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days. The same technic of athoracotomy and 
thoracic inferior vena caval constriction as 
employed in the second control group, was 
applied to this series. Positive endotracheal 
oxygen pressure was given throughout. No 
antibiotics were utilized in the postoperative 
period. Following operation, daily para- 
centeses were performed, and the formation 
of ascites was usually demonstrated in 3 to 4 
days. This fluid was examined for total pro- 
tein and A/G ratio every 7 days for a period 
of 2 months. No appreciable change in aver- 
age total protein or A/G ratio was noted when 
compared with the fluid produced in the ani- 

mals with thoracic inferior caval con'striction 
alone. Total protein averaged 4.0 g per 100 
cc, A/G ratio 1.4 and specific gravity 1.013 
to 1.017. Table I11 outlines the results ob- 
tained in Ithis group of animals. 

1. Acute hepatic artery liga- 
tion in the rabbit resulted in 100% mortality 
in this experiment. 2. Massive penicillin 
therapy following hepatic artery ligation in 
rabbits resulted in a 66% survival rate. 3. 
Ascites produced by thoracic caval constriction 
in the rabbit is not prevented or appreciably 
affected by previous hepatic artery ligation. 

Conclusion. 
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Influence of Vitamin B12 and Folacin on the Synthesis of Choline 
and Methionine by the Rat." (18882) 

-4. E. SCHAEFER AND J. L. KNOWLES. (Introduced by W. D. Salmon.) 
From the Department of Animal Husbandry and Ngtritwn, Agricultural Experimmd Station, 

Alabama Polytechnic Institute, Auburn, Alabama. 

I t  was reported( 1,2) that vit. Blr exerted 
a sparing action on the choline requiremen,t of 
rats and chicks. I t  was later noted(3) that 
both folacin and vit. BI2 were involved in the 

*Published with the approval of the Director of 
the Alabama Agricultural Experiment Station. A 
preliminary report of part of this work was given 
at  the annual meeting of the Fed. Am. SOC. for Exp. 
Biol., 1951, and at  the 118th National Meeting, Am. 
Chem. SOC., Sept. 8, 1950. This investigation was 
supported in part by research grants from the 
American Cancer Society upon the recommendation 
of the Committee on Growth of the National Re- 
search Council, and from the National Cancer Tnsti- 
tute of the National Institutes of Health, Public 
Health Service. Donations of crystalline vit. B12 
and other vitamins were made by Merck and Co. 
and of Folacin (Pteroylglutamic acid) by LederIe 
Laboratories. 
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methylation process. Schaefer et al. (4) re- 
ported that chicks required vit. BIZ for the 
synthesis of choline from methylaminoethanol 
and methionine or betaine. Jukes et al . (5)  
noted that vit. B12 was essential for the 
methylation of homocystine for growth in 
chicks fed a methionine-deficient diet. Ogin- 
sky(6) observed that livers of vit. B12-defi- 
cient ,rats exhibit a lower ability to form 
methionine from homocystine and either 
betaine or choline as compared with those 
from animals dosed with vit. B12. The role 
of vit. B12 and folacin in ,the methylation of 
guanidoacetic acid was reported by Dinning 
et al. ( 7 ) .  Stekol and Weiss( 8) concluded 
that rats are able to grow on a diet free of all 
the known labile methyl group donors but 
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TABLE I. Basal Diet. 

