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TABLE I. 
The Detection of Digitoxin in (1) Tyrode’s Solution, (2)  Rat Seruin, and ( 3 )  Human Serum by the 

Emhryonic, Duck Heart Preparation. 

Tj-rode’s solution Rat serum Human serum 
7 7 c 7 r. \ 

+vg. Stand. +vg. Stand. Avg. Stand. 
time error time error time error 

Cone. of ( ‘ dig. of ‘ l dig. of ‘ ‘ dig. of 
digi toxin effect” mcan No. effect” mean No. effcct” mean No. 
(cLg/cc) (min.) (min.) hts. (min.) (min.) hts. (min.) (min.) hts. 

.001 

.005 

.010 

.05 

. lo  

.20 

.40 

.60 

.a0 
1.00 

ND 
48 
41 
23 
12 - 
I 

6 

4 
I 

3.0 
1.6 
1.5 
0.8 - 
- 
0.2 

0.2 
- 

10 
15 
21 
33 
20 - 
- 
20 

29 
I 

ND 
ND 
ND 
XD 
KD 

62 
38 
24 
21 
11 

12 
10 
10 
10 
10  

1.3 18 
1.7 18 
0.5 36 
0.8 20 
0.4 22 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

49 
34 
21 

10 
10 
10 
10 
10 
15 
15 

2.0 23 
1.6 24 
1.1 28 

ND indicates that no glycoside could be detected by occurrence of “digitalis effect” in embryonic 

Tyrode’s solution and in rat and human serum 
was found to be possible by means of the 

heart preparation. 

ever, was not found3 to be inhibited similarly 
by serum. 

extremely minute amounts of digitoxin in 
Conclusions. 1. Quantitative assay of embryonic duck heart preparation. 
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Peculiar Enlargement of Eyeballs in Chicks Caused by Feeding a High 
Level of Glycine.* 

A. c. GROSCHKE,t 1. 0. ANDERSON, AND G .  &I. BRIGGS.~ 
From the Department of Poul t ry  Husbandry, Dniversi ty  of Maryland, GoIlege Park, Md.  

Previous reports112 from this laboratory The latter observation was somewhat surpris- 
ing for it had been reported earlier that more 
than 2% of glycine was toxic to the young 
chicken3 and that 4 g of glycine per day were 
harmful to hens4 

Because of this discrepancy, an investiga- 

have shown that glycine is highly ‘(pellagra- 
genic” when fed to chicks receiving a nico- 
tinic acid-low diet. On the other hand, the 
chick ,tolerated unusually high levels of gly- 
Cine (4  to 6%)t  Provided a sufficient ~ J Y M X . I ~ ~  
of nicotinic acid was contained in the diet.2 tion w a  undertaken to determine the mini- 

* Scientific Paper KO. A2U2. Contribution S o .  
3119 of the Maryland Agrieultural lhperiinent 
Station (Department of Poultry Husbandry), 

t Xow at  Nichigaii State College, East Lansing, 
Mich. 

$ Xom- at  University of Ninnrsota, St. Paul, 
Xiiia. 

1 Eriggs, G. M., Groschke, A. C., and Lillie9 
R. J., J .  NqAtritioti, 1946, a, 659. 

2 Groschke, A. C.? and Rriggs, G. M., ,J. Biol. 
Chem., 1946, 183: 739. 

mum toxic level of glycine and the extent to 
which this level could be influenced by nico- 
tinic acid feeding. The present report de- 
scribes a peculiar overgrowth of the eyeballs 
and other conditions observed in chicks re- 
sulting from feeding a highly purified diet con- 

3 hlmquist, R. J., Stolistad, E. L. R., Mecchi, 
E., and Manning, P. I). V., J. Bio?. Ghern., 1940, 
134, 213. 

4 Patton, A .  11.) Poultry Sci., 1939? 18) 31. 
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TABLE I. 
Composition of Basal Diet 113GN. 

% 
C e r e 1 o s e 71.4 

Mineral mixture 1M 6.0 
Soybean oil 4.0 
dl-Methionine 0.3 
Choline chloride 0.2 
i-Inositol 0.1 

Vitamins (mg/100 g). 
Thiamine HCl 0.4 
Riboflavin 0.8 
Ca pantothenate 2.0 
Pyridoxine HCl 0.6 
Biotin 0.02 
Pteroylglutamic acid 0.2 
Para-aminobenzoic acid 0.2 
2-Methyl-1,4-naphthoquinone 0.1 
Alpha- tocopherol 0.5 
Vit. A and DS, 1200 U.S.P. and 170 A.O.A.C. 

units, respectively, by dropper weekly. 

