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Electrophoretic Studies on Serum and Plasma of Control and Vitamin 
Deficient Monkeys.* (19401) 

LOCTIS D. GREENBERG, URS J. P. HOESSLY,~ ROBERT BROOKS, AND JAMES F. RTNEHART. 
From the Division of Pathology, University of California School of Medicine, Sun Francisco. 

In connection with the study of various 
vitamin deficiencies in rhesus monkeys, we 
investigated the serum proteins of these ani- 
mals, both by electrophoretic and by chemical 
means. I t  was believed that fundamental 
work oi this nature employing highly purified 
diets with controlled intakes of the vitamins 
might be of value in interpreting abnormalities 
observed in the electrophoretic patterns of 
humans. 

Electrophoretic analysis of plasma or serum 
of monkeys has been investigated in a few 
animals by Deutsch and Goodloe( 1), and by 
Moore(2). Monkey plasma was shown by 
Deutsch et at!. to contain, in addition to al- 
bumin and fibrinogen, three alpha globulin 
components and a component with a mobility 
greater than that of albumin which they have 
designated as “f”.  This component has been 
observed frequently in the patterns to be de- 
scribed in this paper. 

Analyses have been carried out on one or 
more samples of serum or plasma from a large 
series of animals, including controls and mon- 
keys subjected to various vitamin deficient 
regimens. 

Experinzentat!. The rhesus monkeys were, 
in most instances, young animals weighing 1.5 
to 3.0 kg when they were ‘purchased. In  
Table I are listed the composition of the basal 
diets and the supplements employed. The 
methods of handling and feeding the animals 
have been described ( 3 ) .  Deficiency was in- 
duced by omission of the appropriate vitamin 
from the supplement. Blood was usually 
drawn in the morning before the day’s food 
ration was introduced into the cage. When 
plasma was desired, Wintrobe oxalate mixture 
was employed as anticoagulant. The serum 
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TABLE I. Composition of Baeal Diets. 

F-DietQ-, 
Constituents (S) (m) (MF) 

Casein 18 36 18 - 
a protein ,of soy beans - - - 18 
Powdered sucro~e 73 55 59 73 
Corn oil 2 2  2 2 
Hydrogenated cotton - - 6 -  

Salts(Hawk&Oser) 4 4 4 4 
seed oil (Crisco) 

.3 - - -  Methionine 

* (S) Standard; (HP) High protein; (MF)  
Moderate f a t  ; (AP) a protein. 

Supplements : A daily vitamin tab10t containing : 
Niacin 5 mg, riboflavin 1 mg, thiamine chloride 
.5 mg, calcium pantothenate 3 mg, choline dihydro- 
gen citrate 100 mg, Paba 100 mg, inmito1 100 mg, 
ascorbic acid 25 mg, pteroyl gluta.mic acid 110 -y, 
biotin 10 y. Pyridoxine HC1 was administered daily 
or twice weekly in  doses equivalent t o  1 mg daily. 
I n  addition each animal received by mouth once A 
week 10 drops of vitamin A and D ooncentrate 
(100000 I.U. vit. A; 100100 I.U. vit. D) and 5 drops 
mixed natural tocopherols. Choline deficient m d  
control animals on diet AP received 3.5 y vit. BIZ 
per  os twice weekly. Choline deficient animals re- 
ceived no methionine. 

