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The effect of different degrees of avitaminosis B e in mice on the cytolytic activity of T lympho- 
cytes, measured as the quantity of Na2CrSIO4 released from lysed target cells, was studied on 
a model of the primary immune response in a mixed lymphocyte culture in vitro. Keeping ani- 
mals for 3 weeks on a diet without pyridoxine did not affect the ability of the lyrnphocytes to 
proliferate in vitro or their cytolytic activity. In animals receiving a diet without pyridoxine 
for 45 days the content of pyridoxal-5'-phosphate in the spleen was 55% lower than in the con- 
trol. Lymphocytes taken from these animals, when cultured in vitro, showed sharply weakened 
ability to incorporate [3H]thymidine into DNA in response to the alloantigen. The cytolytic ac- 
tivity of these lymphocytes also was reduced. The ability of different forms of pyridoxine to 
restore the functions of T lymphocytes, when disturbed by avitaminosis Be, was studied. 

KEY WORDS: avitaminosis Be; pyridoxine; pyridoxal; pyridoxal-5'-phosphate; eytolytic ac- 
tivity. 

Mammalian lymphoid tissue is extremely sensitive to a deficiency of pyridoxine in the diet [ 7, 11]. 
Avitarninosis Be, induced in experimental animals by restriction of the pyridoxine intake with the food or by 
injection of antagonists of vitamin B e causes a disturbance of both humoral [ 5, 8] and cellular [4, 10] immunity. 
Robson and Schwarz [ 9] showed recently that, during in vitro culture of lyrnphoeytes taken from rats kept for 
2 weeks on a diet deficient in vitamin B e the incorporation of [ 3H]uridine into the DNA of the cells in response 
to an alloantigen is sharply depressed. 
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Fig .  1. E f f e c t  of p y r i d o x i n e  d e f i c i e n c y  in the d i e t  on p r o l i f e r a t i o n  of l y m p h o -  
c y t e s  s t i m u l a t e d  in v i t r o .  1, 2) M o n o c u l t u r e  of l y m p h o c y t e s  and l y m p h o c y t e s  
of B A L B / c  m i c e  k e p t  on a d i e t  wi th  add i t i on  of p y r i d o x i n e  s t i m u l a t e d  in v i t ro ,  
r e s p e c t i v e l y ;  3, 4, 5) l y m p h o c y t e s  of a n i m a l s  kep t  on v i t a m i n  B6-de f i c i en t  d i e t  
for  7, 14, and 22 d a y s ,  s t i m u l a t e d  in v i t r o .  Ord ina t e ,  c p m / 5  • 105 c e l l s ;  a b s -  
c i s s a ,  d a y s  of incuba t ion  of l y m p h o c y t e s .  

The e f f ec t  of d i f f e r e n t  d e g r e e s  of a v i t a m i n o s i s  B 6 in m i c e  on p r o l i f e r a t i o n  and c y t o l y t i c  a c t i v i t y  of T 
l y m p h o c y t e s ,  s t i m u l a t e d  in a m i x e d  c u l t u r e  in v i t r o  was  s tud ied .  

E X P E R I M E N T A L  M E T H O D  

E x p e r i m e n t s  w e r e  c a r r i e d  out on f e m a l e  B A L B / c  and C3H m i c e  we igh ing  23 -25  g. The B A L B / c  m i c e  
w e r e  kep t  on an a r t i f i c i a l  d i e t  l a c k i n g  in p y r i d o x i n e  [1 ] .  To s p e e d  up the d e v e l o p m e n t  of a v i t a m o n i s i s  B 6 in 
the m i c e  of the e x p e r i m e n t a l  g roup  i s o n i a z i d  was  i n j e c t e d  i n t r a p e r i t o n e a l l y  once a day  in a dose  of 80 t~g p e r  
m o u s e  for  the f i r s t  3 d a y s  of the e x p e r i m e n t .  

