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graphs similar to all the stages of disintegra- sented and observed. 
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Cary et aZ.( l )  and Rubin and Bird(2), 
working with rats and chicks, respectively, 
have observed growth-inhibitory effects from 
high levels of protein in diets now known to 
be low in vitamin B12. McGinnis et a l . (3)  
reported that the nonprotein nitrogen con- 
tent of the blood in chicks fed diets high in 
protein and deficient in the “animal protein . 
factor” was higher than in chicks fed the 
same diets supplemented with this factor. 
Zucker and Zucker(4) observed a similar 
condition in rats. Since that time, vitamin 
Bl2 has been shown by Ott et a l . (5) ,  Lillie 
et aE.(6),  and others, to be an important part 
of the animal protein factor. Recently, 
Charkey et aE. ( 7 )  have demonstrated that the 
levels of nonprotein nitrogen and amino acids 
in the blood were higher in vitamin B12- 
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deficient chicks than in chicks fed vitamin 
BIZ (Merck & Co., APF Supplement S o .  3 ) .  
These workers concluded that vitamin BIZ 
appears to function in metabolism by enhanc- 
ing the utilization of circulating amino acids 
for building fixed tissues. These observations 
are in agreement with those noted in this 
laboratory (unpublished data). 

In  view of these findings, the present study 
was conducted to determine the effect of 
feeding different levels of glycine to chicks 
receiving various amounts of vitamin BIZ. 
Evidence is presented to indicate that vita- 
min B12 is concerned in the metabolism of 
glycine in the chick. 

Experimental. New Hampshire chicks of 
mixed sexes, obtained from dams kept on 
raised wire platforms and fed a ration low 
in vitamin B12, were used in these experi- 
ments. The chicks were maintained in 
electrically heated batteries, and feed and 
water were supplied ad libitum. ,411 glycine 
supplements were made at  the expense of 
cerelose (glucose). Merck & Co. -4PF Sup- 
plement No. 3 was used as the source of 
vitamin B12. 

In  Exp. 1, day-old chicks first were fed 
basal diet 122 (developed in this laboratory, 
Table I) during an 18-day preliminary period 
to further deplete them of vitamin BIZ. This 
diet was deficient in vitamin B I Z  and con- 
tained 35% protein. A t  the end of the 
depletion period, six comparable groups of 
15 chicks each were selected on the basis of 
body weight. Groups 1, 3, and 5 were fed the 
basal diet plus 0, 3, and 30 pg of vitamin B12 
per kilo, respectively. The other 3 groups 
were fed these same diets except that 1% 



140 \-ITAMIN B12 IN COUKTERACTING GLYCINE TOXICITY 

C'eYPlOSC 
.I 11) lia s o ~ 1 1  ca n protein 
So,vlieaii oil 
Cod liver oil (3000 A ;  400 D)  
~x- i i ie  t hio iiiiie 
L-leuriiic 
31iiici~+l mixture 1 11- 
Iodiiiattd casein (Protamone) 

51.6; 
38.00 

3.00 
3 0  
.GO 
.20 

(i . [ lO 
.03 

mg/100 g 
T1ii;iiiiin HC'I 1.00 
Rib o flay; n 1.00 
Calc iuni pant ot lieiin t e 2.00 
Pyridoxine HC1 .60 
S i n  cin 5.00 
Folic acid .30 
p - mi 110 be iiz ~i ic acid 2 0  
31 eiia dione 3 0  
Biotin .02 
Choline chloride "0.00 
i-Inositol 100.00 
~l~lia-tocolihcl.( i~ :icct;tte .50 

____ 
1200 IL-. Tit. A, and  0.3 nig of  alpha-tocopherol 

' l k x c r i b e d  by  Briggs (8) .  
:ic.c.t:c te w r e  adniiiiistercd by dropper weekly. 

glycine was also added. -4 3-week esperi- 
mental period was employed. 

In  Exp. 2 ,  the protein level of the basal 
diet was lowered to 21% by reducing the 
level of alpha soybean protein from 38 to 
23%. -Additional cerelose was used in com- 
pensation, -4 preliminary vitamin Bln-de- 
pletion period was omitted in this trial since 
the parent stock had been maintained on the 
vitamin B,?-deficient ration for a longer 
period of time. Six groups, each containing 
twelve day-old chicks! were fed the modified 
basal ration plus different supplements. 
Combinations of 0, 3, and 30 pg of vitamin 
B1-, per kilogram of diet, with and without 
4% added glycine, were tested. This experi- 
ment was discontinued at  the end of two 
weeks. since the addition of 4% glycine to the 
vitamin B12-low basal diet resulted in 75% 
mortality. Severtheless, the inhibitory action 
of this level of glycine on vitamin B12-de- 
ficient chicks appears clearly evident even 
in this brief test period. 

