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Effect of Lysine and Glycine Upon Arginine Requirement of Guinea Pigs.* 
(28036) 
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Department of Agricultural Chemistry, University of Missouri, Columbia 

Arginine is recognized as an essential amino 
acid for young growing rats, the requirement 
being about 0.2 % of the diet ( 1) .  This is low 
compared to the chick which has a nearly 10- 
fold higher requirement ( 2 ) .  Adult rat and 
man require none in the diet. In contrast to 
the rat, the arginine requirement of the grow- 
ing guinea pig is not met by 25% of casein 

The concept of physiological antagonism 
between natural occurring and structurally 
related amino acids is generally accepted and 
has been demonstrated in higher animals for 
a few amino acids such as leucine and iso- 
leucine (4). A lysine-arginine antagonism 
has been observed in a lysine-less mutant of 
neurospora(5) and has recently been sug- 
gested to occur in the growing chick(6,7,8). 
Under certain conditions chicks can tolerate 
high levels of glycine (9) but rats cannot ( 10). 
This communication deals with the toxicity 
of dietary lysine and glycine for the guinea 
pig and its counteraction by arginine. 

Materials and methods. Weanling guinea 
pigs of selected sex, reared in our colony and 
weighing from 160 to 200 g, were caged in 
groups of 4 on raised wire floors. Feed and 
water were supplied ad libitum and weights 
were recorded weekly for a 4-week period. 

The basal diet contained: Washed casein 
30; sucrose 43.3; cellulose (Solka Floc) 15; 
salts( 11) 4; potassium acetate 2.7; magne- 
sium oxide 0.5; soybean oil 4;  DL-methio- 
nine 0.2; ascorbic acid 0.2;  chbline C1 0.1 
and the vitamin and chlortetracycline supple- 
men ts previously described ( 1 1,12 ) . + Analy- 

(3).  
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sis of the casein indicated a dietary arginine 
level of about 1.2%. 

Supplementary amino acids were added at  
the expense of sucrose. Sufficient water was 
added to the diet a t  time of feeding to make 
a thick paste, and the feed was supplied fresh 
twice daily. Wettihg the feed improved tex- 
ture and acceptability so that the rate of 
gain was increased about 1 g per day. When 
extra ,ascorbic acid was given, 25 mg per 
animal was supplied in a small quantity of 
drinking water at  the morning feeding. 

Results. Female guinea pigs were used in 
the first trial to determine whether or not the 
arginine requirement was met by 30% case- 
in. Addition of 0.5% arginine HCl ( B )  to 
the basal diet increased the growth rate about 
20% (Table I). Extra ascorbic acid sup- 
plied in the drinking water (C) also in- 
creased growth rate and under these condi- 
tions arginine did not give a statistically sig- 
nificant additional stimulation. Although the 
basal diet contained 2 0 0  mg % of ascorbic 
acid, moistening the feed resulted in destruc- 
tion of sufficient ascorbic acid as to render 
the diet inadequate in this respect. When 
adequate ascorbic acid was supplied in the 
present study 30% casein approached ade- 
quacy for females. An explanation for the 
difference in response to arginine in the pres- 
ence and absence of extra ascorbic acid is 
not obvious. Reid(l3) found that 30% 
casein supported maximum growth rate in 

TABLE I. Growth Stimulation of Female Guinea 
Pigs by Arginine. 

Supplements 
Ascorbic Avg daily 

Diet Arpinine acid in H,O, No. gain, 4 wk, 
No. HCI, % mg/day animals g 

A 0 0 24 5.5 k .13"  
R .5 0 18 6.6 2 . 2 3  
C 0 25 8 6.2 *.25 
n .5 25 8 6.5 k .24  

* Standard error of mean. Statistically B>A, 
p<O.Ol; C>A, p<0.02. 
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TABLE 11. Lysine-Arginine and Glycine-Arginine 
Antagonism in Male Guinea Pigs. 

Supplements* 
Arg Lys Avg daily 

Diet HCl HCl Gly No. of gain,4wk, 
No. <-%-, animals g 

A 0 0 0 15 7.2 +.15t 
B .5 0 0 15 7.8 2 . 2 7  
C 0 2.0 0 12 6.5 k . 1 7  
D .5 2.0 0 14 7.7 k . 2 3  
E 0 0 2 11 5.6 e . 3 9  
F .5 0 2 12 7.4 k . 3 3  

* Extra  ascorbic acid (25 mg/day) offered in 
water. 

t Standard error of mean. Statistically, B>A, 
p<0.06; C<A, p<O.Ol; D>C, p<O.Ol; E<A, 
p<O.Ol; F>E, p<O.Ol. 

guinea pigs of mixed sex whereas a 20% case- 
in diet required an arginine supplement. 

Males were used in the second trial and 
extra ascorbic acid was supplied throughout. 
The results obtained when excess lysine and 
excess glycine were added with and without 
supplementary arginine are shown in Table 
11. As observed in other species, excess ly- 
sine depressed growth rate significantly, but 
the depression was completely reversed by 
supplementary arginine. Addition of 2 % 
glycine also depressed growth and the effect 
was overcome’ by arginine. 

So far as the authors are aware this is the 
first report of lysine-arginine antagonism in 
a growing mammal, but a similar antagonis- 
tic effect has been demonstrated for the en- 
zyme arginase ( 14). Casein contains a rela- 
tively high concentration of lysine and a low 
concentration of arginine. Its high lysine 
content and the resulting unfavorable ratio of 
lysine to arginine probably accounts for the 
suggestion that the arginine of casein is not 
as available as that in plant proteins (3 ) .  The 
fact that the guinea pig has a higher arginine 
requirement than the other commonly used 
mammals makes it amenable to a study of an 
antagonism involving this amino acid. The 
chick can well tolerate as much as 4% supple- 

mentary glycine(9) and excess glycine ap- 
pears to decrease its arginine requirement ( 2  ) . 
The fact that arginine ameliorates the toxi- 
city of excess glycine as well as excess gly- 
cine in the guinea pig suggests that these are 
not specific antagonisms and that a more gen- 
eral mechanism may be involved. 

Summary. The growing guinea pig has an 
unusually high arginine requirement as com- 
pared to other mammals. A diet based on 
30% casein (1.2% arginine) was slightly de- 
ficient. Addition of 2% lysine HmCl or of 
2% glycine depressed growth rate but the de- 
pression was alleviated by 01.5% arginine 
HCl. The results suggest lysine-arginine 
and glycine-arginine antagonism but the func- 
tion of arginine may be more general than 
specific antagonism. 
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