To obta in  s t i m u l a t e d  l y m p h o c y t e s  in v i t r o  the s p l e e n s  w e r e  r e m o v e d  f r o m  B A L B / c  and C3H m i c e  unde r  
s t e r i l e  cond i t ions  and c a r e f u l l y  h o m o g e n i z e d  in g l a s s  h o m o g e n i z e r s ,  a f t e r  which  the n u m b e r  of l iv ing  c e l l s  was  
counted.  The l y m p h o c y t e s  f r o m  the C3H m i c e  w e r e  i r r a d i a t e d  in a dose  of 1000 t a d .  C e l l s  f r o m  the B A L B / c  
and C3H ( i r r a d i a t e d )  m i c e  w e r e  m i x e d  in the r a t i o  of 2:1 and p o u r e d  into f l a s k s  (Sani G l a s ) .  The n u m b e r  of 
c e l l s  in 10 m l  c u l t u r e  m e d i u m  was  30 • 10 ~. C a r b o n  d iox ide  was blown th rough  the c u l t u r e  m e d i u m  and the 
f l a s k s  w e r e  incuba ted  a t  37~ * The c u l t u r e  m e d i u m  con ta ined  100 m l  of m e d i u m  R P M I  1629, 20% of i n a c t i v a -  
ted e m b r y o n i c  c a l f  s e r u m  (ECS), 2 • 10 -3 M L - g l u t a m i n e ,  5 • 10 -3 M HEPES,  3 • 10 -5 M 2 - m e r c a p t o e t h a n o l ,  
and 100 uni t s  each  of p e n i c i l l i n  and s t r e p t o m y c i n  to 1 m l  m e d i u m .  

To d e t e r m i n e  the i n c o r p o r a t i o n  of [ 3H]thymidine into DNA of the l y m p h o c y t e s ,  5 • 106-2 • 105 c e l l s  w e r e  
incuba ted  in 1 m l  m e d i u m  R P M I  1629 con t a in ing  5% ECS wi th  I ~Ci [3H] t hymid ine  ( spec i f i c  a c t i v i t y  10 t~Ci/ml) 
for  6 h at  37~ The c e l l s  w e r e  then w a s h e d  twice  wi th  co ld  0=9% NaCl  s o l u t i o n  and le f t  to s t and  ove rn igh t  in 
10% TCA. The r e s i d u e  was  t r a n s f e r r e d  to a f i l t e r  and w a s h e d  with 5 m l  10% TCA. The f i l t e r  was  p l a c e d  in 
f l a s k s  wi th  5 m l  s c i n t i l l a t i o n  f luid (4.0 g P P O  and 0.2 g P O P O P  in 1 m l  to luene) .  F o r  r a d i o m e t r y  of the s a m -  
p le s  the M a r k  l[ b e t a  coun t e r  was  u sed .  E a c h  d e t e r m i n a t i o n  was  c a r r i e d  out on two or  t h r e e  p a r a l l e l  s a m p l e s .  
The r a t i o  be tween  the n u m b e r  of counts  p e r  minu te  in the e x p e r i m e n t a l  and c o n t r o l  s e r i e s  was  c o n v e n t i o n a l l y  
taken  as  the index of p r o l i f e r a t i o n .  

The c y t o l y t i c  a c t i v i t y  of the l y m p h o c y t e s  was  d e t e r m i n e d  by the me thod  d e s c r i b e d  in [6] u s ing  Na25tCrO4 
and with  a m o n o l a y e r  c u l t u r e  of L c e l l s  as  the t a r g e t  c e l l s .  Immune  or  n o r m a l  l y m p h o e y t e s  w e r e  added  to 
p r e v i o u s l y  l a b e l e d  L c e l l s  in the r a t i o  of 10:1 in 0.5 ml  of m e d i u m  R P M [  1629 con ta in ing  10% ECS.  Incuba t ion  
con t inued  for  18 h .  S a m p l e s  (0.4 ml)  of s u p e r n a t a n t  w e r e  taken  for  count ing .  R a d i o m e t r i c  m e a s u r e m e n t s  w e r e  
m a d e  with  a g a m m a  coun t e r  f r o m  N u c l e a r  Ch icago .  E a c h  d e t e r m i n a t i o n  was  c a r r i e d  out in f ive p a r a l l e l  t e s t s .  
The p e r c e n t a g e  of s p e c i f i c  c y t o l y s i s  was c a l c u l a t e d  by the f o r m u l a  in [6 ] .  

The con ten t  of p y r i d o x a l - 5 ' - p h o s p h a s e  (PALP)  in the m o u s e  s p l e e n  was  d e t e r m i n e d  by the me thod  d e -  
s c r l b e d b y  t h e w r i t e r s  p r e v i o u s l y  [ 2] .  

* M o n o e u l t u r e s  of l y m p h o c y t e s  of B A L B / c  m i c e  or  i r r a d i a t e d  l y m p h o c y t e s  of C3H m i c e  s e r v e d  as  the con t ro l .  
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Fig. 2. Effect of pyridoxine deficiency in the diet (45 days of avitaminosis) on cytolytic activity of 
lymphocytes sthnulated in vitro. 1) Lymphocytes obtained from mice kept on diet with addition of 
pyridoxine; 2, 3, 4, 5) lymphocytes obtained from mice kept on vitamin B6-deficient diet for 45 
days; 3) 5 days before sacrifice animals received 50 pg PAL; 4, 5) PAL and PALP, respectively, 
added to system in vitro in a concentration of 2.5 • 10 -4 M. Ordinate, specific lysis of L cells 
(in %); abscissa, days of incubation of lymphoeytes. 

