 13.95 13.81 —0.14 
era Sool ata at 9.90 9.90 0.00 
9 7.38 7.56 +0.18 

10 9.09 9.22 +0.13 
i tae a 10.57 10.80 +0.23 
OS 8 oc ope eae 12.69 12.60 —0.09 

Average....... ; +0.01 

TABLE II. 

Body Weights in Kilos While on a Meat Diet. 

No.of dos goyreeset | | 2) Brena oh eliites:n ootone 
Le See ee 12.60 11.61 —0.99 

At 1 GIS Se 9.76 9.54 —0.22 
Ree 9.67 9.45 —0.22 
Dee aa as Shela 9.54 9.45 —0.09 

OS edie Cece ee 13.59 13.23 —0.36 

C Pixe orgy PeNCR AR egtsc 12.37 11.56 —0.81 

to) 35 Ronee Eee 10.21 9.67 —0.54 

BSS noe 13.95 12.96 —().99 

abe oe oi ee ea 14.94 13.238 —1.71 

Ee rs aid ees 11.25 10.35 —0.90 

Awerage........ —0.68 

DISCUSSION. 

There seem to be differences of opinion regarding the influence 

of anesthetics on the dextrose content of the blood. Macleod® 

claims that the changes are very slight and can be disregarded. 

8 Macleod, J. J. R., Diabetes: Its Pathological Physiology, New York, 

1913, 187. : 
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Shaffert reports considerable increase of blood sugar due to anes- 

thesia. He shows increases of 100 to 300 per cent. The results 

given in Tables III, IV, and V agree with those of Shaffer. The 

animals on a mixed diet showed a sugar content from 0.058 to 

0.085 per cent or an average of 0.075 per cent before ether. Dur- 

ing the first fifteen minutes of surgical anesthesia the blood sugar 

content rose to from 0.077 to 0.156 per cent or an average of 0.117 

per cent. The increase amounted to 56 per cent of the original 

content. 

TABLE III. 

Per cent of Dextrose in Blood of Dogs on a Mized Diet. 

During anesthesia. alone 

No. of dog. Before ether. San POG Re ghee mara 
During 1st madlofne Hind of 2 bre: discontinued. 

15 min. 

lee 0.082 0.114 0.093 0.080 0.088 

Perey pee 2 0.076 0.109 ORL 0.179 0.109 

ae 0.058 0.114 0.147 0.188 0.224 

Se 0.085 0.128 0.106 0.138 0.170 

6. 0.076 0.110 0.1238 0.157 0.109 

8.. 0.079 0.119 0.106 0.167 0.134 

OFF. 0.055 0.077 0.1388 0.130 0.122 

HOE 0.085 0.109 0.118 0.116 0.126 

aa ay 8 0.082 0.156 0.164. |) 3 

Ie 0.072 0.137 0.139 0.128 0.169 

TABLE IV. 

Per cent of Dextrose in Blood of Dogs on a Lean Meat Diet. 

: During anesthesia. Half hour 

No. of dog: | Before ether... >... > =e OU ees 

Dae End of 1 hr. End of 2 hrs. discontinued. 

bas 0.153 0.200* 0.214* O222 1 0: 20bRe 

a ae ede 0.081 0.163 0.163 Os 0.203 

4... Omt27 0.160* 0.274* 0.300* Ofer 

by. 0.091 0.109 0.165 0.179 0.185 

6 0.048 0.1038 0.114 0.196 0.185 

ee 0.082 0.062* 0.127 | os 

Se 0.059 0.117 0.114 0.118 0.124 

13 0.057 0.085 0.091 0.099 0.090 

14 0.061 0.099 0.067* 0.0925 | ee 

15 0.064 0.093 0-169" || 29 
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TABLE V. 

Average Dextrose Content of Blood of Dogs on Different Diets. 

During anesthesia. Half hour 
Bae alten ether 
ther. eee : 

Se Meee Mee [dpe |) tage, 
Mixed diet. Results ex- | 

pressed in per cent....| 0.075 0.117 0.130 0.137 0.139 

Meat diet. Results ex- 

pressed in per cent....| 0.082 0.119 0.150 0.172 0.193 

Meat diet. Results ex- 

pressed in per cent with 

(*) results rejected 

frompaverage.......... 0.068 0.110 0.135 0.143 0.157 

Mixed diet. Results ex- 

pressed in relation to 

id ovr 0 GN | Meyer Pe te neste 1.0 1.56 ts73 83 1.85 

Meat diet. Results ex- 

pressed in relation to 

IGEN A eis, evo he s nee x 1.0 1.45 1.83 2.10 2.34 

Meat diet. Results ex- 

pressed in relation to 

normal with (*) results 

ENOGUGO LG antes ae ee 10 1.62 1.99 2.10 223) 

After feeding with meat the sugar content of the normal blood 

varied from 0.048 to 0.153 per cent or an average of 0.082 per 

cent. After the animals had been under ether for about fifteen 

minutes the blood sugar content rose to from 0.062 to 0.200 per 

cent with an average of 0.119 per cent. The average increase in 

this case was 45 per cent. It may be claimed that the starred val- 

ues in the tables are out of harmony with the majority. If we 

leave these out, before ether the values range from 0.048 to 

0.091 per cent or an average of 0.068 per cent and after ether their 

range is from 0.085 to 0.163 per cent or an average of 0.110 per 

cent. The increase is then 62 per cent which is still larger than 

when all the figures were included. 

It is clear that in our twenty cases there was, because of the 

anesthesia, a marked increase in the dextrose content of the 

blood. The changed diet seems to have shown no marked change 

in the normal blood or in the hyperglycemia of the first fifteen 

minutes of anesthesia. There does seem, however, to be some 
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change in the general condition of the animal that makes it less 
resistant to the ether, and this becomes more pronounced the 

longer the period of anesthesia. 

Without going into the individual values of the dextrose con- 

tent of the blood in the periods following the first, averages only 

will be considered. The dogs on a mixed diet increased the blood 

sugar content from 0.117 per cent to 0.130 per cent in the first 

hour, from 0.130 to 0.137 per cent the second hour, and in the 

thirty minutes immediately following the removal of the ether 

from 0.137 to 0.139 per cent. 

The animals on a meat diet during the first hour of ether, in- 

creased the blood sugar from 0.119 to 0.150 per cent, in the sec- 

ond hour from 0.150 to 0.172 per cent, and during the thirty min- 

utes immediately after removal of the ether from 0.172 to 0.193 

per cent. If the starred values are omitted from the averages 

the values for the meat-fed dogs are 0.110, 0.135, 0.148, and 0.157 

per cent respectively. 

If the per cent of dextrose be expressed in relation to the nor- 

mal, valued as 1, the values for the successive periods for the 

dogs fed on a mixed diet are 1.0, 1.56, 1.73, 1.83, and 1.85. For 

the animals when fed on a meat diet the values are 1.0, 1.45, 1.83, 

2.10, and 2.34, or omitting the starred values in the last, 1.0, 1.62, 

1.99; 2.10, and 2.31. 

From a consideration of the increase of the sugar following the 

first fifteen minutes of anesthesia several interesting facts are 

clear. First the increase is general and consistent, and still con- 

tinues after cessation of the ether. Second, the increases on the 

meat diet were markedly more than on a mixed diet. The in- 

crease on the meat diet during the first hour was approximately 

equal to the increase on the mixed diet during the two and one- 

half hours. 

The excitement factor in producing hyperglycemia, suggested 

by Shaffer, should grow less or disappear in two hours of anes- 

thesia, and the longer the animal remain under the ether the 

more should the amount of blood sugar decrease. The opposite, 

however, occurs. The regular and gradual increase in the hyper- 

glycemia argues strongly against preliminary excitement being an 

important factor in producing an increase in the blood sugar.?® 

* Morita, 8. (Arch. f. exper. Path. u. Pharmakol., 1915, Ixxviii, 188), comes 
to the same conclusion from work on decerebrate animals. 
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Often this hyperglycemia is attributed to asphyxia. The fact 

that both groups of animals show a positive increase in the blood 

sugar in the thirty minutes following the removal of the ether 

does not support this contention. Furthermore the fact® that an 

abundant supply of air with ether is just as productive of hyper- 

glycemia as a minimal allowance also argues against it. How- 

ever if Verworn’s'® theory, which holds that anesthesia is essen- 

tially an asphyxiation, can be sustained, the validity of our con- 

clusions is questionable. In that case we must assume that after 

the removal of the ether the nervous system must return to nor- 

mal much more quickly than the muscular or glandular tissues, 

an assumption we are not prepared to accept. 

According to Carlson and Luckhardt!! serum diastases are very slightly, 

if at all, decreased by ether anesthesia. Moeckel and Rost! conclude 

that cold increases the diastases. Allen!* states that the nutritive condi- 

tion of the animal has no influence on the diastases. Carlson and Luck- 

hardt fed dogs on constant diets for four weeks; two on meat alone and two 

with bread and milk. They conclude that there is no relation in the dia- 

static content of the blood and the amount of carbohydrate in the diet. 

Tables VI, VII, and VIII give the values of the serum diastases 

in minutes required for the diastases in 1 cc. of serum to hydro- 

lyze the starch in 10 cc. of 1 per cent solution of soluble starch to 

such an extent that no blue color is produced by the addition of 

1 cc. of 0.002 per cent iodine solution to one drop of the serum- 

starch mixture. 

The values given in Table VI indicate a very wide individual 

variation of from 27 to 67. In this series the concentrations of 

the blood diastases of six dogs were not altered by the ether, one 

was increased, and three were decreased. These variations due to 

ether were small and insignificant in every case, as is shown by 

the table of averages, Table VIII. 

The influence of ether on the blood diastase of meat-fed dogs is 

indicated in Table VII. The individual variation here is from 

20 to 50. The diastatic activity after ether was unchanged in 

10 Verworn, M., Bull. Johns Hopkins Hosp., 1912, xxiii, 97. 

Carlson, A. J., and Luckhardt, A. B., Am. Jour. Physiol., 1908-09, 

xxiii, 148. 
 Moeckel, K., and Rost, F., Ztschr. f. physiol. Chem., 1910, Ixvii, 433. 

13 Allen, F. M., Studies Concerning Glycosuria and Diabetes, Boston. 
1913, 113. 
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TABLE VI. 

Diastase Content of Blood of Dogs on Mixed Diet. 

During anesthesia. 
Half hour 

Before ————————————————— 

ia anesthesia. During Ist maak ane End ofoihre peter Sy 
15 min. ; 7 

The. peer 35 35 35 35 35 

2 53 49 49 49 49 

3 60 60 67 67 67 

5 38 38 38 

6 39 39 39 39 39 

fot Aredia, 27 27 30 30 30 

9 43 43 43 43 43 

IES sabe 4] 41 41 41 41 

12 37 37 40 

1b ot ae 31 31 31 31 31 

TABLE VII. 

Diastase Content of Blood of Dogs on Lean Meat Diet. 

During anesthesia. Half owe 

No. of dog. p petore a Ti after ether was 

(bn eee End of 1 hr. End of 2 hrs. discontinued. 

EMS tar 8 24 24 30 30 30 

RISE hoa 40 40 40 40 40 

Lites Sena 40 40 40 40 40 

Oe ee 44 44 50 50 50 

6 20 20 20 20 20 

es a 30 30 30 i. 

S2.3e ee. 31 31 34 34 a 

TS act ee 29 35 35 35 35 

Le ee Soe 34 34 34 34 

See 36 36 36 

TABLE VIII. 

Average Diastase Content of Blood of Dogs on Different Diets. 

During anesthesia. Halehour 
Before after ether 

anesthesia. During ist|/ End of End of |S eects 

15 min. 1 hr. 2 hrs. tinued. 

Mixed diet: ene 41 40 41 41 42 

Meatiudiet:) ss ane 33 33 35 35 36 
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six cases or slightly decreased in four, the decrease being 33 to 

35. This tendency toward a decrease is greater on a meat than 

on a mixed diet. 

On studying the general trend of the values in Tables VI and 

VII it is apparent that there is a distinct range in each table. 

The averages from both are given in Table VIII, which shows a 

clear difference in the diastatic activity as a result of differences 

in diet. The meat diet has increased the blood diastases. 

At this point it may be well to make a superficial study of the 

condition of dogs under the two diets as indicated from the tables 

of body weights given in Tables I and II. In the first table it 

is shown that one dog lost am appreciable amount and the others 

either gained or lost very little. The average for the ten dogs 

was 0.01 kilo per period. Table II shows that six out of ten 

dogs fed on a meat diet lost weight appreciably. The. average 

loss of weight was 0.68 kilo per period. Judging from the varia- 

tions in the body weights of the dogs, it is probable that the meat- 

fed animals were no more laden with glycogen than those on the 

mixed diet. 

Macleod" asks: ‘‘How, then, are we to harmonize these ap- 

parently contradictory observations—vz., that the glycogen rap- 

idly disappears without there being any increase (indeed, in the 

case of the sugar-fed dogs, a decrease) in the percentage of reduc- 

ing substance in the blood? We can do so only by assuming that 

the glycogen may leave the liver, . . . . in some other 

form than sugar—possibly as some dextrin, which is either pre- 

cipitated along with the proteins or is unable to reduce cupric 

Salts: - 

Our results indicate that there is an increase in the blood dex- 

trose produced by ether anesthesia and that the increase is greater 

when the dogs have been fed on a meat diet. We also find that 

ether anesthesia has no effect on the serum diastase but that the 

absence of carbohydrate from the diet increases it. 

It seems to us therefore that Dr. Macleod’s problem quoted 

above may be more simply solved than he has suggested. Sup- 

pose that ether in itself is an activator or sets free an activator, 

which makes the glycogen of the liver more susceptible to attack 

by the diastase of the blood serum. Then ether anesthesia would 

14 Macleod, loc. cit., 190. 
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cause a disappearance of the glycogen from the liver and an in- 

crease of sugar in the blood. This accords with the facts. Then 

too if the blood diastases were increased ether would cause a pro- 

portionally greater hyperglycemia. ‘This is also in accord with 

our data. Taking the diastase values before ether in Table VIII, 

there is found an increase of 24 per cent when the animals were 

changed to a meat diet. On referring to Table V, a hypergly- 

cemiaof 83 per cent is indicated in two hours, due to the ether, on 

a mixed diet, and a hyperglycemia of 110 per cent on a meat 

diet—or a difference of 32 per cent (of 83) due to the absence of 

carbohydrates from the diet. Therefore the increase in the sugar 

seems to follow the increase in the diastase; for when we increase 

the diastase 1.24 times we increase the extra sugar 1.32 times 

or approximately to the same degree. While this may be a 

coincidence, it seems more like a causative relation which requires 

consideration. It suggests the probability that in ether anesthesia 

the glycogen of the liver so changes that it is more readily acted 

on by the diastases which are common to both blood and liver. 

SUMMARY AND CONCLUSIONS. 

Ten dogs were fed on a mixed diet for a period of about a week. 

At the end of that time they were anesthetized for two hours. 

The dextrose and diastase contents of the blood were determined 

at intervals before and during the anesthesia. The animals were 

then fed on a meat diet for a similar period, and the sugarand dex- 

trose determinations made as before, during and after ether anes- 

thesia, In such a way that the concentration of each could be di- 

rectly compared. The results indicate the following: 

1. Ether anesthesia causes a hyperglycemia. 

2. Ether causes a greater hyperglycemia in dogs which have 

been fed on a pure meat diet than on a diet including carbohy- 
drate. 

3. Ether itself, and not asphyxia or excitement, is responsible 

for the greater part of the blood sugar change. 

4. Ether anesthesia does not increase the diastatic power of 

the blood serum. 

5. The diastase concentration of the blood is on the average 

higher in animals which have been fed on a meat diet than on a 

mixed diet. 
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Hypoglycemia has not been so frequently recorded nor has it 

been considered so important as hyperglycemia. The reason is 

very apparent. Diabetes is so common and so fatal a disease 

that all phases of it have attracted attention. When, therefore, 

it was found that the blood sugar is usually increased and that 

when it reaches a certain concentration it passes iito the urine, 

the cause of the disease was thought to be closely associated with 

the blood. On the other hand we know of no disease where hypo- 

glycemia has been considered so important as the hyperglycemia 

of diabetes. If increase in the blood sugar is at all important 
the measures which will cause a decrease must also be of impor- 

tance. The methods which reduce the blood sugar are worthy 

of attention for the following reasons: First, they may illuminate 

the process of normal sugar metabolism; and second, they may 

reveal something of value in the treatment of perverted sugar 

metabolism. -While such possibilities exist it must be confessed 

that all of the known methods of blood sugar reduction are 

brutal and of much more immediate injury to the animal than 

the most rapidly progressing hyperglycemia.! 

Reduction of the sugar content of the blood is a rather difficult matter. 

The conditions that may cause a reduction of the normal sugar concen- 

tration are extreme exhaustion,” adrenal insufficiency,*? Addison’s disease,‘ 

1 The treatment of diabetes recently advocated by Allen, F. M. (Boston 

Med. and Surg. Jour., 1915, elxxii, 693-730), apparently does not deserve 

this condemnation. 

? Weiland, W., Deutsch. Arch. f. klin. Med., 1907-08, xcii, 223. 

3 Mayer, A., Compt. rend. Soc. de biol., 1908, Ixiv, 219. 

4 Porges, O., Zischr. f. klin. Med., 1910, lxix, 341; 1910, Ixx, 243. 

417 

THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXII, NO. 2 



Y Aa y ee 

418 . Peptone Hypoglycemia 

thyroid insufficiency,’ poisoning by phosphorus® and hydrazine,’ high sec- 

tion of the cord,® anaphylactic shock, intercurrent affections,® moribund 

states,!° and the injection of foreign proteins. The striking physiological 

changes that result from the application of most of the methods are: low 

blood pressure, splanchnic dilation, depleted vitality, and, in larger doses, 

a moribund state. In none of them is there the remotest suggestion of 

anything that operates for the welfare of the organism. Various artificial 
hyperglycemias and glycosurias have been reported to be lessened by the 
administration of certain glandular extracts or salt solutions. Stenstrém"™ 

found that pituitrin lessened adrenalin hyperglycemia. Dresel'? reports that 

extracts of the pituitary, thyroid, ovary, or pancreas when injected with 

epinephrin reduce the height of the hyperglycemia. Miculicich'*® found 

that hirudin inhibits and Glaessner and Pick!4 found that pancreatic juice 

and Witte’s peptone lessen epinephrin glycosuria. Bock and Hoffman’ 

showed that salt glycosuria is lessened by the further action of the in- 

jected saline. It is now known that calcium chloride will lessen salt glyco- 
suria. Underhill'* found that the glycosuria produced by morphine, pyri- 

din, ete., is reduced by the free administration of oxygen. Other cases of 

the kind are reported by Allen.'7 It should be stated, however, that the 

whole subject is unsatisfactory and contradictory to such an extent that 

many substances are recorded by some to produce hyperglycemia or glyco- 

suria, while according to others the same drug causes hypoglycemia. Phos- 

phorus, salt solutions, and peptones are among such drugs. Also in most 

moribund states the blood sugar increases immediately before death. 

*> Cushing, H., The Pituitary Body and Its Disorders, Philadelphia, 

1910, 182 and 262. : 

6 Frank, E., and Isaac, S., Arch. f. exper. Path. u. Pharmakol., 1911, 
Ixiv, 274. 

7 Underhill, F. P., Jour. Biol. Chem., 1911-12, x, 159. 

5 Falta, W., quoted by Cammidge, P. J., Glycosuria and Allied Condi- 

tions, London, 1913, 144. Chauveau, A., and Kaufmann, M., Compt. rend. 

Acad. d. sc., 1898, exvi, 298, 551, and 613. Bernard, C., Lecons sur la physi- 

ologie et la pathologie du systéme nerveux, Paris, 1858, 1, 466 and 482. 

° Cammidge, loc. cit., 180. 

10 Macleod, J. J. R., Diabetes: Its Pathological Physiology, New York, 

1913, 58. Also Bock, C., and Hoffman, F. A., Jahresb. f. Thierchem., 1874, 
iv, 440. 

1 Stenstrém, T., Biochem. Ztschr., 1913-14, lviii, 472. 

2 Dresel, K., Ztschr. f. exper. Path. u. Therap., 1914, xvi, 365. 

18 Miculicich, M., Arch. f. exper. Path. u. Pharmakol., 1912, lxix, 128. 

‘4 Glaessner, K., and Pick, E. P., Ztschr. f. exper. Path. u. Therap., 1909, 
Viviolen 

* Bock and Hoffman, Reichert and Du Bois-Reymond’s Arch. f. Anat., 

1871, 550; Jahresb. f. Thierchem., 1874, iv, 435. 

‘6 Underhill, F. P., Jour. Biol. Chem., 1905-06, i, 118. 
'T Allen, Studies Concerning Glycosuria and Diabetes, Boston, 1913, 855ff. 
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In making blood transfusions from one normal animal to another 

we have noticed that there is a general tendency for the blood 

sugar of the recipient to fall. The reduction may be small in 

amount but at the same time it is suggestive. We have since 

found that this is a common result of the intravenous injection 

of proteins and especially of peptones. It is of this later action 

that we wish to report. Henderson and Underhill'® have reported 

glycosuria following the injection of peptone. We can not con- 

firm their results,and look upon the glycosuria they describe not 

as a peptone but as either an ether glycosuria or as an exception 

to the regular peptone action. Similar exceptions may be seen 

in those cases in which peptone hastens rather than retards the 

coagulation of the blood.!? The whole subject of the action of 

sera, organ extracts, and toxins on the sugar content of the blood 

is in an unsatisfactory state, and the action perhaps varies with 

conditions. Our own work is concerned only with the action of 

peptone and it shows that the usual result of the intravenous 

injection of peptone, especially if it causes splanchnic dilation, 

is a fall in the level of the blood sugar. 

In the present work we used Witte’s peptone, and think that 

it is more active in causing a lowering of the blood sugar when 

it is dissolved in cold water and not boiled after solution. We 

obtained similar results with silk peptone and with gelatin; and 

in several cases of anaphylactic shock, which resembles peptone 

action, we found a hypoglycemia; not in all cases, however.?° 

METHODS. 

To determine the action of peptone on the blood sugar our 

work may be divided into three parts: 

18 Henderson, Y., and Underhill, F. P., Am. Jour. Physiol., 1911, xxviii, 

280. 
19 Stewart, G. N., A Manual of Physiology, Philadelphia, 5th edition, 

1906, 47. 
20 Woodyatt’s case of human transfusion may be cited to show the harm- 

ful influence of the intravenous injection of proteins. It also agrees with 

the work of Henderson and Underhill. At least part of the harmful result 

in this case may be attributed to the anesthetic (Woodyatt, R. T., and 

Raulston, B. O., Jour. Biol. Chem., 1914, xvii, p. 1). 
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First: Experiments in which the dogs were first etherized and 

a sample of blood was taken for sugar analysis after which the 

peptone was immediately’ injected and the ether removed. In 

some cases blood samples were taken before etherization. The 

later samples were taken without the use of ether. If in all cases 

samples of blood had been taken before etherization the data 

would have been more complete. However, we know the general 

action of ether on the blood sugar, and the additional data that 

might have been gained would in no way affect the general con- 

clusions. The results of this work, tabulated in Table I, show 

clearly that under these conditions peptones at least do not in- 

crease the sugar content of the blood. There is always an increase 

in the blood sugar under ether; if after the short period of etheri- 

zation, which was never more than fifteen minutes in this work, 

the ether be removed, we must expect a rather sudden return of 

the sugar to the original level. If, however, peptone causes a 

great hyperglycemia, this drop should not take place, or at least 

the hyperglycemic state should soon be manifest. Clearly, such 

is not the case. Any rise in the sugar concentration under these 

conditions seems to be due to the ether. 

Second: In this group of experiments, as recorded in Table II, 

no ether or other anesthetic was used. The normal sugar was 

determined immediately before the injection of the peptone and 

at intervals for several hours afterward. In about two hours 

after the injection the sugar content of the blood reaches a mini- 

mum. The usual result is a fall of the sugar to about one-half 

or one-third of the original. Between the injection of the peptone 

and the hypoglycemic state there may be an increase in the sugar © 

concentration of the blood, but as a rule this is transient and 

insignificant, and due, we think, to asphyxial conditions. So far 

as we have found it has never led to glycosuria. In one extreme 

case the blood sugar rose to 0.45 per cent, but the rise could not 

be attributed to the peptone action, as the animal was moribund 

and the symptoms indicated asphyxia. A few other cases showed 

considerable rise from the same reasons. In those cases where 

any marked rise occurred the animal died in a short time. Such 

cases we consider moribund, and from them no legitimate conclu- 

sion can be drawn. 

Third: Those cases in which the animal was kept under the 

influence of ether throughout the experiment. The results are 
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summarized in Table III. This indicates that it is the ether and 

not the peptone that raises the sugar concentration. When the 

ether is removed the sugar falls; when it is again administered the 

sugar content rises. This last rise takes place notwithstanding 

that the animals after this amount of peptone are so depressed 

that their resistance is low and consequently they exhibit but 

little excitement. In all cases, ether is decidedly antagonistic to 

the action of peptone. 

Method of Sugar Determination —Between 5 and 10 gm. of blood were 

drawn from the femoral or jugular vein with a syringe. When it was 

thought that the concentration was low, slightly more blood was taken. 

On the average about 8 gm. were used. It was added directly to a weighed 

solution of sodium sulphate and acetic acid (crystalline sulphate 20 per 

cent and acetic acid 1 to 1.5 per cent) and again weighed. The precipita- 

tion was completed by heat, and the coagulum was filtered and washed with 

some of the sulphate acetic acid solution. About the same amount of solu- 

tion was used in each case. Consequently the final volume was the same. 

The permanganate method of titration of the reduced copper from Fehl- 

ing’s solution was used and the permanganate solution was prepared so 

that 1 ec. represented 1 mg. of dextrose. The solution was standardized 

by adding a known solution of dextrose to the same volume of the acid- 

sulphate as was used to precipitate and to wash the blood proteins. This 

old method we believe has as yet no superior. 

It is well known that if peptone be present in a solution of sugar which 

is to be determined by a Fehling solution, it will hold the reduced copper 

in solution. It is also known that it is very difficult to precipitate peptone 

and we do not think that this method could be relied on for this purpose. 

The solvent effect of even small amounts of peptone on cuprous oxide is 

enormous. For this reason it may be thought that the reduction of the 

sugar reported may be more apparent than real. We think the factor of 

peptone interference has been eliminated for the following reasons: Sub- 

stances injected into the blood soon leave it except in the merest traces. 

We also tested the filtrate after the proteins were precipitated, and could 

never detect peptone by the ninhydrin and biuret tests, the limit of which 

is delicate enough to detect peptone present in sufficient concentration to 

interfere with sugar determination. Finally, the strongest argument 

against such an assumption is the fact that the tests show a larger amount 

of sugar one hour after the injection of the peptone than some hours later. 

DISCUSSION. 

Regarding the mechanism of the action of peptone or an expla- 

nation of its action we have only suggestions to offer. As pointed 

out above, the most striking common physiological change is 

splanchnic dilation. This, together with the well known action 
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of albumoses and peptones on the liver, leads us to think that 

the fundamental cause is a change in the circulation of the liver. 

The whole action of the peptone when administered in the way 

stated is a condensed fatigue effect. The question of the glycogen 

in the liver is important. We determined this in three cases 

only. In these we found it to be 0.45, 1.91, and 3.18 per cent. 

The blood sugar in the last case was lower than in any of the 

others. From these facts it is evident that depletion of the liver 
glycogen is not essential to the hypoglycemia, although the 

average of the glycogen content seems to be diminished. 

CONCLUSION. 

The intravenous injection of albumose and peptone in most 

cases causes a pronounced hypoglycemia. This action seems to 

be ‘due to circulatory changes in the liver. 

TABLE I. 

Animals Given Ether Only during the Injection of Peptone—1é to 20 

Minutes. 

Date: Weight eas Volume “see tt aniiesca mnie 
of dog. of water.| begin- 

Rep eane. ning. After After 

1914 kg. gm. ce. per cent | per cent hrs. per cent hrs. 

Dec. 14 12.1 5 50 0.068 0.047 3 0.038 5 

May 28 5.9 5 100 0.160 0.095 3 

June 19 16.6 10 100 0.054 0.197 | 15 min. 0.033 24 

before 

ether 

re g29 13.3 5 100 0.152 0.075 2 

July 15 10.3 6 0.061 0.048 24 

Morphine} and ether 

May 25 5 100 0.104 0.049 15 

“26 5 100 0.098 0.076 20 

June 18 16.0 10 100 0.072 0.077 2 Animal] dljied during, 

night. 

ry ye 9.0 5 100 0.070 0.037 20 

Pte AS 10.5 5 30 0.088 0.199 1 0.024 3 

SG 10.5 6 50 0.070 0.098 1 0.030 3 

“k Bock and Hoffman (reference 10) have shown the marked influence 
of disturbed liver circulation on the sugar concentration of the blood. 
Their animals, however, were moribund. 



TABLE II. 

No Anesthetic at Any Stage of the Experiment. 

0 50, oe 
3 = 5 8 3 . 

fe} a fey g 2.8 e 

° o Og =| 

Bah si \een eos ahaa os 
Weight o Es AG fd Time of 

Date. of dog. & ca 3 a Sa ZI = maximum. 
° ° 5 s As D is} 

5 2 a Rise |ieegteies = 
A eich || Silteran Basie tc aes 
e a oq of | RSs 5 
= Se ee Bee s! 

1915 kg. gm cc se ht hrs. ce hrs. min. 

Jan. 23 11.9 3.5 15 0.104 | 0.027 3 0.140 | 2 0 

P25 11.8 3.5 ? 0.082 0.047 3 

ce 25 B33) 1.8 0.065 | 0.046 18 0.068 20 

S25 13.9 1.9 10 0.066 | 0.030 4 

ee oO: 10.2 2.0 15 0.060 | 0.040 3t 0.040 | 3 15 

Feb. 1 10.5 10.0 7 0.068 | 0.055 23 0.068 

6 3 10.2 2.0 10 0.094 | 0.063 24 0.063 |} 2 30 

« 4 10.2 5.0 12 0.060 | 0.047 5} (ilie} || al 25 

Same dog : 

fe 4 Mol 1.75 10 0.049 | 0.034 24 0.051 1 

& 5 lent 3.0 14 0.047 0.015 2 0.044 4 

Same dog 

« 6 9.0 3.0 10 0.050 | 0.022 5 0.040} 1 30 

Lae an! 9.0 5.0 17 0.088 | 0.240 2 0.450 | 2 30 

Same as Dies from 

Feb. 6 asphyxia. 

eZ. 4.0 8.0 40 0.072 | 0.050 2 0.050 

Mar. 3 10.0 3.0 15 0.055 0.018 23 0.096 1 30 

Cer 10.2 3.0 ? 0.040 | 0.015 23 0.092 35 

Feb. 12 10.2 3:0 11 0.038 0.032 2 

Same dog as Feb. 3. 

1914 

Dec. 10 10.6 3.0 ? 0.085 | 0.062 3 

pl 2 18.5 5.0 100 0.080 | 0.041 5 

TABLE III. 

Ether throughout Experiment. 

ei b eS g a5 (| Be ‘29 EF fgse 
as) Sy 5 ao ee | eas te aa 
S S S 2 “op, S| 2 g 3 g g 2 Bs 

Date. a pee Bs ire Aah es) GSP |) CAN) ses e151 

g | 38 | 38 | as | ses) eon| os] os jodes 
3 so crm s | sail Sao. | eho “a (a Aae 
= = > D mM = a = a 

kg. gm. ce. |per cent|per cent|per cent| hrs. |perceni| min. 

Hebe Oh. Or? 6 20 0.056 0.030 30 

= 0 eee 6.5 PD 10 0.052} 0.090} 0.152 4 |0.064 30 

OC SG eee 9.0 6 30 0.073) 0.140) 0.165 4 |0.067 |1 hr. 

iii, = See 12.0 6 50 0.095} 0.160 41 |0.055*|2 hrs. 

LM IES 7 12.0 6 75 0.060) 0.110) 0.149 1 {0.085 30 

* In the middle of the experiment the ether was removed and the sugar 
fell to the low point given. Etherization again raised the sugar to the 

figure mentioned. 
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ON THE KYRINE FRACTION OBTAINED ON PARTIAL 

HYDROLYSIS OF PROTEINS. 

SECOND COMMUNICATION. 

By P. A. LEVENE anp J. van per SCHEER. 

(From the Laboratories of the Rockefeller Institute for Medical Research.) 

(Received for publication, July 14, 1915.) 

The significance of the theoretical assumptions based on 

Siegfried’s original conception of the composition of kyrines 

has been discussed in an earlier paper.! According to Siegfried 

the kyrines are fragments of the protein molecule—polypeptides, 

resembling in every respect the natural protamines, and as such 

carry evidence in favor of the assumption that the molecule of 

every protein is built around a protamine nucleus. Levene and 

Birchard succeeded in fractionating the kyrine fraction of gelatin 

into two peptides, one containing in its molecule only arginine 

and the other only lysine. One of the two was obtained in a 

state of satisfactory purity. The work was since then extended 

to the study of the kyrine fraction of casein. The object of the 

work was twofold. First, it was realized that the kyrines ob- 

tained from other sources than gelatin might actually represent 

the large fragments of the structure assumed by Siegfried. On 

the other hand, it was possible that most kyrines were composed 

of simple basic peptides. In that case, a comparative study of 

their structure could be expected to furnish some information 

as to the distinctive structure of the molecule of individual 

proteins. 

The procedure employed for fractionating the gelatin kyrine 

was applied in a general way also for fractionation of the substance 

obtained from casein. Only one additional step was introduced. 

In the earlier work the kyrine was separated into one part forming 

a silver complex insoluble in water, while the other part was solu- 

1 Levene, P. A., and Birchard, F. J., Jour. Biol. Chem., 1912-13, xiii, 277. 
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ble. In the present work each of the two fractions was further 

fractionated into two parts, the one forming a phosphotungstate 

soluble in hot water, the other a phosphotungstate which was 

insoluble. The details of the procedure remained as in the 

previous work. 

From one of the fractions it was possible to obtain a sulphate 
which had all the macroscopic appearance and character of a 

crystalline substance. It was no longer hygroscopic as were 

Siegfried’s kyrines, or the amorphous peptides. It was composed 

of long, glistening needles. Under the microscope they presented 

in part perfect prismatic needles, in part tapering formations 

resembling Lehmann’s liquid crystals (Fig. 1). By means of 

fractional crystallization this substance could not be altered in 

oe eae L amino N 
its elementary composition nor in its ratio of ————. 

total N 
The ratio prior to hydrolysis was 50 per cent, and after hy- 

drolysis, 75 per cent. 