Vitamins added t o  supply mg/kg diet 

Alcohol extracted peanut meal* 
Oxidized C'aarin t 
Sucrose 
1-i t a niiii Mix 
Minerals (uiidried) $ 
C'ocl lil-er oil'' 
Lard 
L- q-st ine 
m- t  rypt oplian 
DL-liomocystine 

25.00 
6.ilil 

39.09 

4.40 
1.00 

19.00 
2 6  
s o  
.13 

5.ou 

Thiamine 
Riboflavin 
Pyridoxine 
C.alcium pantothena te 
Siacin 
Inositol 
Alpha-tocopherol 
Alpha-tooopherol acetate 
2-3lethyl-1,,4-naphthoquinone 

2 
4 
2 

10 
20 

200 
25 
25 

5 

* After treating the peanut meal as described by Engel, R. W., J .  Xictrition, 1948, 1736, 739, 
it was exti-acted with methanol in a continuous Soslilet apparakus for 7 days. Choline analysis on 
a 50-g sample was negative. Protein analysis = 60% ; methionine supplied in the diet from 
25% peanut nieal= 0.11%. 

t Prepi l rd  a s  described by Toeniiies, G., J .  Biol. Cliem., 1942, v145, 667, as modified by 
Hore, E. L., Copeland, D. H., and Salmon, W. D., J .  Szitrition, 1949, -739, 397. 

$ Thiainiiie, riboflaLjn, pyridoxine, calciuni pantothenate, niacin and inositol added to HU- 
crow to furnish the amounts listed per kg of diet. 

Salmon, W. D., J .  Xutt'ition, 1947, 1-33, 155. 
1: Tha tocopherol and 2-ineth~~-1,4-naphtlioquinoae were added it0 the cod liver oil. 

TABLE 11. Methionine Requirement of R.ats Fed the Basal Diet Minus Haomocystine Supple- 
mented with 30 pg Tit .  B,, and 2 nig Folacin per kg of Diet. 

-Dietary supplement- Incidence -4vg liver 
Choliiie, DL-methio- so. of -1.g heap renal fat* (dry 

% nine, Yo rats wt  gain, g damage, % basis), % 
- - ~  . ~ _ _ _ ~ _ - _ _ _ _ _ ~ _  

.20 0 8 3 
43 2 0  .V8 8 

.2v .1@ 8 . ) I 1  
2 0  2 0  4 .; 3 
2 0  .30 4 .5 S 
2 0  0 t 8 .3 d 

- -  
27 
15 
13 
13 
12 
13 

* Tot,al etlicr-estractable material, 
t Metliioiiine (0.18%) supplied by regular extracted casein replacing the oxidized casein. 

which contained vit. BIC, folacin, and homo- 
cystine or homocysteine. The biological syn- 
thesis of labile methyl g~oups has been con- 
firmed by Arnstein(9), du Vigneaud et al. 
( lo), and Sakami( 11). Sakami and Welch 
( 1 2 )  reported that choline and methionine 
methyl groups are synthesized from formate. 
-\rnstein (9) showed that methanol, formate, 
the P-carbon atom of L-serine and the a-car- 
bon atom of glycine are precursors of choline 
methyl groups, but the incorporation of these 
precursors into the methyl group of choline 
appears to be slow as compared with their 
incorporation into the aminoethanol moiety. 

9. Arnstein, H. R. V., Biochem. J. ,  1951, v48, 27. 
10. du Vigneaud, IT., Ressler, C., and Rachele, J. R., 

11. Sakami, W., J .  Biol. Chem., 1950, v187, 369. 
12.  Sakami, W., and Welch, A. D., J .  Biol. Chem., 

____- _____. 

Science, 1950, ~ 1 1 2 ,  26'1. 

1950, 1-18?, 379. 

I n  a continuation of studies on the interre- 
lationship of vit. B12, folacin, and choline, the 
effect of vit. BI2 and/or folacin on the syn- 
thesis of both choline and methionine in the 
presence or absence of a dietary source of 
labile methyl was investigated. The in vivo 
synthesis of choline and methionine is i,mplied 
by the favorable response observed in rats 
when the basal diet was supplemented with 
various precursors of these factors. 

Since a study of choline 
metabolism is directly related to the supply 
of dietary methionine, a diet deficient in both 
choline and methionine and supplemented 
with homocystine was employed. Composition 
of the basal diet is given in Table I. Wean- 
ling rats of the AES (Alabama Experiment 
Station) strain weighing 40-50 g were placed 
in individual cages and uniformly grouped 
with respect to number, weight, sex, and litter. 