Results and discussion. The result ob- 
tained in Exp. 1 are given in Table 11. 
I t  is evident that the growth of vitamin Bla- 
deficient chicks was depressed by the addi- 

tion of 1% glycine to the diet when no vita- 
min B12 was supplied, This growth-inhibitory 
action of glycine was counteracted by the 
addition of either 3 or 30 micrograms of 
vitamin Blz per kilogram of diet. The slight 
difference in the average gains of the two 
groups of chicks (Groups 5 and 6)  fed diets 
containing 30 micrograms of vitamin Biz, 
with and without added glycine, is not sta- 
tistically significant. A previous study (un- 
published) supports this conclusion. In that 
test, chicks fed basal diet 122, supplemented 
with 1% added glycine and 30 micrograms 
of vitamin B12 per kilo, grew somewhat more 

TABLE 11. Effect of 1% Added Glycine i n  Com- 
biiintioii with Various Amounts of Vitamin B12 on 

Chick Growth. (Kxperiment 1). 

~- 

1 Koiie 14 146 
2 l v o  glycine 13 99" 
3 3 7 h / k g  14 247 3 

4 3 y  j Y  +I% 14 209 

.j 30 y Ep/kg  15 336 
li 30 y ' I  + 170 14 309 

glycine 

glycine 

- Tlir difference between this value and  tha t  of 
group 1 is statistically significant to  the 5% level. 

t Eacli group contained 15 chicks at the start. 

TABTX 111. Effect on Chick Growth and Mortal- 
i ty Obtained from the Addition of 4% Glycine in 
Conibi~iation with Different Amounts of 1%. BIZ. 

(Experiment 11). 

1 Sone 11 42 
2 47' glycine 3 36 
3 3 7 B12/kg 12  65 
4 3 y  " +4% 11 75 

.5 30 yBl2/kg 12 73 
gly cine 

a 

Cj 3 0 y  " +4% If! 71 
glycine 

8. Briggs, G. M., J .  Nutrition, 1946, v31, 79. 
++ Each group contained 1 2  chicks a t  the  start. 
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rapidly than those fed the same diet without 
additional glycine. 

The results of Exp. 2 are presented in 
Table 111. The effect of 4% added glycine 
in the vitamin Blz-deficient diet was striking. 
Only 3 of the 12 original chicks fed this 
diet (Group 2) survived the 2-week period. 
However, the addition of as little as 3 pg 
of vitamin B12 per kilo of diet (Group 4) 
prevented the excessive mortality and com- 
pletely counteracted the growth-inhibitory 
action of the added glycine, confirming the 
results obtained in Exp. 1. Since Merck’s 
-4PF supplement No. 3 was used as the 
source of vitamin B12, the possibility exists 
that the effects observed may have been the 
result of something other than vitamin B12. 
This possibility, however, is not considered to 
be very great. 

The inhibitory action of the 4% added 
glycine in the vitamin Bla-deficient diet con- 
taining 2 1 %  protein (Exp. 2) cannot be 
attributed to its effect on the protein level 
of the diet, since the addition of 1% gly- 
cine to the 35% protein diet (Exp. 1)  
did not cause excessive mortality. There- 
fore, the retarded growth and extreme mor- 
tality which was observed in vitamin BIZ- 
deficient chicks fed the high level of glycine 
may be assumed to have resulted from a 
specific glycine imbalance rather than from a 
change in the protein level of the diet. Since 
the addition of vitamin B12 to all diets con- 
taining 1% or 4% added glycine counter- 
acted the inhibitory action of this amino 
acid on chick growth, it appears that vitamin 
B12 functions in some manner in the metabol- 
ism of g1ycine.t 

This finding is comparable with those of 
Groschke and Briggs(9) and Anderson et al. 
(10) of this laboratory, who found that 
niacin and pyridoxine, respectively, are also 
concerned in the metabolism of glycine. 
Groschke and Briggs (9) demonstrated that 

t At the conlclusion of this investigation, it was 
learned that Machlin et al. at the Poultry Section, 
B. A. I. Beltsvile, Md., had obtained similar results. 
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glycine was highly “pellagragenic” when fed 
to chicks receiving a niacin-low diet. How- 
ever, they found that as much as 6% glycine 
could be included in the chick diet with no 
adverse effects when an adequate amount of 
nicotinic acid was supplied. Anderson et aZ. 
(10) similarly showed that the addition of 
4% glycine to a pyridoxine-low diet exerted 
a growth-depressing action in the chick. This 
was overcome by the addition of pyridoxine. 