Furthermore, it was found that all the basic nitrogen was pres- 

ent in the form of amino nitrogen, hence the peptide contained 

in its molecule only one basic substance: lysine. This assumption 

was substantiated by the fact that the lysine could be isolated in 

the form of its picrate in a quantity required by the theoretical as- 

sumption. Hence there remains no doubt that the substance was 

a tripeptide containing lysine, and two amino-acids, of which one 

did not contain a primary NH, group and therefore might have 

been either proline or oxyproline. The elementary analysis of the 

sulphate had a complete agreement with the assumption that 

the tripeptide was composed of lysine, oxyproline, and valine. 

The theory for this assumption requires C = 42.20, H = 7.04, 

S = 7.03, and the figures found by analysis were C = 42.29, 

H = 6.97, S = 6.60. 

Unfortunately we were not equally successful in the isolation 
and in the identification of the amino-acids as we were in that 

of lysine. Valine was obtained once in a rather small quantity; 

oxyproline has not been identified up to the present. This per- 

haps is due to the fact that in its pure form the substance was 

available for hydrolysis in every experiment in a rather small 

quantity. Furthermore, the possibility is not excluded that the 
sulphate consisted of two, or of several, lysine peptides. 



However, the principal fact was established, namely, that the 

casein kyrine can also be fractionated into simple peptides each 

containing in its molecule only one basic substance. 

P. A. Levene and J. van der Scheer ADT 

EXPERIMENTAL. 

500 grams of casein were hydrolyzed with 5.5 liters of 12.5 per 

cent hydrochloric acid for five weeks at 40°C. At the end of 

that time the solution was filtered, diluted with water to twice 

its volume, and to the solution phosphotungstic acid was added 

as long as a precipitate formed. After standing in the refrigerator 

over night, the phosphotungstic precipitate was filtered off and 

washed repeatedly with cold 5 per cent sulphuric acid until the 

wash water was free from hydrochloric acid. The precipitate was 



428 Kyrine Fraction 

then dissolved in 5 liters of 10 per cent ammonia, the solution 

brought to a boil, and the phosphotungstic acid removed by 

means of finely powdered barium hydrate. The excess of barium 

hydrate was removed with carbon dioxide and the filtrate con- 
centrated to a small volume. 

This material was further fractionated by means of silver nitrate 

and barium hydrate. 

The solution was first slightly acidified with dilute nitric acid 

and then silver nitrate was added in slight excess. To the solu- 

tion barium hydrate was then added until no more precipitate 

_was formed.: Both filtrate and precipitate were acidified with 

sulphuric acid and decomposed with hydrogen sulphide, and, 

after filtering, neutralized with barium hydrate and concentrated. 

The peptides were precipitated with phosphotungstic acid and the 

precipitates freed from nitric acid by repeatedly washing with 

cold 5 per cent sulphuric acid. 

The phosphotungstic acid precipitates were then extracted four 

times with large volumes of boiling hot water. The phospho- 

tungstic acid was removed from the aqueous solution by lead ace- 

tate and the excess of lead by hydrogen sulphide. The phos- 

photungstie precipitates were dissolved in ammonia and freed 

from phosphotungstic acid in the way previously described. 

Thus four fractions were obtained, namely: 

2. Phosphotungstate extracted with hot 

water. 

3. Phosphotungstate soluble in hot water. 

4. Phosphotungstate extracted with hot 

L water. 

1. Phosphotungstate soluble in hot water. 

Silver precipitate............ 

Filtrate from silver nitrate 

LLEALINENU. meas ee 

Fraction 4, obtained after the treatment with silver nitrate 

and barium hydrate and extraction of its phosphotungstic pre- 

cipitate with hot water, had the ratio of amino nitrogen to total 

nitrogen of about 1 to 3, which ratio did not change after repeat- 

edly fractionating it by means of silver nitrate and barium hydrate. 

The final solution was concentrated to a small volume, acidified 

with sulphuric acid, and precipitated in about 6 liters of 99.8 per 

cent aleohol. The precipitate of the sulphate was filtered off, 
redissolved in a small amount of water, and again precipitated in 
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alcohol. It was found that on repeating the process the ratio of 

amino nitrogen to total nitrogen had increased after each precipi- 

tation until it reached the value of 0.50, after which two precipi- 
tations in alcohol did not give any marked change in the nitrogen 

ratio. 

Amino Nitrogen Ratio in the Purified Sulphate. 

The ratio of amino nitrogen to total nitrogen was determined 

according to the method of Van Slyke. 

0.6000 gm. of sulphate was dissolved in 20 ce. of water. 

Total N :5 ce. of solution neutralized 10.6 ce. 7; H.SO;. N = 14.84 mg. - 

Amino N :5 ce. of solution gave 13.20 cc. gasat 23°,768 mm. N = 7.47 

mg. 
Amino N 
acai ee Pe Re era Sad He hep Hse el SS MCE eee 50.5 per cent. 
Total N 

Analysis of the Substance. 

I. 0.1098 gm. of substance gave 0.1664 gm. CO: and 0.0668 gm. H.O. 

0.0668 gm. of substance gave 0.0310 gm. BaSOx,. 

Il. 0.0929 gm. of substance gave 0.1450 gm. CO: and 0.0604 gm. H.O. 

Calculated for Found: 
CisH32NaSOg: I 

aco ad AS ath 42.20 42.29 42.58 

JBL 9 0ab8 6616.6 Gee Oe ee ne 7.04 6.97 eae 

Dada s 8 6 0c e SS SRE PELE ee Ero Pa ee eee 7.03 6.60 

Hydrolysis: Nitrogen Distribution. 

2 grams of the sulphate were hydrolyzed for twenty-four hours 

with 50 ec. of 20 per cent hydrochloric acid, the excess of hydro- 

chloric acid was then distilled off in vacuo, and the solution made 

up to 100 ce. 

Total N :5 cc. of solution neutralized 6.95 ec. 7 H.SO,. N = 9.73 mg. 

Amino N : 5 ce. of solution gave 13.10 ec. gas at 22°, 763 mm. N = 7.40 

mg. 

Amino N 

Total N 
ee ke apc) Ss s:'n, Ene OP EPC TNTS Rote cen eden 76 per cent. 

From this it is evident that after hydrolysis among the com- 

ponents there was present a substance containing nitrogen in a 

different form from a primary amino group. To that class belong 
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proline, oxyproline, tryptophane, arginine, and histidine. Further 

hydrolysis has shown that all the basic nitrogen was composed 

of amino nitrogen, and hence was made up of lysine. 

Hydrolysis Aiming to Show the Quantity of Lysine in the Peptide. 

Another 20 grams of hydrolyzed sulphate were, after removal 

of the hydrochloric acid and sulphuric acid as before, made up 

to 500 ec., and 75 cc. of concentrated sulphuric acid and 1 liter of 

10 per cent phosphotungstic acid solution added. After stand- 

ing in the refrigerator the phosphotungstic precipitate was fil- 

tered off and the phosphotungstic acid removed in the usual way 

by means of barium hydrate. 

Of the 100 cc. solution 2 ce. were taken, the ammonia was 

boiled off with calcium oxide, and the solution made up to 10 ce. 

Total N :5 cc. solution neutralized 3.10 ec. 77 H2SO4. N = 4.34 mg. 

Amino N :2 cc. solution gave 3.10 cc. gas at 25°, 765 mm. N = 1.73 
mg. 

Amino N 

Total N 

Total 100 ce. contain 0.4320 gm. of amino N, corresponding to 2.27 gm. 
of lysine. 

Se aT EE RAS cic 'dis AURA SSA Soo 22 e 99.9 per cent. 

The solution was concentrated to 50 cc. and 3 grams of picrie 

acid were added. On boiling, a precipitate was formed which was 

filtered off, washed with ether,and dried. Yield: 5.6 grams, corre- 

sponding to 2.3 grams of lysine. 

0.1500 gm. of the picrate gave 20.20 cc. N gas in the Van Slyke appa- 

ratus, at 22°, 765 mm. 

Calculated for 
Ce His N2O2.CeH2(NO2)s0H: Found: 

Die sche sae a sith <r 7.80 7.65 

Hence it is made clear that the substance contained only one 

base, and that this was lysine. 

Analysis of the Mono-Amino-Acids. 

10 grams of the sulphate were hydrolyzed by boiling for twenty- 

four hours with 200 cc. of 20 per cent hydrochloric acid; the sul- 
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phuric acid was removed with barium hydrate and the hydro- 

chloric acid distilled off under diminished pressure. The remain- 

ing hydrochloric acid was removed by means of silver sulphate. 

The silver was removed finally with hydrogen sulphide and the 

sulphuric acid quantitatively with barium hydrate. 

It was attempted to separate the amino-acids by converting 

them into the copper salts. This process was not successful. 

Hence the lysine was removed by means of phosphotungstic acid. 

The filtrate was freed from the excess phosphotungstic acid by 

means of barium hydrate. This again was removed quantita- 

tively by means of sulphuric acid. The solution was concen- 

trated to a very small volume. Absolute aleohol was then added 

to the solution. On standing, a precipitate formed which was 

filtered over a small Buchner funnel, washed with alcohol, and 

recrystallized from a minimal quantity of water. The yield was 

0.200 gram. 

Amino N :0.020 gm. of substance gave 4.00 cc. gas at 21°, 768 mm. 

N = 2.28 mg. 

The substance contained 6.37 per cent ash. 

0.0970 gm. of substance gave 0.1841 gm. CO, and 0.0792 gm. H.O. 

Calculated for 
CsHu NOz: Found: 

(Gre oc 'e oick cron tke Bhs Gro Uae coe en eo, a ee me 9 51.30 51.68 

Hern eT spew tect na ect Eee iG) Ate oe oT 9.40 9.11 

ASTIN® IN 5550.8 Coo SRST EE Eee 11.95 U2) 76 

The substance had the following rotation: 

ke +0.70° X 2.8885 , 
a omy BAe 

[a], 0.5 X 1.055 X 0.1500 - 

Attempt to Isolate a-Proline or Oxyproline. 

The product of hydrolysis of 10 grams of the sulphate was pre- 

cipitated with phosphotungstic acid and the filtrate freed from 

phosphotungstic acid with barium hydrate in the usual way. In 

the barium-free solution the amino-acids were converted into 

their copper salts. From the mixture a-proline could not be iso- 

lated. Hence the product was freed from copper, the solution 

was made up to a volume of 80 cc. to which 3 grams of barium 

hydrate were added, and heated in a sealed tube at 140-150° for 
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five hours. The attempt to isolate the copper salt of the inactive 

a-proline was not successful. 

In another experiment with 10 grams of the sulphate an attempt 

was made to isolate oxyproline. The product was treated with 

phosphotungstie acid, and the amino-acid fraction was converted 

into the copper salts. The process which had been successfully 

employed in this laboratory on a previous occasion was followed 

in this experiment.? The copper salts were fractionated by means 

of dilute alcohol (80 per cent) but no pure oxyproline could be 

isolated. 

2 Levene, P. A., and Beatty, W. A., Ztschr. f. physiol. Chem., 1906, xlix, 

256. 



— ™) 

SPECTROGRAPHIC STUDY OF AMINO-ACIDS AND 
POLYPEPTIDES.! 

By PHILIP ADOLPH KOBER, 

WityH THE ASSISTANCE OF WALTHER EBERLEIN. 

(From the Harriman Research Laboratory, Roosevelt Hospital, New York.) 

(Received for publication, August 9, 1915.) 

The object of this investigation. was twofold: (1) to gather 

spectrographic data with a view to using the same in the study of 

the constitution of proteins and their derivatives; and in particu- 

lar (2) to throw light on the peptide linking; to ascertain for 

instance, whether the keto-enol tautomerism suggested by Dakin,? 

in explanation of the interesting and valuable phenomenon of 

the “racemization” of proteins, can be shown by spectrographic 

methods. 
In regard to the first object, the results show that, with the 

exception of the aromatic derivatives phenylalanine and tyrosine, 

the amino-acids do not show any special absorption, it being gen- 

eral in the extreme ultraviolet. The same holds true with their 

alkaline or acid salts, 7.e., when they are dissolved in sodium 
hydroxide or hydrochloric acid. The results are in harmony with 
those of Hartley, Baly, Stewart, Hantzsch, Ley, Henri, and others 

who have shown that aliphatic acids,* alcohols,? esters, amines,°® 

and amides® produce no specific absorption, or in other words 

contain no chromophoric group. 

1 Read before the Biological Section, American Chemical Society, 
Seattle, Wash., August, 1915. 

? Dakin, H. D., Jour. Biol. Chem., 1912-13. xiii, 357. Dakin, H. D., and 

Dudley, H. W., ibid., 1913, xv, 263. 
3 Bielecki, J., and Henri, H., Ber. d. deutsch. chem. Gesellsch., 1912, xlv, 

2819. 

4 Bielecki and Henri, ibid., 1913, xlvi, 1304. 
5 Bielecki and Henri, Compt. rend. Soc. de biol., 1913, elvi, 1860. 
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' Qualitatively speaking, the absorption in the ultraviolet is of 

very little value, if any, for the aliphatic amino-acids, while for 

tyrosine and phenylalanine, the absorption is very marked, and 

may be useful in demonstrating the, presence of such groups in 
protein derivatives, as for example, peptides. Quantitative re- 

sults, which we were unable to make, owing to unavoidable delay 
in importing a sector photometer, will probably show greater 
usefulness. 

On the other hand the equilibrium suggested by Dakin, accord- 

ing to previous work should give, if true, a specific absorption. 
Dakin’s ideas are expressed by the reaction: 

>C-C-N-=>C=C-N- 
i Fl ii ale! eee! 

O O 
H 

which assumes that one of the hydrogen atoms of a carbon atom 

is labile. A similar tautomerism was studied by Baly and Desch® 
who had very good reasons for believing that the special absorp- 

tion of ethyl acetoacetate and acetylacetone was due to a dynamic 

isomerism, between their keto and enol forms: 

O O 

Va 
CH; — C — CH. — C — OC:H; CH; — C — CH2 — C — CH; 

| 
O O Le pee eee 

y, 
CH;— C = CH — C— OC2H; CH; — C — CH — C— CH; 

O O 
H H 

The explanation of this special absorption has since been some- 

what modified, it being fairly well shown that it is not the oscilla- 
tion of the hydrogen atom that causes the specific absorption, but 

the salts of these two forms, or the forms themselves.7 These 

facts, together with the fact that acetone and similar substances 

having double bonds are-chromophoric, would lead us to expect 

* Baly, E. C. C., and Desch, C. H., Tr. Chem. Soc., 1904, Ixxxv, 1029. 

” Bielecki and Henri, Compt. rend. Soc. de biol., 1918, clvi, 1322. 



specific absorption in Dakin’s “‘racemization”’ tautomerism. This 

expectation is increased by the fact that an excess of sodium 

hydroxide acts catalytically in Dakin’s phenomenon as well as 

in the absorption of ethyl acetoacetate. 

So far, however, we have found no absorption band which would 

support the tautomerism suggested by Dakin. It is possible 

that in other solvents and under more favorable conditions such 
specific absorption may be found, but it is not probable. 

Owing to the importance of the matter, we should like to call 

attention to the following points, which, even though they have 

nothing to do with absorption, tend to show that Dakin’s expla- 

nation of the facts is incorrect: 
1. Dakin and Dudley state that their “racemized”’ protein is 

indigestible, z.e., not digested by pepsin, trypsin, and erepsin; 

which they take as evidenceof completeracemization. This seems 

very hard to understand, as it has been shown that trypsin’ digests 

many and erepsin® all racemic peptides. The indigestibility seems 

to indicate more than racemization; it indicates a profound change 

in the protein molecule, either in the configuration other than opti- 

cal, or in an extended adsorption of alkali. But if the racemiza- 

tion of their substance is complete, then there can be no question 

of an equilibrium and the equation becomes: active form — enol 

form — racemic form. This possibility would mean that there 

is a difference in chemical action between optically active and 

inactive substances, which would be the first instance on record. 
It is possible that Dakin and Dudley meant that the “‘racemized”’ 

protein’? was more or less the enol form and that on hydrolysis 

equal quantities of optical antipodes were produced as a result 

of the law of chances. This would account for its indigestibility 

and other properties, but as stated above no evidence of such 

enol formation has yet been found. 

2. Dakin and Dudley found that all amino-acids obtained from 

racemized proteins are not inactive, and explain this by assuming 

that those that are active are the ends of peptide chains, 7.e., 
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8 Fischer, E., and Abderhalden, E., Ztschr. f. physiol. Chem., 1905, xlvi, 

52. 
® Abderhalden, E., London, E. §., and Voegtlin, C., ibid., 1907, liii, 334. 

10 Their statement reads that racemization, and not enol formation, is 
complete. 
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their carboxyl groups are free in the original protein. This ex- 

planation seems purely hypothetical, as recent work shows that 

native proteins like gelatin and casein have very few, if any, free 

carboxyl groups. This heterodox statement is based on three 

sets of facts: (1) Cupric hydroxide reagent," which is a very sensi- 

tive test for conjugated and unconjugated a- and 6-amino-acids, 

does not show any free carboxyl groups in proteins. This does 

not prevent y-amino-acids from being free and escaping detection 

with this reagent, but this is only possible in proteins when one 

of the carboxyl groups of glutamic acid” (y position to the NH2) 

would be free. This possibility would, however, only allow for 

one carboxyl group being free and not the one which, according 

to Dakin’s hypothesis, would allow glutamic acid to escape enol 

tautomerism. (2) D. D. Van Slyke’s reagent for free NH: groups 

showed in the proteins,” gelatin and casein, that only enough 

reaction is obtained to account for one NH» group, which seems 

to be that of the second NH, group of the diamino-acid, lysine. 

Van Slyke concludes that practically all amino groups are in pep- 
tide linkings. This agrees with the results of the copper method, 

that most of the carboxyl groups if not all, are conjugated. (38) 

The very careful work of L. L. Van Slyke“ and collaborators with 

caseinates indicates that the number of carboxyl groups cannot be 

very large, probably not more than one or two. It is difficult to be 

certain, as salt formation of proteins with bases, without demon- 
strating the neutralization by its heat or otherwise, is no proof 

that carboxyl groups or replaceable hydrogen atoms are involved.¥ 

It is possible that amides, which are not detected by the copper 

method, or by Van Slyke’s reagent, might escape enol tautomer- 

ism, and thus account for some of the active amino-acids, or it 

is possible that the alkali used by Dakin and Dudley increased 

the number of carboxyl groups through hydrolysis, but the finding 

of active amino-acids in “racemized’’ protein cannot be taken 

as a test for free carboxyl groups in the original protein. 

1 Kober, P. A., and Sugiura, K., Jour. Am. Chem. Soc., 1913, xxxv, 1580. 

1 Kober and Sugiura, loc. cit., 1573. 

18.Van Slyke, D. D., and Birchard, F. J., Jour. Biol. Chem., 1913-14, 
xvi, 539. 

14 Van Slyke, L. L., and Bosworth, A. W., zbid., 1918, xiv, 203, 207, 211, 

227. Wan Slyke, L. L., and Winter, O. B., zbid., 1914, xvii, 287. 

16 Kober and Sugiura, Am. Chem. Jour., 1912, xlviii, 384, 410. 
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The statement of Dakin and Dudley, that the racemization of 

amino-acids at a high temperature with alkali has nothing in 

common with the racemization of proteins at a lower tempera- 

ture, seems not yet warranted, since the difference between the 

two processes may only be one of speed, due to a difference in 

temperature and other accelerating conditions. Dakin and Dud- 

ley required eighteen to twenty days for partial racemization of 

their substance at 40°C., whereas at 180°C. with barium hydrox- 

ide, 7 grams of valine!® were racemized completely within twenty 

hours. Aspartic acid!’ was racemized completely with hydro- 

chlorice acid in-several hours. 

Our interest in the peptide linking, besides that in connection 

with the general constitution of proteins, was in reference to the 

salt or complex formation of the substances with cupric hydroxide. 

Dakin himself realized the effect of such an equilibrium on the 

constitution of the salts, stating that it would throw “light on the 

relative position of some groupsin protein and peptide complexes.”’ 

Dakin!® supposed that the enol form would (as it is quite natural 

to suppose) make salts by the replacement of the labile hydrogen 

atom. The fact that dipeptides act as dibasic acids, 7.e., combine 

with one molecule of cupric hydroxide, in forming complexes, is 

in harmony with Dakin’s hypothesis, but tri- and tetrapeptides 

also act as dipeptides, 7.e., combine with only one molecule of 

cupric hydroxide. Therefore if the enol form is responsible for 

the ‘“‘dibasicity” of dipeptides, then tri- and tetrapeptides would 

have only one enol group, since they are also “dibasic.’”? This 

would not harmonize at all with the facts obtained by Dakin 

and Dudley, that the majority of amino-acids in “racemized”’ 

proteins are inactive. On the basis of an extended study’ of the 

copper complexes and the biuret reaction we find, however, that 

evidence of enol forms having a réle in the formation of complexes 

is wholly lacking. 

16 Ehrlich, F., and Wendel, A., Biochem. Ztschr., 1908, viii, 399. 

17 Micheal, A., and Wing, J. F., Ber. d. deutsch. chem. Gesellsch., 1884, 

XV, pt. ii, 2984. 

18 Private communication. 
19 Kober and Sugiura, Am. Chem. Jour., 1912, xlviii, 383. Kober, P.A., 

and Haw, A. B., Proc. of Organic Sect., Am. Chem. Soc., Seattle, Wash., 

Aug., 1915. 
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SUMMARY. 

1. The absorption of aliphatic amino-acids, in acid or alkaline 
solution, is only general in the extreme ultraviolet. 

2. The aromatic amino-acids show absorption bands, which 

may be useful in detecting their presence in peptide chains. 

3. The presence of an excess of alkali with these substances 

seems to increase the amount of absorption and tends to shift 

it towards the red end of the spectrum. 

4. The spectrum of di-and tripeptides in acid or alkaline solution 

shows no special absorption, it being similar to that of the free 
amino-acids. 

- 5. The lack of special absorption of the peptides in alkaline 

solution, and other points which were discussed, show that the 

keto-enol tautomerism in peptide linkings, as suggested by Dakin 

and Dudley in explanation of the ‘‘racemization”’ of proteins, is 

doubtful and unsupported. 

EXPERIMENTAL. 

Technique. 

Instrument.—The Hilger®® spectrograph, size c, was used in con- 

nection with a sparking outfit,2 which consisted of a + kilowatt 
rotary converter, transformer (giving about 15,000 volts), and 

condenser. This gave a strong spark between the electrodes, 
when they were one-fourth inch apart. 

In order to eliminate fluctuations of the light, we had arranged 

in front of the slit a set of quartz prisms” so made that the 
light from the source was divided into two identical paths, one, 

however, going through the cell and the other going to the instru- 

ment, without the cell, as a control. When no absorbing medium 

was used, these two paths of light produced a photograph of the 

two spectra (to about 2000 A. u.) in close juxtaposition, of equal 

intensity, so that any absorption in one of them was easily noticed. 

The correct position of the electrodes was determined and main- 

tained as follows: A piece of paper was securely fastened under- 

20 Made by Adam Hilger, Ltd., London. 

*t Made by Clapp-Eastham Co., Cambridge, Mass. 

*? Made especially for us by Adam Hilger, Ltd. - 
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neath the source of light, on the table supporting the electrodes, 

Horizontal movements of the electrodes were then made and re- 

corded, and photographs taken. The variations of heights were 

similarly recorded, by means of a plumb-bob held by a fixed 

metallic rack, fastened securely to the spectrograph. After the 

correct point was found, 7.e., the one giving the spectra from each 

of the two paths identically, the plumb-bob was fixed so that 

its end, when it was suspended, always gave the exact point for 

the source of light. The position of the cells (Baly’s) so that they 

were axially centered was determined by a similar process. Noted 

positions were photographed until the correct one was found. 

The electrodes were prepared according to Harry Jones” and 

the wave length of the lines used as standard was determined by 

comparison with a photograph of a cadmium spark taken on the 

same plate. The glass wave length scale was made after the 
instrument had been set up, from a photograph of an iron spark. 

The photographic plates were those of Wratten and Wainwright, 

(“Panchromatic A’’) 10 x 4 inches, which allowed fifteen exposures 

or double spectra on one plate. The exposures were each one 

and one-half minutes. 

Solutions.—Stock solutions were made by dissolving 0.0500 

gram of substance, either as a free base or as a salt, in water and 

making up to 100 cc., which gave a 0.0500 per cent solution. 

Alkaline solutions were made by taking 2.5 cc. of 2 N sodium 

hydroxide and making up to 50 ec. with stock solution. This 

gave a 0.0475 per cent solution of the substance in a + solution 

of alkali. The acid solutions were similarly made 44 with 2.5 

ec. of 2 N hydrochloric acid. 

3 Jones, H. C., Carnegie Institution of Washington, Publication No. 110, 
1909, 9. 



Amino-Acids. 

Substance. 

Alanine in 0.1 NaOH.... 

Alanine in 0.1 HCl....... 

Amino-butyric acid...... 

Amino-butyric acid in 

Amino-butyric acid in 

PRIPENE IO CO Is a. fe 
WEROG), oetceienots Cia eleaers 

WS UGUING Sse: ue eee: ees ones « 

Leucine in 0.1 NaOH.... 

Leucine in 0.1 HCl.. 

Aspartic acid.. 

Aspartie acid in 0: i 

NaO8H.. Pe : 

Aspartic nous in 10: 1 HCl. 

Asparagine in 0.1 

Asparagine in 0.1 HCl... 

Glutamicraerder. .. ./. eee 

Glutamic acid in 0.1 HCl. 

Cystine in 0.1 NaOH.... 

Gystine im ON VEC a 

Fistidine diel. ee 

Arginine di-HNO3....... 

Arginine di-HNO; in 0.1 

NWaGH . oe 

Phenylalanine: 2 see 

Phenylalanine in 0.1 

Wave lengths, at which edge of absorption is visible on 
photograph plate to naked eye, for different 

thicknesses of liquid. 

226 242 249 256 266 
215 228 232 237 242 
223 230 237 248 257 
234 243 244 245 254 
225 225 230 235 242 

230 233 237 246 256 

232 242 248 249 
224 226 230 235 242 
219 225 233 237 238 
220 231 238 242 250 
221 226 230 235 244 
220 223 226 235 244 

220 229 235 245 255 
220 227 231 234 246 

220 230 238 245 255 
219 226 233 237 245 
224 227 231 233 238 

232 234 236 240 249 
219 226 231 239 248 
233 260 277 294 300 
231 252 270 289 300 
225 235 239 242 A 5 

On 
Ba 

230 239 244 250 2565 
2S 
<5 230 236 241 244 if 

232 243 252 258 265 

239 240 254 262 277 

242 254 260 "270 280 

230 235 263] 235 267| 234 269) 232 272 

232 239 268] 238 270) 238 272) 238 276 
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Amino-Acids—Concluded. 

44] 

Wave lengths, at which edge of absorption is visible on 
photograph plate to naked eye, for different 

thicknesses of liquid. 

Substance. 

1mm. 5mm. 

Phenylalanine in 0.1 HCl 227 236 269 

BipmagIHe)- 5.2 .bs.. 25. a! 248 248 288 

Tyrosine in 0.1 NaOH...| 269 310] 268 317 

Tyrosine in 0.1 HCl...... 248 287) 248 291 

WSOSELINGS..< 9ol.+)5 20.6.0: 224 227 

Isoserine in 0.1 NaOH... 223 235 

Isoserine in 0.1 HCl..... 220 229 

Dipeptides 

Alanyl-glycine........... 234 242 

Alanyl-glycine in 0.1 .. 

NaOH (at once).....°. 228 237 

Alanyl-glycine in 0.1 

NaOH (after 10 hrs.).. 257 275 

Alanyl-glycine in 0.1 

BUCH es See Sr 224 234 

d-Leucyl-l-leucine....... 256 258 

d-Leucyl-l-leucine in 0.1 

BC ee 253 254 
d-Leucyl-l-leucine in 0.1 

NaOH (at once)....... 248 250 

d-Leucyl-l-leucine in 0.1 

NaOH (after 20 hrs.).. 278 289 

l-Alanyl-d-alanine....... 236 244 

l-Alanyl-d-alanine in 0.1 

[ESL ok i re bie e 235 244 
l-Alanyl-d-alanine in 0.1 

MEOpEnsee es. 2h. ash alt eae 253 

Tripeptides. 

Leucyl-alanyl-glycine...| 242 247 

Leucyl-alanyl-glycine in 

(Joi Lee 8 1G) ie g hea eae 247 254 

Leucyl-alanyl-glycine in 

260 PNA OED os. Bs <.san> > - 245 

ed 

10 mm. 20 mm 40 mm. 

236 270)-236 271) 2386 274 

248 292) 248 297 * 300 

320 324 328 

248 295) 248 299 300 

233 242 258 

247 I, 290 

238 248 260 

245 249 253 

248 258 275 

287 304 340 

242 250 255 

261 265 274 

255 256 258 

255 270 284 

320 345 360 

249 256 272 

250 258 274 

264 272 285 

257 266 280 

265 276 290 

Pie 298 323 





STUDIES ON THE PHYSIOLOGICAL ACTION OF SOME 
PROTEIN DERIVATIVES. 

I. ARE PROTEOSES PREPARED FROM ZEIN AND GLIADIN 
PHYSIOLOGICALLY ACTIVE?! 

By FRANK P. UNDERHILL anp BYRON M. HENDRIX. 

(From the Sheffield Laboratory of Physiological Chemistry, Yale University, 

New Haven.) 

(Received for publication, July 27, 1915.) 

Two of the more important recent developments concerning 
the physiology of proteins have been the discovery of the phenom- 
enon of anaphylaxis and the demonstration of the relation 
of the amino-acid content of the different proteins to their abil- 

ity to meet the nitrogen requirements of the animal body. These 

properties have become so prominent in the minds of students 
of physiology that a number of long known reactions have been 
interpreted in terms of one or the other. 

Under the stimulation of these new viewpoints the subject of 
“peptone” intoxication is receiving renewed attention. Ana- 

phylactic shock and the physiological action of ‘‘peptone” are 

two varieties of protein intoxication. The exact relation of these 

reactions has been extensively studied by many investigators and 
many points of resemblance have been noted. Others have been 

interested in the amino-acid make-up of the protein in relation 

to the toxicity of derived cleavage products. Although several 

investigations on this subject exist, there is no unanimity of 

opinion and almost every study along this line points to a different 

amino-acid as the cause of the ‘‘peptone” effect. For the final 

solution of the problem renewed study from various viewpoints 
is essential. The first paper of this investigation is concerned 

with one phase of the question. 

1 The data in this paper are taken from the dissertation presented 

by Byron M. Hendrix for the degree of Doctor of Philosophy, Yale Univer- 

sity, 1915. 
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444 Protein Derivatives 

Nearly all of the early work (for literature see Underhill, ’03) on the 

physiological action of proteoses was carried through with proteoses pre- 

pared from Witte’s ‘‘peptone’’ or by using untreated Witte’s ‘“‘peptone.”’ 

It is stated that this substance is made by digesting fibrin with pepsin 

andhydrochloricacid. Thesuggestion was made, especially in Hofmeister’s 

laboratory, that the toxic body exists preformed in the animal tissues, 

and is added unchanged to the proteoses either by fibrin or the enzyme. 

Chittenden, Mendel, and McDermott (’98) investigated this hypothesis 

by employing proteoses which were made by using papain, a plant enzyme, 
as the proteolytic agent. They found the proteoses thus obtained were 

just as toxic as those made from Witte’s ‘“‘peptone.’’ Chittenden, Mendel, 

and Henderson (’98) went a step further by using proteoses which had 

been prepared by employing acid or superheated water as the hydrolytic 
agent. These also were found to be toxic. 

‘Pick and Spiro (’01) have held the view that the physiological action 

of the proteoses is not a property of pure proteoses, but is caused by an 

adhering toxic substance which they called ‘‘peptozyme.”’ They believed 

that it is present in the animal tissues as a ‘‘peptozymogen.’’ In support 

of their conclusions they claimed that casein and edestin do not yield 
poisonous proteoses under any circumstances, and that the products of 

tryptic or autolytic digestion, or of the hydrolysis by alkali are never 

toxic. They were able to remove a portion of the physiologically active 

substance from Witte’s ‘‘peptone”’ by boiling with 50 per cent alcohol. 
Their digestion mixtures lost the poisonous properties when boiled with 

50 per cent alcohol which had been made alkaline with sodium hydroxide. 

They regard the ‘‘peptozyme”’ as soluble in alcohol, but believe that it is 
destroyed by boiling with alkaline alcohol. 

Underhill (’03) pointed out that Pick and Spiro had failed to separate 

the proteoses in their experiments and did not know whether the material 

which they injected contained a noticeable amount of proteoses. Healso 

called attention to the hydrolytic action of sodium hydroxide on proteoses, 
stating that the loss of toxic action of their mixtures when treated with 

alkaline aleohol was undoubtedly caused by a destruction of the proteoses. 

In his own work Underhill was able to obtain toxic proteoses by digesting 
crystallized vegetable proteins with acid, superheated water, or vegetable 

enzymes, demonstrating beyond a doubt that poisonous proteoses are 

formed from pure protein. He injected the unchanged proteins and showed 

that they contained no adhering toxic impurity. 

Popielski (’08, ’09, 713) has continued to work with the alcoholic ex- 

tracts of the commercial ‘‘peptone’”’ preparations and of the separated 

proteoses. He regards the toxic portion of proteoses as a distinct com- 

pound to which he applies the name ‘‘vasodilatin.’’ The chief chemical 

characteristics of this ‘‘“compound”’ are its protein nature and its solubility 

in alcohol. There is little doubt that toxicity is exhibited by alcoholic 
extracts of proteose preparations, but inasmuch as certain of the pro- 

teoses are soluble in alcohol, this method of distinguishing the nature of 
the toxie substance is ineffective. 
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That an alcohol-soluble toxic substance can be prepared was conclusively 

proven by Vaughan (’13) and his coworkers. His method of preparation 

consists in boiling protein with 2 per cent sodium hydroxide dissolved in 

absolute alcohol. This treatment dissolves a portion of the protein. 

The soluble portion is very toxic, a few mg. being sufficient to kill a guinea 

pig. The ‘‘crude soluble poison’”’ of Vaughan has many of the properties 

of proteoses, but is only partially precipitated by saturating the aqueous 

solution with ammonium sulphate. Both the precipitate and filtrate have 

a marked physiological action when administered intravenously. 