Experimental. 
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TABLE 111. Effect of Vit. B12 and Folacin on the Vtilization of Oholine or Betaine for Synthesis of 
Methionine from Homocy&ine. 

r Dietary supplement - \ Avg body Incidence Mor- 
Vit. B1z1 hlacin,  NO. of wt gain, renal dam- talitp, 

pg/kg mg/kg rats g/2 wk age,% % 
0 
0 

0.25% glycine, 0.20% Dmrine 
1% methanol 
1% rnetjh-1, 0.05% a(minoethano1 
0.06% choline chloride 
0.08% ) )  7 ,  

,) 7 ,  ? I  

7 )  >, J ?  

1 1  1 1  ? ?  

0.10% ) )  7 9  

OJ2% ” 9 ,  

0.116Y0 ’) 9 1  

9 )  ,, 9 )  

? 9  7 )  ? ?  

1 9  2 ,  2 ,  

0.06% choline chloride, 
0.06% betaine HGI 

0.08% chdine ehloride, 
0.04% betaine HCl 

0.08% choline chloride, 
0.08 % betaine HC1 

0 
150 
150 
150 
1511 

6 0 
GO 
6 0 

0 
0 

GO 
60 
60 
6 0 

0 
0 

60 

60 

60 

0 
10 
10 
It) 
1 CI 

2 
2 
0 

0 
2 
2, 
2 
0 
2 
0 
2 

2 

2 

0 
L. 

10 
8 
8 
4 
8 
4 
8 
8 
12 
8 
8 
8 

12 
8 
8 
8 
4 

8 

8 

0 100 
0 100 
-2 100 

0 100 
9 88 
22 100 
35 0 
28 50 

50 1 7  
14 / a  
82 0 
49 0 
62 0 
56 0 
19 0 
14 0 
43 0 

rr- 

48 0 

65 0 

Feed and water were supplied ad lib. All rats 
were necropsied after death or a t  the end of a 
14-day experimental period and the kidneys 
were carefully examined for gross pathological 
lesions. In general, each treatment consisting 
of 4 rats per group was repeated I to 3 times. 

The additional dietary methionine supple- 
ment required for maximum growth was ap- 
proximately 0.10% when the basal diet minus 
homoc ys t i ne, was Supplemented with adequate 
choline, vit. B12, and folacin (Table 11). At 
the 0.30% level of DL-methionhe, growth was 
equal to that obtained when alcohol-extracted 
casein was used in place of the oxidized 
casein. Dietary supplementation of 0.08% 
DL-methionine supported nearly maximum 
growth (43 g per 2 wks). When the diet was 
supplemented with 0.20% choline chloride, the 
kidneys were protected lagainst hemorrhage 
even though the diet was deficient in me- 
thionine; however, liver fat wits increased 
from 12 % to 2 7 % (dry basis) by the omission 
of the methionine supplement. 

The requirement for dietary choline to 
supply choline per se and sufficient methyl for 
methionine synthesis from homocystine is 
indicated by the data in Table 111. Supple- 
mentation of the homocystine basal diet with 

100 
50 
75 
50 
50 

0 
0 
0 
0 
0 
0 
0 
0 
Cl 
0 
0 
0 

0 

0 

-- 

vit. B12 and folacin and either, glycine and 
serine, or methanol and aminoethanol was in- 
effective in preventing renal hemorrhage and 
for the support of growth of the weanling rats. 
The effect of either vit. B12 or folacin, or both 
folacin and vit. 3312 on the utilization of 
choline for the methylation of homocystine 
was studied at  2 levels of choline, 0.08% 
and 0.16%) which supported suboptimal to 
optimal growth, respectively. (Table 111). 
When the diet was supplemented with 0.08% 
choline chloride, bath folacin and vit. B12 were 
essential for protection against renal damage 
and for support of fair growth (35 g in 2 
weeks). Increasing the choline chloride level 
to 0.16% without vitamin B12 and folacin pro- 
tected against renal damage; however, average 
weight gain was only 14 g in 2 weeks. The 
addition of vit. B12 lalone t o  the diet sup- 
ported maximum growth (56 g in 2 wks), 
whereas the addition of folacin alone was with- 
out benefit. 