Fig. 3. Effect of pyridoxine deficiency in the diet (45 days of avitaminosis) on proliferation of 
lymphocytes stimulated in vitro. Legend as in Fig. 2. Ordinate, index of proliferation of lympho- 
cytes; abscissa, days of incubation of lymphocytes. 

E X P E R I M E N T A L  R E S U L T S  

Lymphocytes  from the spleens of BALB/c mice kept on a diet with the addition of pyrldoxine (animals of 
the control  group) prol i ferated in vi tro in response  to stimulation by i rradiated cells f rom C3H mice. Simul- 
taneously with a change in the cell  composit ion of the population toward an increase in the number of large 
lymphocytes,  there was a sharp increase  in incorporat ion of [3H]thymidine into the DNA of the cells. The in- 
dex of prol i fera t ion of the lymphocytes on the 4th day of incubation was 8-12, after which it fell gradually 
(Fig. 1). In the monoculture,  in which only cells  from BALB/c mice were grown, the number of large lympho- 
cytes  also increased toward the fourth to fifth day of incubation and incorporat ion of the label into the cellular 
DNA increased correspondingly (Fig. 1). 

Specific lysis of L cells,  charac te r iz ing  the cytolytic activity of the T lymphoeytes,  amounted to 1-3% 
during the f i rs t  3 days of culture of the lymphocytes in vitro. On the fourth day of incubation the stimulated 
lymphocytes,  added to the L cells  in the ra t io  of 10:1, indueed 80-100% lysis of the target  cells (Fig. 2). 
Lymphocytes f rom the monoculture added to the L cells in the above proport ion virtually did not cause death 
of the target  cells.  

In the animals kept on a pyridoxine-deficient  diet a p rogress ive  decrease  in the weight of the spleen and 
a decrease  in the PALP content in the organ was observed. By the 22nd day of the experiment  the quantity of 
PALP in the spleen had fallen to 65-70~. Lymphocytes  taken from BALB/c mice kept on a vitamin B6-deficient 
diet for 1-3 weeks continued to respond normal ly  in mixed culture in vi tro to the alloantigen and proliferated 
at the same intensity as lymphocytes obtained from the control  animals.  The mean resul ts  of three ser ies  of 
exper iments  are given in Fig. 1. The indices of prol i ferat ion in the experimental  tests  did not differ s ta t i s -  
t ically from the control  values. The cytolytic activity of the lymphocytes obtained from animals with avitamin- 
osis B 6 likewise remained unchanged during the f i rs t  3 weeks of the experiment.  

The PALP content in the spleen of mice kept on a pyr idoxine-free  diet for 45 days fell to 45% of the con- 
trol  level. Some mice died by this time with clonic-tonic convulsions, a charac te r i s t i c  feature of severe  
pyridoxine deficiency. Lymphocytes  taken from animals receiving an art if icial  pyr idoxine-free  diet for 45 
days responded to the alloantigen, but the response was very weak. The peak of lymphocyte proliferat ion was 
shifted from the fourth to the seventh day of incubation and the incorporation of label into the DNA of the cells 
was only 50% of the control  (Fig. 3). The peak of cytological activity of the lymphocytes also was shifted from 
the 4th to the 7th day of incubation and the degree of specific lysis of the L cells did not exceed 30"40~ with a 
s tandard ra t io  of lymphocytes to target  cells  (Fig. 2). 
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Some of the an imals  kept  on a vitamh~ B6-deficient diet  for 40 days  were  given an in t raper i tonea l  in jec-  
tion of 50 # g  pyr idoxal  (PAL) 5 days  before sac r i f i ce .  Lymphocytes  taken f r o m  these animals  p ro l i fe ra ted  in 
mixed cul ture  in v i t ro  with a lmos t  the s ame  intensity and at the s ame  t imes  as lymphocytes  obtained f rom the 
cont ro l  an imals  (Fig. 3). However ,  the cytolyt ic  act ivi ty  of the lymphocytes  was sharp ly  d e p r e s s e d  at all  
t imes  of incubation (Fig. 2). PAL added d i r ec t ly  to the s y s t e m  in v i t ro  in a concentra t ion  of 2.5 • 10 -4 M 
r e s t o r e d  nei ther  the p ro l i f e ra t ive  nor  the cytolyt ic  act ivi ty of the lymphocytes  taken f rom animals  with 
av i taminos is  B~ (Figs.  2 and 3). By cont ras t ,  PALP added to the s y s t e m  in v i t ro  in a concentra t ion of 2.5 • 
10 -4 M par t ly  r e s t o r e d  both the p ro l i fe ra t ive  abil i ty of the lymphocytes  (Fig. 3) and their  cytolytic ac t iv i ty .  
(Fig. 2). 