The protamines were found by Thompson (’00) to have a physiological 

action similar to the proteoses. The protamines occur in combination 

with nucleic acids to form certain nucleo-proteins. They differ from other 

proteins in the high content of diamino-acids, relatively low molecular 

weight, and strongly basig character. Of the distinguishing chemical 

characteristics of the protamines, the only one which would seem suffi- 

cient to account for their toxic action, when introduced into the blood, is 

the large amount of diamino-acids in the molecule; but this peculiarity 

can not be the only one concerned in the physiological action, because 

the protamines lose their toxicity when hydrolyzed by acid. 

Abderhalden (’12) has prepared a fourteen-amino-acid polypeptide 

consisting entirely of leucine and glycocoll which, he says, causes intoxi- 

cation and death in guinea pigs which have received previous injections of 

the same substance. If the theory of anaphylaxis of Biedl] and Kraus is 

accepted, this would indicate that the toxic material is even a simpler 

polypeptide than the one used by Abderhalden; for, according to this 

theory, the intoxication results from a substance formed from the injected 

material by parenteral digestion. It seems impossible for the ‘‘peptozyme”’ 

of Pick and Spiro to exist in the tissues if the toxic body is such a simple 

polypeptide as the work of Abderhalden suggests. His investigation 

also discredits the hypothesis that the diamino-acids are of importance in 

proteose intoxication. 

The question of the specific amino-acid or group, responsible for the 

proteose action, has received much attention by recent workers, and the 

results are somewhat conflicting. Barger and Dale (’10—’11) and Dale 

and Laidlaw (’10-’11) have suggested 6-iminazolylethylamine, a deriva- 

tive of histidine, as a possible factor in this phenomenon. They were able 

to isolate it from extract of intestinal contents where it undoubtedly 

originated by protein putrefaction. $-Iminazolylethylamine causes a 

very distinct fall in arterial pressure, but has no effect on the coagulation 

of the blood. Heyde (’11-’12) claimed that methyl guanidine and guani- 

dine when injected into the circulation produce all of the effects char- 

acteristic of proteoses, immunity to subsequent injections of proteose 

being a prominent feature. He believed that his experiments showed 

guanidine and methy] guanidine to be responsible for proteose intoxication. 

It is easy to see that these compounds may arise from arginine, but the 

cleavage of this amino-acid does not ordinarily occur during the course of 

proteolysis produced by enzymes or acids. If this were true the digestion 
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products of protamines would be exceedingly toxic on account of the 

large amount of arginine in them. 

The most recent work along this line is that of Knaffl-Lenz (’13). He 

claims that the typical proteose action is produced only when tryptophane 

is present in the molecule of the injected proteose. His conclusions were 
based on experiments with the digestion products of zein and gliadin. He 

found the digestion products of zein entirely inert when administered in- 
travenously, but his gliadin product had a slight action, and other digestion 

mixtures were still more toxic. His experiments were not made with 

isolated proteoses, but with evaporated digestion mixtures. For this 

reason the results of his investigation are open to criticism as no data are 

given showing the actual amount of proteoses injected. Other investi- 

gators have always found the proteoses from zein to be toxic. Szumowski 

(02) prepared a “‘soluble zein’”’ by digestion with strong alkali, which gave 
a typical though diminished proteose action; Underhill (’03) found the 

zeoses toxic; and Wells and Osborne (’11) have shown that zein gives a 
typical anaphylactic reaction. 

EXPERIMENTAL. 

Are Zeoses and Gliadoses Physiologically Active? 

Since the results of Knaffl-Lenz (’13) differ so greatly from those 

of previous workers, and the methods employed are open toso 

much criticism because of his failure to inject definitely isolated 

substances, the physiological action of zeoses has again been sub- 

jected to investigation. 

Technique. 

Dogs were used as experimental animals. They were made 

to fast for twenty-four hours before the experiment, and narcosis 

was produced by a subcutaneous injection of 10 milligrams 

of morphine sulphate and 1 of atropine sulphate per kilo of body 

weight. During the operation anesthesia was produced, when- 

ever nécessary, by means of the usual A.C.E. mixture. The 

blood pressure was recorded from the left carotid artery by a 

mercury manometer, the fluid in the connecting tube being a 

saturated solution of magnesium sulphate. 

The proteoses which were dissolved in from 30 to 50 ce. (de- 
pending on the size of the dose) of physiological salt solution, 

to which a little sodium carbonate had been added, were injected 

into the right jugular vein. The injection never took longer 
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than thirty seconds. Blood samples (2-3 cc.) from the right 
femoral artery were caught in small cylinders, a clean dry cannula 

being used for each sample. Blood was considered clotted when 
the containing cylinder could be inverted without the loss of a 

drop. 

Preparations. 

A portion of the zein used in these experiments was very kindly fur- 

nished by Dr. T. B. Osborne of the Connecticut Experiment Station, and the 

remainder was made in this laboratory by extracting corn gluten with 

boiling 85 per cent alcohol. The extract was filtered, poured into a large 

volume of cold salt solution, and allowed to stand over night. The pre- 

cipitated zein was strained off and dried on a plate over a radiator. Both 

portions of zein were free from tryptophane as shown by the Hopkins- 

Cole test. 
The zeoses were prepared by digesting zein with 2 per cent sulphuric 

acid in an autoclave for two hours. The liquid was then filtered off, a 
second quantity of the acid added, and the zein again digested for two 
hours. This process was repeated until most of the zein had gone into 

solution. The filtrates were finally united and neutralized with ammonia. 

The small amount of acid protein was removed by filtration, and the filtrate 

evaporated to a convenient volume. While still hot the solution was 

saturated with ammonium sulphate. The precipitated zeoses were dia- 

lyzed against running water, in the presence of toluene and chloroform, 

until free from sulphates. A small amount of heteroproteose was removed 
by filtration and the filtrate evaporated to dryness on a water bath. The 

residue, consisting of mixed proteoses, was a brownish material which 

could easily be reduced to a fine powder. 
The gliadin used in preparing the gliadoses was obtained from flour, 

by first washing out most of the starch, drying, and then extracting with 

75 per cent alcohol. The alcoholic extract was filtered and then poured 

into a large volume of salt solution from which the gliadin separated in 

doughy masses which adhered to the stirring rod and the sides of the 

vessel. The salt solution was poured off and the gliadin was dried on 
plates over a radiator. 

In the preparation of gliadoses the method used in preparing zeoses was 
followed. 

Experiments with Zeoses. 

The following experiments show distinctly that zeoses have a 

typical though reduced physiological action. That immunity 

is produced by zeoses was shown by the resistance of the animal 

to subsequent injections of Witte’s “peptone.” 
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Zeoses Prepared by Acid Digestion of Zein. 

Experiment 5.—May 16, 1914. Bitch, 8.2 kilos. 

Injected 4.1 gm. zeose (0.5 gm. per kilo). Animal remained quiet during 
and after injection. 

Normal clotting time of blood—8 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 
3 minutes 3 hrs. 30 minutes 

5 oe 3 30 “ 

20 4 30 pi 
30 ‘e 30 “se 

thr, 9 i 
(After 1} hrs. 4.1 gm. Witte’s ‘‘ peptone’’—0.5 gm. per kilo.) 

5 minutes 47 minutes 
10 ce 12 ae 

Blood pressure in mm. mercury. 

Before injection. ..... ...5.. .... ss. .as- 04 +pe 3 eee 128 

I.minute after injection... . .........,- + «ssc.» 5%.< ae , 38 

12 minutes ‘ 6 S| wate pa Ghist tides eee er 92° 

16 eae tf =o a. Wis + Stopege’ opis plover aig le er 118 
(Witte’s ‘“‘peptone”’ injected.) 

Iminute after injection... .....,....:0+ ona: seen 54 
3 minutes ‘“ 66 7 ue wate + vielen af cist pies 2.8.00 38 

11 “ae OC gttinent +29 ae ghee » oleae ne 60 

Zeoses Prepared by Acid Digestion of Zein. 

Experiment 6—May 26, 1914. Dog, 6 kilos. 
Injected 1.8 gm. zeose (0.3 gm. per kilo). Animal remained quiet during 

and after injection. 

Normal clotting time of blood—8 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

1 minute 12 minutes 

3 minutes 7 7 
10 Mi 11 ue 

20 3 9 re 

Blood pressure in mm. mercury. 
Before injection .¥.......2....0....0..000+s005. 130 

30 seconds after injection ........:...........) see 120 
Iminute “ BE We gb G3 cele wis tw se 8s Se 90 

Sminutes ‘“‘ BE ns aig ave oa 9 area 2d 110 

9 ef “ $6 eagles sue 0. 08 pays fos apap err 130 

Zeoses Prepared by Acid Digestion of Zein. 

Experiment 40.—March 15, 1915. Dog, 8 kilos. 

Injected 4 gm. zeose (0.5 gm. per kilo). Animal remained quiet during 

and after injection. 
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Normal clotting time of blood—11 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 
2 minutes 39 minutes 
6 ce 43 fe 

14 £ 25 ne 

23 eS 6 - 
Blood pressure in mm. mercury. 

EIGRE MENCCHION. tater foc ck ect aie a amore Bopac che oe te a os toe 15 

IeIMiTIERLeRATCer InjeCuOMeet nr. ooo tase eer eerie ores eee 90 

3 minutes ‘ ee ee: ee CT en ieee Mee sf hee 120 

a tia le 0 URE Se te hh a at 150 

The results of the experiment, in which only 0.3 gram per kilo 

of zeoses was given, resemble those of Knaffl-Lenz (713) (‘Ver- 

suche I], III’). This indicated that his digestion mixture con- 

tained, at most, a small amount of zeoses; for he used as much as 

1.5 grams per kilo in one of his experiments. The only conclu- 

sion which is tenable is that Knaffl-Lenz failed to inject sufficient 

ZeOSes. 
It is unquestionable that zeoses produce effects less marked 

than other typical proteoses. The reason for this is not known. 

Whether the diamino-acid content of a proteim has anything 

to do with the toxicity of the proteoses derived from it has not 

been investigated. It is mteresting to note, however, that the 

diamino-acid content of zein is less than that of any other true 

protein which has been studied. The toxic proteoses of Witte’s 

“peptone” are relatively rich in these substances. Gelatin, on 

the other hand, contains a relatively large amount of diamino- 

acids and yields proteoses which are entirely without action. 

It contains very little histidine which may be of importance in 

this connection. Vaughan found that his ‘‘crude soluble poi- 
son,” which is perhaps the most toxic cleavage product of protein 

yet prepared, contains only 1 to 2 per cent of diamino nitrogen. 

Some preparations of racemized zein which have not been 

purified have a typical though less marked physiological action 

than similar material prepared from other proteins (see second 

paper, Experiment 8). This fact supports the contention that 

toxic cleavage products can be prepared from zein. 

Knaffl-Lenz compared the action of his zein preparation with 

that of a similar one from gliadin, and found evidence supporting 
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his statement concerning the toxic properties of tryptophane 

groups. ‘Two experiments are given here to show the action of 

purified gliadoses. ; 

Experiments with Gliadoses. 

Gliadoses Prepared by Acid Digestion of Gliadin. 

Experiment 23.—December 1, 1914. Bitch, 10.75 kilos. 

Injected 5.37 gm. gliadose (0.5 gm. per kilo). Animal remained quiet 

during and after injection. 

Normal clotting time of blood—7 minutes. 
Clotting time of blood after injection. 

Sample collected after Clotting time. 
2 minutes . 
5 ce 

30 : 
1 hr. ad 

2 hrs. “ 
23 “c ** 

ok 15 minutes 

Blood pressure in mm. mercury. . 

Before-injection.... 2.2.50. ...o). +. 4% eee ee 130 

1 minute after injection. ... . 0). 90.255 . /sjcbianste ee 64 

3 minutes “ - AO Wade ee S iiss epee tee on ee ee 42 

6 3 * Mt Sg Seles 2 56¢00lat eek oe 58 
8 es zi Be ss Wd o aigeahels Ae roma 94 

10 zie on £8 OSD FSS SL aoe Re ee ee 134 

* Not clotted 24 hrs. later. 

** Found clotted 24 hrs. later. 

Gliadoses Prepared by Acid Digestion of Gliadin. 

Experiment 26.—December 8, 1914. Dog, 5.75 kilos. 

Injected 1.75 gm. gliadose (0.3 gm. per kilo). Animal remained quiet 
during and after injection. 

Normal clotting time of blood—S8 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes age 
8 ce * 

Bos * 
40 74 * 

1 hr. + 

13 hrs. 5 hrs. 

aS 35 minutes 
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Blood pressure in mm. mercury. 

SHEA CTV ERITEY TEU IG) Ua a 98 

BtPIOILG A TUEE All} CCUIOM W009 ioc. oF.sis ee Fal oy Rec pee «o's vere 2 we bibl 34 

3 minutes ‘“‘ ASD iets Rtn ca re ORR LI <I EY I na Rh 32 

8 eB dk 8 omanepvetiyc Se SENN. teas cue emert okey Y aeaeee. A, 80 
3 hrs. a cy Puc Sce cs 88 PARRA Same tea SSE gree ea wn 80 
* Not clotted 24 hrs. later. 

** Found clotted 24 hrs. later. 

From Experiments 23 and 26 it appears that gliadoses have a 
very pronounced influence on the coagulability of the blood and 

a somewhat less marked action on the arterial pressure. When 

these results are compared with those of Knaffl-Lenz, it will be 
seen again that the purified proteoses have a stronger action than 

the digestion mixture which he employed; though there is less 

difference in regard to blood pressure than in the time required 

for the blood to clot. Very few records of the coagulation time 

are given by Knaffl-Lenz. In his ‘‘Versuch VI’ he shows a 

typical fall in blood pressure after injecting his gliadin digestion 

mixture, but offers no data on clotting of the blood. He asserts 

that a large dose was given and that it acted like a Witte’s ‘“‘pep- 

tone’’ injection. This supports the idea that he might have ob- 

tained the typical proteose effect had he used an amount of his 

digestion mixture equivalent, in proteose content, to the ordinary 

dose of the purified product. 
The gliadoses appear to have a somewhat less pronounced 

action on the blood pressure than such proteoses as those pre- 

pared from Witte’s ‘‘peptone,”’ but the effect on the coagula- 

bility of the blood appears to be just as marked. 

CONCLUSIONS. 

1. The intravenous injection of zeoses in relatively large 

doses (0.5 gram per kilo) causes a fall in arterial pressure and 

inhibits the coagulation of the blood. 

2. Smaller doses are without marked effect. 
3. Gliadoses have a very strong inhibiting action on the coag- 

ulation of the blood and a somewhat less marked effect on the 

arterial pressure. 
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4, The statement of Knaffl-Lenz that the presence of trypto- 

phane in proteoses is responsible for their physiological action 

could not be confirmed. 

5. The suggestion is made that the failure of Knaffl-Lenz to 

obtain characteristic effects with his preparations is probably 

due to the relatively small amount of proteoses contained in the 

digestion mixtures employed. 
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STUDIES ON THE PHYSIOLOGICAL ACTION OF SOME 
PROTEIN DERIVATIVES. 

II. THE RELATION OF RACEMIZATION TO THE PHYSIOLOGICAL 
ACTION OF PROTEINS AND PROTEOSES.! 

By FRANK P. UNDERHILL anp BYRON M. HENDRIX. 

(From the Sheffield Laboratory of Physiological Chemistry, Yale University, 

New Haven.) 

(Received for publication, July 27, 1915.) 

The power of living organisms to distinguish between stereo- 

isomeric compounds is a matter of common knowledge, but until 

recently the nature of racemized proteins had not been subjected 
to biological investigation. Inasmuch as these substances have 

been shown to differ from the native proteins in at least two 

fundamental biological properties it was deemed important to 

study the physiological action of racemized proteins and their 

cleavage products when injected into the circulation. 

The racemization of proteins by alkali was accomplished by Kossel and 
Weiss (’09), but physiological studies were first made by Dakin and Dudley 

(13). They prepared racemized casein by digesting this protein with half 

normal sodium hydroxide for three weeks at 37°C. The optical rotation 
of the solution changed from —5.° to —3.° and remained constant at the 

lower value. It was shown that racemized casein and caseoses are not 

affected by the proteolytic enzymes in vitro and can be completely recovered 

from the feces of a dog to which they have been fed. 

Ten Broeck (714) found that racemized egg albumin does not sensitize 

guinea pigs or rabbits to injections either of racemized egg albumin, or of 

the naturally occurring material, and animals sensitized to egg albumin do 

not show the symptoms of anaphylactic shock when an injection of race- 

mized egg albumin is administered. He believes that these results support 

the enzyme theory of anaphylaxis. 

Whether the change has been sufficient to destroy the power of 

the protein to yield a toxic cleavage product is not considered by 

1 The data in this paper are taken from the dissertation presented by 

Byron M. Hendrix for the degree of Doctor of Philosophy, Yale Univer- 

sity, 1915. 
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Dakin and Dudley (713), or by Ten Broeck (’14). The following 

experiments were performed in hope of clearing up this point. 

Racemized casein, zein, and egg albumin were used, together with 

the proteoses formed from each of, these during the process of 

racemization. Proteoses were also employed which were made 

from racemized casein by digestion with acid. 

Technique. 

These experiments were conducted under conditions similar to 

those of the preceding paper. The racemized proteins are 

rather insoluble; therefore, more sodium carbonate was used in 

dissolving them than was employed for the proteoses. 

Preparations. 

The racemization was carried out according to the methods of 

Dakin and Dudley and the same procedure was employed for all 

the proteins. A portion of the casein was the commercial Ham- 

marsten product, and a second portion was prepared in the 

laboratory according to the method of Hammarsten. The egg 

albumin was the commercial material which had been purified by 

precipitation with ammonium sulphate after removal of the glob- 

ulin by half saturation with the same salt. The purified albumin 

was separated from the adhering ammonium sulphate by dialysis. 

The zein used in these experiments was a portion of the material 

which was employed in preparing the zeoses described in the pre- 
ceding paper. 

The general description of the preparation of the racemized proteins fol- 

lows. 500 gm. of protein were dissolved in 5 liters of half normal sodium 

hydroxide, and the solution was allowed to stand in a warm room for twen- 

ty-eight days when the polariscopic reading, in the case of casein, had 

changed from —5.° to —2.5°. The solution was then filtered, and carefully 

neutralized with acetic acid. The racemized protein separated out of the 

slightly acid solution in a gummy mass. The precipitate was removed 

from the acid solution, washed as thoroughly as possible, and dried on a 

plate over a radiator. The resulting material could be easily reduced to a 

fine brownish powder. 

The filtrate from the racemized protein was saturated with ammonium 

sulphate and heated on a water bath for about thirty minutes. The pre- 

cipitated proteoses were filtered and dialyzed against running water until 
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free from sulphate. The dissolved proteoses were then filtered and evap- 

orated to dryness on the water bath. Caseoses were also prepared by - 
digesting racemized casein with acid. 

Experiments with Crude Racemized Protein.? 

Racemized Casein (Unpurified). 

Experiment 7.—May 27, 1914. Dog, 14 kilos. 

Injected 7 gm. crude racemized casein (0.5 gm. per kilo). Animal re- 

mained quiet during and after injection. 

Normal clotting time of blood—7 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes 7 hrs. 45 minutes 
5 T4 vi iT9 40 “ 

20 it3 2 “ce 35 “c 

30 mg 1 ag i a 
1 hr. LOR We. 

Blood pressure in mm. mercury. 
TEXAN AMIEL OO) MEER ore Birks Guin HA Seas OL NCROLG On Bache kG eee 154 

PUTTS: ACER AN JECHON ao 2 an cya nace rei Sy aup ieee diene 90 

3 minutes “ Fett Ee ame nhac) aE OL de eal. ce 126 

6 ° PTA PE IMRAN NR ihe Leo Les tele ale tok 154 
The dog was not immune to subsequent injections of Witte’s ‘‘ peptone.”’ 

Racemized Egg Albumin (Unpurified). 

Experiment 9.—June 4, 1914. Dog, 11.5 kilos. 

Injected 5.75 gm. crude racemized egg albumin (0.5 gm. per kilo). Ani- 
mal remained quiet during and after injection. 

Normal clotting time of blood—10 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes a 
9 “ * 

99 “ * 

il Jone. As 

Bins rg; 

Blood pressure in mm. mercury. 

ELLE COTCE COM. - 2 te cee Se le Co etc ee bed oe 104 

SUeseronas latter Imjectloneeeis 2s. as se Be aes See 50 

44 minutes “ eyuaear? camber Becleen “use tat hehe Shooto a. 74 

OS» 355 ee Date Rear anne Gia mR Cate te alk 3 oF 104 
* Not clotted 24 hrs. later. 

** Found clotted 24 hrs. later. 

* These experiments are submitted as examples of the type of reaction 

produced. In order to save space a large number of duplicate experi- 
ments is omitted. 
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Racemized Zein (Unpurified). 

Experiment 8.—June 1, 1914. Bitch, 5.5 kilos. 

Injected 2.75 gm. crude racemized zein (0.5 gm. per kilo). Animal re- 

mained quiet during and after injection. 
Normal clotting time of blood—3 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 
3 minutes 1 hr. 35 minutes 
5 (73 1 “ 30 “cc 

10 it 1 “ 30 “ce 

30 i 49 4 
1 hr. 19 ef 

Blood pressure in mm. mercury. 

Before injection... . ces os vee es ewinde 6 Oel en eee 120 

1 minute after injection... . .. 0.5 c2. «ios ses oe eee 60 

2 minutes “ Lan da VaR EA es ee 100 

5 4 2 Cue bts baile alee * oo gy etet eee 120 

Racemized Zein (Unpurified). 

Experiment 39.—March 29, 1915. Dog, 11 kilos. 

Injected 5.5 gm. of crude racemized zein (0.5 gm. per kilo). Animal re- 

mained quiet during and after injection. 

Normal clotting time of blood—12 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes. 7 minutes 
6 “ec 14 ce 

9 “cc 13 ce 

Blood pressure in mm. mercury. 

Before injection. i068. jon sade cane le Ole. eee 140 

1: minute after injection. |.....4.0- meee... oa oc > eee 160 

No further change in pressure. 

These experiments indicate that racemized casein and race- 

mized egg albumin are quite toxic. The action on the coagulation 

of the blood is more marked than on the arterial pressure. The 
racemized egg albumin had a more marked action than the race- 

mized casein. This latter substance failed to produce immunity 

to Witte’s ‘‘peptone.” 

The evidence of the physiological action of racemized zein is 

conflicting. Some of the experiments show that it has a slight 

poisonous action, while others indicate that it is without effect. 
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In any case the action is slight, perhaps depending on the sensi- 

tivity of the animal used in the experiment. 

That proteins which are so little changed as racemized casein 

and egg albumin should have such a marked action, as shown by 

the preceding experiments, suggests that their action may be 

caused by some adhering proteose which was carried down with 

the protein in the process of precipitation. Purification of these 

products was carried out by dissolving in sodium carbonate and 

then reprecipitating them by making the solution acid with acetic 

acid. The precipitate was filtered and the process of dissolving 

and reprecipitating repeated four times. 

That this process deprived the racemized proteins of their toxic 

properties is shown by the following experiments. 

Racemized Casein (Purified). 

Experiment 14.—October 24, 1914. Bitch, 16 kilos. 

Injected 8 gm. of purified racemized casein (0.4gm. per kilo). Animal 

remained quiet during and after injection. 

Normal clotting time of blood—4 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes 9 minutes 
14 ‘“c 12 “ 

20 “ce 5 “ 

929 it3 7 “cc 

Blood pressure in mm. mercury. 

ERMC INC RGLOME Pty se a4 obs ki deers SANs ie, Senin ss publi’ Uyekins Dape oko os 102 

Reon rupert SCtIONGS. f.. 62 oy fieaion sas sce ns tation eee coe 94 

5 minutes “ PAIR ergs, 2 cell d. SI CE IAL OMICS AOL Ee, chee 124 

No change after 5 minutes. 

Racemized Egg Albumin (Purified). 

Experiment 15.—October 27, 1914. Dog, 12.5 kilos. 

Injected 6.25 gm. of purified racemized egg albumin (0.5 gm. per kilo). 

Animal remained quiet during and after injection. 

Normal clotting time of blood—4 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes 12 minutes 
5 ce 14 “ 

10 ce 10 ce 

16 “ 10 ce 

34 “cc 8 “ 
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Blood pressure in mm. mercury. 
Before im jection......,.. .ichseis wsinces te? ba le tae 84 

1 minute after Injection... :.<. 256. v.25. -\ «as oe 36 
6 minutes “ gia dlapdip Wb jctie wise aye viva 6 Oe 70 
9 a Fah Hi gee Naa Gis sinut + 2 2 toe 6 bia er 100 

Racemized Zein (Purified). 

Experiment 11.—October 9, 1914. Dog, 8 kilos. 

Injected 4 gm. purified racemized zein (0.5 gm. per kilo). Slight respira- 

tory disturbances during injection. 

Normal clotting time of blood—7 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 
2 minutes 17 minutes 
5 “ 15 (T3 

iL ss LB ee 
16 cc 10 cc 

Blood pressure in mm. mercury. 

Beforeinjection: . ..62 351.052 sos oy ha tees Oh oe ee 135 

1 minute after injection. 6.5.4... oc. eee ee eee 56 

4 minutes “ SO LR 90 

6 ee 2 Mr ea adle Sa ease ced ete 112 

The toxicity of racemized casein and racemized egg albumin was 

greatly reduced if not entirely removed by the purification. No 

experiments with the purified racemized zein gave any more than 

the slightest action, showing that whatever poisonous properties 

it had possessed in the crude state had been removed by washing. 

The loss of the toxic action may have been due, either to the re- 

moval of some poisonous impurity, or to a change in the racemized 

proteins brought about by the action of the alkali and acid which 

were used in dissolving and reprecipitating. 

In order to settle this point the filtrate from washing the race- 

mized egg albumin was investigated. To this solution just enough 

sulphuric acid was added to replace the acetic acid, the solution 

was heated for several hours at a constant volume, and finally 

evaporated to dryness. The residue was extracted with 95 per 

cent aleohol in order to dissolve any alcohol-soluble toxic body 
contamed in the mixture. The alcoholic extract was small. 
About 1.5 grams were used in the following experiment. 
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Alcohol-Soluble Washings from Racemized Egg Albumin. 

Experiment 27.—December 17, 1914. Bitch, 4.6 kilos. 

Injected approximately 1.5 gm. of alecohol-soluble washings from race- 

mized egg albumin (0.3 gm. per kilo). -Animal remained quiet during and 

after injection. 
Normal clotting time of blood—5 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes 7 hrs. 30 minutes 
5 “ * 

10 $6 7 hrs. 30 minutes 
30 “ce 4 ce 

1 hr. Tl Jones 

13 hrs. 40 minutes 
» ce 35 “cc 

Blood pressure in mm. mercury. 

Betore maeeticih® 3725 Gee ea eh IRM O nek ht Biase Rees aR oe 114 

ieMinwte alter injectiont»seaswe tk soe Waele a eis ctols Aes BR's 98 

2 minutes “ iS nS dats ano AA Se Oe a 30 

9 es ne SU eA ores b Ban Cob a oactO RRO aoe Aro nC RRneEE 35 

30 a py Ree ery Ne een hy Ss ae ee 62 
40 og Re TRE ee tants fe Bohs svahatapaneyenarel ois, overe oe (hi, 

*Found clotted 24 hrs. later. 

This experiment shows that the racemized protein loses its 

poisonous properties when washed, not because the nature of the 

racemized protein is changed during the process of purification, 

but because the toxic portion is removed. 

In order to get more evidence in this direction a portion of crude 

racemized casein was extracted with cold 95 per cent alcohol. 

This extract was evaporated to dryness, dissolved in physiological 

salt solution, and injected. The extracted racemized casein was 

also tested in the usual way. 

Alcoholic Extract of Crude Racemized Casein. 

Experiment 36.—March 2, 1915. Dog, 12.25 kilos. 

Injected 4 gm. of alcohol-soluble portion of crude racemized casein 

(0.3 gm. per kilo). Animal remained quiet during and after injection. 

Normal clotting time of blood—9 minutes. 
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Clotting time of blood after injection. 

Sample collected after Clotting time. 

1 minute 53 
5 minutes = 

15 “cc \ * 

29 “ec * 

50 “ * 

1 hr. 20 minutes. a5 
3 brs: : 

Blood pressure in mm. mercury. 

Before myection.:. 2... 00.0.0 Pbk aes, . be oo rr 50 
1 mimntite after injection... ....420..2.4.0... .:355 aoe 70 

3 minutes “ Ce ouosid ss Fas © 6.20 oe. 50 
3 hrs. if OS Dedicates 62 ater 54 

* Not clotted 24 hrs. later. 

Crude Racemized Casein Washed with Alcohol. 

Experiment 87.—March 5, 1915. Bitch, 13.5 kilos. 

Injected 6.75 gm. alcohol-washed crude racemized casein (0.5 per kilo). 

Animal remained quiet during and after injection. 

Normal clotting time of blood—12 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes 1 hr. 8 minutes 

5 s 2) hresoZOmeaeee 
15 “ 2 “ 5 ce 

30 af ihre slseeees 

Thr. 25 minutes 30 minutes 
1 “ce 50 “ 15 ce 

Blood pressure in mm. mercury. 

Beforeiny ection: 24.8 astysi ee weenie olec ooo eee 100 

> minute after imjection’: fescue deu soc me- = 1 eee 34 

2 minutes “ a Ge A Sees SS cone | 24 

10 # %: EO hd oh siete c ts 5) 34 

1 hr. 10 minutes after injection. ......2.<...).. . 2a 40* 

2 hrs. 10 os + $0 edn le bd OM se 90 

* The blood clotted in the cannula about an hour after the injection. 

Subsequent records of pressure are inaccurate. 

While complete separation of the toxic substance was not accom- 

plished by this washing, the portion soluble in aleohol has a much 

more marked physiological action than either the crude racemized 

casein (see Experiment 7), or the racemized casein which had been 

extracted with alcohol (see Experiment 37). 7 
1 
4 
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Since racemized proteins are not available for nutrition and do 

not give the anaphylactic reaction, it might be supposed that the 

proteoses formed by their digestion with acid would have a physi- 

ological action different from that of other proteoses. The fol- 

lowing experiment demonstrates that caseoses prepared by acid 

digestion of racemized casein have the usual physiological action. 

Caseoses Prepared by the Acid Digestion of Racemized Casein. 

Experiment 2.—April 22, 1914. Dog, 12 kilos. 

Injected 6 gm. of caseoses prepared by acid digestion of racemized 

casein(0.5 gm. per kilo). Animal gave a few cries after injection. 

Normal clotting time of blood—7 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

3 minutes 4 
8 “ . * 

18 “ * 

388 “ * 

1 hr. 8 minutes < 
1 “ 54 “ * 

Ss HtS= a0. ‘3 

Blood pressure in mm. mercury. 

IBGLOrewINEGtON 20.6 eke eee ee eee OA SEER So. soe 122 

minute aiter dj ection.;...: <j: ..- +4 132d asain oe Sones 38 

31 minutes “ pL AY ORR ER ORE cn MRE Oe ae Sho ae 46 

50 ss i Nie SRP Re Ae st oft) are NT o TeM aa 52 

Shrs7s0emanutes- alter IMjeebions .. ..5..24%1seni sea sa ones Aaa eee 

* Not clotted 24 hrs. later. 

The preceding experiment shows clearly that proteoses pre- 

pared by acid hydrolysis of racemized proteins are just as toxic as 

those prepared from native proteins. Although the caseoses used 

in this experiment were obtained from unpurified racemized casein, 

their marked poisonous properties can hardly be ascribed to the 

impurities of the racemized casein. 

The only physiological study of the properties of the proteoses 

formed during the racemization of protein is that of Dakin and 

Dudley, in which it was observed that these substances are re- 

sistant to the action of proteolytic enzymes. The following ex- 

periments were performed to determine whether such proteoses 

differ in toxie properties from the usual type. 
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Racemized Caseoses. 

Experiment 83.—February 12,1915. Dog, 13 kilos. 

Injected 5 gm. racemized 'caseoses (0.4 gm. per kilo). Animal re- 

mained quiet during and after injection. . 

Normal clotting time of blood—6 minutes. 
Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes e 
5 “ * 

47 “c * 

1 hr. 30 minutes std 

per’: 40 e 20 minutes 
2 hrs. 39 e 12 ss 

Blood pressure in mm. mercury. 

Before injection: ss...) s\siiew @ ale etelelere.s sla evs = oe ee 96 

1 minute after injection. ....... 2. <.%.5.. . 2. 254s 26 
3 minutes “ HS NS ok gine ane eb om alert a 2 oe 12 

14 Wy os fo) ON Sellen bale oae eo ey ee 32 

21 ss ae MM Gr 44 
31 7 ss OO | ag dle Vidlale ald Whee ieee oa 56 

BB Lk ON ea "80 
* Not clotted 24 hrs. later. 

** Found clotted 24 hrs. later. Immunity to a subsequent injection of 

Witte’s peptone was produced. 

Racemized Egg Albumoses. 

Experiment 32.—February 9, 1914. Bitch, 18.75 kilos. 

Injected 9.37 gm. racemized albumoses (0.5 gm. per kilo). Animal re- 

mained quiet during and after injection. 

Normal clotting time of blood—8 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes - 
5 “ce * 

11 “ * 

48 “ * 

1 hr. 16 minutes 54 
2 hrs-16") = 3 

Blood pressure in mm. mercury. 
Before injection. 5 icgiele sa sile dfs onloacined aan 140 

1 minute after injection. ....s.....:..+:0. 2. else ee 30 
4minutes “ Re igealaeieay © tise oldie she cale ele 25 

5 a e C Jpekpaleacy aon beds het se 30 
BS tess 2 Be Shale iw la terest n ac che» oat er 50 
1 br. 16:minutes’. .00.464 aus) ee Ga 2 al 90 

2 bre. 16.0 Oo csadapaneuy seae sens oe 110 

* Not clotted 24 hrs. later. 
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Racemized Zeoses. 

Experiment 22.—November 22, 1914. Dog, 3.5 kilos. 

Injected 1.45 gm. racemized zeoses(0.5 gm. per kilo). Animal remained 

quiet during and after injection. 

Normal clotting time of blood—10 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes 18 minutes 
5 “ce 15 ce 

11 “cc 10 “ 

16 it ial “ 

21 ce 10 ce 

Blood pressure in mm. mercury. 