As a methyl donor for the synthesis of 
methionine from homocystine, betaine was ‘iis 
effective as choline, mole per mole (Table 
HI) ,  in the presence of vit. BIZ and folacin. 
When the diet containing 0.08% choline 
chloride was supplemented with 0.04% betaine 
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TABLE IV. Role of Vit. B12 and F<olacin on Synthesis of Choline and Nethionine from Betaine, 
Aminoethanol and Homocystine. 

f Dietary supplement 7 Avg body Incidence 
Betahe Amino- Vit. Bp, Folacin, No. of wt  gain, renal 
H a ,  % ethanol, % t c m g  nlg/kg rats g/2 wk damage, % 

.32 

.32 

.32 

.3 2 
-32 
-35 
.35 
.35 
.35 
.35 
.35 
.35 
.41 
.41 
. A 1  
-41 
A1 
.41 
.GO 
.ciu 
.60 
.cio 
3 0  
.60 
.GO 

4 
8 
4 
Y 
4 
8 
4 
8 
8 
4 
4 
8 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

1 
25 
-1 

0 
0 
SO 
s 

32 
6 

31 
3 

42 
9 

34 
8 

32 
15 
45 
26 
39 
43 
33 
42 
30 
43 

100 
62 
100 
100 
100 

0 
100 

25 
100 

50 
100 
0 

100 
25 

100 
0 

50 
0 

25 
0 
0 
0 
0 
0 
0 

HCl. growth was equal to that obtained with 
0.1 2 "/o choline chloride. Likewise, 0.08% 
choline and 0.08% betaine were equally as 
effective as 0.16% choline. 

By using varying levels of betaine to replace 
an equivalent amount of choline, i t  was noted 
that for the replacement of metabolic choline, 
per se, 3 moles of betaine were required to 
replace 1 mole of choline. When the basal diet 
was supplemented with vit. B12 and folacin, 
0.10% to 0.12% choline chloride (Table 
111) was as effective as 0.32% to 0.41% 
betaine HC1 plus aminoethanol (Table IV) 
for promotion of growth and protection against 
renal damage. The synthesis of choline and 
methionine from betaine, aminoethanol and 
homocystine is shown by the data in Table IV. 
Supplementing the basal diet with betaine or 
betaine and aminoethanol failed to support 
growth and prevent renal hemorrhage. The 
addition of vit. B12, folacin and 0.32% or 
0.41% betaine resulted in an incidence of 
renal damage of 62 or 25% respectively. The 
further addition of aminoethanol gave com- 
plete kidney protection and supported near 
maximum growth. Rats fed the basal diet 

supplemented with 0.32% betaine HC1 and 
aminoethanol required both vit. B12 and 
folacin for normal development. By increas- 
ing the level of betaine to 0.41%, vit. BI2 
(without folacin) protected against renal 
damage and supported fair growth. As the 
betaine level was increased to 0.6076, amino- 
ethanol was not required for the prevention 
of renal damage (Table IV). The addition 
of vit. Blz alone to the diet was as effective 
in promoting growth as were both vit. B12 
and folacin. 

Discussion. The earlier studies (3 ) , in 
which it was reported that vit. B12 and folacin 
exerted a sparing action on the choline re- 
quirement of rats, can now be interpreted as 
being the result of the function of these vita- 
mins in the biological synthesis of choline and 
methionine. By using a diet deficient in 
choline and methionine, the importance of 
vit. B12 and folacin in the synthesis of choline 
and methylation of homocystine was demon- 
strated. 