In the expe r imen t s  of Robson and Schwarz [ 9 ] ,  the p ro l i f e ra t ive  and cytotoxic act ivi ty of the T lympho-  
cytes  of r a t s  kept  for 2 weeks on a v i tamin  B6-deficient diet  and rece iv ing  4-deoxypyridoxine was cons iderably  
reduced.  No d is turbance  of the functions of the T lymphocytes  could be found during the f i r s t  3 weeks that the 
mice  were  kept on a py r idox ine - f r ee  diet, even through the PALP content in the spleen of these an imals  was 
reduced by 30%. The d i sc repancy  between the r e su l t s  can perhaps  be explained by a di f ference in the s t r u c -  
ture and physiology of the lymphocytes  of r a t s  and mice .  The lymphoid s y s t e m  in mice  is  dist inguished by the 
highest  level  of lymph product ion among m a m m a l s  [ 3] ; this, in turn, makes  the lymphocytes  of these an imals  
more  highly sens i t ive  to a def ic iency of v i tamin  B6 in the diet. The poss ibi l i ty  l ikewise cannot be ruled out that 
4-deoxypyridoxine has a powerful  toxic action on lymphoid t issue.  Finally, another  cause may be a d i f ference  
in the expe r imen ta l  models  used. Robson and Schwarz worked with lymphocytes  f rom the thorac t ic  duct of r a t s ,  
whereas  the source  of the lymphocytes  used in the p r e sen t  expe r imen t s  was the mouse  spleen.  During p r e p a -  
ra t ion  of the mixed culture and on the f i r s t  days  of cul ture  in vi tro,  PALP l ibera ted  f rom the dis in tegra t ing 
cel ls  may  perhaps  pene t ra te  rapidly  into the lymphocytes  and abolish the specif ic  d i s tu rbances  caused by" p y r i -  
doxine def ic iency in the cel ls .  

In the p r e se n t  expe r imen t s  a d is turbance  of the p ro l i fe ra t ive  and cytolytic act ivi ty of the T lymphocytes  
was obse rved  only in an imals  kept  on an a r t i f ic ia l  diet  without pyridoxine for  5-6 weeks.  PALP,  added to the 
s y s t e m  in v i t ro  under these c i r c u m s t a n c e s  pa r t i a l ly  r e s t o r e d  the p ro l i fe ra t ive  and cytolytic act ivi ty of the 
s t imula ted  lymphocytes .  This  fact  is impor tan t  on its own account,  for it leads to the conclusion that phos -  
phoryla ted  f o r m s  of pyridoxine can pene t ra te  into lymphocytes .  

L I T E R A T U R E  C I T E D  

1. Yu. V. Bukin and A. V. Sergeev,  Biokhimiya,  33, 1092 (1968). 
2. Yu. V. Bukin and A. V. Sergeev,  Pr ik l .  Biokhimiya,  6, 456 (1970). 
3. V . A .  Florensov,  "The  phylogeny and ontogeny of the hematopoie t ic  function of the lymph nodes of v e r t e -  

b ra t e s , "  Doctora l  Disse r ta t ion ,  I rkutsk  and Moscow (1964). 
4. A. Axelrod,  Am. J .  Clin. Nutr. ,  24, 265 (1971). 
5. A . E .  Axelrod and J .  Pruzansky ,  Vitamins and Hormones ,  13, 1 (1955). 
6. K . T .  Brunner ,  I. Mauel, J.  C. Cerott ini ,  et  al., Immunology,  14, 191 (1968). 
7. S .D .  Davis ,  T. Nelson, and T. H. Shepard,  Science, 169, 1329 (1970). 
8. M. K u m a r  and A. E. Axelrod,  J.  Nutr. ,  96, 53 (1968). 
9. L . C .  Robson and M. R. Schwarz,  Cell. hnmunol. ,  16, 135 (1975). 

10. A . C .  Traka te l l i s ,  W. R. St inebr ing,  and A. E. Axelrod,  J .  Immunol. ,  91, 39 (1963). 
11. D . R .  Weiz and J .  F. Muel ler ,  J.  Clin. Invest . ,  30, 681 {1951). 

1142 