IBGROEERIMIEC CULO etree er sers co tin ite lca the erin erences leek oes 60 

(1S SECO ATK MNTOGUMNOMY, Feandonma ose. oaeoedouds cadmedcauoode 50 

30 a = 1 = a ght eaten os hi eI a AR ROPE 80 
1 minute ie eRe eee rrr teen enat rs, Ree, Arana cheaters nas 60 

These observations demonstrate that racemized caseoses and 

racemized albumoses in equivalent doses are nearly if not quite as 

toxic as other proteoses. With racemized zeoses the case is quite 

different, for out of several experiments performed not one showed 

any evidence of physiological action. 

CONCLUSIONS. 

1. Crude racemized proteins produce toxic symptoms when in- 

troduced into the circulation. The evidence in case of racemized 

zein is not decisive, inasmuch as some preparations exhibit typical 

effects, whereas with others no influence can be demonstrated. 

2. Purified racemized proteins show no poisonous action. 

3. The washings from crude racemized proteins contain a toxic 

substance. 

4. A portion of the active substance can be removed from race- 

mized proteins by extraction with alcohol. Efforts to remove the 

poisonous material completely by this means were unsuccessful. 

5. Proteoses prepared by acid digestion of racemized proteins 

are probably as toxic as those prepared from the native proteins. 

6. Of the racemized proteoses the caseoses and albumoses are 

quite toxic but the zeoses seem to be inert. 
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STUDIES ON THE PHYSIOLOGICAL ACTION OF SOME 
PROTEIN DERIVATIVES. 

III. THE PHYSIOLOGICAL ACTION OF VAUGHAN’S “CRUDE 
SOLUBLE POISON.’’! 

By FRANK P. UNDERHILL ann BYRON M. HENDRIX. 

(From the Sheffield Laboratory of Physiological Chemistry, Yale University, 

New Haven.) 

(Received for publication, July 27, 1915.) 

Vaughan (713) and his coworkers have shown that a very toxic 

body can be prepared by digesting any true protein with an al- 

coholic solution of sodium hydroxide. Evidences of toxicity of 

this substance of Vaughan’s were yielded by subcutaneous injec- 

tions into guinea pigs. The symptoms observed under these cir- 

cumstances consist of very marked respiratory disturbances, 

struggles, followed by coma, and finally death. The picture is 

one of asphyxiation. The reaction is apparently identical with 

anaphylactic shock and proteose intoxication in these animals. 

As far as we are aware the only experiments designed to deter- 

mine the physiological action of Vaughan’s ‘crude soluble poison” 

after injection into the blood of the dog were those of Edmunds 

(13) who failed to notice any influence on the coagulation of the 

blood. These results are so different from those obtained in ana- 

phylactic shock and proteose intoxication in this animal that a 

repetition of his experiments was thought to be imperative. 

Preparation. 

60 grams of Hammarsten’s casein were boiled on a water 

bath with a liter of absolute alcohol in which 20 grams of dry 

sodium hydroxide had been dissolved, a reflux condenser being 

used to prevent evaporation. The digestion was continued for 

1 The data in this paper are taken from the dissertation presented by 

Byron M. Hendrix for the degree of Doctor of Philosophy, Yale Univer- 

sity, 1915. 
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two hours, and then the undissolved portion was subjected to a 

second digestion in the same manner. The united filtrates were 

neutralized with concentrated hydrochloric acid, care bemg taken 

to avoid an excess of the acid. The sodium chloride resulting 

was removed by filtration and the alcoholic solution evaporated 
to dryness over an incandescent electric light bulb. The brown 
residue was dissolved in a small amount of absolute alcohol, fil- 

tered, and again evaporated to dryness. A similar preparation 

was made from zein also. 

Vaughan’s ‘‘Crude Soluble Poison’’ (from Casein.) 

Experiment 24.—Dec. 3, 1914. Bitch, 7 kilos. 

‘Injected 3.5 gm. Vaughan’s ‘‘crude soluble poison” (0.5 gm. per kilo). 

Animal remained quiet during and after injection. 

Normal clotting time of blood—9 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 
2 minutes ee 
76 is3 * 

Blood pressure in mm. mercury. 

Before mjection, .... 5.10. 0a elec etins pee spe Oe 82 

1 minute’ after injection...) 050... 605.095. eee ee 14 

2 minutes “ Ors oe hi Geen ie 6a 2 

DSi ae ef FS aeGcres ares «a gaaue ld tevelew at aes rata een 0 

*Not clotted 24 hrs. later. Animal died in less than 4 minutes after 

injection. 

Vaughan’s ‘‘Crude Soluble Poison’? (from Casein). 

Experiment 25.—Dec. 5, 1914. Bitch, 15 kilos. 

Injected 4.5 gm. Vaughan’s ‘‘crude soluble poison” (0.3 gm. per kilo). 

Animal remained quiet during and after injection. 

Normal clotting time of blood—7 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes . 
5 “ % 

7 “ * 

Blood pressure in mm. mercury. 

Beforeunjection... «60.0.2 2'5. 6a .\/4% . «sed bo oe 100 

1 minute after injection. ............0....0- 0. 28 

3 minutes “ RAE Ads aeuele ese sh eishore ows anit ee rr 16 

rats os ee ee ee + 

*Not clotted 24 hrs. later. Animal died within 8 minutes after 

injection. 
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It is distinctly shown by Experiments 24 and 25 that Vaughan’s 

“erude soluble poison”? from casein has a more marked physio- 

logical action than any proteose employed in our experience. 

Death rapidly followed the injection, but it was possible to collect 

samples of blood which remained liquid for more than twenty- 

four hours. 

With the product prepared from zein the effects while still com- 

parable with those yielded by typical proteoses are not so pro- 

nounced as the reactions induced by the substance formed from 

casein (See Experiment 44). 

Vaughan’s “Crude Soluble Poison’’ (from Zein). 

Experiment 44.—Dog, 14.0 kilos. 

Injected 7 gm. (0.5 gm. per kilo) Vaughan’s ‘‘crude soluble poison.’’ 

Animal remained quiet during and after injection. 

Normal clotting time of blood—7 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 
2 minutes a 
5 is9 * 

12 ie 3 

21 yi 2 

40 si 4 
55 a = 

* 1 hr. 30 min. 

Blood pressure in mm. mercury. 

E/SIOIRE ETOCS C1 eg) he eM ADS DY ed PR PNR a BZ So 140 

{i TeoWraN Uber LoverKonits IMAC KCIO, ae ey Aedes PAE ates po cine chon oe 260 

10 minutes *“ EADY, OR 0 SE PR Were, Sel ees oor 120 

| ¢ OO ee ae REE Ol ne hein a ee 4 130 

25 se Arh» OST MRI A Do 58 ah Di Nt he 2k Al 140 

* Not clotted 24 hrs. later. 

These observations differ from the findings of Edmunds who 

failed to observe any effect upon the clotting of the blood. The 

fact that our doses were somewhat larger than those of Edmunds 

may account for the difference in results. 

It is well established that the intravenous injection of proteoses 

into rabbits fails to call forth the symptoms induced in the dog 

and cat except when very large doses are employed. We have 

taken advantage of this fact in order to determine whether the 
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toxicity of Vaughan’s “crude soluble poison’”’ can be entirely ac- 

counted for by its proteose content or whether the poisonous 

properties must be assigned to some additional factor. 

Experiment 45.—A rabbit was given through the marginal ear vein in 

about 2 minutes an injection of 0.6 gm. (0.2 gm. per kilo) of Vaughan’s 

“‘erude soluble poison’’ prepared from casein. The animal struggled 

greatly and expired in less than 2 minutes after the completion of the 
injection. 

Experiment 46.—To a pregnant rabbit was administered intravenously 

as above 0.075 gm. per kilo of the same product as that in Experiment 

45. During and for some minutes after injection the animal cried and 
struggled but survived. The ear into which the injection was made became 

black and necrotic. 

These experiments show conclusively that the effects brought 

about by Vaughan’s product must be ascribed to some substance 

or substances other than the proteoses contained therein since 

the dosage employed here is far too small to produce-any symp- 

toms in the rabbit even though the entire amount of material 

injected consisted solely of proteoses. 

We have attempted to differentiate the proteoses from the 

other toxic substances present in Vaughan’s product by the de- 

struction of the former, that is, by hydrolysis with acid beyond 

the biuret stage. Vaughan’s product was boiled under a reflux 

condenser with a 3 per cent solution of hydrochloric acid until 

biuret-free. The acid solution was neutralized with sodium ear- 

bonate and injected into the circulation of the dog. As may be 

seen from the protocol of Experiment 47 no influence upon blood 

coagulation was noted. A distinct but transitory fall of pressure 

resulted which was also given by a second injection. This fall 

of pressure may be ascribed to the high sodium chloride content 

since the same strength of sodium chloride solution will bring 

about an entirely comparable fall in pressure. It is therefore ob- 

vious that the prolonged boiling of Vaughan’s “crude soluble 
poison” destroys not only the proteoses but also the other un- 

known toxic principles. 
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Vaughan’s “Crude Soluble Poison,’ Hydrolyzed with Acid to the Abiuret 
Stage. 

Experiment 47.—June 14, 1915. Bitch, 5.5 kilos. 

Injected 2.75 gm. (0.5 gm. per kilo) of Vaughan’s product after diges- 
tion. Animal remained quiet during and after injection. 

Normal clotting time of blood—7 minutes. 

Clotting time of blood after injection. 

Sample collected after - Clotting time. 

2 minutes 2 minutes 
5 “a 2 “ 

8 “ee 2 ce 

(25 minutes after the first injection a second similar dose was given.) 

2 minutes 2 minutes 
3 ce » “ce 

(5 minutes after the second injection 2 gm. of sodium chloride dissolved 

in 50 ec. of water were injected intravenously.) 

1 minute ; 2 

3 minutes 2 

a wi 2 

minutes 
“ 

it3 

Blood pressure in mm. mercury. 

BehorerinyectiOneacn .c cc tlie aeln ON Nea anae Goa Raa 2 os 160 

LernimiGerahuer Hirst Injections ++ es ceo acs aber e: «ae 90 

eee os i a am Mice eae isu ARRAS eae Be 80 

2 minutes “ s OE Dies Rate aac Ae bag ae ORT ae at anche 140 

SH 8 fe oe aE PRS MS ir ha NRT tis SLE. fats ae yl 165 

FCLOHERSCCOM CEI COULON ES 5 clamor. aud 5th Nain eons Vete een eee ie 140 

PRUNE TAGereSeCONd IMJECHION. ... vt ecco es sabe ets eels 110 

1 ai an a Seka 1G ot th ee ae ingle md alae one na 90 

2 minutes “ “e AY ET PEE As Pon AG ot hee Set 170 

iBetore: thirdimnyection. GNaC1) 0. 0.0: ocak n eles ae $e 42 soe 180 

i TMULe ATLeL TManG Ah | CCULON «<5. << «tas ante scone =a c/s o6 ca 120 
2 minutes “ is a lal Aes 2 AN as) Ria cei bb Ete 90 

CONCLUSIONS. 

1. Vaughan’s preparation is much more toxic than Witte’s 

“peptone.” 

2. The statement of Edmunds -that Vaughan’s ‘‘crude soluble 

poison”’ has no action on the coagulation of the blood is not con- 

firmed. On the contrary, a very marked effect was noted. 

3. In its action on blood pressure and on blood clotting, Vaugh- 

an’s ‘crude soluble poison”’ strongly resembles the proteoses. 
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4. Vaughan’s preparation differs from the proteoses in that it 

produces marked symptoms or even death in the rabbit in rela- 

tively small doses. 

5. Boiling with dilute hydrochloric acid to the abiuret stage 

destroys the toxicity of Vaughan’s product. 
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DOES FAT FORMATION OCCUR IN THE PERFUSED 

KIDNEY? 

By FRANK P. UNDERHILL anno BYRON M. HENDRIX. 

(From the Sheffield Laboratory of Physiological Chemistry, Yale University, 

New Haven.) 

(Received for publication, July 27, 1915.) 

The recent communications of Gross and Vorpahl! have opened 

for renewed discussion the long debated question of the formation 

of fat from protem, a controversy around which an enormous 

literature? has grown up without furnishing a decisive answer. 

In particular there has been involved the subject of fatty de- 

generation, in Virchow’s sense, versus fatty infiltration. At the 

present moment it would seem that the consensus of opinion 

tends to discredit the probability of a direct formation of fat from 

protein, and the assertions of Gross and Vorpahl are therefore of 

particular interest. These investigators claim that during a 

long continued perfusion with Ringer’s solution an increase of fat 

takes place in the cortex of the kidney as indicated both by 

microscopical and chemical methods. In these experiments 

only the cortex of the kidney was analyzed for fat. The fat 

content of this portion of the perfused kidney is not only relatively 

but may be absolutely greater than in the normal or unperfused 

organ, and the authors call attention to the fact that mere wash- 

ing out of soluble substances by perfusion will not account for 

the augmented fat content. They conclude that the kidney 

cells are able to form fat from fatty acids derived from the pro- 

tein of the kidney. 

In view of the theoretical as well as the practical importance 

of the subject it seemed desirable that the experiments of Gross 

1 Gross, O., and Vorpahl, F., Arch. f. exper. Path. u. Pharmakol., 1914, 
Ixxvi, 336; 1914, Ixxvii, 317. 

2 For a discussion of the literature upon the subject see Wells, H. G., 
Chemical Pathology, Chicago, 1914. 
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and Vorpahl should be repeated. This has been done, the 

technique and methods employed being those advocated by the 

above mentioned investigators. The perfusion was carried 

on for a period of twenty-four hours, fat being estimated by the 

procedure of Kumagawa and Suto. In our investigation the 

fat content was determined in the cortex alone and also was 

extended to a consideration of that contained in the entzre kidney. 

The results obtained are detailed in Tables I and II. 

It may be seen from the data that the results of Gross and 

Vorpahl are corroborated in almost every imstance whether 

the fat is determined in the cortex only or in the whole organ. 

On the other hand if it is assumed that the two kidneys of a 

rabbit weigh equal amounts, an assumption which is approxi- 

mately correct, the reference of the fat content of the perfused 

kidney to the dry weight of the unperfused organ would be of 

interest. With the figures obtained from the cortex of the 

kidney only, this procedure is open to criticism and much weight 

can not be placed upon the data. Applied to the entire kidney, 

however, a greater degree of accuracy may be expected. Under 

these circumstances it may be seen that both relatively and 

absolutely four experiments of the nine fail to corroborate the 

findings of Gross and Vorpahl, in other words the percentile in- 

crease 1s an apparent rather than a real augmentation. Even when 

the results are positive the figures obtained by this method of 

calculation show only small differences whether judged from the 

viewpoint of relative or absolute values. 

Although our figures apparently support the views of Gross 

and Vorpahl one can see the possibility that an entirely different 

interpretation® may be read into them—involving the question 

of difficulty of technique which applies especially to fat determi- 

nations in the cortex. After a kidney has been perfused for twenty- 

four hours it is edematous and very soft and the separation of 

the cortex from the medulla is accomplished with very great 

difficulty. The pelvis always contains appreciable amounts of 

fat, small quantities of which undoubtedly act as a source of 

contamination for the portion selected for analysis. Onlysmall 

quantities of material are available in the rabbit’s kidney; hence 

7 Kumagawa, M., and Suto, K., Biochem. Ztschr., 1908, viii, 212. 
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TABLE I. 

473 

Fat Content of the Cortices of Kidneys Perfused with Ringer’s Solution 

Compared with That of the Normal Organ. 

Experi- 
ment. 

11 

12 

14 

15 

*15 A 

Normal kidney. 

Weight. 

3.549 

3.866 

4.177 

4.327 

4.117 

Dry. 

0.820 

0.805 

0.988 

1.065 

0.873 

Solids. 

Fat. 

Percent- 
age 

Perfused kidney. 

Weight. 

Solids. 

per 
cent 

11.59 

12.66 

12.65 

14.22 

14.65 

Fat. 

Weight. 

0.096 

0.115 

0.145 

0.168 

0.120 

Percent- 
age 

18.92 

23.99 

22.67 

26.76 

19.06 

*15 A was not perfused but was merely suspended in Ringer’s solution for 24 hrs. 

TABLE II. 

Fat Content of the Entire Kidney Perfused with Ringer’s Solution Compared 

with That of the Normal Organ. 

Percentage of fat in per- 
fused kidney compared with normal kidney 

Normal kidney. Perfused kidney. e = s 

seth 
, : BoM 

Experi- Weight. Fat. Weight. Fat. SSS 
ment. Sete 

5 44: os & 
Solids. i 2 Solids. ape + Ee S 

St aA eae (er a oi See 
gm. am. oe gm. gm. gm. ae am. 

1 7.290 | 1.528 | 20.95 | 0.163 | 10.72 | 7.410 | 0.725 | 9.78 | 0.156 | 21.57 | 10.23 
2 6.126 | 1.251 | 20.43 | 0.144 | 11.55 | 6.995 | 1.182 | 16.89 | 0,217 | 18.42 | 17.38 
3 5.494 | 1.157 | 21.06 | 0.181 | 15.64 | 6.319 | 0.926 | 14.66 | 0.199 | 20.41 | 16.34 
4 6.009 | 1.302 | 21.68 | 0.194 | 14.95 |10.767 | 1.159 | 10.76 | 0.150 | 12.96 | 11.53 
6 6.766 | 1.496 | 22.11 | 0.137] 9.18 | 9.974 | 1.203 | 12.06 | 0.174 | 14.50 | 11.60 
7 7.078 | 1.369 | 19.34 | 0.157 | 11.53 | 8.382 | 0.982 | 11.74 | 0.151 | 15.40 | 11.05 
8 3.819 | 0.964 | 25.24 | 0.120 | 12.52 | 5.198 | 0.689 | 13.26 | 0.101 | 14.72 | 10.52 
9 6.576 | 1.374 | 20.89 | 0.171 | 12.45 | 8.894 | 1.120 | 12.59 | 0.177 | 15.82 | 12.91 

10 5.730 | 1.182 | 20.64 | 0.148 | 12.54 | 5.069 | 0.649 | 12.79 | 0.155 | 23.86 | 13.18 

even traces of fat adherence would be of significance. The 

determination of the fat content in the cortices of several kidneys 

as was done by Gross and Vorpahl in some of their experiments 

does not militate against our contention; for the same source of 
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error is possible since each cortex must be separately isolated. 

A similar source of error involving the fat of the pelvis is also 

possible when the entire kidney is considered. We believe then 

that the possibility of the unavoidable inclusion of small quanti- 

ties of kidney fat affords a reasonable explanation for the data 

obtained by Gross and Vorpahl and ourselves. It must also be 

admitted that a part of the apparent increase in fat content is 

caused by the washing out of substances from the kidney as may 

be seen in certain instances, especially with the entire kidney. 

This may be seen from an inspection of the solids present after 
perfusion. 

Gross and Vorpahl ascribe to the kidney cells the capacity to 

form fat from fatty acids derived from protein, and the inference 

one gains from their papers is that the kidney cells under the 

nutritive influence of warm Ringer’s solution remain alive and 

active for many hours, since their experiments were carried over 

periods of from twenty-four to forty-eight hours. From un- 

published work upon kidney perfusion with Ringer’s solution, 

even in the presence of oxygen, we are convinced that the renal 

cells lose all activity within a period of two to three hours. In 

our own investigation, although all possible precautions were 

taken, the kidney at the completion of a day’s perfusion invari- 

ably was possessed of a more or less putrescent odor. We are 

also skeptical as to whether perfusion with Ringer’s solution 

plays any role in the establishment of data like those obtained by 

Gross and Vorpahl and by ourselves, for the results in Table I, 

Experiment 15 A, were obtained from a kidney which was simply 

suspended in warm Ringer’s solution for twenty-four hours. 

Under these conditions cellular activity must have ceased very 

rapidly. The figures show an apparent gain in fat content which 

we believe may readily be accounted for by the hypothesis 

advanced above. 

SUMMARY. 

If warm Ringer’s solution is perfused through the kidney of 

the rabbit for a period of twenty-four hours there may be a 

percentile or an absolute increase in the amount of fat contained 

in the cortex of the kidney or of the entire organ. These results 

confirm those of Gross and Vorpahl. 
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Unlike Gross and Vorpahl, who cite these findings as evidence 

for the formation of fat from protein, we believe that the data 

may be interpreted merely as an expression of the mechanical 

difficulty of preventing contamination with fat of that portion 

of material to be analyzed. 

Doubt is also expressed concerning the influence of the perfu- 

sion with Ringer’s solution, fora kidney simply suspended in this 

medium may yield results entirely comparable with those 

obtained after perfusion. 
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THE CHARACTER OF THE WATER-SOLUBLE NITROGEN 

OF SOME COMMON FEEDINGSTUFFS.! 

By E. B. HART ann W. H. BENTLEY. 

(From the Laboratory of Agricultural Chemistry of the University of 

Wisconsin, Madison.) 

(Received for publication, July 26, 1915.) 

Since Stutzer? in 1880 proposed his copper hydroxide method 

for the estimation of the “amide” nitrogen in feeding materials 

there has been so much progress in protein chemistry that one 

is surprised to find that more modern methods have not been 

applied to our common feedingstuffs for the estimation of free 

acid-amide, amino-acid, and ammonia nitrogen, thereby giving 

us a more perfect picture of the nitrogen distribution in such 

materials. 

It is certain from experimental evidence to be presented later 

that copper hydroxide does not make a complete precipitation 

of all protein and polypeptide structures and thereby give a 

clean quantitative separation of “‘amide’’ nitrogen from protein 

nitrogen. It is also evident that the so called ‘‘amide” nitrogen, 

or what is not precipitated by the copper hydrate, is a mix- 

ture of acid-amide nitrogen, amino-acid nitrogen, and ammonia 

nitrogen. There may still be other forms of nitrogen present 

in this filtrate, but since clean cut methods are now available 

for direct measurement in the feedingstuff of the forms of nitro- 

gen mentioned, it is evident that data should be accumulated with 

these newer and more precise methods. We are certain that 

amino-acid nitrogen has direct nutritive value, while we are not 

so certain that ammonia nitrogen or acid-amide nitrogen have 

any value in normal protein storage. As fast as accurate methods 

become available we should discontinue the differentiation of 

1 Published with the permission of the Director of the Agricultural 

Experiment Station. 

2 Stutzer, N., Jour. Landw., 1880, xxviii, 103. 
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forms of nitrogen in our feeding materials by a method which 

makes no attempt at differentiation on the basis of nutritive value. 

Grindley and associates* have recently published preliminary data 

on the estimation of lysine, arginine, histidme, and cystine by 

Van Slyke’s method, involving the crude feeding material m direct 

acid hydrolysis. Whether accurate determinations of any or all 

amino-acids can be secured when the hydrolyzing proteins are in 

contact with hydrolyzing carbohydrates, etc., must first be deter- 

mined before these data can be accepted as final. The very fact 

that there is no approximate agreement between the results se- 

cured by Grindley on cottonseed meal and those of Nollau* on 

the same material indicates inherent difficulties in the quantitative 

estimation of amino-acids by direct hydrolysis of the feeding- 

stuff. For example, Grindley reports 19.5 per cent of the total 

nitrogen in cottonseed meal as arginine nitrogen and 4.7 per cent 

as lysine nitrogen, while Nollau reports 12.7 per cent arginine 

nitrogen and 1.9 per cent lysine nitrogen. Is it possible that 

different samples of the same feed will vary so widely in their 

protein make-up? It appears more than probable that conden- 

sation of nitrogenous complexes with derivatives of hydrolyzing 

carbohydrates may arise, leading to complete failure in separating 

and detecting certain amino-acids or at least grossly vitiating their 

quantitative determination. For example, Nollau reports the 

complete absence of histidine in the cow-pea while as a matter 

of fact Osborne’ isolated 3.08 per cent of histidine from vignin, 

the globulin of that seed. 

Nollau further reports no proline, oxyproline, and tryptophane 

in corn meal. This again indicates gross inaccuracies in the 

method of analysis, because if corn meal contains no tryptophane 

animals confined to it as the sole source of the nutrients probably 

could not grow. The necessity of tryptophane in the diet for 

maintenance and growth has been emphasized by the work of 

Osborne and Mendel, and Hart and McCollum’ have shown that 

3 Grindley, H. S., Joseph, W. E., and Slater, M. E., Jowr. Am. Chem. 

Soc., 1915,. xxxvii, 1778. 

* Nollau, E. H., Jour. Biol. Chem., 1915, xxi, 611. 

* Osborne, T. B., and Heyl, F. W., Am. Jour. Physiol., 1908, xxii, 362. 

® Osborne, T. B., and Mendel, L. B., Jour. Biol. Chem., 1914, xvii, 325. 

’ Hart, E. B., and McCollum, E. V., ibid., 1914, xix, 373. 
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the growth of swine can take place on a corn meal, gluten feed, and 

salt-mixture diet. It is needless to say that the hopes expressed 

in certain quarters of formulating rations on their amino-acid 

content, secured by direct hydrolysis, will not even begin realiza- 

tion until at least safer methods for the quantitative estimation 

of these substances are available. 

In our own work we have attempted nothing more than a dis- 

section of the water-soluble nitrogen of some feeding materials 

for the purpose of securing a clearer picture of the composition of 

the so called ‘‘amide”’ nitrogen. 

EX PERIMENTAL.® 

Inaccuracy of Stutzer’s Separation.—5 gm. of Witte’s peptone were dis- 

solved in water and treated with an excess of Stutzer’s reagent; the pre- 
cipitated material was filtered off, the excess of copper hydrate removed 

with hydrogen sulphide, and after expelling the hydrogen sulphide by 

boiling, the filtrate was diluted to 200 cc. The amino-acid nitrogen of the 

solution was determined directly by Van Slyke’s nitrous acid method. A 

second portion of the filtrate from Stutzer’s reagent was treated with sul- 

phuric acid to 30 per cent concentration and hydrolyzed by boiling for five 

hours under a reflux condenser. The sulphuric acid was removed with 

barium hydrate, the excess of barium removed with carbon dioxide, and 

the amino-acids were determined as before. A third portion of the filtrate 
from Stutzer’s reagent was hydrolyzed with sulphuric acid as above, but 

the sulphuric acid was neutralized with strong alkali and the amino-acids 

were directly determined. The results secured were as follows: 

Amino-acid nitrogen from 0.1 gm. of Witte’s peptone after treating with 

Stutzer’s reagent, 2.01 mg. N. 

Same as above after hydrolysis with sulphuric acid:and the removal of 
the acid, 9.20 mg. N. 

Same as above except that the sulphuric acid was neutralized instead 
of removed, 9.25 mg. N. 

The data show a large increase in amino-acid nitrogen upon 

hydrolysis of the filtrate after treating with Stutzer’s reagent, and 

indicate that complexes of the nature of peptide linkings were 

still present in the solution. This makes it clear that there is 

8 After our work was completed and in manuscript an abstract appeared 

of similar work carried on by H. S. Grindley and E. C. Eckstein (Science, 

1915, xlii, 70). We have not had the opportunity of knowing the details 

of the methods used and consequently can make no comparison of the 
results. 



480 Nitrogen in Feedingstuffs 

no distinct separation by Stutzer’s reagent of free amino-acids 

from the more complex polypeptides. 

Preparation of Samples.—In all cases the plant materials, when 
harvested green were dried at 37-40°C. and then allowed to stand 

a number of days to become air dried.. The preparation of the 

water extract was made as follows: 25 grams of the air dried 

material were extracted with small portions of hot water until 

nearly 500 cc. of filtrate were obtained. The filtrations were 
made through linen cloth, which hastened the process, and 

from which the filtrate could be squeezed out quite completely. 

The filtrate was then acidified with acetie acid and boiled for a 

few minutes to precipitate the soluble proteins; the solution was 

cooled, diluted to 500 ec., and then filtered through paper. This 

gave a clear solution for further analysis. 

Estimation of Ammonia Nitrogen.—Direct distillation with a 

weak alkali, such as magnesium oxide, has been recommended by 

a number of investigators, but Denis’ confirmed the observation 

of Embden that magnesium oxide distillation at 100°C. liberates 

nitrogen in the form of ammonia from cystine. 

We have made the further observation that practically a quan- 

titative yield of the acid-amide nitrogen of asparagine can be ob- 

tained by magnesium oxide distillation at 100°C., while the work 
of Van Slyke and Hart!° showed that none of the nitrogen from 

acetamide could be obtained by magnesium oxide distillation. 

This distinction in the behavior of the two acid-amides, and the 
probable presence of asparagine in plant tissues made it necessary 

to abandon the magnesium oxide method as an accurate procedure 

for the direct estimation of ammonia nitrogen. The results by 

direct distillation of asparagine and acetamidewith magnesium 

oxide follow: 

Acid-amide N. N obtained. 
mg. mg. 

ASPATARING ,. 27 -PeRORIN ARTs we eerie ase 10.0 9.7 

Acetamide. .):¢7N pee ee ee awh cy ios sv cis Rie 70.0 0.0 

® Denis, W., Jour. Biol. Chem., 1910-11, viii, 429. 

10 Van Slyke, L. L., and Hart, E. B., New York Agricultural Experiment 

Station Technical Bulletins, No. 215, 1902. 
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We consequently adopted the Folin aeration method for deter- 

mination of the ammonia nitrogen. This method gives none of 

the acid-amide nitrogen of asparagine or acetamide and Denis! 

has shown that cystine is stable under the conditions of this 

method. 25 cc. were used in the estimation. 
Estimation of Acid-Amide Nitrogen.—Since magnesium oxide 

distillation at 100°C. may disturb cystine, and does not give the 

acid-amide nitrogen of all acid-amides, its use for direct estima- 

tion for this kind of nitrogen could not be made. We therefore 

adopted the method of acid hydrolysis and aeration. To 25 ce. 

of the solution hydrochloric acid was added to a concentration 

of 20 per cent and boiled under a reflux condenser for thirty 

minutes; the solution was cooled and maintained cool while being 

exactly neutralized with strong alkali; it was then made to 100 ce. 

The total ammonia nitrogen was then determined by the Folin 

method. The ammonia nitrogen previously determined by direct 

aeration was subtracted from this result, giving the acid-amide 

nitrogen. 

Estimation of Amino-Acid Nitrogen.—The amino-acid nitrogen 

was determined directly upon the solution by Van Slyke’s nitrous 

acid method. 

It appeared possible that peptides might still be present in the water 

solution of the feed even after boiling with acetic acid and their exposed 

amino groups react with nitrous acid, thereby giving too high results for 

amino-acid nitrogen. This might also introduce an error into the acid- 

amide nitrogen determination. To determine the extent of this error a 

portion of the acidulated water extract was treated with tannic acid, 

filtered, and the amino-acid and acid-amide nitrogen were determined 

without the removal of tannic acid. In another portion the tannic acid 

was removed with barium hydrate and the excess of barium with carbon 

dioxide, after which the determination of the amino-acid and acid-amide 

nitrogen was repeated. 

On the addition of the tannic acid there was found to be in each case 

but very slight precipitation, the largest occurring from the solution of 

the rape leaf, the data of which are given below. 

Water extract boiled with acetic acid and filtered. 

1 Denis, loc. cit. 

THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXII, NO. 3 
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Rape Total N. Amino-acid N. Acid-amide N. 
per cent In per cent of total N. 

CATTEOATIC A) eeeiest iid f Shevcrsie coats 4.45 

4.57 14.7 4.52 

Extract treated with tannic 

acid and filtered........ Ota te ct he ay bon ope | Se 4.74 

After the removal of the tannic ' 

SC apa os Ge OR SO ARE 8 14.5 4.46 

TABLE I. 

Distribution of the Water-Soluble Nitrogen in Some Common Plant 
Materials. 

In per cent of total nitrogen. 

Fees. Stage of growth Tota 3 Zz : 
(Air dried.) Fee SON ET ONEU A N. | 4 - o| 6a © 

: 4 a x Fo Nes 
ss | Sw 4x » = & so) e A ‘ 

e°| 2 |S4) 23] @ |ea 
per 
cent 

Altalfaese gas Sees In blossom 3.67 | 27.9 | 0.87 1.74] 17.7 | 7.6 

3.74 

Red clover....:..... In blossom 4.48 | 18.2 | 0.35} 0.35) 9.9] 7.6 

4.58 

Sweet clover........ Before flowering 4.15 

4.07 | 33.3 | 1.09 6.81] 16.0 9.4 

Rape oo. coecs eee at 1 ft. high, young 4.45 

4.57 | 36.0'} 2.30 | 4.521) 1407 | 4S 

Raper ct onteec aoe. 6 in. high, young 5.26 

5.80 |'42.1°| 4:88 | 192) 2579") Sean ore 

Gorse ee ee 1 ft. high, young (green) 3.79 

; 3.76 | 34.6 | 0.52 2.64] 17.9 | 13.6 

1 ECT: ER Lae aE Beg In flower 3.26 

3.26 | 36.0 | 0.48 2.12) 23.4 | 10.0 

Oats ifs): oe a Not flowered 2.90 

2.72 | 36.8 | 0.54) 12.26) 20.7 | oc sone 

Oats (D)ideaeeeees Milk stage 1.26 

1.30 | 45.3 | 0.78 1.72) 25.2) | 1726 

IBALIOV cident an ae Milk stage 1.36 

1.33 | 24.4 | 0.58 1.80} 16.5 5.5 

JUDE STASS: 3.5. Pe In flower 1.69 

avGnelosee|| dene 1.28) 11.4 2.1 

SPNIMOLMV eit sc see Headed green 1.48 

1.48 | 25.9 | 0.26 1.34] 17.1 iter} 

Sugar beet.......... Tuber only 0.87 

49.5 |Trace| None} 18.3 | 31.2 

Rape....!...........| Fall growth 4.44 | 29.2 | 1.47 4.22) 10.3 | 18.2 

Cabbageie * os aais ss Small head 3.28 | 34.3 | 1.72 | 8.3 | 18.0] 11.3 

Corn stover......... Mature 0.86 | 65.5 | 3.05 | 25.6] 25.7 | 11.2 

Clover hay..........| Mature 2.53 | 9.3 | None] None} 4.2] 5.1 

Alfalfa hay: ..2....- Mature 2.28 | 23.5 | None] 7.3 | 10.0] 6.2 

* Rape dried at 96°C. 
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The very small differences recorded above indicate that little 

if any complex protein material existed in the water solution after 

boilmg with acetic acid. The fact, however, that not all of the 

nitrogen in the solution could be accounted for by the direct 

determination of the amino-acid, acid-amide, and ammonia nitro- 

gen indicated the possibility of there still bemg present in the 

solution non-reacting amino nitrogen, which was not precipitated 

by tannic acid. To determine if all this was peptide nitrogen, the 

water extract of rape and oats was hydrolyzed with sulphuric acid 

for five hours and an amino-acid nitrogen determination made 

after neutralizing and diluting to a definite volume. The differ- 

ence between the results so obtained and the direct amino-acid 

nitrogen determination of the original extract is recorded in the 

table as peptide nitrogen. It will be noticed that in the case of 

rape and oats peptide nitrogen constituted 30 to 40 per cent of 

the rest nitrogen but does not account for all of it. By rest nitro- 

gen is meant the nitrogen constituting the difference between the 

total water-soluble nitrogen and the sum of the nitrogen fractions 

determined directly as ammonia, acid-amide, and amino-acid 

nitrogen. 