or plasma was separated by centrifugation and 
diluted with 2 to 3 volumes of sodium citrate- 
veronal buffer(1) (pH 8.6,  u = O.l), depend- 
ing upon the protein concentration. The di- 
luted samples were dialyzed according to the 
method of Reiner and Fenichel(4) for a 
period of 2 hours a t  room temperature with 
one change of buffer a t  the end of the first 
hour. The electrophoretic technic of Longs- 
worth(5) was followed using a microcell of 
2 ml capacity whose use has already been de- 
scribed by Ross et a l . ( 6 ) ,  and by Cohen and 
associates( 7 ) .  Electrophoresis was carried 
out at  2 to 3”,.generally with a constant 
current of 7 to 8 ma. and a field strength of 
9 volts per cm, for periods varying from 3000 
to 6780 sec., depending on the time required 
to give maximum development of the pattern. 
The patterns were photographed by the scan- 
ning method of hngsworth(8), and the areas 
of the peaks were estimated by the method of 
Tiselius and Kabatf9).  Because of their , ,  Medicine, Salt Lake City. - _ _ _ _ _ _ _  _ . ~ ~  _. 
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greater sharpness, the ascending patterns were 
used for all calculations. Total protein, al- 
bumin and globulin were determined chem- 
ically by the biuret method as modified by 
Wolfson et nl.( 10)  with the exception that the 
globulin was precipitated by 26% Na2S04 
(11). 

Data on the nutritional status, 
diet, duration on the regimen along with the 
comparative results of chemical and electro- 
phoretic analyses of the serum or plasma pro- 
teins of a part of the monkeys studied are 
given in Tables I1 and 111. Table I1 sum- 
marizes data on control and Table 111 on 
vitamin-deficient monkeys. -4 serum pattern 
of a control and of a vit. B,-deficient monkey 
are given in Fig. 1 and 2 .  The electrophoretic 
values of the individual components are given 
as relative concentrations which are expressed 
in percent of the total area. The electro- 
phoretic mobilities of the plasma or serum 
components of a group of control and deficient 
monkeys are given in Table IV. The relative 
concentrations of the various components of 
serum or plasma vary considerably in indi- 
vidual control animals. However, the values 
are similar to those observed by Deutsch and 
Goodloe( 1 ) .  The component "f" described 
by the latter has been found in the patterns 
of the majority of the monkeys studied and 
its presence or absence is indicated by (+) 
or (-) in the tables. It is possible that this 
component occurs in all monkey patterns but 
may have been obscured in a number of in- 
stances. An average value of 1% of the total 
proteins has been obtained for this fraction. 
This value is approximately twice that re- 
ported by Deutsch et al. 

In  the case of control monkeys maintained 
on diet S, the average electrophoretic mobili- 
ties of the gamma globulin and @ are higher, 
and those of the remaining components are 
lower than the corresponding values reported 
by Deutsch and Goodloe ( I ) . Since measure- 
ments of mobility are not in general ex- 
tremely precise, no great significance is at- 
tached to these differences. The mobility of 
the "f" component was not calculated. 

EBect of vit. B6 deficiency. With the ex- 
ception of one animal (No. 1 6 ) ,  all monkeys 

Results. 
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on diet S which were deprived of vitamin BG 
showed marked lowering of the albumin, but 
an increase in the gamma globulin concentra- 
tion was observed in all. Lowered albumin 
and increased total globulin are also evident in 
the chemical data. Gamma globulin values 
as high as 52% have been observed. Since 
gamma globulin has been shown to be related 
to liver damage ( 12-1 5 )  and a number of these 
monkeys were found to have had marked liver 
injury, this was not entirely unanticipated. 
Deficient animals which have come to autopsy 

and in which liver damage was evident are in- 
dicated in the last column of Table III. -4 
few animals also exhibited a significant in- 
crease in beta globulin. Significant increases 
in the gamma-globulin component were also 
evident in the majority of animals receiving a 
lowered intake of the vitamin. The mobilities 
of the serum components do not appear to be 
influenced by either partial or total depriva- 
tion of vit. BG. 

Eflect of cholesterol feeding. Cholesterol 
feeding to control monkeys results in a sig- 
nificant increase in the alpha-3 component 
(Xos. 38 and 2 1 ) . One animal receiving the 
high protein diet (HP) also exhibited an in- 
crease in this component. Increase in the beta 
component of serum of the rabbit as a result 
of cholesterol feeding has been reported by 
Fishberg et aZ.( 16). Two animals (Nos. 36 
and 37) subjected to a low intake of pyri- 
doxine while on a moderate fat diet contain- 
ing cholesterol showed, in addition to the in- 
crease in the alpha-3 component, a lowering 
of the albumin and an increase in the gamma 
globulin. 

