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Influence of Vit. B12 and Sulfur Amino Acids on Liver Glutathione Level 
in Mice. (23839) 

WERNER G. JAFFB 
Znstituto Nacional de Xutricicin, Caracas, Venezuela 

Several recent reports suggest the existence 
of a relation between Vit. B12 and sulfhydryl 
metabolism. Dubnoff showed this vitamin to 
play a role in the reduction of S-S groups( 1). 
Ling and Chow(2) found low non-protein 
sulfhydryl values in rat erythrocytes deficient 
in cobalamin, while Register (3)  reported low 
levels in both erythrocytes and livers in BIZ- 

deficient rats as compared to the correspond- 
ing control animals. In previous studies, we 
observed low values of reduced glutathione 
(GSH) in erythrocytes of rats, raised on a 
diet deficient in Vit. BI2(4) ; nonetheless, 
liver levels in both rats and mice kept under 
these conditions were normal( 5 ,6 ) .  In San- 
guinetti and Marchetti’s experiments, the liver 
GSH in BI2-deficient rats was even higher 
than in the controls( 12). 

In the present paper the effect of Vit. BI2 
and sulfur amino acids on the GSH level of 
livers of mice is further studied. 

Materials and methods. 300 adult albino 
mice of our stock were used. Those used for 
BI2-supplemented groups had been kept on 
complete commercial rat stock ration contain- 
ing about 3 pg/lOO g of this vitamin. Those 
deficient in Vit. BI2 had been raised for sev- 
eral generations on a soybean-corn ration 
(diet 1, Table I) .  The performance of this 
deficient stock has been studied in detail( 7 ) .  
All animals used were between 10 and 14 
weeks old when the respective experiments 
were started. At  this age, the large weight 
differences existing a t  weaning between the 
B12-deficient and normal mice have practi- 
cally disappeared, all weighing between 22- 
25  g. The mean weight a t  weaning at 28 days 
of the deficient animals was 12 g, while that 
of the controls was 17 g. Care was taken 
that all BI2-deficient mice had a weaning 
weight between 11 and 13 g and continued on 
the deficient diet until the start of the experi- 

TABLE I. Composition of Experimental Diets. t 
Salts 

Sesame USPXII Vit. 
KO. Soy nieal Bean meal Corn meal Starch oil No. 2 mixture* 

1 46 46 5 2 1 
2 50 42 5 2 1 
3 92 5 L 1 6 )  

* Containing/100 g of diet: Thiamine-HC1, 0.3 mg; riboflavin, 0.3 mg; pyridoxine-HC1, 0.2 
mg;  Ca-pantothenate, 0.2 mg;  niacin, 2 mg;  folic acid, 0.025 mg;  biotin, 0.01 mg;  p-aminoben- 
zoic acid, 25 mg;  inositol, 10 mg;  cholinc-HC1, 100 mg. 

t 0.2% of percomorphum oil and  0.2% of wheat germ oil added. 
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ments. Other deficiency symptoms include 
delayed maturity and high mortality of lit- 
ters. In diet 2 ,  cooked, dried. and ground 
black beans (Phaseolus c~~uL.qaiis) were used 
as the protein source, as these pulses are low 
in methionine and adequate in all other es- 
sential amino acids( 8 ) .  Liver GSH was de- 
termined in duplicate by a modification(6) 
of the method of Grunert and Phillips(9) and 
the results were calculated as mg of reduced 
glutathione (GSH) 100 g of fresh tissue. 
although it is understood that they rather 
represent the non-protein sulfhydril ( S P S H )  . 

Results. In the first 3 series of Table TI 
are presented the results of experimeiit.; on the 
influence of Vit. B12 on GSH levels in mice 
kept since birth on soy bean-corn rations with 
or without added \‘it. BIZ,  or on a stock diet. 
S o  differences between experimental groups 
could be found in the liver values (Table 1 1 ,  

The liver GSH values of animals eating the 
methionine-low bean diet, supplemented with 
methionine. were normal. whether or not \-it. 
BJ? was added (Table TI. No. 5 ) .  \\’hen 
rats were fed the methionine-deficient diet 
without B12 for one month, they had signifi- 
cantly higher liver GSH values than the cor- 

NOS. 1-3). 

t z 2 . 8 , ~  <.02. 
t 2.4, ” 

responding group, which had been supple- 
mented with BIZ (Table 11, KO. 4) .  

