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that in regard o succinate stimulation of TTC 
reduction and oxygen uptake, tumor tissues 
behave not in an autonomous, unpredictable 
fashion, but rather in accord with equally 
rigid control as obtains in representative nor- 
mal tissues. 

Studies were made of the en- 
dogenous and succinate stimulated in vitro 
reduction of TTC by tissue slices from various 
human normal and cancer tissues as well as 
liver, kidney and spleen slices of control and 

Suvrmiur~l. 

tumor bearing mice. The per cent stimula- 
tion by succinate was not found 'to differ sig- 
nificantly in normal and tumor tissues. These 
findings were compared with previous studies 
of oxidative stimulation by succinate. I t  was 
also found shown that the presence of a tumor 
did not change the endogenous or succinate 
stimulated dehydrogenase activity of the liver, 
kidney or spleen of mice as measured by the 
TTC technique. 

Received January 23, 1951. P.S.E.B.M., 193'1, v76. 

Interrelationships of Vitamin BG, Niacin, and Tryptophan in Pyridine 
Nucleotide Formation.* (18517) 

J. N. WILLIAMS, JR., PHILIP FEIGELSON, S. S. SHAHTKIAN, AND C. -4. ELVEHJXM. 
FV.J tri the Department of Biochemistry, College of Agriculture, University of Wisconsin, Mudison. 

Since an increased excretion of niacin and 
some of its derivatives have been shown to 
result from the administration of tryptophan 
( 1-4), tryptophan probably functions as a 
metabolic precursor of niacin. These studies 
have been implemented considerably by the 
work of Heidelberger et al. ( 5 , 6 ) .  It has also 
been observed that rats deficient in vitamin 
Bt; (pyridoxine) do not metabolize trypto- 
phan normally as shown by the excretion of 
xanthurenic acid in the urine( 7-10). Other 
workers ( 1 1.1 2 ) have observed that deficiency 
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of combinations of various B vitamins besides 
pyridoxine also markedly interfere with 
tryptophan mehbolism. Spector ( 13) reported 
that pyridoxine ,apparently had little effect 
upon the conversion of tryptophan to niacin 
or N-methylnicotinamide as measured by ex- 
cretion of the expected metabolites. Recently 
i t  has been reported from this laboratory(l4, 
15) that dietary tryptophan appears to be 
more important in the maintenance of tissue 
pyridine nucleotides (DPN and TPN) than 
dietary niacin although one might expect the 
reverse to be true because of the presence of 
the niacin residue in DPN and TPX. 

7. Lepkovsky, S., and Nielsen, E., J. B i d .  Chem., 

8 .  Lepkovsky, S., Roboz, E., and Haagen-Smit, 

9. Miller, E. C., and Baumann, C. A., J. Biol. 

10. Miller, E. C., and Baumann, C. .4., J. Biol. 

11. Ginoulhiac, E., Acta Vitaminob., 1947, v!! 49. 
12. Porter, C. C., Clark, I., and Silber, R. H.. 

Arch. Biochem., 1948, v18, 339. 
13. Spector, Harry, J. Biot. Chem., 1948, ~ 1 7 3 ,  

659. 
11. Williams, Jr., J. N., Feigelson, P., and E!veh- 

jein C. A, J .  &id. Chenz., 1930, v137, 591. 
1.5. Williams, Jr., J. N., Feigelson, P., Shahinian, 

S. S., and Elvehjem, C .  A., J. Biol. Chem., in press. 

1942, v144, 135. 

A. J., J. Biol. Chem., 1943, v149, 195. 

Chem., 1945, vlS7, 551. 

Chent., 1945, v159, 173. 



442 PYRIDINE NUCLEOTIDE FORMATION 

In the present study the effect of a pyri- 
doxine deficiency upon maintenance of liver 
pyridine nucleotides by dietary tryptophan 
has been investigated in an attempt to eluci- 
date some of the existing problems concerning 
the function of pyridoxine in tryptophan 
metabolism. In  addition the role of niacin 
in pyridine nucleotide maintenance has been 
further investigated. 