Casein (crude) 18.0 

~~~~ 

taining 8% of glycine. 
Experimental. Day-old New Ham.pshire 

chicks of mixed sexes were used. The chicks 
were distributed according to weight, confined 
in electrically heated wooden cages with wire 
screen floors and given feed and water ad 
libitum. Weighings and other observations 
were made weekly. All substitutions in the 
basal diet 113GN were made at the expense of 
cerelose (Table I). 

Results. Table I1 summarizes the results 
of feeding 8% of glycine to chicks ina combin- 
ation with various levels of nicotinic acid. I t  
is quite evident that glycine at this level 
inhibits growth and that the growth depres- 
sion is not overcome by feeding nicotinic acid 
in amounts as high as 100 mg per 100 g of 
diet. A few cases of perosis occurred in the 
grdups receiving glycine and feathering was 
inferior. NO “chick black-tongue” was seen, 
as might be expected with the high level of 
glycine fed. 

During the first week of the experiment the 
chicks in the 3 groups receiving glycine ex- 
hibited periods of extreme prostration accom- 
panied by tremors. This condition seemed to 
be especially severe after eating. Sometimes 
the chicks would become so comatose they 
would appear ,to be at the point of death a t  
which time they would gradually rally. In  
spite oi these symptoms, constant weight gains 
were made. 

After the first week the chicks appeared to 
outgrow the tendency toward prostration, but 
slight tremors existed in the birds throughout 
the whole experiment. They seemed to be 
constantly fatigued and would stretch their 
wings and legs a t  frequent intervals. 

At about the third week a peculiar puffiness 
about the eyes was noticed. By the fourth 
week it was evident that either the eyeballs 
were becoming enlarged or that an edemic 
condition existed in the optic vesicle which 
was causing athe eye to be forced out, as oc- 
curs in exophthalmic goiter in the guinea pig. 
The eye condition at this point was severe 
enough to interfere with the normal move- 
ments of the nictitating membrane. 

At the end of 4 weeks, 3 typical chicks 
from each group receiving glycine were se- 
lected and the total of 9 chicks were given 
the diet containing 8% of glycine and 10 
mg of nicotinic acid per 100 g of diet. They 
were continued on experiment to 7 weeks of 
age along with the 6 control chicks. From 
the fourth week to the seventh week, the 
“popped” eye condition became worse. From 
a b u t  the fifth week on, the eyes were so 
bulged that normal vision was impaired to 
the point where i t  was evident that the eyes 
could not be focused on objects close at hand. 
Consequently, the feed hoppers had to be kept 
quite full so that the chicks could eat prop- 
erly. 

At 7 weeks of age all the chicks, were 
killed by severing the jugular vein. All had 
been fasted for a period of 6 hours prior to 
killing. The heart, liver with bile sac, spleen, 
thyroids, and one eye from each chick were 
removed and weighed immediately. All ad- 
hering muscular tissue was cut away from the 
eyes before they were weighed. In Table 
I11 the average values obtained for the various 
organs are given expressed in terms of per- 
centaf body weight. The data show that on 
this basis the values of the 2 groups for the 
thyroids, heart, liver plus bile sac, and spleen 
were not appreciably different. However, it 
marked difference existed in the weight of 
the eyeballs. The eyes from the chicks 
which received 8% of glycine were almost 
twice as great on a percent-of-body-weight 
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w m , E  111. 
Efftv-t of 8y0 of C:l;\-c~inv i i i  tlic Dict of Chicks 011 the Size of Various Organs of the Body. 

70 of body ~~cig’li t  (avg) 
Avg f - 

Diet chicks 7 Iyk, g Eye* Tlipoidt Kea I’ t bile sac Spleen 

a G 532 0.343 0.008 0.503 2.776 0.210 

E 9 399 0.00; 0.337 2.893 0.232 

No. bodywt Jliver and 

.- 
( 0.23;;s3 96) 

((1.565-0.762) 

basis as were the eyes from the controls. This 
striking eye condition may be seen in Fig. 1 
which shows the difference in size of 2 excised 
eyeballs, one from a control chick and the 
other from a chick which received 8oh of 
gl ycine. 

The production of an apparent overgrowth 
of the eyeballs seems to be related to the 
form in which the amino acid is fed. The 
same basal diet supplemented with 10% of 
gelatin, 25% of bone ossein. and 10 nig of 
nicotinic acid per 100 g did not cause an 
enlargement of the eyeballs: tremors, or 
marked growth depression, although this diet 
contained approximately 8% of glycine but 
in the peptide form. (Bone osxin was used 
in place of gelatin because the diet tended 
to stick to the beaks of chicks when it con- 
tained more than 10% of gelatin. I t  is as- 
sumed that ‘bone ossein and gelatin are 
equally digestible because both depressed 
growth in a b u t  the same order of magnitude 
when fed to chicks receiving nicotinic acid-low 