The data secured by the above methods are recorded in Table I, 

SUMMARY. 

The “‘amide’’ nitrogen of feedingstuffs is largely composed of 

free amino-acids and peptide linkings. In most cases the nitro- 

gen in these structures constitutes 50 to 70 per cent of the water- 

soluble nitrogen. 

The acid-amide nitrogen is relatively small, seldom exceeding 

20 per cent of the water-soluble nitrogen, and more often being 

below 10 per cent. Corn stover is an interesting exception, show- 

ing approximately 40 per cent of the water-soluble nitrogen in 

acid-amide form. 

The ammonia nitrogen rarely exceeded 5 per cent of the total 

water-soluble nitrogen, and in some instances was wholly absent. 
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THE EFFECT OF PITUITARY SUBSTANCE ON THE EGG 
PRODUCTION OF THE DOMESTIC FOWL. 

By LEWIS NEILSON CLARK. 

(From Oldham Farm, Port Hope, Ontario.) 

(Received for publication, July 31, 1915.) 

Dr. Carey Pratt McCord! in his experiments with the pineal 

body, taken from growing mammals, has used chicks as subjects, 

with satisfactory results. While following his work on poultry 

with some experiments on the effect upon the offspring, of this 

substance when fed to the parents, I was led to the study of others 

of the organs of internal secretion. The relation between the 

pituitary gland and the genital system made this gland an inter- 

esting source of experiment to test its effect on the ovulation of 

the domestic fowl. When extracting the pineal body from the 

brains of calves and lambs, I also dissected out the pituitary 

gland, preparing it for use in the same way as the pineal. This 

will explain why the pituitary glands, used in the experimental 

work described in this paper, were all from the brains of growing 

mammals. The heads were supplied by the local butchers. 

The pituitary substance was prepared as follows: The pitui- 

tary gland was dissected out and the posterior lobe and all adher- 

ing tissue discarded. The anterior lobe was weighed, ground to 

a paste with pestle and mortar, and to it was added three times 

its weight of milk sugar, and the whole thoroughly mixed. This 

paste was dried at room temperature, ground to a powder, and 

weighed, the loss in weight amounting to 13.5 per cent. In the 

experiments recorded below 69 mg.? of this powder, representing 

20 mg. of fresh pituitary substance (anterior lobe) were admin- 

istered to each hen, per day. 

1 McCord, C. P., Jour. Am. Med. Assn., 1914, |xiii, 234. 

® Grains (avoirdupois) were used for measurements in this work on 

account of the convenient scales available. (0.33 grain = 20 mg.) 

485 
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The first experiment attempted dealt with 35 Single Comb 

White Leghorn hens hatched in April, 1913, mated, in two pens, 

to two cockerels of the same breed, hatched in May, 1914. These 

two pens were housed in two colony-houses, on free range, and 

had been used as breeding-pens for this season’s work before the 

dosing was commenced. I have, therefore, records of their egg 

production for several months previous, the laying being very 

steady and consistent. For the purpose of illustrating the results 

of this experiment, it will be necessary to give only the egg produc- 

tion for a period of fourteen days prior to first dosing. It will be 

noted in Table I that the production curve was declining, pre- 

vious to dosing, this being only natural in view of the heavy and 

consistent laying of these hens since February. Both hens and 

eockerels were forcibly fed at night time with the powder, enclosed 

in gelatin capsules, the dose in each case bemg 69 mg. The 

first dose was given on the evening of May 20, and the last dose 

on the evening of May 28. ‘Table I shows the daily egg produc- 

tion. A remarkable increase in production was noted on the 

fourth day after the administration of the first dose and contin- 

ued some time after the last dose, but was apparently dropping 

back to normal when, owing to the exigencies of the management 

of a large poultry farm, it was necessary to break up these iso- 

lated pens. The hens were kept under close observation for a 

period of one month after the last dosing and their general health 

continued exceptionally good, there being not one case of sick- 

ness or death among any of the subjects, and the general appear- 

ance of the birds being far above the average for this season of 

the year. 

I felt sure that the marked increase shown in the production of 

these hens, whose laying had been most consistent, and whose 

production curve was on the decline at the time of experiment, was 

due solely to a direct stimulating effect on the ovaries, produced by 

pituitary substance and to no other causes. A 100 per cent egg 

production is almost unknown in my experience, at this season of 

the year, especially with flocks of this size (seventeen and eighteen 

in a pen). The conditions for egg production were practically 

ideal, but the same conditions, and very much the same weather, 

had obtained for a month previous. In order to meet the natural 

query as to whether the weather or other conditions might not 
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488 Pituitary Feeding and Egg Production 

have influenced the production of the experimental fowl, the 

daily egg records of two large laying pens were studied and are 

given in Table I for comparison. Conditions in these two pens 
and in the experimental pens were very similar. Feeding condi- 

tions, weather, and the nature of the soil were identical, the only 

difference being in the fact that the experimental pens were in 

small isolated houses, on free range, whereas the large flocks were 

in long continuous laying-houses each with a fenced in run of 

three and one-half acres of land. 

In order to test the effect, if any, on the hatchability of the 

eggs and the viability of the chicks, 100 eggs from the experi- 

mental fowl were collected previous to dosing—that is, from May 

14 to May 20—and were set in an incubator on May 20, the eggs 

being from two hours to six days old. On the fifth day after the 

first dose, eggs were again collected from the same fowl, 100 eggs 

being gathered from May 26 to May 28, and were set in an incu- 

bator of the same make on May 29, the eggs being one to three 

days old. The results of these hatches are even more remarkable 

than the increased egg production, as is seen from Table II. 

TABLE II. 

Date set. No. of eggs set. & eden Dead in shell. 5 osm 
be xs eS o 6 
I jac} om 8 

May 20 | 100 (collected 6 8 | 15 (7 shells (al (ih 

before dosing) pipped) ; 
May 29 | 100 (collected 0 0 4 (all pipped) 96 96 

after dosing) 

Prairie State Sand Tray Incubators of the same size were used. 

Conditions of temperature were closely regulated by thermo- 

stats. In both experiments the temperature ranged from 102- 

103.5°F., as required to give the best conditions for hatching. 

The chicks are being kept under observation to note sex and any 

peculiarities of growth. 

Feeling it desirable to have a further experiment to more fully 

prove the effect of this substance, I determined to dose all the 

hens in one of the large laying-houses. The house so chosen 
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contains 655 one year old Single Comb White Leghorn hens (no 

males), and the dose administered to them was 45 grams of the 

powder per day. Owing to the large scale on which the experi- 

ment was being conducted, it was only possible to obtain suf- 

ficient material for four daily doses. It was unfortunate that 

the dosing could not be continued over a longer period, but the re- 

sults obtained from these few doses were so marked and striking 

as to leave no doubt as to the stimulating effect of pituitary sub- 

stance (anterior lobe) on the egg production of the domestic fowl. 

As will be noted in Table III, in the preliminary period, the 

production curve of these 655 hens was again, in this case, on the 

decline. In order to show that weather or other conditions did 

not apparently tend to increase production on these dates, I have 

again given (in Table III) the daily egg record of the flock of 431 

hens. It will be noted in this case that the stimulating effect on 

the 655 hens lasted only about seven or eight days after the last 

dosing, but it will be seen that the total dose administered only 

provided, during the four days, the equivalent of 80 mg. of 

pituitary substance per hen, and there is no assurance that the 

material was equally divided among the hens. It being impracti- 

cable to forcibly feed so many hens, the following method was 

employed in this case: 45 grams of powder were divided into three 

equal parts, each part being thoroughly mixed into a pailful of 

dry mash. This mash was then moistened with sour skim milk 

and fed to the hens. The same quantity of this same moist mash 

had been fed to these hens every day for months past. It had 

been mixed in exactly the same way except for the addition of 

the pituitary substance, and feeding conditions and general care 

were identical during the experiment with conditions previous, as 

far as it is possible to make conditions of this kind identical. It 

was noted that on the second day after dosing, these hens required, 

and were given, a larger allowance of grain than previously, and 

the dry mash being always before them in open feed-hoppers, it 

is probable that they consumed a greater quantity of this mate- 

rial than under normal conditions. The increased appetite was 

undoubtedly occasioned by the increase in production, the writer 

having often noted the fact that a sudden increase in the appetite 

of a flock is usually a precursor of an increase in egg production. 
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I am publishing this paper as a preliminary report. . Further 

experiments will follow to determine: 

1. The post period during which the stimulating effect lasts. 

2. The smallest dose producing the desired results. 

3. The general health, growth curve, and age at maturity of 

chicks from dosed parents. 

4. A comparison of the effect of pituitary substance taken from 
erowing mammals and from adult mammals. 

I have other experiments under way at the present time. 

At the time these two experiments were completed I did not 

know that work of a similar nature had been done by Pearl and 

Surface. These two observers administered the pituitary sub- 

stance hypodermically to hens whose ovaries were in a state of 
complete rest (at the moulting season). They found no activa- 

tion but their experiments were carried out under very different 

conditions, as regards the physiological condition of the subjects, 

the method of administering the substance, etc. It seems pos- 

sible to me that the negative results they obtained as compared 

with my positive results might be explained by the fact that the 

pituitary substance I used was from growing mammals while it is 

probable that their material was from adults, as it was purchased 

from the Organotherapeutic Laboratory of Armour and Company. 

It is known from the work of McCord* that positive results are 

obtained from the use of pineal body taken from growing mam- 

mals, and negative results from this substance taken from adults, 
and the same may be the case with pituitary gland. Experiments 

are in progress to test this point. 

SUMMARY. 

These experiments show that: 

1. Feeding of pituitary gland substance (anterior lobe) in- 

creased the egg production of hens whose production curve was 

on the decline: Case 1, with 35 hens in isolated pens; Case 2, 

with 655 hens. 

2. The dosage was effective on the fourth day after the first 

dose and lasted for several days after the last dose. 

3. The hatchability of eggs from dosed parents was increased. 

3 Pearl, R., and Surface, F. M., Jour. Biol. Chem., 1915, xxi, 95. 

4McCord, loc. cit. 





THE ASH OF CLAM MUSCLE IN RELATION TO 
ITS OSMOTIC PROPERTIES. 

By EDWARD B. MEIGS. 

(From the Wistar Institute of Anatomy and Biology and the Marine Biological 

Laboratory of Woods Hole, Mass.) 

(Received for publication, August 20, 1915.) 

A knowledge of the ash of the tissues of marine animals is likely 

to throw light on a number of interesting physiological problems. 

It is generally supposed that the ash of animal tissues represents 

to a large extent their inorganic salt content, and that the salts 

in question dissolved in the fluids of the living tissue play an 

important part in giving to those fluids their characteristic os- 

motic pressure. But the physicochemical conditions in the tis- 

sues which have hitherto been examined are by no means simple— 

there is no doubt that a part of the ash comes from the organic 

constituents of the tissue, and there is much reason to believe that 

a considerable proportion of the water is so combined with the 

colloids that it cannot act as a solvent for the salts. 

The salt content of the blood and tissues of most vertebrates 

is much lower than that of the blood and lymph of the marine 

invertebrates. It isa very interesting question, therefore, whether 

the salt content of the tissues of these latter is low like that of 

the vertebrate tissues or high enough to correspond with the high 

salt content of their surroundings. The answer to this question 

can hardly fail to throw light on the osmotic properties and rela- 

tions of animal tissues in general. 

The vitreous portion of the adductor muscle of Venws mercenaria 

has been analyzed for total ash, water, solids, sodium, potassium, 

1 Overton, E., Arch. f. d. ges. Physiol., 1902, xcii, 128-142. Meigs, E. 

B., and Ryan, L. A., Jour. Biol. Chem., 1912, xi, 410-418. Meigs, E. B., 

ibid., 1914, xvii, 91-93. 
2 Héber, R., Physikalische Chemie der Zelle und der Gewebe, Leipsic, 

3rd edition, 1911, Chapt. 2. 
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494 Ash of Clam Muscle 

calcium, magnesium, iron, phosphorus, sulphur, and chlorine. 

The methods of analysis were in general the same as those used 

in a previous investigation.® The total ash was determined by 

heating the dried tissue moderately in a platinum crucible until 

it was carbonized, pulverizing the mass of carbon, and extracting 

it with dilute hydrochloric acid. The extracted carbon was re- 

placed in the crucible and completely ashed, the ash so obtained 

added to the acid extract, and the whole solution then evaporated. 

The residue was heated until it just began to glow, cooled, and 

weighed. 

The sulphur was determined in one case by fusing the tissue 

with sodium peroxide; in another, by ashing it without the addi- 

tion of any reagent. The two sets of results are given in the 

table. 

For a description of the kind of muscle used the reader is re- 

ferred to a previous article.‘ 

The results of the investigation are given in the table and 
protocols at the end of this article. 

GENERAL DISCUSSION. 

Study of the figures given in the table reveals a number of 

interesting relations between the ash of the clam’s muscle and 

that of the various kinds of vertebrate muscle which have hitherto 

been studied. The figures for the potassium, phosphorus, and 

total sulphur content of the clam’s muscle are remarkably close 

to those which have been obtained for the smooth and striated 

muscle of the frog, the striated muscle of mammals, ete. The 

sodium and chlorine content of the clam’s muscle are, as one 
would expect, higher than that for the muscle of fresh water and 

land vertebrates; but remarkably low when compared with the 

sodium chloride content of sea water and of lamellibranch blood.® 

Consideration of the figures for total ash and for the various con- 

stituents of the ash makes it clear that the salts contained in the 

muscle cannot be nearly sufficient to bring the osmotic pressure 

’ Meigs and Ryan, loc. cit., 401. 

4 Meigs, loc. cit., 82 and 83. 

® Firth, O. v., Vergleichende chemische Physiologie der niederen Tiere, 
Jena, 1903, 73. 
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of the water of the muscle up to that of sea water. This adds 

to the evidence which has been given in an earlier article to show 

that a large proportion of the water of clam muscle is combined 

with the colloids in such a manner that it cannot act as a solvent 

for salts. 

Some experiments have been carried out for the purpose of 

throwing light on the manner in which the elements of the ash 

are combined in the living tissue. 

The sulphur has been determined in two portions of muscle 

which were fused with sodium peroxide, and in two other por- 

tions which were ashed at high temperature without the addition 

of alkali. The figures obtained are widely different from each 

other, as was to have been expected from a consideration of the 

sources of sulphur in the ash of such a tissue as muscle. It is 

generally accepted that the muscle proteins contain considerable 

quantities of sulphur in organic combination. This is held in 

the ash when the tissue is fused with alkali, but most of it escapes 

when the tissue is ashed without the addition of anything to hold 

it. Whether or not all of it would escape is doubtful, and some 

small portion of it may, therefore, be included under the figures 

given for “inorganic sulphur.” 

On the other hand, any sulphur combined as sulphate with 

sodium, potassium, magnesium, or calcium would remain in the 

ash whether or not alkali were added when the tissue was ignited, 

and the figures given for “inorganic sulphur’ represent what- 

ever sulphur may originally have been combined in this way 

plus an uncertain quantity of the organic sulphur. These figures 

represent, therefore, the maximum amount of sulphur which can 

be present in the living tissue as non-volatile sulphate, and show 

that this quantity must be very small. 

Examination of the table shows that the sodium and piloting 

of the ash are present in just about such proportions as would 

unite to form sodium chloride. That these elements exist as 

sodium chloride in the living tissue seems a prior? highly probable, 

and is rendered still more so by the results of diffusion experi- 

ments. It has been found that all the chlorine will diffuse out of 

the living muscle into a surrounding 30 per cent saccharose solu- 

tion in the course of about forty-five hours. In more recent 

6 Meigs, loc. cit., 87. . 
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experiments (Experiments 1 and 2 of this article) it has been 
found that under similar conditions the muscle loses about 86 

per cent of its sodium. There is every reason to think, therefore, 

that at least 86 per cent of the sodium and chlorine found in the 

ash exists in the living muscle as sodium chloride. 

Somewhat similar experiments have been carried out with re- 

spect to the potassium and phosphorus of the muscle’s ash, and 

it has been found that while the tissue loses about 75 per cent of 

its potassium to a 30 per cent saccharose solution in forty-one 

hours, it loses under similar circumstances only about 28 per cent 

of its phosphorus (Experiments 1, 2, 3, and 4). It seems impossi- 

ble, therefore, to suppose that more than about half of the tissue’s 

potassium is combined with the phosphorus as inorganic phos- 

phate. Most of the phosphorus which fails to diffuse out from the 

muscle to the sugar solution could be accounted for by supposing 

it to be combined with the calcium and magnesium of the ash 

as insoluble calcium and magnesium phosphate. But how the 

surplus potassium is combined is a problem which remains to be 

solved. 

A consideration of the quantities of acids and bases in the ash 

of clam muscle, as shown by the figures given in the table, shows 

that the former are not present in sufficient quantity to yield a 

neutral solution when combined with the latter. No matter how 

the sodium, potassium, calcium, and magnesium of the ash were 

combined with the phosphorus, chlorine, and inorganic sulphur, 

the resulting solution would still be strongly alkaline. It is highly 

probable, therefore, that the tissue contains some additional acid, 

which does not appear in ash analyses as ordinarily made, and 

that this acid exists in the living tissue in combination with a 

part of the potassium. Whether the acid in question is carbonate 

or something else is another question that still remains to be 

answered. 

It is a remarkable fact that the clam’s muscle remains highly 

irritable after it has been for forty hours or more in 30 per cent 

saccharose solution. Experiment 2 shows that during this period — 

the muscle may gain more than 60 per cent of its original weight, 

and in an earlier article it was shown that enough sugar diffuses 

into it to bring the concentration of saccharose in the water of 

the muscle up to 17.5 per cent; also, that during this period all the 

chlorine, so far as could be determined by chemical analysis, was 
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lost.?7 Experiments 1, 2, 3, and 4 show that the muscle loses also 

to the sugar solution 86 per cent of its sodium, 75 per cent of its 

potassium, and 28 per cent of its phosphorus. There is left in 

the muscle, therefore, only about 0.03 per cent Na, 0.08 per cent 

K, 0.11 per cent P, and possibly most of the Ca, Mg, and §8. 

And in spite of this remarkable loss of its own inorganic materials 

and the taking up of considerable quantities of water and sugar 

from the surroundings, the muscle remains as irritable as at the 

beginning of the experiment. Its behavior in this respect forms 

a noteworthy contrast to that of frog striated muscle, which very 

quickly loses its irritability in any potassium or non-electrolytic 

solution. 

In conclusion, I wish to offer my most sincere thanks to Dr. 

John Marshall and the staff of the Hare Chemical Laboratory of 

the University of Pennsylvania, whose kind assistance and sup- 

port greatly facilitated the work on which this article is based. 

Constituents of the Adductor Muscle (Vitreous Portion) of Venus mercenaria, Given 

as Percentages of the Fresh Tissue.* 

rl iS) 

No. | Water. | Solids. el K Na Fe Ca Mg je aes ) (“‘Inor- Cl§ 
ganic.’’) 

Lage 73.65 26.35 1.44 0.335 0.247 0 0.042 0.052 0.156 0.242 0.033 0.350 

Eee 79.11 24.89 1.48 0.278 0.184 0 0.034 0.044 0.148 0.208 | 0.026 0.280 

Average! 74.44] 25.56] 1.46 0.311 | 0.205} 0] 0.038 | 0.048 | 0.153} 0.225] 0.030] 0.322 

* The figures given under No. I and No. II represent the widest differences found for the various con- 

stituents; the averages are made up from these and from the intermediate figures (see protocols). 

j Total sulphur was determined in muscle fused with Na2O2. 

t “Inorganic” sulphur was determined in muscle ashed at high temperature without the addition of alkali. 

The figures probably represent sulphur from inorganic sulphates plus an unknown quantity yielded by the 

muscle proteins, but they were thought to be interesting as showing the maximum amount of sulphur which 

can be attributed to inorganic sulphates. 

§ The chlorine determinations are taken from an earlier article (Meigs, loc. cit., 96, Experiment 8). 

Protocols of the Diffusion Experiments. 

In all experiments the vitreous portion of the muscle was used. 

Experiment 1.—July 13, 1914. Portion of adductor muscle of Venus 

weighing fresh 15.175 gm., yielded 3.873 gm. dry substance, 0.0495 gm. or 

0.326 per cent K, and 0.028 gm. or 0.184 per cent Na. 
Experiment 2.—July 13, 1914. From the animals used in Experiment 1 

15.053 gm. fresh muscle were taken and kept for 41 hours in 30 per cent 

saccharose solution at temperature between 11° and 12°. The sugar solu- 

7 Meigs, loc. cit., 95 and 96, Experiments 6, 7, 8, and 9. 
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tion was changed three times. At the end of the 41 hours the muscle was 

still quite irritable and weighed 24.370 gm. It yielded 6.502 gm. dry sub- 

stance, 0.0121 gm. or 0.08 per cent K and 0.0044 gm. or 0.029 per cent Na. 

Experiment 3.—May 25, 1915. Portion of adductor muscle of Venus 

weighing fresh 10.453 gm. kept for 22 hours in 30 per cent saccharose solu- 

tion at temperature between 1° and 5° with preliminary one and one-half 

hour period at 23°. The sugar solution was changed twice. At the end 

of the 22 hours the muscle was still quite irritable. It yielded 0.0421 gm. 
Mg2P.0; or 0.112 per cent P. 

Experiment 4.—May 25, 1915. Portion of adductor muscle of Venus 
weighing fresh 10.785 gm. kept tor 46 hours in 30 per cent saccharose solu- 

tion at temperature between 1° and 6° with preliminary one and one-half 

hour period at 23°. The sugar solution was changed four times. At the 

end of the 46 hours the muscle was still quite irritable. It yielded 0.0424 
gm. Meg»P2O; or 0.110 per cent P. 

Protocols of the Ash Analyses and Determinations of Water and Total Solids. 

All the analyses were made on the vitreous portion of the adductor 
muscle of Venus mercenaria. 

Potassium and Sodiwm.—23.254 gm. muscle yielded 0.295 gm. combined 

KCl and NaCl and 0.488 gm. K2PtCl., equivalent to 0.149 gm. KCl or 0.0779 

em. K. 0.295-0.149=0.146 gm. NaCl equivalent to 0.0574 gm. Na. Muscle 

contained, therefore, 0.0779 gm. or 0.335 per cent K, and 0.0574 gm. or 0.247 

per cent Na. In three other similar determinations the results were: 

Kx, 0.326, 0.278, and 0.306 per cent; Na, 0.184, 0.198, and 0.191 per cent. 

Iron.—10.570 gm. muscle yielded no Fe. In another similar determina- 

tion the result was the same. 

Calcium.—10.570 gm. muscle yielded 0.0059 gm. CaO or 0.042 per cent 

Ca. In another similar experiment the yield was 0.034 per cent Ca. 

Magnesium.—10.570 gm. muscle yielded 0.0198 gm. Mg2P2O; or 0.052 per 

cent Mg. In another similar experiment the yield was 0.044 per cent Mg. 

Phosphorus.—11.140 gm. muscle yielded 0.059 gm. Mg2P.0; or 0.148 per 

cent P. In two other similar experiments the yields were respectively 
0.155 and 0.156 per cent P. 

Sulphur (‘Inorganic’’).—13.764 gm. muscle ashed at high temperature 

without the addition of alkali yielded 0.036 gm. BaSOx, or 0.033 per cent 

S. In another similar experiment the yield was 0.026 per cent S. 

Sulphur (Total).—11.350 gm. muscle fused with NasOz yielded 9.200 gm. 

BaSOy, or 0.242 per cent S. In another similar experiment the yield was 

0.208 per cent S. 

Total Ash.—10.570 gm. muscle yielded 0.152 gm. or 1.44 per cent total 

ash. In another similar determination the yield was 1.48 per cent ash. 

Water and Solids.—14.902 gm. fresh muscle dried for 42 hours at temper- 
ature between 100° and 110° yielded 3.845 gm. or 25.80 per cent solids 

and 74.20 per cent water. In five other determinations, the results were: 

solids, 26.35, 25.87, 24.89, 24.95, and 25.52 per cent; water, 73.65, 74.18, 

79.11, 75.05, and 74.48 per cent. 



STUDIES IN CARBOHYDRATE METABOLISM. 

X. THE INFLUENCE OF HYDRAZINE UPON THE RESPIRATORY 

QUOTIENT AND UPON HEAT PRODUCTION. 

By FRANK P. UNDERHILL ann JOHN R. MURLIN. 

(From the Sheffield Laboratory of Physiological Chemistry, Yale University, 

New Haven, and the Laboratory of Physiology, Cornell University 

Medical College, New York City.) 

(Received for publication, July 27, 1915.) 

Previous communications! have demonstrated that carbohy- 
drate metabolism in the dog is markedly influenced by the sub- 

cutaneous injection of hydrazine. It has been shown, for example, 

that subsequent to treatment with this substance blood sugar con- 

tent? is noticeably diminished, the change being accompanied by 

a disappearance of glycogen from the liver? and muscles. Sig- 

nificant histological alterations* in the hepatic cells obtain simu- 

lating those of degeneration. With large doses of hydrazine 

death invariably ensues. On the other hand, with the dosage 

carefully regulated animals may, and usually do, recover from the 

influence of hydrazine, the liver likewise regaining a normal 

appearance.’ The production of hypogiycemia is not accompanied 

by glycosuria nor can any evidence be obtained ofan increased 

output of such substances as lactic acid, diacetic acid, or acetone. 

An explanation has been sought which would account for the 

lowered blood sugar content and the disappearance of glycogen 

from the body. The problem has been attacked from various view- 

points but in each instance the result has failed to afford the de- 

1 Underhill, F. P., Jour. Biol. Chem., 1911-12, x, 159. Underhill, F. P., 

and Fine, M.S., zbid., 1911-12, x, 271. Underhill, zbid., 1914, xvii, 293, 295. 

Underhill, F. P., and Prince, A. L., ibid., 1914, xvii, 299. 
2 Underhill, ibid., 1911-12, x, 159. 
2 Underhill, ibid., 1911-12, x, 159; 1914, xvii, 293. 
4Wells, H. G., Jour. Exper. Med., 1908, x, 457. 

*> Wells, loc. cit. 
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sired elucidation. Thus, it has been found® that dextrose solutions 

perfused through the hearts of hydrazinized rabbits are not utilized 

to a different degree than is true for the hearts of normal animals. 

The experiments affording this conclusion were carried through on 

the hypothesis that muscle tissue may play a significant réle in 

the diminution of carbohydrate in the hydrazinized animal, per- 

haps by means of an accelerated enzyme action concerned in car- 

bohydrate transformations. Again, with the same object in 

view experiments were made in which the hepatic glyoxalase’ 
activity of dogs treated with hydrazine was compared with that 

of normal animals. 

The present communication presents the results obtained from 
metabolism studies upon dogs at different periods subsequent to 

hydrazine treatment and indicates that the long sought explana- 

tion for the action of hydrazine is at hand. 

Methods. 

During hydrazine intoxication food is refused, or if eaten is 

promptly vomited; hence, in the present investigation experi- 

ments have been carried through only on fasting dogs, the influ- 

ence of inanition alone also being determined. ‘The basal metab- 

olism having been determined by respiration experiments on one 

or two dogs, a single dose of hydrazine was administered sub- 

cutaneously in 2.5 per cent solution at the rate of about 50 mg. per 

kilo. In only one instance was the metabolism determined within 

the first twenty hours, since the animal in this period usually ex- 

hibits a high degree of irritability. From this time on, however, 

the period of excitation gives place to one of depression and the 

animal is then suitable for a respiration experiment. 

The apparatus used was the respiration incubator recently 

described by one of us (M8). Alcohol checks performed during 

the course of this work proved it to be in perfect condition. 

The urine was analyzed for nitrogen and the excretion of this 

element was used in the calculation of the heat production for the 

first two dogs, but not for the last two. Because of the small 

6 Underhill and Prince, loc. cit. 

7 Underhill, F. P., and Hogan, A. G., Jour. Biol. Chem., 1915 xx, 211. 

§ Murlin, J. R., Am. Jour. Dis. Child., 1915, ix, 43. 
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amount of nitrogen excreted, no material difference is made by 

the omission. 

From the data in the table it is obvious that after the adminis- 

tration of hydrazine to a fasting dog no change occurs in the rate 

of dextrose oxidation until about the thirty-sixth hour. From 

this period to the forty-sixth hour or longer the respiratory quo- 

tient is raised—evidence of increased combustion of carbohydrate 

material. Inasmuch as hypoglycemia obtains at approximately 

the same period, as has been determined previously and in unpub- 

lished work, it is reasonable to interpret the low blood sugar con- 

tent as a result, in part at least, of an increased oxidation of dex- 

trose. Coincident with an augmented rate of oxidation it is prob- 

able that the power to furnish dextrose from non-carbohydrate 

sources is temporarily inhibited. That this capacity is checked 

for the time being only is attested by the fact that the blood sugar 

level returns to the normal within four days and glycogen is then 

present in the liver and muscles. 

When dextrose is injected subcutaneously into hydrazinized 

dogs in doses of 5 grams per kilo of body weight death almost 

invariably follows within a period of twelve hours. The data in 

the appended table show, as indicated by the respiratory quotient, 

that a portion at least of the administered dextrose is oxidized 

rapidly. Since hydrazinized animals apparently temporarily lose 

the power to store glycogen it is clear that the ability to store 

glycogen is not inseparable from the capacity to oxidize dextrose; 

that is, the one may be inhibited or retarded without impairing 

the other. 

It may also be seen that hydrazine is without influence upon 

heat production aside from the changes induced (a) by the mus- 

cular activity in the stage of excitement and (b) by the muscular 

relaxation during the period of depression. On the other hand, 

the subcutaneous injection of dextrose into hydrazinized dogs 

appears to bring about an increased heat production; that is, it 

exerts a specific dynamic action.?® 

’ Compare Lusk, G., Jour. Biol. Chem, 1912-13, xiii, 27. 
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CONCLUSIONS. 

The subcutaneous injection of hydrazine into fasting dogs in- 

duced an increased rate of carbohydrate combusts as measured 

by the respiratory quotient. 

This increased combustion of carbohydrate probably explains 

the diminished blood sugar content and the disappearance of 

glycogen from the liver and muscles observed in previous 

communications. 

Subcutaneously introduced dextrose is oxidized more rapidly in 

dogs that have received hydrazine than in the normal fasting ani- 

mal. Such injections of sugar to hydrazinized dogs also appear 

to exert a specific dynamic action. 

Hydrazine exerts no specific influence upon heat production. 
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Respiratory Metabolism of Hydrazinized Dogs. 

Dog 1. Fasting Ten Days. 

Bo g e cal| © Z|. $ 
eae LOM. 5) 5 o re 5 Be 

. {88} S35 | =8] 2s Be) o3 
= |25| 2-2 Lien ee nie Sas 
eo 15 5, a5 ase | s |i as 
Oo od om Oe Pe A a oD 
= | a 1S) fo) ea Z eo 

kg. cal. 

5.05 10.44-11.44 | 1.631] 2.309] 0.706 .| 0.076] 10.73 

11.44-12.44 | 1.656] 2.321) 0.713 0.076) 10.79 

4.92 10.19-12.19 | 2.781] 3.838] 0.725 | 0.672) 17.82 

12.19- 1.19 | 1.500] 2.141] 0.701 | 0.072} 9.95 

? 24 | 2.52— 3.52 | 1.373] 1.904) 0.721 0.037) 8.88 

25 | 3.52- 4.52 | 1.371] 2.037] 0.673 | 0.037) 9.50 

4.45 | 43 |10.26-11.26 | 1.464) 1.943) 0.753 ? 9.22 

44 |11.26-12.26 | 1.459] 1.868) 0.781 2? 8.93 

45 |12.26- 1.26*| 1.532] 1.974] 0.776 2 9.42 

2.538- 3.53 | 1.681] 2.113] 0.796 | 0.012) 10.10 

3.53- 4.53 | 1.698] 2.449] 0.693**| 0.012] 11.45** 
Dog found dead in morning. 

Dog 2. Fasting Two Days. 

Remarks. 

e 

10 ce. 2.5 per cent hydrazine at 

3.00 p.m. 

Dog very slugg’sh. 

80 ce. 30 per cent glucose sub- 

cutaneously at 1.45. 

Small amount of urine due to 

antidiuretic effect of glucose. 

18 ce. 2.5 per cent hydrazine at 

5.00 p.m. 

8.25 2.43- 3.43 | 3.024) 4.253) 0.711 0.113) 19.80 

3.43- 4.43 | 3.467] 4.808} 0.721 0.113) 22.40 

7.8 | 214] 2.80- 3.30 | 2.501] 3.494] 0.716 | 0.107] 16.25 

224| 3.30- 4.30 | 2.601] 3.662] 0.710 | 0.107] 17.04 

7.32 | Dog died at 11.00a.m. whilein respiration apparatus. 

Dog 3. Fasting Five Days. 

4.00 10.15-11.15 | 1.291} 1.842] 0.701 8.63 

11.15-12.15 | 1.235} 1.726] 0.715 8.10 

10.32-11.32 | 1.243} 1.874] 0.663 
11.32-12.32 | 1.214] 1.526] 0.795 

Average| 0.723 8.00 

213/10.29-11.29 | 1.298] 1.587) 0.818 

223)11.29-12.29 | 1.321] 1.966) 0.672 

Averagef} 0.737 8.39 

233112.29- 1.29 | 1.284) 1.747] 0.735 

253| 2.22— 3.22 | 1.276] 1.776) 0.719 8.35 

263| 3.22— 4.22 | 1.316] 1.569] 0.839 7.61 

4.22— 5.22 | 1.442) 1.702] 0.847 8.27 

Dog found dead in morning. 

8 ce. 2.5 per cent hydrazine at 

1.00 p.m. 