The growth-depressing effect of large 
amounts of glycine fed to rats and its counter- 
action by certain vitamins has been reported 
by other workers. Dinning et al. (1 1) and 
Martel et aZ.( 12) observed that rats fed diets 
containing 10% glycine grew at a subnormal 
rate. A marked improvement in growth rate 
was noted upon addition of folic acid. Pa$ 
and Gingras( 13) demonstrated that large in- 
takes of glycine inhibited growth of rats fed 
a pyridoxine-deficient diet, but that the addi- 
tion of pyridoxine to the diet overcame this 
inhibition. Furthermore, Martin( 14) re- 
ported that glycine was more toxic when 
fed at  high levels to riboflavin-deficient rats 
than when fed to rats maintained on a diet 
adequate in riboflavin, The results of the 
present investigation together with those of 
the workers referred to above indicate that 
vitamin BIZ, nicotinic acid, pyridoxine, folic 
acid, and riboflavin are required in the 
metabolism of glycine. This appears to be 
particularly true when unusually large 
amounts of glycine are fed. 

Summary. Vitamin Blz-deficient chicks 
were fed vitamin BIZ-deficient basal diets 
supplemented with 0, 1 and 4% glycine in 
combination with 0, 3, and 301 pg of vitamin 
B12 (supplied by Merck’s APF Supplement 
No. 3)  per kilogram. The growth of the 
chicks that received either 1 or 470 added 
glycine in the vitamin Blz-deficient basal diets 
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was depressed. Those chicks which received Co., Inc., Rahway, K. J., for the vitamin Biz con- 
4% added glycine without vitamin B12 ccntrate and other crystalline vitamins; Lederle Lab- 
suffered excessive mortality. The addition oratories, Pearl River, Ic'. Y., for folk acid; Allied 

of as little as 3 micrograms of vitamin B~~ Mills, Inc., Portsmouth, Va., for soybean oil; Abbott 

per kilo of diet overcame the inhibitory action Lsboratories, North Chicago, Ill., for Haliver oil; 
U S. Industrial Chemicals, Inc., New York City, N. of both levels of glycine. These results indi- Y., for DL-methionine ; and Cerophyll Laboratories, 

cate that vitamin BE functions in the 
metabolism of glycine. -~ . _ _ ~ -  

Inc., Kansas City, Mo., for Protamone. 
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The observation that some types of path- 
ological lipid deposition are of ten followed 
by mineralization suggests that lipid sub- 
stances may enhance mineral salt deposition. 
An in vitru study of the role of lipids in the 
calcification of hypertrophic epiphyseal cartil- 
age of the rachitic rat may further our under- 
standing not only of normal calcification, but 
may also provide a clue to the nature of 
abnormal mineralization. This method, which 
enables one to observe the selective formation 
of new bone salt in rachitic epiphyseal cartil- 
age, depends on the functioning of the com- 
plete system essential for calcification ( 1-3, 
6,11.12). This technic has provided, in 
previous experiments, evidence that lipids are 

* This investigation was made possible by a grant 
from the Wendell Willkie Memorial Fund. A pre- 
liminary report appeared in A m .  Chenz. SOC. Abst., 
117th Meeting, 1950. 
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related to calcification. For example, bone 
formation is inhibited in the rachitic tibia 
if it has been previously extracted with al- 
cohol, acetone, or chloroform( 2 ) .  Moreover, 
the calcifying mechanism is injured by 
phloridzin and iodoacetic acid ; two compounds 
which are inhibitors not only of phosphoryl- 
ative glycogenolysis, but also of fat absorp- 
tion (3 ,4) .  That these inhibitions can be over- 
come with excess inorganic or organic phos- 
phates does not preclude the possibility that 
a system handling lipids is directly involved 
in the local deposition of bone salts( 5,6). 
Levine and Follis( 7,8) have demonstrated the 
presence of a lecithinase in cartilage. They 
postulated that it is part of a n  independent 
system for elevating the local concentration 
of phosphate ions. Another line of investi- 
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