diets. KO explanation for the protective 
action of protein is offered.) 

Furthermore, the effect of free glycine un- 
der the conditions of these experiments is con- 
fined to the growing chick. In experiments 

with laying hens, 4, 8, and 12% of glycine in 
a semi-purified diet containing 50 mg of nico- 
tinic acid per 100 g did not cause any eye 
abnormalities during successive feeding 
periods of 5 ,  3, and 4 weeks, respectively. 
Feed consumption and egg production were 
only slightly lowered during the latter &week 
treatment. 

The underlying physiological cause of the 
observed biological anomaly is as yet un- 
known. IYhether the enlargement of the eye- 
balls is the result of actual tissue growth, or 
increased optic fluid caused by disturbed os- 
niotic relationships, or other conditions must 
be determined through additional experimen- 
tation. The fact that the condition was ob- 
served in young growing chickens and not in 
laying hens would lend support to the belief 
that the enlargement is the result of actual 
overgrowth of tissue and not to increased 
ocular fluid caused by osmotic disturbances. 
Whether or not other amino acids will cause 
this same condition has not been studied. 

S ~ ~ m m a r y .  Growth depression and tremors 
were observed in chicks fed 876 of glycine as 
part of a highly purified diet. The depressed 
growth rate was not overcome by feeding un- 
usually high levels of nicotinic acid. In addi- 
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vision and functioning af the nictitating mem- 
brane. Eight percent of glycine as the pep- 
tide produced no such effect. The action of 
glycine appeared to be confined to the growing 
chicken. The feeding of 12% of glycine to 
hens over an extended period producd no 
apparent ocular abnormalities. 

We are  indebted to Merck & Co., Rahway, N. J., 
for crystalline vitamins; Wilson and Co., Inc., 

Portsmouth, Va., for mybean oil; Abbott Labom- 
tories, North Chicago, Ill., for haliver oil; U. S. 

Ill-methionine ; and to  Lederle Laboratories, Pearl 
River, N. y-, for PteroYklutamic acid. 

FIG. 1. 
Contrast in size of eyeballs. Thc eyeball on the 

diet containing 8% of glycine; its body weight 
was 395 g. *The eyeball on the right is from a 

left is from a 7-week-old chick whicll received 8 
11'*> for 2x gelatin; Inc., 

7-meek-01d ; its body weight wa4 Industrial ale&&, Inc,, Raltimore, Ma., for 
574 g. 

tion, a peculiar enlargement of the eyeballs 
developed which interfered with normal 
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Effect of Dicumarol on Ac-Globulin and Prothrombin Activity." 

JOHN L. FAHEY, JOHN H. OLWIN, AND ARNOLD G. WARE. 
(Introduced by Walter H. Seegers.) 

From the Department of Physwlogy and Pharmacology, Wayne Uniuerslty College of Nedicine, 
Detroit, and the Department of Surgery, The Presbyterian Hospital of the Citg of Chicago. 

The administration of dicumarol to prevent 
the occurrence or extension of intravascular 
thromboses has given encouraging results.14 
The rationale of this treatment is based upon 
the ability of dicumarol to lower the pro- 
thrombin concentration in the circulating plas- 
ma.3 Dicumarol has Iken thought to act 
principally upon the prothrombin portion of 
the coagulation mechanism and thus to de- 
press the clotting activity of whole blood. It 
is now apparent that another factor, Ac-glo-bu- 
lin, warran,ts study in connection with dicu- 
marol therapy. Ac-globulin4 is a. plasma pro- 

* Aided by grants from the United States Public 
Health Service and the Ortho S. A. Spraguc 
Memorial Institute Fund. 

1 Olwin, J. H., Josiah Macy, Jr., Conference on 
Blood Clotting and Allied Problems, N. Y., 1948. 

2 Allen, E. V., Hines, E. A.: Kvale, W. F., and 
Barker, N. W., Ann. Int. Med., 1947, 27, 371. 

3Link, K. P., Harvey Lectures, 1943-44, 162. 
4Ware, A. G., and Seegers, W. H., J. B i d .  

_ _  - - 

Chem., 1948, 172, 699. 

tein normdly found in the circulating plasm. 
I t  acts to assure normal physiological conver- 
sion of prothrombin to thrombin during the 
process of blood coagulation. A deficiency of 
this factor impairs thrombin formation and 
a bleeding ,tendency may d e ~ e l o p . ~  

The existence of ,4c-globulin was unknown 
until recently, and previous repurts on pro- 
thrombin measurements by both the one- and 
two-stage tests have not considered the possi- 
ble role of this factor. With accurate and spe- 
cific methods now available, a study was un- 
dertaken: of both prothrombin and .4c-globulin 
levels as they are influenced by dicumarol 
admainis tration . 

Methods. Blood was obtained by venipunc- 
ture. In  order to reduce contamination by 
tissue fluids the initial 3 cc of blood drawn 
into the syringe were discarded. The sample 
to be analyzed was received lint0 a second 
syringe containing the anticoagulant. In  this 

5Owren) P. A., Lancet, 1947, 252, 446. 