Low choline diet. Only 2 animals (Nos. 26 
and 2 7 )  were followed on this diet (AP). In  
comparison with the one control animal (No. 
31) on this diet, both exhibited significant 
decreases in albumin and increases in the 
beta-globulin components. In  addition, mon- 
key 26 was found to have an increased con- 
centration of the gamma component, while 
S o .  2 7  also showed a significant rise in the 
alpha-1 plus alpha-2 components. 
Low niacin-low BI2 diet. Although 2 ani- 

mals were maintained on a diet lacking in both 
niacin and vit. BIZ for a period of over 2 1  
months these monkeys did not exhibit any 
obvious manifestation of either deficiency. 
These animals (Sos.  23 and 29) are listed in 
Table 111 merely as niacin deficient. In  
comparison with the serum of their control 
animal ( X o .  31) the sera of the 2 monkeys 
maintained on this diet were observed to have 
a lowered albumin and an increased concen- 
tration of gamma globulin. 

.Ascorbic acid deficiency. No significant 
alterations were observed in the serum protein 
patterns of 4 monkeys (Nos. 59 to 62) who 
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TABLE IV. Electrophoretic Mobilities of Serum or Plasma Proteins of Control aiid Vitainin Deficient 
M.onkey s. 

Deficiency ( U )  ---- Mobilities (CMz/volt see. >( 
Snimal aiicl 1)ul.a- Serum or Allm- 

S o .  eontrol(C) tion, 1110 Diet plasma iniii 3 1 M. 2 x 3 /3 0 y 

Avg (18,40, C 

f-l 
53,34) 
51  
2 1  C 
38 C 
16 D-B6 
50 D-BG 
11 a 
14 b 
i s  c 
13 (1 

e 
25 f 

g 
37 h 
26 D-choline 
" 8  D -ilia ein 
31 c 
.5 7 c 
58 c, 

.5 9 1 

ci 1 k 
cj 2 1 

.3 0 

.> 7 - 3 

--\I-g (37,58)  

6 0 j 

s S 

H Y  S 
S+chol. S 
NF+chol. S 
S x 
S S 
S S 
S S 
S f3 
S S 
S S 
X+choI. S 
S+ehol. S 
NF+chol. S 
SP S 
hP S 
AP s 
S P 
8 P 

S P 
s P 

Y 8 S P 

.529 

5.1 
6.2 
5.3 
5.2 
4.9 
5.5 

5.7 
5.2 
5.1 
6.2 
5.1 
5.9 
3.5 
5.4 
5.13 
4.9 
5.2.3 
5.07 
5.9 
5.7 
t i23  
ti.13 
ci 

3 

4.67 4.27 

4.5 4.05 
5.4 5.05 
4.4 4.2 
4.5 4.3 
4.05 3.65 
4.65 4.2 
- 3.9 
- 4.65 
4.6 4.1 
4.35 3.85 
5.4 4.85 
4.3 4.05 
- 5.15 
4.75 4.4 
4.6 4.4 
4.25 4.1 
4.3 3.85 
4.55 4.1 
4.42 3.97 
5.25 4.7 
5.05 4.55 
- 5.35 
5.6 5.3 
5.3 4.9 

3.66 

3.5 
4.25 
3.8 
3.6 
2.96 
3.6 
3.1 
4 
3.6 
3.4 
4.3 
3.4 
4.5 
3.9 
3.7 
3.4 
3.7 
3.6 
3.65 
4 
3.9 
4.45 
4.45 
4.2 