Experimeittat?. Two groups of male, wean- 
ling rats of the Sprague-Dawley strain weigh- 
ing 40 to 50 g were used as experimental 
animals. One group of 30 rats (Group a)  was 
given a pyridoxine-f ree and niacin-free ration 
(basal) and the other group of 12 rats (Group 
b) was given a niacin-free ration, i.e., the 
basal ration plus adequate pyridoxine. The 
basal ration plus pyridoxine consisted of vita- 
min test casein 25, Salts I V (  16) 4, corn oil 5 ,  
vitamin mix 2, and sucrose 64%. The 2 
groups of rats were fed their respective ra- 
tions and watered ad libitum for 9 months 
during which period 14 of the pyridoxine- 
deficient animals died with noticeable symp- 
toms of the deficiency. KO mortality was ob- 
served among the group receiving the niacin- 
free plus pyridoxine ration. .At the end of 
the 9-month period the average weight of the 
remaining pyridoxine-deficient rats was ap- 
proximately one-half that of the control group 
fed the niacin-free ration. .\fter this period 
the rats in the pyridoxine-deficient group 
were separated at  random into 3 groups and 
given the following supplements: Group la, 
none: Group 2a, 1.25 mg pyridoxine hydro- 
chloride per 100 g ration ( 5  times the normal 
level) ; and Group 3a: 150 mg niacin per 100 
g ration (100 times the level ordinarily fed 
to rats in synthetic rations). The group re- 
ceiving the niacin-free plus pyridoxine ration 
for 9 months was divided into 2 groups and 
supplemented as follows: Group lb,  none; 
Group 2b, 1.35 g DL-tryptophan per 100 g 
ration ( 5  times the level fed in an 18% 
casein retion). The levels of the supplements 
fed were arbitrarily chosen in order to insure 
a large excess of each supplement. The 
supplemented rations were fed t o  the respec- 

16. Phillips, P. H., and Hart, E. B., J .  Biol. Chew., 
~- 

TABLE I. Weight Changes During the Feeding 
Periods. 

~ 

Period Avg change in 
Group Ration 1:wk) w t  per wk, g 

a -- Pyridoxine 36 + 4.9 

b + Pyridoxine 36 + 9.9 
- Kiaciii 

- Niacin 

- Siacin 
-I l a  - Pyridoxine - 0 

'3a + 1.25 mg pFri- 2 +24.2 
d,oxine HC1 

- Niacin 
39 -Pyridoxine + 2 - 3.7 

150mg % 
niacin 

-- hiaciii 

- Xiacin 

l b  f Pyridoxine -l + 4.6 

2b + PFridosine - 5.0 7 

+ 1.35 g 70 
nL-tq-pt ophan 

tive groups for 2 weeks aiter which the ani- 
mals were sacrificed for determination of liver 
pyridine nucleotide concentrations by the 
method of Feigelson, Williams, and Elvehjem 
( 17). Weight data were recorded throughout 
the feeding periods to observe if any cor- 
relation of weight with liver pyridine nucleo- 
tide concentration occurred. 

Results and discussion. The results of the 
weight changes during the esperiment for the 
various groups are presented in Table I. The 
results are expressed as the average change 
in weight per week in order to compare the 
smaller supplemented groups with themselves 
rather than with the 2 large groups as a 
whole. It can be observed that the animals 
receiving no pyridoxine (Group a)  gained 
an average of only one-half as much as the 
group receiving pyridoxine (Group b) . Since 
the growth rate of both groups of rats had 
reached a plateau before the end of 36 weeks, 
the average weekly weight gain was lower 
than would be expected for the young grow- 
ing rat. Nevertheless, the average weight of 
Group b was approximately double that of 
Group a at  the end of this period. 