In other experiments normal and B12- 
deficient mice were given a protein-free, or 
methionine-low diet for 1 or 2 days, or were 
fasted. The methionine-low diet caused the 
liver GSH levels to drop more rapidly and 
to lower values than either the protein-free 
diet or fasting (Groups 6-10). The last treat- 
ment was the least effective in lowering these 
levels. Comparing the Vit. BI2-deficient 
groups with their respective controls, a ten- 
dency can be observed for the former to have 
lower GSH values than the latter, although 
these differences were statistically significant 
only in 2 cases, with the methionine-low, and 
one of the fasting groups. 

Tn another experiment, the influence of sul- 
fur amino acids on GSH was studied in B12- 
deficient and normal mice. Only the protein- 
free diet fed for 4 days caused a significantly 
greater drop in liver GSH levels in animals 
deficient in Vit. BI2 than in the controls. 
Nice kept on similar rations, but supple- 
mented with cysteine, or cystine, or methio- 
nine in equivalent amounts, had nearly nor- 
mal values, whether or not they were deficient 
in Vit. B12 (Groups 11-14). There was no 
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significant difference between the diets sup- 
plemented with any one of the 3 amino acids 
in their action on liver GSH. 

In the present experiments, a 
Vit. B12 deficiency reduced hepatic GSH lev- 
els only in mice fed for short periods on the 
protein-free, or methionine-low diets, or 
fasted. This suggests that the influence of 
some stress factor (low intake of sulfur amino 
acids) may be important in revealing the ef- 
fect of Vit. B12 on GSH in the liver. 

Vit. B12 had no effect on GSH levels of mice 
fed an otherwise complete diet. This is evi- 
dent from the data of Table 11. Vit. B12 
also had no effect on the liver GSH levels of 
mice fed protein free diets supplemented with 
sulfur amino acids (Series 10-14, Table 11). 
I t  is difficult to compare these results with 
those published by Register (3) who found 
different GSH levels between B,?-deficient 
and supplemented, but otherwise normal rats, 
as he used stock animals which were put on 
a BI2-low diet for the experiments, while the 
controls were injected with large amounts of 
that vitamin. This fact could produce some 
influence on food consumption or some other 
unnoticed effects. In our experiments, all the 
B12-deficient animals were born from deficient 
dams, and kept on the deficient diet, while the 
controls came from normal mothers and had 
never consumed a B12-deficient diet. 

The mice kept for 4 weeks on the methio- 
nine-low diet had higher liver GSH levels 
when they were deficient in Vit. BI2 ,  than 
those which were not (Table 11, Group 4) .  
This unexpected observation may be compar- 
able to some results of Register ant1 Bartlett 
(1  1)  who found that exposure to cold or in- 
jection of epinephrine raises the liver GSH 
of methionine-deficient rats, although these 
treatments lower the liver sulfhydryl in nor- 
mally fed animals. Recently, Sanguinetti 
and JIarchetti found liver GSH in B12-de- 
ficient rats 35% higher than in the controls 

The low values found in mice after the con- 
sumption of the bean diet are in accordance 
with the role of the sulfur containing amino 
acids on the glutathione level( 13) and the 
low methionine content of these pulses( 8). 
We did not observe the slow rise of liver 

Discussion. 

(12 ) .  

NPSH in mice kept on sulfur amino acid-low 
diets from the low values after 24 hr to higher 
values after 2-3 weeks, described by Beck and 
Bianconi ( 14). 

The methionine-low diet had the most pro- 
nounced effect on liver GSH. After only 24 
hours on this ration, the values had dropped 
to nearly as low a level as after 1 month of 
the same dietary treatment (Table I1 Groups 
4 and 8 ) ;  fasting caused a much less sig- 
nificant change, while the effect of the pro- 
tein-free ration was intermediate. These 
results are in accordance with the relation 
of glutathione to carbohydrate metabolism, 
and would suggest also a role of this tripep- 
tide in protein metabolism. 