3 

2.9 
3.7 
3.4 
3.1 

3.15 
2.6 
3-5 
3 
3 
3.5 
3 
3.5 
3.5 
3.3.5 
2.73 
2.8 2 
3 2.35 
2.9 3.17 
3.3.5 - 
3.5 2.6 
4.13 3.25 
4.0.5 3.3 
3.76 3.05 

- 

1.73 

1.5 
2.5 
2.2 
1.75 
2.6 
1.4 
1.05 
2.1 
1.55 
1.35 
2.13 
1.45 
1.75 
2.06 
1.9 
1.5 
1.35 
2 
1.67 
2.3 
1.8 
2.35 
2.75 
2.3 

a S o  B6; 2 1110, 10 -{/kg I5 1110 

1J 1 3 I/! 
c 1 7 :ji 
d 1514 j D- 11 
e '350 y BG, 9% mo;  125 y B6, 9:!4 ino; 60 7 B6, 151/2 nio 
f 24:% mo 1 D-- 21 

g Same as f except 125 y B6 for  25% mo 
11 No B6; 2 mo, 10 y/kg 15 mo 
i D-Ascorbic acid 2% ino; 1 nig 20 days 

k D-- 19 

were investigated during the early stages of 
chronic scurvy, i.e., 2:4 to 2% months of 
complete deficiency followed by a daily sup- 
plement of 1 mg of ascorbic acid for 11 to 2 1  
days. There appeared to be some increase 
in the mobility of the various components in 
the scorbutic animals (Table IV) . However, 
this requires further study. 

Discussion. Numerous publications ( 12-1 5 1 
have reported hypoalbuminemia and hyper- 
glolbulinemia (primarily of the gamma com- 
ponent) as the characteristic alteration of the 
serum proteins in chronic liver disease. Since 
generally one observes various degrees of liver 
damage ranging from mild fatty infiltration 
to marked cirrhosis in the vit. B6 deficient 
monkey, it is not surprising that hypoal- 
buminemia and marked hyper-gamma-globu- 
linemia occur. It is quite possible that the 
hypoalbuminemia is the result of interference 

with albumin synthesis, since there is consid- 
erable evidence which indicates that vit. B6 
plays an important role in metabolism of pro- 
teins and amino acids. Previous experiments 
on malnutrition in humans(l7,18) and in 
animals(l9) have been offered as evidence 
(15) that malnutrition is not responsible for 
the rise in gamma globulin in chronic liver 
disease. These observations have dealt mainly 
with protein underfeeding or depletion. Since 
vit. BG deficiency in the monkey is a rather 
slowly progressing and debilitating disease and 
is similar in many respects to a state of 
chronic malnutrition, the former could be 
classified as a specific type of chronic mal- 
nutrition. On this basis the present work 
affords evidence that this specific type of mal- 
nutrition (vit. B6 deficiency) may bring about 
a marked increase in gamma globulin. Some 
evidence is also reported which indicates that 
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hypoalbuminemia and hyper-gammaglobulin- 
emia may also occur in other vitamin de- 
ficiencies, such as niacin. 

Summary. The plasma or serum proteins 
of rhesus monkeys maintained on various 
vitamin deficient diets were studied by chem- 
ical and by electrophoretic analysis. Partial 
or complete deficiency of vit. B6 resulted in 
hypoalbuminemia and a significant increase in 
the gamma globulin component. On a niacin 
deficient diet 2 monkeys developed a lowered 
albumin and an increase in the gamma glob- 
ulin. A low choline diet led to a decrease in 
the albumin and to an increase in the beta 
globulin. The addition of 1% cholesterol to 
the diet of control or vit. BG deficient monkeys 
produced a significant increase in the alpha-3 
component. The electrophoretic composition 
of the plasma did not appear to be altered by 
a state of early chronic scurvy. The mobilities 
of the plasma components appeared to be in- 
creased by an ascorbic acid deficient diet but 
were unaffected by the other regimens. 