After supplementation with the various 
substances given in the table for 2 weeks, 

~~ 
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TABLE 11. Liver Pyridine Nucleotide Oonceatra- 
tions of the Groups After the 2-week Supplemen- 

tation Period. 

Liver 
pyridine nu- 

Ratian No. of cleotide conc. 
Group supplement, rats (7 per g liver) 

l a  0 5 807 +, 55* 
2a 1.25 m.g 76 pyri- 6 8002 54 

doxine 9 HC1 
3a 150mg % niacin 5 1 2 0 0 2  150 
l b  0 6 8 9 0 2  60 
2b 1.35 g % DL- 6 1300k 73 

tryptophan 

* Stand. error of the mean. 

definite changes in weight occurred in all 
the groups except the pyridoxine-deficient 
group receiving no extra supplement (Group 
la). The inclusion of pyridoxine in the ra- 
tion of the pyridoxine-deficient rats (Group 
2a) caused the expected sharp increase in 
growth, which was almost as great as the 
growth of young weanling rats fed a complete 
ration. When niacin was fed at a 160 mg % 
level to the pyridoxine-deficient rats (Group 
3a) a significant decrease in weight occurred 
demonstrating a possibly toxic effect of niacin 
fed at  this level. The rats receiving pyri- 
doxine throughout the 9-month period and 
given no extra supplement for the extra 2- 
week period (Group lb) continued to gain 
weight slowly. m e n  1.35 g % of DL-trypto- 
phan was added to the control ration (Group 
2b), the rats lost weight significantly during 
the 2-week supplementation period showiqng a 
toxic or imbalance effect of the high level of 
tryptophan. 

In  Table I1 are presented the results of the 
analyses for liver pyridine nucleotides of the 
various groups of animals after the 2-week 
supplementation period. The results are ex- 
pressed as micrograms ( y )  DPN plus TPN 
per gram of fresh liver. From the results of 
Groups la and 2a it appears that a pyridoxine 
deficiency has no demonstrable effect upon 
the production of liver pyridine nucleotides 
from dietary tryptophan. It is possible that 
enough pyridoxine was retained in the tis- 
sues of the rats from the weanling age to sat- 
isfy the enzymatic requirements for the con- 
version. However, some redkction in pyridine 

nucleotide concentration should have been 
observed if pyridoxine were highly important 
in the conversion of tryptophan. In an ex- 
periment not reported in this paper in which 
desoxypyridoxine was fed to both weanling 
and adult rats for several weeks, the liver 
pyridine nucleotide concentration was unaf- 
fected by the pyridoxine antagonist even when 
measured in the animals in a moribund state 
brought on by the antagonist. The animals, 
however, had not been depleted first of tissue 
pyridine nucleotides. 

From the results of Group 3a it appears 
that niacin at  the high level fed is able to 
spare liver pyridine nucleotides. Whether 
the niacin acts to spare the nucleotides by 
utilization in their synthesis or by interfering 
with the enzymatic breakdown of those al- 
ready present is still open to question at  this 
time. It is known that niacinamide is an 
inhibitor of the enzymes that destroy the 
pyridine nucleotides( 18) as well as those that 
utilize them( 19). 

The results from Groups lb  and 2b indi- 
cate that tryptophan in excess of the amounts 
required for building protein can be con- 
verted to pyridine nucleotides rather than be- 
ing completely removed by other metabolic 
pa thmys. 

When the results in Tables I and I1 Are 
compared there appears to be no positive cor- 
relation between weight changes brought 
a b u t  by the supplements in question and liver 
pyridine nucleotide concentration. In  fact 
the 2 groups with the highest pyridine nu- 
clecvtide concentrations (Groups 3a and 2 b) 
actually lost weight during the supplementa- 
tion period. The group gaining weight a t  
the fastest rate (Group 2a) moreover has the 
same liver pyridine nucleotide concentration 
as the group neither gaining nor losing weight 
(Group la). Although the pyridine nucleo- 
tides are undoubtedly necessary for the nor- 
mal functioning of an animal and therefore 
for growth, it is probable that the range of 
concentrations observed in these experiments 
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is actually lin excess of the amounts neces- 
sary for adult rats. Pyridine nucleotide con- 
centrations which could be correlated with 
growth changes would probably be obtained 
when the concentrations are lower than those 
required by the animal for normal function. 