A relation between Vit. B12 and methio- 
nine synthesis( 15) as well as cystine reduc- 
tion( 16) has been postulated; it was there- 
fore of interest to study the effect of the dif- 
ferent sulfur amino acids in glutathione for- 
mation in mice consuming the protein-free 
diet. The results presented in KO. 11-14, 
Table 11 would not indicate an impaired utili- 
zation of cystine, as compared to cysteine or 
methionine in the B12-deficient animals. An- 
derson and Stekgl likewise found normal in- 
corporation of cystine into liver GSH in B12- 

deficient rats ( 17). 
In order to control the deficiency of the 

B12-low experimental groups, Vit. B12 was de- 
termined in the pooled samples of livers and 
kidneys of 6 control and 6 deficient mice of 
the present experiments (series 1 and 2,  Ta- 
ble I I ) ,  using a L. Zeichmannii method with 
the results presented in Table 111. The dif- 
ferences observed between the deficient and 
control groups are of the same order as those 
found in rats(5). The control groups had 
Vit. B12 liver values similar to those found by 
other authors( 18). The liver GSH values of 
the mice of Groups 1 and 2 in Table I1 were 

TABLE 111. Vitamin R,, in  Tivers and Kidneys 
of Adult Mice. 

Vit. B,,, pg/g, in  
Diet 1,ivcrs Kidneys 

B,,-deficieii t * .152 -92 
Control t .949 2.27 

* Weaning wt 12.1 g. 
t ” ” 17.2 g. 
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similar to those found in rats kept on the cor- 
responding diets although the Vit. B12 organ 
levels in the latter were much lower ( 5 ) .  

The present results indicate that the rela- 
tion between Vit. B12 and reduced liver glu- 
tathione is not a simple one and that the ef- 
fect of the latter on the former is only evident 
under special experimental conditions. 

No differences were found in 
liver soluble GSH levels between \'it. BIZ-  
deficient and control mice. kept on otherwise 
normal diets, or on protein-free. or methio- 
nine-low rations supplemented with sulfur 
amino acids. When kept for a short period on 
diets free of protein. or low in methionine. or 
fasted. mice deficient in \.it. B I 2  had lower 
hepatic GSH levels than the corresponding 
controls. After 1 month on a methionine low 
diet. these levels were higher in BIZ-deficient 
animals than in the corresponding controls. 
Cysteine, cystine. and methionine were 
equally effective in maintaining the soluble 
liver GSH at  high levels in BI2-deficient or 
supplemented mice consuming protein-free 
diets. 

Suinnzary. 

The collaboration of Miss C.  Embden and Miss 
S. Franceschi D. in glutathione determination is ap- 
precia ted. 
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Development of a Possible in vitro Assay for Intrinsic Factor.*t (23840) 

\-ICTOR HEHBEKT: (Introduced by Theodore H .  Spaet) 
Department of Hematology, Division of Laboratories, Montefiorc Hospital, N e w  York C i t y  

Miller, Raney, and Hunter ( 1,2) reported 
an enhancement of Co""-labeled Vit. BI2 up- 
take by rat liver slices in the presence of hog 
intrinsic factor concentrate (HIFC) , and this 
finding has been confirmed by Latner and 
Raine(3), and Herbert and London(4). The 

* This investigation was supported by grants irom 
S. Y. Heart Assn. and Heart Fund, and S a t .  Heart 
Inst., U.S.P.H.S. 

t The author is indebted to Dr. N. Freinkel, who 
suggested the use of Krebs-Ringer-Tris buffer. 

$ Senior Research Fellow, N. Y. Heart Assn. 

._ 

latter workers(4,S) reported that enhance- 
ment of Cofi0-BI2 uptake by HIFC was cal- 
cium-dependent, reversible to an appreciable 
degree by ethylene-diamine-tetraacetate (di- 
sodium VersenateB), and occurred in the 
cold as well as a t  37.5"C. Most enhance- 
ment by HIFC occurred in first hour of in- 
cubation ( 5 ) .  Further studies on the mechan- 
ism of the enhanced uptake of C O ~ ~ - B ~ ~  by 
rat liver slices in the presence of HIFC are 
here reported, along with the development of 
a possible in vitro assay for intrinsic factor 