10 gm. glucose in 10 per cent 

solution subcutaneously at 

1.50 p.m. 

More sugar burning than would 

burn in fasting dog. See 

next experiment. 

*Body temperature, 1.35, 37.8 °; 5.10, 37.8°. 

**Probably O2 leak. 

tWhen the two periods do not agree, it is due to the tact that the dog moved at the end of a 

period while the oxygen was being admitted to the cage fcr the purpose of equalizing the volume 

(see Murlin, loc. cit.). 

next if the dog is quiet. 

Any deficiency of oxygen in one p2riod, however, is compensated in the 
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Dog 4. Fasting Two Days. 

sir mn he o 1 

2s} § se | ® 25] % = ASR e 2 if). #2 158188 ro a Remarks. 
$| = 5S) 85 |2s/S4] 6 | 48] 33 
3 oO |od © foots (a : 2 o>” 
A = i fae 6) fo) (ex) Z en) 

Dec. | kg. cal 

10. | 5.7 1.44— 2.44 | 1.858] 2.452] 0.759 11.65 | Dog received 10 gm. glucose 

subcutaneously at 12.50, 12 

cc. 2.5 per cent hydrazine at 

9.20 p.m. 

2.44— 3.44 | 1.739] 2.269] 0.766 10.80 
11 | 5.45 | 124) 9.55-10.55 | 1.931) 2.630) 0.734 12.41 | Dog excited, hence higher heat 

: production. 

133]10.55-11.55 | 1.997) 2.711] 0.737 12.80 

12) 361] 9.38-10.38 | 1.654] 2.192) 0.754 10.40 

10.38-11.38 | 1.659] 2.176) 0.762 10.34 | 20 gm. glucose subcutaneously 

at 11.55. 

3.25- 4.25 | 2.051] 2.185] 0.939 10.87 2.55 p.m., blood contains 0.201 

per cent glucose. 

4.25- 5.25 | 2.091] 2.366] 0.884 11.61 

14 | Dogstillalive. Urine contains bile. 10 cc. 2.5 per cent hydrazine at 

11.00 a.m. 

15 | 10.30 a.m. 5 cc. of blood from carotid artery contains 0.12 per cent glucose. 

10.40 20 gm. glucose given subcutaneously. 12.45 dog found dying: blood from carotid con- 

tains 0.18 per cent glucose. 
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I. INTRODUCTION. 

Bile salts occur in the urine in certain diseases, especially 

jaundice, but the small quantities which occur are difficult to 
detect by chemical tests. Hay’s method of testing by shaking 

flowers of sulphur upon the surface of the urine depends upon the 
unusual power which bile salts possess, even in small concen- 

trations, of lowering the surface tension of a solution. When the 

surface tension of the urine is lowered the powdered sulphur 

sinks to the bottom, and the lower the surface tension the more 
rapidly this takes place. The method is very unsatisfactory, 

however, because of the large variation in the surface tension of 

normal urie and because the interpretation of the test is so 

largely a matter of the judgment of the operator. Some test for 

bile salts more accurate than Hay’s, but still convenient, and if 
possible a quantitative method, would be very desirable. 

505 



506 Bile Salts in Urine 

The surface tension of a solution may be measured very accu- 

rately by the stalagmometric method. Donnan and Donnan! 
and Lyon-Caen? have measured the surface tension of normal and 
pathological urines and of solutions of different urmary con- 

stituents by this method. The present study was undertaken 

to determine the feasibility of estimating the amount of bile 

salts present in pathological urines from measurements of the 

surface tension taken with a portable Traube stalagmometer. 

The problem was undertaken under the direction of Dr. J. F. 

McClendon, who has given valuable assistance at many points. 

Il. THE METHOD OF MEASURING THE SURFACE TENSION. 

The surface tension of.solutions reported in this paper was measured 

by means of a portable Traube stalagmometer which drops distilled water 
at an average rate of 40.8 drops in about two minutes and a half at 22°C. 

Solutions were drawn up into the pipette with the assistance of a filter 

pump until the surface of the solution was above the upper mark on the 

stem of the instrument. The beaker of solution was then held with the 

surface of the solution in the beaker in contact with the lower end of 

the pipette. The solution was allowed to run out of the pipette until the 
upper meniscus of the liquid in the instrument reached the upper mark 

on the stem. The beaker was then quickly lowered, breaking the con- 

nection between the solution in the beaker and that in the pipette, and the 

number of drops flowing from the pipette was counted until the meniscus 

reached the lower mark on the stem of the stalagmometer. The procedure 

described enables one to estimate the fraction of the last drop very easily 

and at the same time to work rapidly. 

The surface tension of a solution is computed in per cent of that of 

distilled water according to the formula: 

Number of drops of distilled water : ; : 
AGG bcr of AeGus or Ghinaa Tan es ae of Galaga < specific gravity of the solution. 

The results obtamed by these methods are in close agreement 

with those of Donnan and Donnan, who used more exact methods 

with a fixed pipette dropping about 201 drops of distilled water. 

As will be shown later, the determinations of Lyon-Caen were 

very high. This discrepancy appears to be due to the pipette 

which he used and describes as dropping 120 drops of distilled 

1 Donnan, W. D., and F. G., The Surface Tension of Urine in Health 

and Disease, Brit. Med. Jour., 1905, pt. ii, 1636. 

* Lyon-Caen, L., Recherches expérimentales sur la tension superficielle 

des urines, Jour. de physiol. et de path. gén., 1910, xii, 526. 
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water in two to three minutes. This is nearly three times the 

rate of dropping of the Traube stalagmometer which we used, 

and is too great for accurate determinations. With too rapid 

dropping the substance which lowers the surface tension does 
not have time to accumulate in the surface layer enough to 

produce the maximum lowering. Bottazzi? states that in no case 

may more than 20 drops a minute be permitted. In another 

respect also the pipette described by Lyon-Caen seems open to 

criticism; that is in the fact that it lacked a broad dropping sur- 

face. When a standardized Traube stalagmometer is used it is 

our belief that measurements of the surface tension of urine can 

be made with sufficient accuracy for clinical purposes. 

III. THE EFFECT OF BILE SALTS UPON THE SURFACE TENSION. 

Bile salts possess the unusual property of lowering the surface 

tension of a solution very markedly even when present in small 

concentrations. Table I shows a lowering of the surface tension 

TABLE I. 

Showing the Surface Tension of Solutions of Sodium Glycocholatein Distilled 
Water. 

Solution. Drops. Sake 

MEE IE GMWAUEE OR eo ,- ws < oie awe sone eee mee 40.8 100.0 
Na-Glyc. per cent in distilled water. 

(LA SURED Bee Reh 2 boar cea Ree 59.8 68 .2 

(0) sO; 6 S de ice Sey See eeagen Pane bae RD o7.1 71.4 

W)C EST SR is Pa 8 i 55.0 74.1 

WPM ADR es Meer espe dei. «Sl oan apne omar 52.6 17.5 
ON) 26 ee oe er eee 49.5 82.4 

RUE a, 2a eee een Pete 46.3 88.1 

OLQUISGZ arene ote. occa eae: 42.5 96.0 

of distilled water from 100 per cent to 68.2 per cent by the addi- 

tion of 0.1 per cent sodium glycocholate. 

Upon successive dilutions of this solution the surface tension 

was gradually raised, but so small a concentration of the bile salt 

as 0.00156 per cent caused a lowering of 4 per cent. 

3 Bottazzi, F., in Neuberg’s, Der Harn sowie die ttbrigen Ausscheidung- 

en und K6rperfliissigkeiten von Mensch und Tier, Berlin, 1911, pt. ii, 1709. 



508 Bile Salts in Urine 

. When bile salts are added to normal urine their effect upon the 

surface tension is similar to that in distilled water. A specimen 
of normal urine diluted with distilled water to a specific gravity 
of 1.010 had a surface tension of 95.6 per cent. The reason for 

diluting with distilled water to this specific gravity will be ex- 

plained later. When 0.1 gram of sodium glycocholate was added 

to 100 cc. of this diluted urine the surface tension was lowered 
to 62.7 per cent. Upon successive dilutions of this solution with 
the original urine (sp. gr. 1.010) the surface tension gradually 

increased. So small an amount of sodium glycocholate, however, 

as 0.00078125 gram in 100 cc., 2.e., less than one part in 100,000 

caused a lowering of nearly 3 per cent. 

TABLE II. 

Snowing the Surface Tension of Solutions of Sodium Glycocholate in Urine. 

Solution. | Sp. gr. Drops. Sa hs 

Ost Walereios visas cote vate marae one 40.8 100.0 

Urine Sample I. 

1) (lathe a hse. 5 sere cen Ma oe eee 1.010 43.1 95.6 

Urine + Na-Glye. gm. per 100 ce. 

ON Sts 06 Pek. Sera ke ee eT 65.7 62.7 

OPO ER x sceet tec alre oe en ee 63.0 65.4 

ORO2 ee cea ee netic eee 59.8 68 .9 

WUE Ro SRG Src A re. 56.0 73.6 

OF006255: Sh eRe aa oe eeel 52.4 78 .6 

OLO0ST 25 ee ee ee Mid i: eee 49.0 84.1 

QROOUSG25%- erences ete einer 46 .0 89.6 

G.QO0(S1L25-2 «Naa. saeeecee 44.4 92.8 

Figure 1 shows that increasing amounts of sodium glycocholate 

lowered the surface tension of this sample of urine (Sample I) 

at first very rapidly and with further increases in concentration 

more slowly as the curve of surface tension approaches the hori- 

zontal at about 60 per cent. 

Donnan and Donnan found that 0.0664 gram of sodium glyco- 

cholate in 100 cc. of urine lowered the surface tension from 91 
per cent to 62.4 per cent. Lyon-Caen determined the surface 

tension of a 0.1 per cent solution of sodium glycocholate as 80.9 

per cent. As explained above this high figure must be due to 

instrumental error. 
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Fig. 1. Curves showing the surface tension of solutions of sodium glycocholate in four samples of normal urine diluted to a standard specific 
gravity of 1.010. 
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IV. VARIATION IN THE SURFACE TENSION OF NORMAL URINE. 

The surface tension of normal urine varies considerably even 
in the same individual. Donnan and, Donnan found a variation 

in the same individual between 82.4 per cent and 93.6 per cent. 

They found the morning urine sometimes characterized by high 
density and low surface tension due to the greater concentration. 
Unusual exercise caused a fall in surface tension and a rise in 

density. In general a high specific gravity is associated with a 

low surface tension. One cause of the variation in the surface 

tension of normal urine, therefore, is the varying dilution with 

water. If all samples of urine could be reduced to the average 

specific gravity, 1.020, this source of error could be eliminated. 

Since this is not practicable we have attempted to dilute all sam- 

ples to a standard specific gravity of 1.010. When this was done 

the variation was found to be reduced. Table III shows the 

surface tension of the urine of the same individual taken at differ- 

TABLE III. 

Showing the Surface Tension of Samples of Urine from the Same Individual 

at Different Times, and Showing the Surface Tension of the Same Samples 

after Being Diluted to a Standard Sp. Gr. of 1.010. 
| 

As collected. Diluted to sp. gr. 1.010. 
Date. Time. a 

Sp. gr | Drops Shek Drops. Dis 

(Distille/d water) 1.000 | 40.8 100.0 40.8 100.0 

Feb. 16 | On rising 1.021 | 46.0 90.6 42.8 96.3 

« «| Noon 1.023 | 46.8 89.2 42.7 96.5 
Feb. 19 | On rising 1.022, | 4873 86.1 43 4 94.9 

oF ded Noon 1.019 | 438.2 96 .2 41.6 99.1 

beg Se 6 p.m. 10247 4| aaey 91.4 42.3 97.4 
= 10 p.m. 1.028 | 46.8 89.6 42.1 S720 

Feb. 20 | 3 p.m. 1.025 ,|. 4503 91.5 42.1 97.9 
Feb. 24 | On rising 1.026 | 48.2 | 86.8 43.5 94.8 

mre) |, dhs 1.011 44.4 92.9 43.8 94.1 

eg ev aley otra. 13021 |, 49.47) Sine 42.6 96.7 

tS NG apm, | 1.0195] 44.7 93.1 42.6 96.7 
apt 10 p.m. 1.024 46.2 90 .4 42.6 96.7 

Feb. 25 | On rising 1.019 44.6 93 .2 42.5 97 .0 

ewer Noon 1.0215 44.0 94.7 42.0 98 .1 

Mar. 1 On rising O21 |) SAS ei, 91.2 42.4 97.2 

Mar. 9 24 hrs. 1.0225 43.1 95 .6 
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ent times of the day, and the surface tension of the samples when 

diluted to the standard specific gravity of 1.010. 

The surface tension of samples at the standard specific gravity 

was above 94 per cent while the surface tension of the samples 

as collected ran down to 86.1 per cent. A sample was found 

from another individual which had a surface tension of 83.9 per 

cent and a specific gravity of 1.028. After dilution to the stand- 

ard specific gravity the tension became 91.9 per cent. It seems 

to be safe to conclude, therefore, that if the surface tension of 

normal urine may run as low as 80 per cent, then the surface 

tension of samples of normal urine diluted to a standard specific 

gravity of 1.010 will lie above 90 per cent. In other words, the 

range of variation of normal urine is practically cut in half by this 

procedure. The measurements of the effects of bile salts and 

other substances upon the surface tension. of urine have usually 

been made in this study upon samples of urine diluted to the 

standard specific gravity of 1.010. 

V. URINARY CONSTITUENTS NOT AFFECTING THE SURFACE TENSION. 

If the bile salts in urine are to be measured quantitatively by 

the surface tension method, it must be certain that the surface 

tension of the sample is not materially lowered or raised by other 

constituents. None of the normal constituents of urine are known 

to have any considerable effect upon the surface tension. Inor- 

ganic salts increase the surface tension of distilled water, but 

only very slightly. Donnan and Donnan found that urea, sodium 

urate, dextrose, acetone, and albumin (egg white) had no effect 

upon the surface tension of urine, or only very little effect in con- 
centrations that are relatively high for urine. Lyon-Caen added 

creatinine, thiocyanates, hippuric acid, and biliary pigments to 

this list as not affecting the surface tension of distilled water. 

We have confirmed these observations for urea, uric acid, hippuric 

acid, and creatinine in distilled water, and have found that cre- 

atine, oxalic acid, allantoin, inosite, and leucine are also without 

effect upon the surface tension of distilled water in the concen- 

trations indicated in Table IV. 
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TABLE IV. 

Showing the Surface Tension of Solutions of Various Urinary Constituents 
in Distilled Water. 

Substance. Concentration. . Sp. gr. Drops. Sie 

Distilled water 1.000 40.8 100.0 

Urea 5.0 gm. per 100 cc. 1.013 ' 41.4 99.8 

oe DA e SEG BEY 1.006 41.0 100.1 

Urie acid Saturated solution 1.002 40.7 100.2 

SSEMGEE 1 gm. in 2000 ce. + 50 ce. 

75 NaOH + solid NaOH 
till acid dissolved = 

0.0487 gm. acid per 

100 ce. 1.002 40.8 100.2 

Hippuric acid 0.04 gm. per 100 cc. 40.8 100.0 

Oxalic acid OROQ4T EES ES eS es 40.7 100.2 

ns as 0.002. be hd 40.8 100.0 

Creatinine 0.1 se a eamehine das 41.0 99.5 

Creatine 0.2 Apert ees 40.9 99.8 

af 0.1 Oo Pune usc 40.7 100.2 

Allantoin OF? He: ie 40.9 99.8 

fs 0.1 oe Cae 40.9 99.8 

Inosite 1.0 ley ep eg hE ce, 40.8 100.0 

Distilled water (Temperature 26°C.) 41.0 100.0 

Leucine 1.0 gm. per 100 ce. 41.7 98.3 

VI. THE EFFECT OF PEPTONES UPON THE SURFACE TENSION OF 

URINE. : 

The only other urinary constituents which we have found de- 
scribed as materially affecting the surface tension of urine are 

peptones. Lyon-Caen found that Witte’s peptone lowered the 
surface tension of distilled water to 88 per cent in a 0.1 per cent 

solution. We have found the effect to be still greater than is 

indicated by this figure. A 0.1 per cent solution in distilled water 

was found to have a surface tension of 81.2 per cent and 0.1 

gram added to 100 cc. of urine lowered the tension from 94 per 

cent to 80.6 per cent. Peptonuria, therefore, may cause appre- 

ciable error in attempting to measure the amount of bile salts 

present by the surface tension method. 

al 
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TABLE V. 

Showing the Surface Tension of Solutions of Witte’s Peptone in Distilled 

Water and in Urine. 

Solution. Sp. er: Drops. Soe 

ieee We AUO Teed oi oats fcrarsysiare er op esas See <oy5 +. 1.000 41.0 100.0 

Witte’s peptone 0.1 gm. per 100 ce......... 50.5 81.2 

Se =e Cc aller pe eG ae 49.0 83.7 

ne ee OQROZ pene Ne araaay ic aaa tele ys 45.9 90.0 

. Bi Oj 0 USA a CC I al ce anes Ace 41.6 98 .6 

Wistilled water... 222 ..'.0ss0- 2. oD «See 1.000 41.0 100.0 

“WEN ees ol DIT rhe Mii Re Senate th ee 1.010 44.0 94.0 

Urine + Witte’s peptone 0.1 gm. per100ce. 51.3 80.6 
m3 ae (a3 (a3 0.05 (a3 Ge. 1G 50.1 82.6 

6c as (XG 6c 0.02 6c (qm ie lst: 47 D) S77, 

cc = 6c ‘““ 0.005 “c Ge GUs OG 44 9 92.2 

VII. THE EFFECT OF ACETONE BODIES UPON THE SURFACE TENSION 

OF URINE. 

The acetone bodies, acetone, aceto-acetic acid, and B-oxybutyric 

acid, may occur in the urine in considerable amounts, especially 

in diabetes. Donnan and Donnan found that acetone added to 

urine had very little effect unless as much as 1 per cent by volume 

was added when the surface tension was depressed almost 3 per 

cent. We found that 2 per cent by volume of acetone in urine 

depressed the surface tension from 91.3 per cent to 87.2 per cent, 

TABLE VI. 

Showing the Surface Tension of Solutions of Acetone in Distilled Water and 

in Urine. 

Solution. Sp. gr. Drops. StL. 

Wisiiiledawittern. > tc03 ace ee ee ee. 1.000 40.9 100.0 

ANGetone 2a0)ce. 1m) 1O00KCGS stabs ocse bieia ch 0.9975 45.9 88.7 

EPIC) MRcmr SC Se Eee NY oe 0.998 43 9 92.9 

EY ay AL Ra i ae i Ayo Ne ei 0.999 42.6 95.9 

ae ees iter SORES AME tot Fh aden 1.000 41.9 97 .6 

ODES oy Se a Te neon ae a See 1.020 45.7 91.3 

be) =i 2,0)ec. acetone inWQ0)¢es.%% .... 2... 1.0155 47 .6 87 .2 

THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXII, NO. 3 
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although 2 per cent of acetone in distilled water depressed the 

tension from 100 per cent to 88.7 per cent. 

B-Oxybutyric acid is much more important in its action on the 

surface tension than acetone. A 1 ‘per cent solution by weight 
in distilled water was found to have a surface tension of 78.5 per 

cent, and 1 gram in 100 ce. of urine depressed the surface tension 

from 91.3 per cent to 75.3 per cent. 

TABLE VII. 

Showing the Surface Tension of Solutions of B-Oxybutyric Acid in Distilled 

Water and in, Urine. 

Solution. Sp. gr. Drops. See 

TEES Hr ll evo WA AEH) ota OEE nce rh to cere 1.000 40.9 100.0 

Gm. per 100 ce. 

BeUxyiiyriC ACG We sce 2.6. Sneek 52.0 78.5 
i as | 7 ae tas RE ae Bt 2 Boe Bet 51.0 80.0 

oc EBON a: kote De Aa 49.8 81.9 
us PA Yat 2 SRR Ra sg VS iti 47.8 85.4 — 
by Of ADO ey oe ees 46.0 88 .7 

i 25, 7 ee eee SNe, meni 44.5 91.7 
i Fe OOS abe ss clneliv sce Ne 43 .2 94.7 
i oe 0: OURS b a: vcs toss oo 41.6 98.1 

Distilled water: :< dias.) ce JS oe 1.000 40.8 100.0 

MORIN Stas abn? Toews. delserm ope een eee 1.020 45.7 91.3 

‘“ + 1.0 gm. B-oxybutyric acid per 100 ce. | 1.022 55.3 75.3 

Distilled watersc oS. Ns oe eee 1.000 40.9 100.0 

B-Oxybutyric acid 0.634 gm. per 100 cc. 

after being made neutral to methyl orange 

and alizarin' with NaOH.........40..0..23 47.4 86.1 
8-Oxybutyric acid 0.645 gm. per 100 cc. 

after being made neutral to litmus with 

BUEN), arc iet pe upes N |. Gl rr 47.6 85.7 

When this acid was neutralized with sodium hydrate it was 
found to lose only about one-fourth of its effectiveness in lowering 

the surface tension of distilled water. When the 1 per cent 

6-oxybutyric acid solution in distilled water was neutralized to 

litmus with > sodium hydrate the resulting solution, which was 

equivalent to a 0.645 per cent solution of 6-oxybutyric acid, had 
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a surface tension of 85.7 per cent; while a distilled water solution 

of this concentration of the unneutralized acid has a surface ten- 

sion of 80.7 per cent as determined from a graph based upon Table 

VII. 
In severe acetonuria the 6-oxybutyric acid may be found in 

larger amounts than the acetone itself, and these observations 

indicate that such a condition would have a pronounced effect 

upon the surface tension of the urine. It would be important to 

determine also the effect of aceto-acetic acid upon the surface 

tension of urine for this substance would be found accompanying 

the oxybutyric acid, and it is also present in less severe acetonuria 

when the oxybutyric acid is not found. $-Oxybutyric acid, like 
the bile acids, is difficult to demonstrate in urine. Some simple 

test for it would be of great value in the study of glycosuria. 

Whether the surface tension method would be of -value for this 

purpose is not certain. If aceto-acetic acid also lowers the tension 

very strongly, then these two bodies could not be distinguished 

by this means. It is evident, however, that conditions of ace- 

tonuria must be avoided in testing for bile salts by this method. 
According to von Noorden‘ acetonuria can be eliminated, except 

in diabetes, by feeding carbohydrates. 

TABLE VIII. 

Showing the Surface Tension of Solutions of Lactic Acid and of Benzoic 

Acid in Distilled Water. 

Solution. Sepiems Drops. Sid: 

Mrstilled waters it ae alee sas... doen ba DRS 1-000: | 40.7 100.0 
iiaeiie acid 1.0 gm. per t00°cG: . . 5... ..555. | | 44.3 92.1 

eee OO ee ee. attor heme | | 

made neutral to litmus with NaOH...... ae ae 98.8 

Distilled water....... 5 he PRM ATERA FN pcr Ss by tees 40.8 100.0 

Benzoic acid 0.2 gm. per 100 cc............ 44.0 92.7 

a S(O BO ah a an ane 42.0 97.1 

di sce OR OD: =< Ray Mi rltha 80 fa oe ae 41.3 98.8 

* von Noorden, C., Clinical Treatises on the Pathology and Therapy of 

Disorders of Metabolism and Nutrition. Part VII. Diabetes Mellitus, 

New York, 1905. 
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VIII. BENZOIC ACID AND LACTIC ACID. 

Lactic acid and benzoic acid have been found to have an effect 

upon the surface tension of distilled water, but a less effect than 

that of the peptones and the oxybutyric acid. These substances 

might become a minor source of error when present in considerable 
amounts. 

IX. THE ‘‘RECIPROCAL ACTION’ OF MINERAL SALTS AND BILE 

SALTS IN LOWERING THE SURFACE TENSION. 

It has been shown by Traube*® and by Billard and Dieulafé® 

that while very dilute solutions of bile have a surface tension very 
much below that of distilled water, the tension is lowered still 

further if a little mineral salt is added. This is true in spite of the 

fact that mineral salts themselves do not lower the surface ten-— 
sion of distilled water. Sodium salts were found more active in 

thig respect than those of potassium, and among the different 

salts the chlorides were the most effective. 

Lyon-Caen confirmed the results of Billard and Dieulafé. He 

found that a 0.1 per cent solution of sodium glycocholate in dis- 

tilled water had a surface tension of 80.2 per cent of that of dis- 

tilled water. The same concentration of glycocholate in 0.1 per 

‘cent sodium chloride solution had a surface tension of 76.4 per 

_cent. With increasing concentrations of sodium chloride the sur- 

face tension became successively lower until it reached 69.3 per 

‘cent in an 0.8 per cent sodium chloride solution. This author 

made the further observation that increase of sodium chloride 

above the concentration of 0.8 per cent, up to 1.5 per cent at 

least, failed to cause greater lowering of the tension. 

We have repeated these experiments with sodium chloride in 

0.1 per cent and 0.003125 per cent solutions of sodium glyco- 

cholate in distilled water, and have verified the fact that a mini- 

mum surface tension is reached when the sodium chloride con- 

tent reaches 0.8 per cent. The surface tension of a 0.1 per cent 

solution of glycocholate in distilled water was found to be 69.3 

per cent. Increasing amounts of sodium chloride lowered this 

® Traube, J., Jour. f. prakt. Chem., 1885. xxxi, 214. 

6 Billard and Dieulafé, Compt. rend. Soc. de biol., 1902, liv, 405. 
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TABLE IX. 

517 

Showing the Surface Tension of Solutions of Sodiwm Glycocholate in Distilled 

Water and in Salt Solutions. 

Solution. Sp. gr. Drops. Saw 

ADELE CRW LLEIOD caters sig okt ore ig vice ee es eee 1.000 40.7 100.0 

Na-Glyc. 0.1 per cent 1.001 58 .4 69.8 

ae “+ 0.1 enn. SEC ahh oe. Neer O02 64.6 63 .2 

Ries ‘+0.2 1.0035 65.7 62.2 

ee eat ON yt oe tee sco Akos 66.6 61.4 

Ger Prion a OT eames a5 sel sl eA 68 .0 60.3 
ce ce ce +1. 2 ras ce oe ce oe 1 O11 68 .0 60.5 

eel ae i ts aa i 1.0135 68 .4 60.3 

Na-Glye. 0.003125 per cent 1.000 44.8 90.8 

AA ha “+ 0.2gm. NaCl per 100cc. .... 1.002 | 45.6 89.4 

ae es ‘+04 ‘ SOE Ne ee eerstien a 0045 45.7 89.4 

fee fe te A Ue elas DO) st eee eal LZ OOG 46.0 88 .9 

on eee Oy o< ge tee ent: oe te SRO 46.4 88 .4 

poe Heck Wee 8 Be ee ate 1.011 46.5 88 .4 

ae ae oe tao) 1.014 46.6 88.5 

MEME MEWALGE..-. 4 2is/te 2:2 4)0 APs 1.000 40.9 100.0 
Acetone 2.0 ce. per 100 cc. distilled water 0.997 46.0 88 .6 

as ieee hey 1.0 per cent: Natl 

Ty HH iE? Se ee eee ec ee 2 1.005 46.3 88.7 

TABLE X. 

Showing the Surface Tension of Solutions of Sodiwm Glycocholate in Distilled 

Water and in Sodium Sulphate Solutions. 

Solution. Sp. gr. Drops. Sikes 

Drsiilledi waters srs. eee ots hx ee 1.000 40.8 100.0 

Na-Glyc. 0.1 per cent 1.001 61.4 66.5 

es So Se (Veragulaae Mines per 100 ce. 1.0035 65 .6 62.3 

ee geitredy = \Q)34y ooske 1.005 66.3 61.3 
ce “ce ce — 0.6 ce ins ce “ec a4 1.0065 67.3 61.0 

a“ OP oe tt iO): Brits ue gar ee esnes 1.008 GY/ il 60.7 

ae ae Oe BG Ge ca ais 1.009 68.1 60.4 

: Te eg eo ee eC 1.0105 68.8 59.9 

: ee ake Vier: a ne gin geet es 1.012 69.6 59.3 

: Se hee WK a eri h hice 1.013 70.6 58.5 

Se eas ( a ee ape compet ie 1.016 (aly 58 .2 

: [== LORO- ** x ge ooh 1.065 76.3 56.9 



SERN, 

518 Bile Salts in Urine 

TABLE XI. 

Showing the Effect upon Surface Tension of Urine of Adding Sodium Chloride. 

Solution. Sp. gr. Drops. Soke 

SETS URS Reo ore ea NR Ce Be ot 1.000 40.9 | 100.0 
Opes TSR SET 0) (ots) HQ aap COT eh Re Ieee eee SE ae 1.010 43.4 Le) ee 

i ‘SS 0.5 em. NaCl per 100 ce. | 1018 44.0 94-1 

Distilled watereew eee hie. hancetiee ace = & 1.000 40.8 100.0 

WUrineenmpigal bias Bere os. Sesh ees 1.025 46.6 89.7 
te 4 “4+ 0.5 em. NaCl per 100 ce. 1.0285 47 J 89.1 

“ie aA ies ae Oe | ati ones, halts 1.0315 47.4 88.6 

ae 5 “41.5 ‘ Saag as 1.0345 47.7 88.4 

. ie ee | Co oes 1.0385 48 .0 88 .2 

DIS MUEH AWALEE: 55, Seer et. eee Hak 1.000 40.6 100.0 

Urine Sample 11. Dilutede: 500.5 860. 26 1.010 42.1 97.4 
aS a of + 0.5 gm. NaCl 

per 100 ce. 1.0135 42.5 96.8 

“ i +1.0 gm. NaCl 

per 100 cc. | 1.0175 | 42.6 96.9 
a os ee Bs +2.0 gm. NaCl 

per 100 ce. | 1.024 43.5 95.4 

Distillediwater. .. (..s80 se. 2a. » Geers eae 1.000 40.6 100.0 

Urine Santple TEL: Diluted! s-e-.2.-- < /aee 1.010 42.3 98 .7 

+ cr 23 +0.01 gm. Na- 

Glyc. per 100 ce. 56.3 72.8 
“ce “ce “ce “ — 0.01 gm. Na- 

Glyc. per 100 ce. 

+1.0 gm. NaCl 

per 100 ce. 1.0185 57.8 71.5 

i * sf = +0.01 gm. Na- 

Glyc. per 100 ce. 

+ 2.0 gm. NaCl 

per 100 cc. | 1.025 59.0 70.5 

figure until it reached 60.3 per cent for 0.8 per cent sodium chlo- 

ride. Further increase of sodium chloride up to 1.6 per cent 

caused no further lowering. Similarly.the surface tension of a 
0.003125 per cent solution of sodium glycocholate in distilled 
water was lowered from 90.8 per cent to 88.4 per cent by adding 

0.8 per cent sodium chloride. Sodium sulphate was found to 

have a weaker “reciprocal action,’”’ as Lyon-Caen also reports. 

————— 
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Sodium chloride is the chief inorganic constituent in urine, and 

the fact that its “reciprocal action” reaches its maximum in an 
0.8 per cent solution is suggestive. Urine normally contains a 

little more than this amount of salt, and adding a little more 

would not be expected to alter the surface tension. On the other 

hand diluting the samples to a standard specific gravity of 1.010 

would reduce the concentration of this salt. Would it be possible 

to eliminate the small error from this source by adding an excess 

of sodium chloride? Table XI shows the effect upon the surface 

tension of urine of adding increasing amounts of sodium chloride. 

The surface tension of normal urine to which no bile salts had 

been added was lowered by adding the salt. This was true both 

before and after diluting to 1.010 specific gravity. And the lower- 

ing continued after the 0.8 per cent solution of NaCl was exceeded. 

To the third sample of urine 0.01 per cent sodium glycocholate 

was added which lowered the surface tension from 98.7 per cent 

to 72.8 per,cent. Then an addition of 1.0 per cent NaCl lowered 

the tension 1.3 per cent more and a second addition of 1.0 per 
cent NaCl lowered the tension an additional 1.0 per cent. The 
rule, therefore, that a maximum lowering is reached in an 0.8 

per cent solution does not hold true for urine, and it is not possi- 

ble to obtain uniform readings by adding an excess of NaCl. 
The error from varying concentrations of NaCl does not appear 

to be large, however. 

X. THE EFFECT OF ACIDITY UPON THE SURFACE TENSION. 

Samples of normal urine which have been diluted to a standard 

specific gravity of 1.010 have a surface tension above 90 per cent. 

It might be expected that the initial variation in different samples 

would tend to disappear with the addition of increasing amounts 

of bile salts. Thus a 10 per cent lowering of the surface tension 

of urine is caused by the addition of 0.003 per cent sodium glyco- 

cholate, but when 0.01 per cent glycocholate is already present 

the addition of 0.003 per cent more of glycocholate causes a lower- 

ing of the tension of only 2 per cent, and when 0.1 per cent glyco- 

cholate is present a difference of 0.003 per cent more or less 

hardly causes an appreciable difference in the tension. For this 

reason the curves in Figure 1 based on observations upon four . 
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TABLE XII. 

Showing the Range of Surface Tension of Solutions of Sodium Glycocholate 
in Acid and in Alkaline Samples of Urine. 

Solution. * | gp.gr. | Drops. s.T. 

sti Med sywsitiens. 5. aie ech cecuste tase eonleats ices 1.000 40.8 100.0 

Urine SampleII. (Reaction not noted.)..... 1.012 42.4 97.4 

a ce ea SUNT 3 eee ail 5 1 Sele Seal 1.010 42.3 97.5 
a oS BSA ar + 0.1 gm. Na-Glyc. 

per 100 ce. 60.7 67.9 

* i. > ee + 0.05 gm. Na-Glye. 

per 100 cc. 57.3 71.9 

es a eae +0.02 gm. Na-Glye. 

per 100 ce. 53.0 Fist 
ce (a4 ce ce - 0.005 gm. Na- 

* Glyc. per 100 ce. 47 .0 87.7 

iD risjnil b kero hse er eae re a ae CS aera 1.000 40.8 | 100.0 

Urine SampleIII. (Reactionacid.)......... 1.028 50.0 83.9 

“ i i Mme bed. 32h Ose E 1.010 44.8 91.9 
ce ce ce “ + 0.1 em. Na- 

Glyc. per 100 cc. (cloudy) 67.7 60.8 

ay ms ‘* Diluted + 0.02 gm. Na- 
Glye. per 100 ce. (clear) 60.6 68 .0 

ii ri ‘* Diluted + 0.005 gm. Na- 
Glye. per 100 ce. 53.0 We 

Distiipdawaters. sete sees: - +h ce oe eee 1.000 40.7 100.0 

Urine Sample IV. (Reaction alkaline.)....... 1.015 45.4 90.9 

YY SP HOUTILER et 6. oc: wh we 1.010 43 .2 95.1 

si o . “ +0.1gm. Na-Glye. 
per 100 ce. 62.5 65.8 

ae ‘ec a cc a 0.05 gm. Na- 

Glyc. per 100 ce. 58.3 70.5 

es i as “« + 0.02 gm. Na- 

Glyc. per 100 ce. 53.2 This 
tk «6 ‘cc 6c + 0.01 gm. Na- 

Glye. per 100 ce. 50.7 81.0 
ce ce “ce ce _ 0.005 gm. Na- 

Glyc. per 100 ce. 47.8 86.0 

different samples of urine (Tables I and XII) would be expected 

to approach each other toward their lower ends. As the figure 

indicates, a very different result was obtained. One sample of 

urine to which 0.1 per cent glycocholate was added had a surface 
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tension as high as 67.9 per cent and another sample as low as 60.8 

per cent. The original samples (sp. gr. 1.010) in these two cases 

showed a difference in surface tension of 6.6 per cent. 