1. I t  has been observed that a 
pyridosine deficiency in the rat does not dis- 
turb the normal conversion of tryptophan to 
liver pJ-ridine nucleotides to any demonstrable 
estent. 2.  Siacin fed to pyridoxine-deficient 
rats spares liver pyridine nucleotide concen- 
trations. 3. Tryptophan fed in excess along 

Sioi i i i i t vy .  

with normal dietary protein in a complete 
ration increases liver pyridine nucleotides 
concentrations above normal demonstrating 
that the excess metabolite can be utilized 
rather than simply degraded and excreted. 

-- 

tone hundred g of vitamin mixture contained the 
following vitamins in a sucrose base: thiamine hvdro- 
chloride 10 mi .  riboflavin 15 mg, pyridoxine hydro- 
chloride 12.3 mg. calcium pantothenate 100 mg, 
biotin 0.5 mg. iolic acid 1 mg, choline chloride 5 g, 
and i-inositol 0.5 g. 
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Ljuring studies on the development of a 
synthetic medium for animal cells in tissue 
culture( 1-3)? it was observed that chance 
contact of the synthetic feeding mixtures with 
the rubber stoppers used to close the culture 
tubes often killed the cells within 48 hours. 
The following experiments were undertaken 
in an attempt to reduce the tosicity of the 
rubber stoppers by various methods of chemi- 
cal treatment and to test the relative toxicity 
oi various types of rubber. 

-1lcrhods. Chick embryo mesenchyme tis- 
sues. derived from skeletal muscle, were cul- 
tivated on 'the inner surface of standard Py- 
res test tubes and supplied with a fluid syn- 
thetic mixture ( S o .  199). which was with- 
d r a m  and replaced at  regular intervals. Full 
details oi the culture methods and of the syn- 
----- - ._ .. ____ 
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thetic misture have already been reported ( 1). 
Unless otherwise specified, the rubber stop- 
pers that were tested were of the standard 
black laboratory variety, size KO. 1, obtained 
from commercial supply houses. After chemi- 
cal treatment (Tables I and II), 9 stoppers 

TABLE I. Effect of Solyent Extraction on the 
Tosit.ity of Black Rubber Stoppers Tested in 

Tissue C-ulture. 

J3sp. S u r viva 1 
SO. Trea tinent" (days) t 

( 'Mintrol. C'nlture fluid not es- 

Oontrol. Culture fluid es- 
lwwd t o  r u b k r  

pmtd to untreated black 
strippers 

Hot PthW ( 6  hr) $ 
Hot :tcetoxie (6 hr) $ 
H i l t  :ili.oliul (6  hr) 
Hot ether ( 2  hr).  hot acetone 

( 2 lir j ,  hot alcohol (2  hr) $ 
Cold ether (1 wk) \\ 
'old :icetune (1 Irk) 6 
'0h1 ~ l v ~ l l ~ l  (1 Irk) 5 

Ci~ld ether ( 2  d a y ) ,  cold ace- 
tcme (? rlaTs ) ,  cold alcohol 
( 2 (la?'%;) $ 

33. 

9 - 

B 
3 
3.2 
9.2 

8.6 
2.5 

7.3 
P 
4 

- In encli trtatnie~rt, 9 new black stoppers were 
extractell with 2.50 xi11 of solvent, under tlie con- 
ditions spwitiecl. mil were then boiled in 3 changes 
of distilled water. 

+ Each figure represente the arerage survival 
time of 6 cultures in each of the fluids tested. 

$ Solrt.11t changed daily. 
Extracted in 3 Soxhlet apparatus. 