We are grateful to Lederle 8- Co., Pearl River, 
S. Y., for supplies of Folacin and to  Squibb and 
Co. for vit. BIZ. 

1. Deutsch, H .  F., and Goodloe, M. B., J .  Biol. 

2 .  Moore, D. H., ibid., 1945, v161, 21.  
3. Rinehart, J .  F., Greenberg, L. D., and Ginzton, 

CIienz., 1945, v161, 1. 

L. L., Blood, 19-18, v3, 143’3. 

4. Reiner, M., and Fenichel, R. L., Science, 1948, 

5. Longsworth, L. G., Chem. Rev., 1942, v30, 323. 
6. Ross, V., Moore, D. H., and Miller, E. G., Jr., 

J. Biol. Chem., 1942, v144, 667. 
7. Cohen, P. P., and Thompson, F. L., J .  Lab.  a d  

Clin. Med., 1948, v33, 75. 
8. Longsworth, L. G., J .  A m .  Chem. SOC., 1939, 

v61, 529. 
9. Tiselius, A., and Kabat, E.  A., J .  Exp.  Med., 

1939, v69, 119. 
10. Wolfson, W. Q., Cohn, C., Calvary, E., and 

Ichiba, F., A m .  J .  Clin. Path., 1948, v18, 723. 
11. Reinhold, J .  G., Bluemle, Jr., L. W., Campoy, 

F., Gilman, L., Gould, E. F., Martens, V. L., and 
Shuman, R.,  Fed. Proc., 1949, v8, 242. 

1 2 .  Gutman, A. B., Advances in Protein Chemistry, 
-4cademic Press, New York, 1948, v4, 155. 

13. Rafsky, H. A., Weingarten, M., Knieger, C. I.; 
Stern, K. G., and Newman, B., Gastroenterol., 1950, 
v14, 29. 

14. Ricketts, W. E., Sterling, K., Kirsner, J. B., and 
Palmer, W. L., Gastroenterol., 1949, v13, 203. 

15. Franklin, M., Bean, W. B., Paul, W. D., Routh, 
J.  I., de la Huerga, J., and Popper, H., J .  Clin. Invest.,  
1951, v30, 718 and  729. 

16. Fishberg, A. M., Friedfeld, L., Hoffman, I., 
Stroller, E. R., and Fishberg, E. H., PROC. SOC. 
EXP. BIOL. m D  MED., 1950, ~ 7 5 ,  301. 

17. Keys, -4., Taylor, H. L., Mickelson, O., and 
Henschel, X., Science, 1946, v103, 669. 

18. Leutscher, J. A., Jr., Physiol. Rev., 194’7, v27, 
621. 

19. Zeldk, L. J., L411ing, E. L., McCoord, A. B.: 
and Kulka, J.  P., J .  Exp. Med., 1945, v82, 157, 411. 

Received January 29, 1952. P.S.E.B.M., 1952, ~’19. 

v108, 164. 

Effects of Purine and Pyrimidine Analogues on Development of 
Rana pipiens (19402) 

S. BIEBER, R. F. SIGRELLI, AND G. H. HITCHINGS. 
Froin  the Departiiieizt of Biology, Washington Square College, New York University, T h e  New York 

Zoological Society and The Wellcoiiie Research Laboratories, Tuckahoe, N .  Y .  

Analogues of the purine and pyrimidine 
constituents of the nucleic acids have been 
found to have a variety of biological effects 
which may be ascribed to various types and 
degrees of interference with the biosynthesis 
of nucleic acids and related compounds ( 1 ) . 

The desirability #of testing such antimetab- 
olites on a variety of biological species and 

systems has previously been mentioned( 1) 
for such studies contribute both to the com- 
parative biochemistry of nucleic acid me- 
tabolism and to the knowledge of the mode of 
action of the antimetabolites. The present 
report is concerned primarily with an extension 
of the antimetabolite studies to the problems 
of chemical embryology. Although the effects 