The following observations called attention to the effect of the 

acidity of the urine upon its surface tension, and this factor seems 

to account for the discrepancy. Some samples of urine do not 

readily dissolve 0.1 gram of glycocholate in 100 ce. A sample of 

this sort had a specific gravity of 1.028 and a surface tension of 

TABLE XIII. 

Showing the Effect upon the Surface Tension of Urine of Adding Acid and 

Alkali. 

Solution. Sp.gr.|Drops.| 8S. T. 

Mea R VDE Ieee Ty. ee iaietaye «che << oys.s «5s eA Ss) > Som Ri 1.000 | 40.7 | 100.0 

PrN UIE et er cio Sisal. ahcid)e) c's aia cy Surge tears Paes 2s 1.010 | 43.4] 94.6 

i ‘« + 1drop concentrated HCl per 100 cc. {1.011 | 44.4 | 92.6 

uk + 2drops Ne Ceci) pena, Le Oiler AGO 89.4: 

e ate ee i seer coemncean AOI i Agee. lek Si7, 

ne + 4 § Lie pA HO | ASed. || Ra 0 
ee + 55 ce es img ce ce ce i O11 49 6 52794 80) 

oy sae aaa is ramp eo Peas aaah Glo tan La} 80.2 

= 10) -'** a eueat oaths cored ODS O26 81.3 
ce _ 10 ce igs M ce oe ce ce 

(vhs. later): Was were soya eect 1.0115} 50.4 | 81.8 

MRM CM IVRRER ORS Se oc. fin nos chiang <a ee ow Says 1.000 | 40.9 | 100.0 
Urine. Diluted. (Another portion of same sample as 

EDD OMEN) eis esto SE eA ae 1.010 | 48.8 | 94.2 

< Hy + 1drop concentrated NaOH per 100 ce.|1.010 | 48.2 | 95.5 

re 4 + 2drops a SAP eee rica le ONE ASR Gul OAs 

of - OMe ls ae ae TR SS ec Oli 4a cd 93 .7 

+ Fee Op berg oh Bs ae oe) eC ODEON alan i227 9K 0) 93.9 

83.9 per cent. When 0.1 gram of sodium glycocholate was added 

to 100 cc. of this urine a dense cloudy solution was obtained. 

The solution was then made clear by adding three drops of strong 

sodium hydrate, and it then had a surface tension of 64.3 per cent. 

When to a portion of this solution a drop of acid was added it 

became slightly cloudy and the tension dropped to 62.6 per cent. 
Another portion was diluted with the original urine to a 0.005 

per cent glycocholate solution, when it had a tension of 75.1 per 
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cent. After adding a drop of acid to this solution the tension 

dropped to 71.7 per cent. The remainder of the original sample 

of this acid urine was diluted to a specific gravity of 1.010, when 

the surface tension became 91.9 per‘cent. Addition of 0.1 gram 

of glycocholate to 100 cc. gave a partly cloudy solution having a 

tension of 60.8 per cent. This sample furnished the data for 

Sample III, Table XII and Figure.1. These observations indi- 

cate that a more acid reaction of icteric urine is accompanied by 

a lower surface tension. t . 
The effect of acidity upon the surface tension of normal urine 

was then tested by adding increasing amounts of hydrochloric 

acid to one portion and increasing amounts of sodium hydrate to 

another portion of the same sample of urine. The results are 

given in Table XIII, and show that a maximum difference of 15.3 

per cent in the surface tension of a non-icteric urine was pro- 

duced by changing the acidity in this way. 

The sample of urine which furnished thg data for Curve III 
was known to be strongly acid. The reactions of Samples I and 

II had not been noted, but it was uiferred that the latter was 

probably alkaline or weakly acid. To test this a fourth sample 

was obtained which was distinctly alkaline to litmus, and this 

sample (IV) gave a curve whieh approached that of Sample II. 

We conclude, therefore, that the surface tension of both nor- 

mal and icteric urines varies considerably with the reaction, being 

lower when the acidity is greater. 

XI. DISCUSSION. 

When peptonuria and acetonuria are not present and when 

samples of urine are diluted to a standard specific gravity of 1.010 

the chief remaining error in attempting to estimate the amounts 

of bile salts present by the surface tension method seems to be 

due to the varying acidity of the samples. Upon the basis of the 

data given above a table may be constructed showing the amounts 
of sodium glycocholate in urine diluted to a specific gravity of 

1.010 which should be present in urine of any observed surface 
tension. Such a table is given in Table XIV which is based upon 

Figure 1. It indicates, for example, that if the surface tension 
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is 85 per cent a minimum of 0.001 gram of sodium glycocholate 

per 100 cc. of the diluted sample may be present if the sample is 

acid, or a maximum of 0.008 gram may be present if the sample 

is alkaline. 
Table XIV is based entirely upon data obtained with sodium 

glycocholate. When bile is found in urine there is a mixture of 
glycocholate and taurocholate in unknown proportions, and, in 

many cases at least, biliary pigments are also found. Lyon-Caen 

reports finding that biliary pigments do not affect the surface 

TABLE XIV. 

Showing the Amounts of Sodium Glycocholate Required to Give Any Observed 

Surface Tension in a Sample of Urine Diluted to a Standard Sp. Gr. of 
1.010. 

Minimum of sodium glyco- Maximum of sodium glyco- 
S. T. of sample diluted to cholate which may give cholate which may give 

1.010 sp. gr. observed 8. T. - observed S. T. 
. (Sample is acid.) (Sample is alkaline.) 

Per cent ornntof distilled Diluted sample. Diluted sample. 

gm. per 100 cc. gm. per 100 ce. 

95 0 0.001 

90 0 0.004 

85 0.001 0.008 

80 0.003 0.015 

75 0.007 0.03 - 

70 0.015 0.065 

65 0.033 0.1+ 

60 0.1+ 0.1+ 

tension. The taurocholate lowers the surface tension just a little 

less than the glycocholate does. Accordingly, the figures given 

in Table XIV are a little too low for a mixture of the two salts 

actually present in the urine. They represent the glycocholate 

equivalent of the mixture in its effect upon the surface tension. 

While the results reported in this paper may be disappointing 

in not finding the stalagmometric measurement of the surface 

tension a very accurate means of determining the amount of bile 

salts in urine it must be remembered that no other simple test 

is as satisfactory. The Hay test also depends upon the same 
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phenomenon of surface tension, and it gives no satisfactory objec- 

tive numerical result. The stalagmometer does give a numerical 

result which is not dependent upon the judgment of the operator. 

When the reaction of the sample is taken into account together 

with the percentage surface tension, this method of estimating 

the amount of bile in the urine may be found of elinical value. 
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The importance of a method for the determination of blood 

sugar which is rapid and accurate, and which requires a minimum 

amount of blood, is indicated by the numerous so called micro- 

methods which have appeared recently. For a number of years 

the writer, in collaboration with Professor Macleod, has been 

seeking for such a method, but it is only within the past year that 

one which meets our requirements has been found. In the pres- 

ent paper an account of this and other less satisfactory methods 

recently employed in our laboratory will be given. 

The micro-method proposed by Bang! in 1913 was thoroughly 

tried and found to be unsatisfactory. It must be admitted, how- 

ever, that these trials were made according to the directions out- 

lined in the original paper. Since Bang revised the method? 

we have not tried it in its entirety. With the original method the 

chief trouble was in removing the protein by means of acetic 

acid and potassium chloride. As our experiments did not make 

it necessary for us to use the small quantities of blood suggested 

by Bang, we attempted to modify the method by using 2 ce. of 

blood and precipitating the protein with dialyzed iron by the well 

known method of Rona and Michaelis. To apply Bang’s titra- 

tion, a portion of the clear filtrate properly diluted with potas- 

sium chloride solution was used, and the sugar estimated ac- 

1 Bang, I., Der Blutzucker, Wiesbaden, 1913. 
2 Bang, Uber die Mikromethode der Blutzuckerbestimmung, Biochem. 

Zischr., 1913, lvii, 300. 
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cording to Bang’s directions for his micro-method. If the great- 
est care was taken to heat the flask so that the solution boiled in 

the time specified by Bang, and to see that no air was admitted 

in the flask while cooling, and that the. titration was done in a 

pure atmosphere of COs, it was possible to recover added sugar 
in the blood within a 7 per cent error. The method, however, is 

slow and tedious, and requires a large number of duplicate exami- 

nations to be made on each sample in order that one may feel sure 

of accuracy. 

The main difficulty we encountered was in regulating the time 

required for the solution to reach the boiling point. A variation 

of from ten to thirty seconds made an appreciable difference 

in the final result. Different flasks, although apparently alike, 

will vary in the time they must be heated by a flame to make 

their contents boil, and unless one gives his undivided attention 

to the heating of the flask, and also’takes the same more or less 
arbitrary sign for the moment the solution begins to boil, variations 

result in the time of heating, and these variations affect the de- 

termination in a marked degree. This makes the method very 
slow, and renders it of little use in any research where a great 

number of bloods must be tested at one time. 

With the hope of standardizing the heating conditions and of 

decreasing the time and attention required for the estimation, 

we tried a number of modifications of the method. At first we 

attempted to find a bath which when boiling would bring the solu- 
tion to be titrated to the boiling point in one minute and ten 

seconds. A salt solution boiling at 110° will accomplish this, 

but the salt crystallizes and the water evaporates, and it is diffi- 
cult to maintain the boiling point of the bath constant. We 

then tried placing the flasks in baths of glycerin, sand, or oil 

heated above 100° and regulated by a thermoregulator. In 
using these flasks the actual time the flasks were immersed in the 
bath was noted. No notice of the exact moment that the solu- 
tion began to boil was taken, since it is presumable that this is a 

constant interval under these conditions. Russian White Oi 
was found to be the most satisfactory bath, since it may be heated 
to 140° without suffering any change. However, at this tempera- 
ture, because of its low specific heat, solutions immersed in it will 

not boil in less than two minutes. By experiment it was deter- 



R. G. Pearce B26 

mined that on leaving a flask in such a bath at 140° for five minutes, 

a reduction similar to that obtained by Bang’s original method is 

obtained. 
By placing the flasks in a large oil bath at intervals of a few 

minutes, it is possible to make a number of determinations in a 

comparatively short time. The greatest care must be taken to 

remove the flasks exactly at the end of the five minute period, and 

to close the rubber tubes guarding the neck at the same moment 

so as to prevent the entrance of air into the flask. The flasks 

are then placed in cold water and cooled rapidly, after which the 

vacuum, resulting from the condensation of the steam, is reduced 

by allowing CQ, to enter. To accomplish the latter without al- 

lowing any oxygen to enter requires that, at the moment the clamp 

is released, the tube guarding the neck of the flask must be tightly 

attached to a gasometer from which CO, is flowing. The flask 

is then quickly removed and the titration is done in an atmosphere 

of CO,. If there is the slightest evidence that air has obtained 
entrance into the flasks the result must be discarded since experi- 

ence shows that the slightest trace of oxygen will oxidize some of 

the reduced copper of the solution. The chief drawback to Bang’s 

method, besides its comparative complexity, is the extraordinary 

readiness with which the reduced copper becomes oxidized. 

Since the method and time of heating are changed, the table 

prepared by Bang for his method is not of service, and a new one 

should be made. We were, however, able to confirm Bang’s 

statement that the amount of reduction of the copper is, within 

certain limits, almost directly proportional to the amount of 

dextrose present in the solution. For example, he found that a 

factor could be used which represents the number of mg. of dex- 
trose corresponding to 1 ce. of 4a iodine solution. He found that 

this factor was almost constant between approximately 0.1 and 

1.5 mg. of sugar. We found that it was best to determine this 

figure for each series of estimations by determining the iodine 
value of a sugar solution of known strength. From this number 

we could obtain the factor. In the case of the experiment shown 
in the table it is seen that each 0.1 mg. of sugar equaled about 

0.42 ec. of iodine solution. The calculated value from the blank 

was 0.45. 

Since we have a series of experiments, which will be reported 
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in the near future, in which the above method was used, I will 

briefly describe the method in detail. 

Two ce. of blood are added to 19 ce. of water. 10 ce. of dialyzed 
iron and 1 ce. of saturated sodium sulphate solution are now added 

and the solution is filtered. 2 cc. of the clear filtrate are taken for 

estimation by the modified Bang method. This is treated with 

10 ce. of saturated solution of potassium chloride and 1 ee. of Bang 

copper solution, in a 25 ec. Jena flask, on the neck of which a rubber 

tube is drawn. The flask is placed in an oil bath heated to 140° C. 

and left there for exactly five minutes. At the end of this period 

the rubber tube is clamped off with a hemostat. When cool, 

CQ, is introduced to fill the vacuum which has been made by the 

condensation of the steam, and the solution is titrated in an at- 

mosphere of CQ, with 73> iodine solution, starch being used as 

an indicator. A solution made up with pure water in place of 

sugar solution will give a reduction equal to 0.2 ec. of iodine. 

For this reason 0.2 cc. is subtracted from all titration results. 

The value of the iodine in terms of sugar is obtained before 

each series of titrations by the method above outlined. 

The following results were obtained in an experiment in which 

known amounts of sugar were added to blood samples and the 

total sugar content of the blood was then determined. This 

experiment is typical of a series of eight similar ones which were 

done to determine the accuracy of the method. 

The following table gives the average results of three titrations 

on the same sample. 

x Sugar 0.395 10 i) iodine, Dextrose Dextrose Actual : 
Sample. per cent. average 3 found.* calculated. | difference. Difference. 

titrations. 

cc. CC. mg « mg. mg. per cent 

I 0 0) 0.242 0.242 0 

II 1 1.28 0.281 0.263 0.018 6.8 

JU 3 1.45 0.319 0.305 0.014 §.4 

IV 5 1.74 0.382 0.347 0.035 10.0 

V 7 1.96 0.421 0.389 0.032 8.2 

VI 9 2 20) 0.495 0.431 0.064 14.0 

* In order to get the per cent of sugar in the blood, multiply the num- 

ber of mg. dextrose found by 8, as the solution estimated represents one- 

eighth cc. of blood. Thus, Sample 1 contains 0.193 per cent dextrose. ~ 
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Duplicate analyses of the same sample of blood are surprisingly 

close together, as the following figures indicate. These represent 

the actual mg. of dextrose found in one-eighth ce. of blood. 

Ke Be iC 1B). 

206 210 195 230 
198 192 193 204 
195 192 198 210 

The error from these figures is seen to be about 6 per cent. 

The extreme care necessary at each step, the delicacy of the 

reduced copper to the presence of oxygen, and the variations 

which slight changes in temperature cause, all contribute to ren- 

der the above method unsatisfactory. It was with pleasure that 
we turned to the blood sugar method recently proposed by Lewis 

and Benedict,? which we have found to bear out all the claims 

which its authors make for it. We have used the method in our 

laboratory for the past six months and have found it to be very 

reliable. 

The method in short consists in diluting 2 ec. of blood with 8 cc. of 

water and 15 ec. of concentrated picric acid. The blood proteins separate 

out, and after filtering, 8 cc. of the filtrate are treated with 2 cc. of con- 

centrated picric acid and 1 cc. of 10 per cent sodium carbonate solution, 

and the mixture is evaporated over a free flame in a Jena test-tube to small 

volume or until a precipitate forms. A little water is added and the solu- 

tion again brought to the boiling point; the contents of the tube are trans- 

ferred to a 10 cc. measuring flask, and after being made up to volume, the 

solution is filtered and compared in a Duboseq colorimeter with a standard 

picramic acid solution, which is made to correspond to the color produced 

by 0.64 mg. of dextrose under the above conditions. 

The method, while very well adapted to making analysis in a 

limited series of bloods, requires a great deal of patience and time 

for the evaporating of the 11 ce. of fluid down to the point required,,. 

without losing a little from the ebullitions or from shaking. From 

ten to fifteen minutes are required for this process if extreme 

accuracy is desired. If one tries to hurry by heating with a hotter 
flame and by more violent shaking, some of the fluid is likely 

to be lost, as can be shown by placing a piece of filter paper loosely 

3 Lewis, R. C., and Benedict, S. R., A method for the estimation of 

sugar in small quantities of blood, Jour. Biol. Chem., 1915, xx, 61. 

THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXII, NO. 3 
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over the top of the tube. A device which would permit a large 
number of tubes to be heated at once would make the method of 

far greater use for the routine examinations of a large number of 

bloods. 

In seeking means by which to avoid the heating by hand over 

a free flame, many methods were tried, such as the use of oil 

baths at varying temperatures, sand baths, electric hot plates, 

etc., but without success. Hither the solutions evaporated too 
slowly and became cloudy, or evaporations occurred so rapidly 

that the reaction was not completed, and readings that were too 

small were recorded for the sugar. The only method which gave 

uniform results was that recommended by the authors of the 

method. The foregoing observations indicate that the reaction 

requires a certain time at a certain temperature to complete it- 

self. This suggested the possibility that it would take place if 

the boiling point of the liquid were raised. To accomplish this 

the tubes were placed in an autoclave and heated under a pressure 

of 2.5 kg. per sq. em. for fifteen to thirty minute periods. Since 

the procedure does not entail any evaporation, it was found con- 

venient to use 6 cc. of the filtrate in place of 8 ce. This amount 

is, under normal conditions, sufficient to give a fair reading in 

the colorimeter. After the autoclaving, the solutions were 

made up to 10 ce. in a measuring flask and compared with the 

standard. These solutions showed 75 per cent of the sugar con- 

tained in the tubes made up with 8 ce. of the blood filtrate, and 

in every case checked with estimations made in the original 

manner. The standard solution of picramic acid recommended 

by Benedict and Lewis may be diluted one-fourth, and the read- 

ings may then be made direct. 

The use of the autoclave is of distinct advantage not alone 

_ beeause it allows a large number of estimations to be made at 
one time, but also because all danger of loss of fluid during the 

period of heating is removed, and the accuracy of the method is 
thus increased. 

I have by this method prepared and estimated as many as forty 

samples of blood in the course of an afternoon. This entails 

eighty estimations, counting éontrols. This number is far in 

excess of that possible by the former method of heating over a 

free flame. 
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Another point which is of aid in obtaining perfectly relative 

readings of a large number of sugars is to compare all the esti- 

mations with the first of the series in place of comparing with 

the standard solution in each case. The color of the standard 

solution, since it contains no unchanged picric acid, is a little 

different from that obtained by the actual estimation of sugar and 

cannot be so easily matched with the reduced picric acid solution. 

By estimating the strength of the first one of the series against 

the picramic acid standard, which can be done within a very small 

error, and then using this one as the standard for the others, al- 

most absolute comparative readings of the rest of the series are 

obtained. 

Most accurate reading of the colorimeter can be obtained 

when the color intensity of the unknown is less than or nearly 

equal to that of the standard picramic acid solution. That this 

is mathematically true is seen by reference to the parabolic curve 

(Fig. 1). The ordinates represent the divisions on the colorimeter 

scale, and the figures on the abscissae the percentile strength of 

the unknown solution as determined by matching the unknown with 

the intensity of color obtained on immersing the colorimeter tube 

in the standard solution to 10 or 15 on the scale. It is seen that 

the divisions of the vernier progressively decrease in value in cases 

when the solutions are weaker than the standard, as is shown by 

the fact that the curve is here most steep, whereas with stronger 

solutions each division becomes progressively more and more 

important, the curve here rapidly becoming flat. 

I have found curves of the above type, made to represent the 

relation of the unknown to the standard when the latter is set at 

10 and at 15 in the colorimeter, of great convenience in rapidly . 

determining the value of the solutions in terms of sugar. One 

simply reads the scale and vernier of the unknown when the 

standard is set at 10 or 15, and then determines on the curve the 

per cent of strength of the unknown in terms of the standard 

which corresponds to this reading. When many solutions are to 
be tested much calculation is thereby saved. 

The exact details of the method as we have used it are as fol- 

lows: 2 ec. of blood are added to 8 cc. of water in a test-tube, and 

15 ee. of concentrated picric acid solution are then added after 

the blood is thoroughly laked. The mixture is then filtered. 
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6 cc. of the filtrate are then introduced into a test-tube, and 2 ce. 
of concentrated picric acid and 1 cc. of 10 per cent sodium car- 
bonate solution added; the tube is then placed in an autoclave 
and heated for fifteen to thirty minutes at a pressure of 2.5 ke. 
per sq. cm. (20 pounds to the square inch is sufficient). The tube 

is then removed, cooled, and the solution made up to 10 ce. in a 
measuring flask. The solution is then compared with the stand- 
ard in the colorimeter. The standard recommended by Lewis 
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Fig. 1. Curves which show the amount of dextrose in terms of a standard 

‘ solution as determined by the Lewis-Benedict blood sugar method. 

and Benedict may be diluted one-fourth or allowed for *by eal- 

culation, since 6 cc. of filtrate are used in place of 8 ce. 

We have been able to confirm the claims of the authors of the 

method for its accuracy, as the following figures will show. 

Measured quantities of a 0.1 per cent dextrose solution (accurately 

made up by weight, and, as tested with Bertrand’s sugar method, 

shown to be approximately correct) were estimated both by the — 

method as outlined by Lewis and Benedict and by the modified — 
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IV. THE INFLUENCE OF ALKALOIDAL AND OTHER NARCOTIC 

POISONS ON REDUCTASE. 

By DAVID FRASER HARRIS anp HENRY JERMAIN MAUDE 
CREIGHTON. 

(From the Laboratories of Physiology of Dalhousie University, Halifar, N.S., 

and the Laboratories of Chemistry of Swarthmore College, 

Swarthmore.) 

(Received for publication, August 25, 1915.) 

The poisonous influence of various substances towards enzymes 

has been largely investigated during the past few years. Certain 

substances are known which are so highly poisonous that, even in 

exceedingly small concentrations, they are capable of retarding or 

destroying the action of different enzymes. The poisonous action 

of a number of substances on the catalase of the blood has been 

investigated by Senter.! During recent years, Bredig and his 

pupils have shown that many of the enzymic poisons are also 

capable of inhibiting the action of certain inorganic catalysts. 

The similarity in effect of a number of different poisons on in- 
organic catalysts and enzymes is illustrated in Table I, in which 

is shown the concentration of the different poisons that is neces- 
sary to destroy entirely the catalytic action of colloidal platinum? 

and of catalase* on hydrogen peroxide. 

Our previous work has shown! that the liver and other organs 

of the vertebrata contain a reducing enzyme reductase; and 

attempts to isolate it have indicated® that its activity is con- 

siderably retarded by contact with foreign substances. It seemed 

1 Senter, G., Zischr. f. physikal. Chem., 1903, xliv, 257. 

* Bredig, G., and Berneck, R. M. v., ibid., 1899, xxxi, 258. 

$ Senter, loc. cit. 

4 Harris, D. F., and Creighton, H. J. M., Proc. Roy. Soc., Series B, 1912, 

lxxxv, 487; Jour. Biol. Chem., 1915, xx, 179. . 
5 Harris and Creighton, Biochem. Jour., 1914, viii, 585. 

589 
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TABLE I. 

Poison. Colloidal platinum. Catalase. 

SORE ae eee os eek i 300,000 malar 1: 1,000,000 molar. 

ELON nace e aiuto 1: 20,000,000 ‘‘ 1: 1,000,000 vif 

HgCh.. 1: 2,000,000 ‘ 1: 2,000,000 * 

1 SETAC CoS Cee Sey omnes a 1 200,000 ‘* Ae: 300 oy 

1s a ee oN ae 1: 5,000,000 * 1: 50,000 ee 

NHS (OED) EC > stones ils 25,000 ‘ 1: 80,000 ok 

(CHRIS 35 ee ener 1 5,000 ‘ 1: 40,000 

ites Ose seo: oc ee 1 50.‘ ibe 2,000 ok 

1 BG] Cece emer ee dv 1 3,000 “ 1: 100,000 “ 

ING eh ree Rey 1 2000) 1 1,000 s: 

TETIN@ gies htt oe ak ee No paralysis 1: 250,000 us 

COP rane Mae near Very poisonous No paralysis. 

desirable to extend.these observations to include the possible 

action of organic poisons on reductase. Several well known, 

powerful, alkaloidal and narcotic poisons have been studied with 

a view of determining whether their toxicity towards reductase 

was in any way comparable with their toxicity towards living 

matter itself. It seemed of interest to know whether, if these 

substances were poisonous for reductase, their dosage in this 

connection was comparable with the dosage fatal to the entire 

animal. For this purpose the reductase contained in cat liver 

juice and brain juice was employed, being prepared in the manner 

previously described.° 
| .The action of the foreign substances on reductase was measured 

by determining the difference between the time required for the 
reduction of oxyhemoglobin to the one-banded condition by pure 
liver or other juice, and by juice containing some of the foreign 

substance with which it had been in contact for a definite time. 

The progress of the reduction was followed by the spectroscopic 

method previously described.’ In the experiments, 1 cc. of fresh 

liver juice and 1 cc. of an aqueous solution of the poison were 

allowed to remain in contact for ten minutes, at the end of which 

time 2 ec. of blood solution (prepared by diluting 10 ce. of cat’s 

freshly defibrinated blood to 250 ec. with distilled water) were 

added and the mixture was introduced into narrow, conical, glass 

6 Harris and Creighton, Jour. Biol. Chem., 1915, xx, 179. 

7 Harris and Creighton, zbid., 1915, xx, 181. 
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observing tubes which were then placed in a thermostat at 40°. 
_ The spectrum of these mixtures was examined every half minute. 

The times required for the reduction at 40° by liver juice which 

contained foreign substances were compared with the time re- 

quired for the reduction, at the same temperature, of a normal 

mixture containing 1 cc. of liver juice, 1 cc. of distilled water, and 

2 ec. of the blood solution. The results of the action of a number 

of pure alkaloids are given in Table IJ. The times required for 

the reductions recorded in the following tables represent the mean 

of at least two experiments which seldom differed by more than a 
few per cent. 

TABLE II. 

4.5 Minutes Required for Reduction of Normal Mixture. 

Time in minutes required for the reduction of mix- 
tures containing 1 cc. of liver juice, 2 ec. of blood 
solution, and 1 ec. of an aqueous solution of the 

Poison. poison having a normal concentration of 

0.1 0.02 0.01 0.001 | 0.0095 | 0.0001 

min. min. min. min. min. min. 

IS EGOS: sa eee ae ee a a a See leon lee See LOROM iy ——n= lasts 

COBIING: 2 Gr eS eee 4.5], — — 

MCI C es ow ok ee ek eo ROE S25. one 
SULT ae ~- CaO 8 

ACGIH, gos ya ee Apoule 425) peaches 

JAN IB DE TSE es OO 8.0/ 10.0} 8.5 

On account of the extreme insolubility of these alkaloids in 

water, it was not possible to employ concentrations higher than 

0.001 normal, except with nicotine. It was deemed advisable, 

therefore, to investigate the action of solutions of salts of these 

alkaloids on the activity of reductase. In addition to the action 

of salts of the foregoing alkaloids, the influence of hyoscine hydro- 

bromide, over a large range of concentrations, has been determined. 

The results obtained are recorded in Tables III and IV. 

Owing to the fact that so many of the alkaloidal poisons are 

narcotics, that is, act specifically on the central nervous system, 

it was thought advisable to carry out a parallel series of experi- 

ments, substituting brain juice for liver juice. The brain juice 

was obtained by grinding with sand in a mortar the cortex cerebri 

of a large cat with the addition of 20 cc. of 0.9 per cent sodium 
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TABLE III. 

Poison: Hyoscine Hydrobromide. 

4.6 Minutes Required for Reduction of Normal Mixture. 

Tinte required for the reduction of mixtures 
containing lec. of liver juice, 2 cc. of blood 

Concentration. solution, and 1 ce. of an aqueous solution of 
the poison. 

min. 

0.1 normal Hed 

0.05 Ei 6.5 

0.02 | CRG. 

0.01 6.5 
0.001 | 4.0 

0.00017 DED 

0.0001 : 3.5 

0.00001 ‘ 4.5 

Poison. 

Hyoscine hydrobromide.... 

Cocaine hydrochloride...... 

Morphine sulphate......... 

Atropine sulphate.......... 

Strychnine sulphate........| 

Quinine hydrochloride...... 

Caffeine citrate 

TABLE IV. 

4.5 Minutes Required for Reduction of Normal Mixture. 

Time in minutes required for the reduction of mixtures 
containing 1cc. of liver juice, 2 ec. of blood solution, 
and 1 cc. of an aqueous solution of the poison having a 
normal concentration of 

0.1 

Destroys 

blood 

Destroys 

blood 

10.0 

0.02 0.01 0.001 | 0.0001 | 0.00001 

min. min. min min. min. 

(C55) 6:5 4.0 325 4.5 

8.0 8.5 | 10.0 4.5 — 

7.0 hare 6.5 es 4.5 

6.0 6.5 — — — 

| §.0| 6.0| 6.3) Gnome 
11.0 | 9.0:| 8-0))) SOROriiG2G 

25.0 | 24.51) Beet 9.0 

— 10.0}; — 9.0; — 

5.0} — 5.0}; — —= 

10.0} — 9.0 0} 7.0 

chloride to the pulp so as to give a mixture which could be squeezed 

through cheese-cloth. In this way a remarkably homogeneous 
juice was obtained, of which 1 ce. plus 1 ce. of distilled water 

completely reduced 2 cc. of the blood solution in six and one-half 

minutes. The results of observations of the action of a number 

of different poisons on brain juice are recorded in Table V. 
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TABLE V. 

6.5 Minutes Required for Reduction of Normal Mixture. 

Time in minutes required for the reduc- 
tion of mixtures containing 1 ce. of 
brain juice, 2 cc. of blood solution, and 
1 ce. of an aqueous solution ot the 

Poison. peisan having a normal concentration 

0.1 0.05 | 9.001 | 0.00001 

min. min. min. min. 

Hyoscine hydrobromide.............:... 9.5 — — 9.5 

imonpuume sulphates? 2.0 0.8.... 2. ee. 13.0 — —— tee O) 

EMC COUMNPIMCHEPY, rants cite Beye ec oe ele es — _- 9:0 |). S25 

MatCIMENCHUEA. 65. fe: laisse cle ccocmicts a Destroys 

blood — | 13.0 

DENG REM OD ays AO oo eee — Te | _- 12.0 

TU RGEo3 5.8 Se BeBe a a ee ae — 13.5) — fe 5 

DAL TIT ot gy te ee ta a rr — 22:0) |) ==" 12:0 

In a previous communication,® it has been shown that certain 

inorganic substances also exert a poisonous action on reductase. 

TABLE VI. 

10 Minutes Required for Reduction of Normal Mixture. 

Time in minutes required for the reduction of 
mixtures containing 1 ce. of liver juice, 2 ce. 
of blood solution, and 1 cc. of an aqueous 

Peon: solution of the poison having a molar concen- 
tration of 

0.01 0.1 

min. min. 

AsO; deh clos SD OMENS 0.5 OG G1: dots COC COED 33 

UE lk 5 2g IR BO eA a 30 34 

Tao Son ye Eee Be: te Se 17 Destroys blood. 
INIA GANT O)3) Brn ee ae Reh: hu tue 0 Mpa 17 Destroys blood. 

LU Slo 1 US ces 15 16 

ONO’, 2c Sitar Ae a Me aS lac 13 19 

UY Olly 9 Sewer di Oe cee 5 el 11 25 

PE RIRERIRR se ees oo 2-5 his, nce tishe 4 eee ch oo 11 13 

12. DIE O25 Aig eee Oe a 10 48 

OE OL Os eae OE AE 9 9 

8 Harris and Creighton, Biochem. Jour., 1914, vill, 585. 
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For the purpose of comparison the data obtained for a number of 
these poisons are given in Table VI. 

Of the highly poisonous salts of the alkaloids hyoscine, cocaine, 

morphine, atropine, strychnine, only one, cocaine (0.001 normal), 

succeeded in doubling the time of reduction of oxyhemoglobin 

by hepatic reductase. The inference derivable from a survey of 

Tables II and IV is that the toxicity of the alkaloids examined is 

not directed preeminently against the reducing enzymic factor in 

the internal respiration of the tissues;’ for in the end there is 
reduction, although after periods of varying length of retardation. 

These deadly alkaloidal poisons are not poisons of enzymes in 

the same sense that they are poisons of living protoplasm. In 

no case was the ultimate complete reduction of oxyhemoglobin to 

reduced hemoglobin prevented, even by the deadliest alkaloid 

or its salt. Our observations are in general agreement with the 

conclusions reached by Bywaters and Waller in 1910, after in- 

vestigating the action of the powerful protoplasmic poison aconi- 

tine.!° These observers found that the aconitine had no action 

on ptyalin as measured by the saccharification of starch. Using 

0.01, 0.001, and 0.00001 normal solutions of the alkaloid, they 

could discover no inhibition of the enzyme even after twelve 

hours’ contact. In Table V it will be noticed that when the 

reductase of cortex cerebri reduced oxyhemoglobin to the one- 

banded pigment in six and one-half minutes, 0.001 normal aconi- 

tine lengthened the time only to nine and 0.00001 normal to eight 

and one-half minutes. Now this is strictly not a toxic action at 

all; it is more accurately merely one of retardation. The same is 

true of hyoscine hydrobromide and morphine sulphate, the 

latter in each of two concentrations (0.1 and 0.00001 normal) 

just doubling the time of complete reduction. We therefore 

agree with Waller in distinguishing between poisons for proto- 

plasm and poisons for enzymes. When-we say, “alkaloids are 

deadly poisons,’ we mean for living protoplasm itself and not for . 

its products, whether these products be secretion enzymes (like 

ptyalin, invertase, etc.) or endo-enzymes like reductase. The 

marked difference between the action of poisons and drugs on 

living matter and on enzymes may be further illustrated by the 

®° Harris and Creighton, Science Progress, 1915, xxxvii, 50. 