Vit. Blz was as effective as a combination 
of vit. B12 and folacin for the support of maxi- 
mum body weight gain when the diet con- 
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tained an ample methyl supply (0.16% 
choline). When the methyl supply was sub- 
optimal (0.08% choline) both vit. B12 and 
folacin were essentid. A possible explanation 
of these data and recent observations(8,lZ) is 
that folacin functions primarily in methyl 
synthesis and vit. B12 functions in either the 
transfer or utilization of labile methyl. 

For the methylation of homocystine to 
methionine, betaine is at least as effective a 
methyl donor as choline. When animals are 
fed a diet deficient in choline, 3 moles of 
betaine are required to replace 1 mole of 
choline. This substantiates previous reports 
(13,14) that betaine replaces choline per se 
mainly by virtue of supplying one methyl 
group per mole of betaine. 

Vit. BIZ and folacin were essential for the 
synthesis of choline and methionine from 
aminoethanol, homocystine, and a limited 
supply of betaine. Under the experimental 
conditions employed, the amount of biological 
synthesis of labile methyl or of the utilization 
of methyl from methanol, or synthesis of the 
entire choline moiety, was insufficient to meet 

13. Schaefer, A. E., Strength, D. R., and Salmon, 
W. D., J .  Nutrition, 1951, in press. 

14. Stetten, D., J .  Biol. Chem., 1941, v140, 143. 

the entire choline requirement necessary for 
the prevention of renal hemorrhage in the 
weanling rat. 

Summary. The role of vit. BIZ and folacin 
in the biosynthesis of choline and methionine 
has been studied and the following conclusions 
are warranted: 1. I n  the presence of adequate 
methyls (from choline), vit. BI2 alone was as 
effective for methionine synthesis as when 
combined with folacin. When fed alone, 
folacin was ineffective. 2. In  the presence of 
a limited supply of methyl groups, both folacin 
and vit. BIZ were essential for the normal de- 
velopment of weanling rats. 3. Vit. B12 and 
folacin were essential for the synthesis of 
choline and of methionine from aminoethanol, 
homocystine, and a limited supply of betaine. 
4. As a methyl donor for the synthesis of 
methionine from homocystine, betaine was at 
least as effective as choline, mole per mole. 
5. Under the experimental conditions em- 
ployed, the rate of synthesis of the methyl 
group or utilization of methanol for Ithe methy- 
lation of homocystine to methionine and 
aminoethanol to choline was not fast enough 
to support nomal development of weanling 
rats. 
Received July 2, 1951. P.S.E.B.M., 1951, v77. 

Changes in Acetylcholine Content of the Brain During Exposure to Cold. 

LAWRENCE J. MILCH,* HARVEY F. MIDKIFF,~ PRISCILLA MATTHEWS, AND HERMAN 
I. CHINN. 

From the Department of Pharmacology and Biochemistry, USAF School of Avidion Medicine, 
Randolph Field, Terns. 

That acetylcholine (ACh) may play a role 
in the temperature regulatory mech'anism of 
the mammalian organism and that its effect 
might be modified by changes in body tempera- 
ture are suggested by the findings of several 
investigators. Thus, White( 1) in 1929 re- 
ported tbat atropine (an anticholinergic drug) 
in moderate or excessive amounts produced 

* Maj., USAF. 

1. White, P. J., Am. J .  Dis. Child., 1929, v37, 745. 
t S/Sgt., USAF. 

a marked hyperthermia in infants and chil- 
dren. On the contrary, Burn and Dutta(2) 
showed that the body temperature of mice 
is lowered after atropine administration. 
Grosse-Brockhoff (3 ) reported therapeutic 
effects of atropine in hypothermia by diminish- 

2. Burn, J. H., and Dutta, N. K., Nature, 1948, 
v161, 18. 
3. Grosse-Brockhoff, F., German Aviation Medicine 

in World War 11, U. S. Govt. Print. Office, Wash., 
D. C., ~ 2 ,  ch. VIII-E, 1950. 