10 Bywaters, H. W., and Waller, A. D., Proc. Physiol. Soc., 1910, p. xlv. 



D. F. Harris and H. J. M. Creighton 541 

following table!! where the poisons are arranged in the relative 

order of their toxicity on isolated frog muscle, aconitine being 

taken as 1000: 
TABLE VII. 

AM EOTTETTAGS 52 Oe RRR 5. 2, ce Ee 1000 .00 

ISS a ok 2 ne 100.00 

2 TOCTIMDERES 6.< 0 Re Oo eee ce 33 .00 

PEG) SRG TONS:., Ra ee 3, coe aM Sc ely Oe oe 18.00 

\Cateinc en | ee eee ee wie, Sa, 12.00 

ShlGrokormieeers.. seein? Oot SAPs uty): See 6.00 

HLT ee See 5 ers feo a lo SRE eared okie oars oR 0.72 

JSUC@ nll: Bane Shab BE oe AOD DOR CU aE ERE > 2 ee ree 0.06 

Now this is very clearly by no means even approximately the 

state of matters as regards the action of these substances on the 

reductase of the liver. From Tables III and IV we see that if 

caffeine citrate is eliminated as the most toxic, then quinine 

hydrochloride, nicotine, chloroform, ether, and alcohol are all 

more or less in the same group-as regards their retarding power 

on the activity of reductase. Table V shows the same thing in 

terms of the retardation of reductase from the cortex cerebri; 

thus for 0.00001 normal concentration, the figures for all poi- 

sons used are remarkably constant. Aconitine and hyoscine 

hydrobromide are actually the least poisonous (eight and one-half 

and nine and one-half minutes respectively), while morphine, 

aleohol, chloroform, and ether have practically the same amount 

of inhibiting effect on neural reductase. The powerful poisons 

aconitine and hyoscine hydrobromide are deadly for protoplasm, 

but comparatively innocuous for reductase. 

When we turn from the alkaloidal poisons proper to consider 

such narcotics as alcohol, ether, and chloroform, we find that, as 

measured by the time they delay reduction by reductase from the 

central nervous system, they are actually more toxic than are 

the alkaloids. Thus, whereas the deadly hyoscine hydrobromide 

(0.1 normal) delayed reduction to nine and one-half minutes, 

six and one-half minutes being the normal, alcohol having one-half 

that concentration (0.05 normal) prolonged it to eleven and one- 

half minutes, ether (0.05 normal) delayed it to thirteen and one- 

half minutes, and chloroform of this strength prolonged the time 

1 Waller, A. D., Physiology the Servant of Medicine, London, 1910, 93. 
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to twenty-two minutes. Thus if only the enzyme of internal 

respiration of the cortex cerebri be considered, alcohol, ether, and 

chloroform are more poisonous to that phase of metabolism than 

are such powerful poisons as hyoscine hydrobromide, morphine 

sulphate, and aconitine. Waller states” that as tested on muscle, 

one molecule of aconitine is one hundred times as toxic as a mole- 

cule of chloroform. No such difference obtains when these poi- 

sons are exhibited to.neural reductase. The deadliest of narcotic 

alkaloids must, therefore, be directed against some constituent 

of the neural vital machinery other than its reductase. 

Our observations contribute additional data as to the more 

poisonous character of chloroform as compared with ether, for 

chloroform was found markedly to inhibit the activity of reductase, 

while ether (0.02 normal) scarcely inhibited the action of liver re- 

ductase at all. Ether only increased the time of reduction by 

half a minute, while chloroform of the same strength increased 

it by five and one-half minutes or,by a period eleven times as long. 

Again, whereas 0.1 normal alcohol delayed the time of reduction 

to ten minutes, chloroform five times as weak (0.02 normal) was 

able to prolong the reduction to the same time; judged by this, 

chloroform would be five times as poisonous as alcohol. Alcohol 

(0.01 normal) delayed reduction to ten minutes, while chloroform 

ten times as dilute (0.001 normal) delayed it to nine minutes or 

only one minute less. The greater toxicity of chloroform as com- 

pared with that of both alcohol and ether on liver reductase is 

very clearly brought out in these observations. The greater 

toxicity of chloroform compared with ether on the frog’s isolated 
non-medullated nerve was conclusively shown by Waller® in 1897. 

Using electrical responses to single induction shocks, he demon- 

strated that whereas nerve could recover after treatment with 

the vapor of ether, it could not do so after being similarly treated 

with chloroform vapor. Chloroform, whether judged by its 

action on the protoplasm of the entire animal or by its action 

on the endo-enzyme reductase, is considerably more toxic than 

either ether or alcohol. 

12 Waller, loc. cit., 51. 

8 Waller, Lectures on Physiology, First Series, On Animal Electricity, 

London, 1897, 23. 



D. F. Harris and H. J. M. Creighton 543 

It should be pointed out that the concentrations of the poisons 

employed in most of the experiments were of an order very much 

higher than would be attained by the maximum dose of these in 

the circulating blood. To take a definite case: The maximum 

single dose of hyoscine hydrobromide is 0.0006 gram. ‘This 

distributed through 3 liters of blood would give 0.0000002 gram of 

poison per 1 ce. of blood. In the experiments described above, 

the mixtures contained 1 cc. of juice, 1 cc. of an aqueous solution 

of poison, and 2 ce. of diluted blood; 7.e., 1 cc. of poison to 4 ce. 

of fluid. In those experiments where 0.1 normal hyoscine hydro- 

bromide was used, each cc. of the mixture contained 0.01095 

gram of the poison; while where the most dilute hyoscine hydro- 

bromide solution (0.00001 normal) was employed, each cc. of 

the mixture contained 0.000001095 gram of the alkaloid. This 

latter quantity is about five times as strong as the concentration 

in the blood of the maximum dose of hyoscine hydrobromide. 

Therefore, since 0.00001 normal hyoscine hydrobromide (Table 

IV) has no inhibitory action on hepatic reductase, it is to be pre- 

sumed that this poison at its maximum dosage in the blood does 
not affect the inspiratory phase of tissue respiration; its “‘deadly”’ 

power must be directed towards some other aspect of the meta- 

bolic cycle. 

The last feature of these poisons to which we wish to draw 

attention is one which has been remarked on by previous workers, 

for instance, Vernon who writes" of the “non-dependence of toxic 

effect upon concentration.”’ Referring to Table IV, it is found 

that both 0.1 and 0.001 normal morphine sulphate delayed re- 

duction for practically the same time, six and six and one-half 

minutes, respectively. Again, whereas 0.02 normal strychnine 

sulphate prolonged the time of reduction to eight minutes, 0.0001 

normal concentration of the poison prolonged it to six and one- 

half minutes, or one and one-half minutes less for a solution two 

hundred times as dilute. The figures for chloroform in this con- 

nection are very interesting: A concentration of 0.02 normal 

prolonged the time of reduction to ten minutes, one of 0.001 nor- 

mal to nine minutes, one of 0.0001 normal to eight minutes, while 

a solution as weak as 0.00001 normal actually delayed reduction 

“4 Vernon, H. M., Jour. Physiql., 1909-10, xxxix, 157. 
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to as much as seven minutes when the normal mixture required 

four and one-half minutes. The figures for ether are still more 
striking, for exactly the same time, five minutes, was required for 

reduction in the presence of both 0.02. and 0.001 normal con- 

centrations of the poison. Without doubt our observations con- 

tribute additional evidence in support of the belief that toxicity 

is to some extent independent of the concentration of the poison, 
as though a little dust in the cog-wheels of the vital machinery 

was as effective as coarser grit in compromising the perfection of 

the working of the constituent parts. ; 

In certain cases it was actually found that a particular con- 

centration of the poison inhibited reductase more powerfully 

than did a stronger solution. This is seen in the case of the salts 

of hyoscine, cocaine, morphine, and atropine. Thus 0.02 normal 

hyoscine hydrobromide delayed reduction for two minutes longer 

than a 0.1 normal solution, and 0.02 cocaine hydrochloride de- 

layed reduction for two and one-half mimutes longer than did a 

0.1 normal solution of the poison. In the case of the salts of co- 

caine and morphine (Table IV) the 0.01 normal concentration 

delayed reduction for half a minute longer than did the 0.02 

normal solution. Where the difference between two times is 

only half a minute, we do not naturally lay any stress on it, as 

thirty seconds may well represent the time error in judging of the 

end-point in the spectroscopic method; nevertheless the phenom- 

enon of a higher dilution apparently inhibiting reduction more 

perfectly than a more concentrated solution has occurred so . 

frequently that we have been forced to take notice of it. Possibly 

the increase in the ionization of the salts of the alkaloids may be a 

factor in determining this result. We would point out that this 

phenomenon. was observed amongst the more virulent poisons — 

only, and was not met with in quinine, caffeine, alcohol, ether, 

or chloroform. Indeed, caffeine citrate gave what might be called 

a typical set of readings, each decreasing concentration inhibiting 

reductase for a shorter time than the dilution immediately pre- 

ceding it in the series. 

In conclusion it should be pointed out that of the imorganic 

poisons previously studied (Table VI), the most deadly to the 

organism are also those which delay to the greatest extent the 

action of reductase, namely mercurie chloride, potassium cyanide, 

7 
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arsenious acid, and formaldehyde; as has already been pointed 

out, this similarity of action is not also true of the alkaloidal 

narcotics. 

SUMMARY. 

1. The influence of various poisonous substances (alkaloids 

including caffeine and alcohol, ether, and chloroform) in pro- 

longing the time required by reductase derived from (a) liver 
(cat) and (b) cortex cerebri (cat) completely to redtice oxyhem- 

oglobin has been studied by a method already described. 

2. Substances which are known to be rapidly fatal to animals 

and which depress the vitality of isolated tissues (nerves, muscles, 

heart, etc.), that is, which are deadly protoplasmic poisons, are not 

poisons in the same sense for reductase from liver or from brain. 

3. The relative order of toxicity (molecular toxicity) of a 

number of typical protoplasmic poisons is quite different from that 

of the same substances as tested by their powers of inhibiting 

reductase. 

4. Substances which are virulent poisons to protoplasm (e.g., 

aconitine and hyoscine hydrobromide) inhibit reductase no more 

effectively than substances very much less poisonous to proto- 

plasm (e.g., caffeine citrate and alcohol). 

5. The poisonous deadly power possessed by the narcotic alka- 

loids would seem to be exerted against some physiological activity 

of the cellular metabolism other than the inspiratory phase of 

tissue respiration (action of reductase). 

6. Our observations fully confirm the belief that chloroform is 

considerably more toxic than ether or alcohol. Chloroform, 

unlike certain substances usually regarded as more poisonous, 

inhibits reductase much more effectively than they. 

7. We would point out the convenience of the method used in 

this and preceding investigations on reductase, as one whereby 

the action of poisons or drugs on one phase of metabolism can be 

studied in cases where the injection of poison into the intact 

animal could not yield the precise information desired. 

The expenses of this research were met by a grant to one of us 

(D. F. H.) from the Royal Society which is hereby gratefully 
acknowledged. 
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QUANTITATIVE STUDIES ON THE IN VIVO ABSORPTION 
OF IODINE BY DOGS’ THYROID GLANDS. 

By DAVID MARINE. 

(From the H. K. Cushing Laboratory of Experimental Medicine, Western 

Reserve University, Cleveland.) 

(Received for publication, August 26, 1915.) 

It is common knowledge that iodine is taken up by the thyroid 

very rapidly when administered in any form and by any method. 

It is also known that the amounts taken up from a given intake 

vary with the size of the gland and the existing degree of hyper- 

plasia. These are statements of fact-to the best of our knowl- 

edge, but they are also vague generalizations and on that account 

neither satisfying nor convincing. It is for these reasons that 

criticisms and doubts have been expressed, and it is for the pur- 

pose of supplying definite figures that the following experiments, 

though somewhat old, are reported. 

The plan of the experiments was as follows: With the usual 

aseptic precautions one lobe was removed, cleaned, and weighed. 

A weighed portion was kept for histological examination, and the 

remainder dried at 70° for the determination of its iodine content. 

50 mg. of either potassium iodide or sodium iodide were given in 

5 mg. doses by mouth for the following ten days; then, after an 

interval varying from five to eight days, the remaining lobe was 

removed, cleaned, drained of blood, and weighed. A weighed 

portion was kept for histological examination and the remainder 

dried for iodine determination. 

Six experiments have the above mentioned constant features, 

and the principal data are tabulated on the following page. 

As regards weight of the animals and size of the thyroid lobes, 

there is fairly wide range between minimum and maximum. 

So also as regards sex and age the data are sufficient to indicate 

that no important change is related to these factors. 

The histological condition of the control lobes includes examples 

of our three arbitrary divisions of the several degrees of hyper- 

547 
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plasia. It will be noted that with the exception of one (A-285), 

the second lobe was completely involuted to its colloid or resting 

stage. This exception happens to be the fifteen day or shortest 

interval between the administration of iodine and the removal 

of the lobe, as well as the largest thyroid. As the iodine content 

per gram is much above that at which hyperplasia disappears, 

it indicates that the interval of time allowed was a little short of 

TABLE. 

- =| —_ E ) ao} Fs 4 a & 

a Bh 3 Pa > | ae 
eb 6 sae wo 2 aie & |e ./8 

Sail re 2 ieee eEo| fs g 6 Lea ee ee = eh 
ey ie) So) ees s 6 | He | 3) es les =| » | 3 | #8 [ES8! 2 3 o | BE> | 8 | Be lee 
® a 3 oS |Sssl s 2 S z a2 S| Pale 
£ cs} s ao |Abo 50 a a 8 malh yauee (he! 2 q & HS ade he (= 2 oe ar 3 "8 
S os 50 ao Of! ke iS as aac = 2 Ia 2, o 7" >Oo gos = n tel so rs S ¥#O 1H 0 
x B0 P= Be) HB] oO ria ES hates 9° SP) [oer 
ca < = a = = q a A Be |e |e 

kg. days | gm. mg mg. mg. ae 

A289 |5 mos. | 5.0 | Control 16 5.1 | Marked 0.08 | 50.0 KT | 0.10 | 1:980]16.0 
Q hyperplasia 

Todized 6.1 | Colloid 4.00 6.10 

A274 | Young} 9.0 | Control 18 2.5 | Moderate 0.15 | 50.0 NaI} 0.10 |1:4500] 5.6 
adult hyperplasia 

co) Todized 2.0 | Colloid 5.57 2.48 

A285 | Young | 7.75} Control 15 9.5 | Moderate 0.32 | 50.0 Nal | 0.76 | 1:687|18.5 

adult hyperplasia 

fe} Todized 11.28} Colloid early | 2.85 8.54 

A286 |Middle 8.7 | Control 16 8.0 | Moderate 0.14 | 50.0 KI } 0.18 |1:1641/10.2 

aged hyperplasia 

oil Todized 5.3 | Colloid 3.07 4.05 

A287 | Middle} 10.0 | Control 18 2.5 | Early hyper-| 0.52 | 50.0 KI | 0.27 |1:5000| 7.0 

aged plasia 

Q Todized 2.0 | Colloid 4.90 2.91 

A288 | Middle} 14.6 | Control 18 3.0 | Early hyper- | 0.53 | 50.0 Nal | 0.35 |1:3842] 7.7 

aged plasia 
fou Todized 3.8 | Colloid 3.85 3.61 

that necessary to complete the change. The usual variations in 

the iodine content of the control lobes in relation to the degree of 

hyperplasia are present. 

The variations in the size of the lobes are more marked than 

usual and show no constancy. In three the iodized lobes are 

larger and in the others the control lobes are larger. These vari- 

ations illustrate one point often emphasized before, that, while 

iodine generally causes a reduction in the size of the thyroid of 
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dogs, this is not necessarily the case—the necessary change is 

the involution. 
In figuring the ratio of thyroid weight to body weight, obviously 

the iodized lobe is used, while the body weights are those taken 

after the first operation. The iodine contents per gram of dried 

gland, both for the controls and the iodized lobes, are given in 
one column. There is considerable variation in the amount of 

iodine stored per gram of thyroid, with a bare suggestion that the 

smaller the gland, the higher its iodine content. As to the bio- 

logical significance of these variations, I have no suggestion. It 

is probably not a physical phenomenon. 

The gain in iodine is in all cases very pronounced, and the 

figures obtained support the generalization that the thyroid has 

an extraordinary affinity for iodine up to the point of saturation, 

which is on the average between 5 and 6 mg. per gram of dried 

gland for dog thyroids. Passing to the total amounts of iodine 

recovered, it is obvious that the amount varies with the size of the 

gland. This also has long been known, and merely indicates that 

with the amount of iodine and the time of its administration 

definite, and with other organs, especially the kidney, competing, 

the surface area for absorption is the largest factor. This feature 

is brought out more clearly in the ratios of thyroid weight to body 

weight and in the percentages of the total intake of iodine re- 

covered from the thyroid. In figuring these percentages, 50 mg. 

KI were figured as 38 mg. iodine, and 50 mg. Nal as 42 mg. 

iodine. 

Another factor than the size of the gland is concerned. Un- 

fortunately the series is too small to show it clearly, but it can be 

seen by comparing Experiment 289 with 285 and 286, that the 

more marked the hyperplasia or the lower the original iodine con- 

tent, the greater the quantity stored. The percentage stored from 

a definite intake would therefore vary with the size of the gland 

and its degree of hyperplasia. 

It should be added that the liver and spleen in each of these 

experiments were examined for iodine, but with uniformly nega- 

tive results. This was to be expected, since the minimum interval 

between the last dose of iodine and the removal of the-organs was 

five days. 

It is recognized that the oral administration of such small 
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quantities of iodine, even when given in very dilute solution, is 

more likely to cause losses, than when introduced parenterally. 

With dogs, however, only care is necessary to prevent losses, and 

absorption of the soluble salts of iodine from the alimentary tract 
is probably complete. 

CONCLUSIONS. 

These experiments emphasize the extraordinary affinity of the 

thyroid tissue for iodine. When one considers that as high as 
18.5 per cent of a given intake of iodine by mouth may be recovered 
from a thyroid whose ratio to the body weight is as 1:687, it stands 

alone at present among the specific affinities of tissues for inorganic 

substances. The results further emphasize the fact that maxi- 

mum thyroid effects are induced by minimum amounts of iodine. 

The amount of a given intake absorbed depends, for the most part, 

on the size of gland and the existing degree of hyperplasia or the 

degree of saturation with iodine at the time of its administration. 



THE NITROGEN EXCRETION OF THE CAT DURING A 

PURINE-FREE AND A PURINE-RICH DIET. 

By FREDERICK S. HAMMETT. 

(From the Biochemical Laboratories of the Harvard Medical School, Boston.) 

(Received for publication, August 26, 1915.) 

In view of the fact that cats are frequently used in studies in 

biochemistry it seems opportune for a report on an examination 

of the distribution of nitrogen among the nitrogenous constituents 

of cat urine, together with the effect of a purine-free and a purine- 

rich diet upon the excretion of uric acid. 

From the work of Mendel and Brown,! Kanger,? Wiechowski,* 

and Hunter and Givens,‘ it is well known that cats excrete but 

small amounts of uric acid, allantoin taking its place as the ex- 

cretory product of the purines. That this is not due to a non- 

production of uric acid by the cat tissues, but is due to a more 

complete oxidation of the preformed purines, is shown by the 

high amounts of uric acid found in the glandular tissues of the 

cat and the non-existence of uric acid in normal cat urine. The 

work of the investigators just mentioned is chiefly qualitative. 

All the analyses herein reported have been done according to the 

microchemical methods of Folin and his associates.5 All were 

made in duplicate on fresh urine. The urines represent total 

twenty-four hour quantities obtained at approximately the same 

time each day through gentle massage of the bladder. 

To determine if nitrogen equilibrium could be obtained when 

the animal was allowed to choose the quantity of food ingested, 

' Mendel, L. B., and Brown, E. W., Am. Jour. Physiol., 1899-1900, iii, 261. 
? Kanger, A., Arch. f. d. ges. Physiol., 1903, c, 428. 

3 Wiechowski, W., Beitr. z. chem. Phys. u. Path., 1908, xi, 109. 

* Hunter, A., Givens, M. H., and Guion, C. M., Jour. Biol. Chem.. 1914, 

Xvili, 393. 

5 Folin, O., and Farmer, C. J., Jour. Biol. Chem., 1912, xi, 493. Folin, O., 

ibid., 1912, xi, 507. Folin, O., and Macallum, A. B., zbid., 1912, xi, 523. 
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a cat weighing 2.5 kilos was placed in a metabolism cage for six 

days and allowed to eat of a purine-free diet of crackers and milk 
freely twice a day. 

The urines of the first three days were discarded. The figures 

in Tables Ia and Ib represent the final three day excretion. It is 

seen that nitrogen equilibrium was fairly well established during 

the experiment. 

TABLE Ta. 

Nitrogen Excretion of the Cat during a Purine-Free Diet. 

Day. Amount. Total N. Urea N. NH; N. Uric acid N. pbb 

gm. gm. gm. SFeghe ome re gm. 

A ea Bn 128 1.31 2 0.06 0.21 0.05 

Re Ga eeAne 117 1.29 1.04 0.05 0.08 0.03 

Gpmerirey c 144 1.27 TOs: 0.10 Qala 0.04 

TABLE Ib. 

Nitrogen Excretion in Terms of Total Nitrogen. 

Day. Total N. Urea N. NH; N. Uric acid N. | Creatinine N. 

gm. | percent ||| per cent Suh UN MIRE eee 
ZN gM St 85.5 4.6 0.01 3.9 

Sake ts kts 1.29 SURG 3.9 0.01 Dies 

Ae ene 127 79.5 7.9 0.01 3.0 

The very low uric acid output and the low per cent of total 
nitrogen excreted as uric acid will prove that the uric acid of cat 

urine does not represent its nuclear metabolism. This question 
and a discussion of the distribution of the nitrogen in the de- 
termined constituents will be taken up later. . 

Mendel and Brown! report that the ingestion by the cat of food 

rich in nucleins results in an increase of uric acid excretion. 

In order to quanitatively confirm this and to determine if a cat 

could be brought to a nitrogen equilibrium during a high nitrogen 

purine-rich period of feeding, a male cat weighing 3.5 kilos was 

confined in the metabolism cage and given 200 grams of fresh 

beef spleen twice daily, with water freely. Tables Ila and IIb 

represent the analyses of the final three days of a six day period. 
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TABLE Ila. 

Nitrogen Excretion of the Cat during a Purine-Rich Diet. 

Day. Amount. Total N. Urea N. NH; N. Uric acid N. Creatinine 

qm. gm. gm. gm. a mg. gm. 

BNE 325 8.55 5.82 0.42 10.59 0.06 

IES ais 9 308 9.33 8.35 0.41 9.76 0.06 

‘C oOSEe 341 10.81 8.53 0.48 12.49 0.06 

TABLE Lib. 

Nitrogen Excretion in Terms of Total Nitrogen. 

Day. Total N. Urea N. NH3 N. Uric acid N. | Creatinine N. 

gm. per cent per cent per cent per cent 

Alec charms 8.55 68 .07 4.91 0.12 0.70 

AE e es 9.33 89.49 4.28 0.10 0.67 

Giese 10.81 78 .90 3.97 0.10 0.60 

Here also there is a fair nitrogen equilibrium established. There 

is an increase in uric acid nitrogen of fifty times the amounts 

found during a purine-free diet with only ten times the per cent 
of total nitrogen excreted as uric acid. Moreover the per cent 

of total nitrogen excreted as uric acid is far below that excreted by 

man. Hence we must conclude that under any system of feeding 

the cat organism tends to destroy uric acid before excretion. 

These two preliminary experiments demonstrate the ease of 

bringing a cat to nitrogen equilibrium during either a high or low 

protein diet. This possibility facilitates the study of the cat’s 
nitrogenous metabolism in general and the uric acid excretion 

in particular, whether on a high or low nitrogen diet. In a 

comparison of the urines from the animals upon the different 

diets, certain differences in the distribution of the nitrogen are 
evident, which for confirmation require experiments of longer 

duration. However, it is possible from these results to compare 

the relative rates of metabolism of cat and man and to see whether 

or not we are justified in using the cat for experimental metabolic 
studies. 

A male cat weighing 2.5 kilos was confined in the cage and 

allowed to eat 100 grams of beef spleen twice daily for six days. 
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For the next eleven days the diet was confined to crackers, eggs, 

and milk. This period was followed by the same system of feed- 

ing as in the beginning for ten days. Water was given freely. 
Tables IIIa and IIIb give the results of the analyses of the urines 

collected during the experiment. Accurate twenty-four hour 

quantities are represented and the analyses made as previously 
described. 

TABLE IIIa. 

Nitrogen Partition in Cat Urine. 

Date. Amount. Total N. Urea N. NH: N. Uric acid N. Crest 

1914 gm gm gm gm mg gm 

Feb 

16 102 5.01 4.48 0.19 6.22 0.043 

If 125 6.33 5.19 0.23 7.94 0.050 

18 116 5.10 4.41 0.22 11.48 0.045 

19 107 4.96 3.85 0.21 11.04 0.044 

20 120 5.64 4.63 0.21 15.66 0.046 

21 113 4.56 3.87 0.21 11.38 0.032 

22 140 2222 1.61 0.16 1.93 0.031 

23 120 1.59 Ia Is 0.14 0.20 0.031 

24 159 2.14 1.64 0.17 0.00 0.041 

25 = = = = = == 

26 156 2.09 1.58 0.12 0.00 0.031 

PA 180 1.85 1.39 0.14 0.26 0.033 

28 200 2.00 1.58 0.17 0.00 0.040 

Mar. 

1 175 2.03 1.46 0.17 1.40 0.040 

2s 190 PACE 2.22 0.22 0.23 0.051 

3 165 1326 0.73 0.14 0.00 0.031 

ay 131 2.04 1.60 0.15 0.00 0.039 

5 159 3.08 2.69 Omkz 3.13 0.033 

6 111 4.92 4.02 0.20 7.39 0.032 

7 96 4.13 3.D0 One 8.04 0.026 

8 120 4.80 3.99 0.19 8.06 0.027 

9 173 7.35 6.37 0.34 10.76 0.038 

10 132 6 .07 5.11 0.22 12.92 0.030 

11 112 5.80 4.75 0.22 13 .27 0.034 

12 91 4.55 3.93 0.16 15.95 0.037 

13 150 re val 6.51 0.29 20.14 0.043 
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TABLE IIIb. 

Nitrogen Partition in Cat Urine in Terms of Total Nitrogen. 

Date. Total N. Urea N. NH; N. Uric acid N. | Creatinine N. 

1914 gm. per cent per cent per cent per cent 

Feb. 

16 5.01 89 .42 3.79 0.10 0.86 

17 6.33 81.99 3.63 0.10 0.79 

18 5.10 86.47 4.31 OF22 0.70 

19 4.96 77 62 4.23 0.22 0.89 

20 5.64 82.09 3.02 0.28 0.82 

21 4.56 84.87 4.61 0.25 0.70 

22 2.22 (2752 7.20 0.09 1.40 

23 1.59. 71.07 8.81 0.01 1.96 

24 2.14 76.64 7.94 0.00 1.92 

25 = == = = = 

26 2.09 75 .60 5.75 0.00 1.49 

27 1.85 75.13 7.57 0.01 1.78 

28 2.00 79.00 8.50 0.00 2.00 

Mar. 

1 2 AUB 73 .60 8.37 0.01 1.97 

2 Stith 80.13 7.94 0.01 1.84 

3 1.26 57 .93 11.10 0.00 2.46 

4 2.04 62.30 7.35 0.00 1.91 

5 3.08 87 .34 5.52 0.10 OT 

6 4.92 81.71 4.07 0.15 0.65 

a 4.13 85 .95 4.12 0.19 0.63 

8 4.80 83.12 3.96 0.17 0.56 

9 7.35 86.67 4.63 (O)- 3159 0.52 

10 6.07 84.18 3.63 0.21 0.49 

11 5.80 81.88 3.62 0.23 0.59 

12 4.55 86.37 3.52 0.35 0.59 

13 inp 84.44 3.76 0.26 0.56 

In Table IIIa there are several points of interest in regard to 

the effect of high and low protein intake on the absolute amounts 

of nitrogen excreted in the various forms. As would be expected, 

the total and urea nitrogen are markedly lower during the purine- 

free low nitrogen period than during the purine-rich high nitro- | 

gen periods. The difference in amount of nitrogen excreted as 

ammonia is not as marked, yet shows a constant decrease during 

the low nitrogen period. 
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The nitrogen excreted as uric acid practically disappears during 

the purine-free diet. Correlating this with the fact that the 
glandular tissues of the cat, even when kept upon a purine-free 

diet previous to analysis, not only contain uric acid, but either 

liberate precombined uric acid or form more uric acid by oxidation 

of the purines therein contained, evidence is furnished that, al- 
though the normal metabolism of the cat leads to the production 
of uric acid, yet this compound is not excreted as such. On the 

other hand there is an excretion of uric acid during the spleen 
diet that apparently increases in quantity daily. This does not 

come from the preformed uric acid of the spleen as fed, for if a 

cat, be fed uric acid during either a purine-free or a purine-rich diet. 

no increase in urinary uric acid is observed. Hence it must come 
from the uric acid precursors in the fed spleen absorbed during 

assimilation. Now the cat kidney can excrete uric acid freely, 

for on intravenous injection of uric acid there is found am accumu- 

lation of uric acid in the kidneys and the tied off urinary bladder, 

but in no other place. Normally but minute traces of uric acid 

are found in cat blood. After spleen feeding an increase, slight 

it is true, but nevertheless an increase, in uric acid is found in cat 

blood. Hence as a tentative explanation of the gradual increase 

in uric acid excretion during the spleen periods it is suggested that 

through a flooding of the system with the uric acid precursors the 

uricolytic activity of the organism is unable to keep pace with the 
changes leading to the uric acid production. 

The excretion of nitrogen as creatinine throughout the three 
periods is a constant quantity. When the weights of the animals 

used are compared with the creatinine excretion it is evident 

that here as well as with man we have in creatinine an index of a 

phase of endogenous metabolism that is unaffected by extreme 
variations in both kind and quantity of food. This similarity is 

further brought out in a consideration of the changes in the ratio 

of nitrogen excreted as urea, ammonia, and creatinine to total 

nitrogen with the change from high to low nitrogen intake and 

vice versa. 

Considering Table IIIb it is seen that during the high protein 

period the per cent of total nitrogen excreted as urea is higher than 

during the low protein period. Coupling this with the fact that 

the absolute quantity of urea nitrogen is also lower during this 
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period shows that qualitatively the cat metabolism leading to 

the formation of urea is governed by the same laws as the ex- 

cretion of urea by man, as described by Folin.® 

Although the excretion of nitrogen as ammonia is less during 

the low nitrogen intake yet this decrease is not large enough to 
prevent an increase in the per cent of total nitrogen excreted as 

ammonia, again a qualitative similarity with human metabolism. 

With creatinine, where the output is constant, the per cent of 

total nitrogen excreted as creatinine naturally rises as the total 

nitrogen excretion falls. 

The quantitative distribution of nitrogen in cat urine among urea, 

ammonia, and creatinine, indicates that the cat is well suited for 

experimental studies in nitrogenous metabolism with reference 

to human problems, since the excretion of these substances is 

apparently governed by the same laws in the cat as in man. 

In the case of the excretion of uric acid there is no similarity. 

Under no conditions does the cat excrete its uric acid as does man. 

No significant part of its nitrogen is excreted as uric acid during 

the purine-free feeding. The exact cause of the increase in the 

nitrogen excreted as uric acid during the purine-rich periods is, 

without very grave doubts, due to an overflow into the blood of 

urie acid which is promptly excreted. This overflow is probably 

due to the flooding of the system with purines in such quantities 

that the uricolytic enzyme can not destroy the uric acid as fast 
as it is liberated from its combinations. The main point to be 

gathered from this is, that the cat is of no use for studies in uric 

acid metabolism as applied to man, and can only be used in 

studies in comparative metabolism of the purines. 

Tables [Va and IVb give the averages of the three periods 

omitting the first day of each period. The changes are therein 

the more easily followed. 
From a quantitative point of view it is obvious that kilo for 

kilo cat metabolism on either high or low nitrogen diet is ten times 

greater than human, as shown by these figures. Under these 

circumstances the use of the cat for studies in total metabolism 

is of service only from the point of view of comparative metabolism. 

§ Folin, Am. Jour. Physiol., 1905, xiii, 66. 
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TABLE IVa. 

Showing the Averages of Table IIIa. 

Period. Amount. Total N. Urea N. NH3 N. Uneoas Qeestiies 

gm. gm. gm. “gm. mg. gm. 

Spleeitye.n «. 24 116 5.32 4.39 0.22 11.49 0.043 

Mined Cre te 164 1.97 1.49 0.16 "0.23 0.038 

Spleens v.. (25M 123 5.66 4.77 0.22 12.07 |. 0.0388 

TABLE IVb. 

Showing the Averages of Table IIIb. 

Period. Total N. Urea N. NH: N. Uric acid N. | Creatinine N. 

Boleems th.) 4 5.32 82.61 4.10 0222 0.78 

Milk, ete...... 1.97 72.38 8.15 0.02 1.92 

Speen as). ace 5.66 84.29 3.91 On21 0.57 

This, however, does not prevent the use of the cat as a subject for 

experimental work in nitrogenous metabolism because here we 

have practically a complete parallelism between cat and man. 

CONCLUSION. 

From the evidence presented it is concluded that, with the 

exception of uric acid, the excretion by the cat of nitrogenous 

urinary constituents is governed by the same laws as the nitro- 

gen excretion of man. This makes the cat an animal that can | 

well be used in studies on nitrogenous metabolism with possible 

application to problems of human metabolism. 

From a quantitative standpoint the cat can be used in studies 

on total metabolism only when the work is on a comparative 

basis. 

On a purine-free diet the per cent of total nitrogen excreted as 

uric acid is so small as to be of no significance when considering 

the nitrogen of the urine. Ona purine-rich diet the increase prob- 

ably denotes an overburdening of the uricolytic enzymes.’ 

7 These investigations were carried on at the Harvard Medical School 

as a part of the work required for the degree of Doctor of Philosophy. 
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