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Table 3. Effect of B1 aad procarbazine on the leukopoiesis in mice 
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Substances Control Day 
mg/kg % 

Weeks 

3 % 5 % 1 % 2 % 3 4 % 6 % 

B1 Leukocytes 8900 100 
1 • 150 Lymphocytes 7085 79.6 

Neutrophils 1750 19.7 

Procarbazine Leukoeytes 8900 100 
Lymphocytes 7085 79.6 

1 • 165 Neutrophils 1750 19.7 

B1 Leukocytes 8900 100 
14 • 65 Lymphocytes 7085 79.6 

Neutrophils 1750 19.7 

Procarbazine Leukocytes 8900 100 
Lymphocytes 7085 79.6 

14 • 50 Neutrophils 1750 19.7 

5955 100 5545 100 7215 100 
4465 75.0 3620 65.3 4850 67.2 
1400 23.5 1845 33.3 2380 33.0 

3255 100 2835 100 . 3000 100 
2590 80.3 2220 78.0 2315 77.1 

620 19.2 600 21.3 665 22.9 

5715 100 
4380 76.6 
1325 23.2 

2400 100 
1630 67.8 

760 32.0 

9310 100 
5690 61.1 
3575 38.4 

3630 100 
2350 64.8 
1260 34.7 

6500 

1845 

10330 

5965 

8300 100 6380 100 
6690 8 0 . 6  4940 74.4 
1585 19.1 1360 21.3 

3080 100 2150 100 
2030 65.9 1150 53.6 
1020 33.1 975 45.3 

c a u s e s  a s i g n i f i c a n t ,  l o n g  l a s t i n g  s h i f t  f r o m  p r o p h a s e  to  
m e t a p h a s e ,  a n  e f f ec t  a lso  f o u n d  b y  R u t i s h a u s e r  a n d  
B o l l a g "  in  t h e  ca se  o f  1 - m e t h y l - 2 - b e n z y l  h y d r a z i n e .  A 
s i m i l a r  b u t  s h o r t e r  s h i f t  is  f o u n d  for  A1 a f t e r  8 h,  w h e r e a s  
t h e  d i s t r i b u t i o n  p a t t e r n  of  B1 does  n o t  d i f f e r  f r o m  
con t ro l .  T h u s ,  t h e  p r o l o n g a t i o n  of  t h e  i n t e r p h a s e  for  B1 
is n o t  d u e  to  a d i r e c t  i n f l u e n c e  on  m i t o s i s .  
L e u k o p o i e s i s .  W e  i n v e s t i g a t e d  t h e  l e u k o p o i e s i s  a f t e r  
t r e a t m e n t  w i t h  a s ing le  h i g h  e q u i m o l a r  dose  of  B1 a n d  
p r o c a r b a z i n e  a n d  a f t e r  2 w e e k s  of  d a i l y  a p p l i c a t i o n  of  
1/10 DLs0 (mole  D 1 / m o l e  p r o c a r b a z i n e  ~ 1.5). Bo th  
d r u g s  c a u s e  a d e p r e s s i o n  of  l e u k o c y t e s ,  w h i c h  is m o r e  
i n t e n s i v e  a n d  l a s t s  l o n g e r  w i t h  p r o c a r b a z i n e .  T h e  n u m b e r  
of  l e u k o c y t e s  r e a c h e s  i t s  m i n i m u m  a f t e r  3 w e e k s  of  p r o -  
c a r b a z i n e  t r e a t m e n t  a n d  is s t i l l  b e l o w  c o n t r o l  v a l u e s  a f t e r  
6 weeks ,  w h e r e a s  B1 c a u s e s  i t s  m a x i m a l  d e p r e s s i o n  al-  

r e a d y  a f t e r  5 d a y s ,  b u t  in  t h i s  c a s e  t h e  l e u k o c y t e s  r e c o v e r  
a t  l e a s t  a f t e r  6 w e e k s .  F u r t h e r m o r e ,  t h e  d e p r e s s i o n  u n d e r  
B1  m a i n l y  c o n c e r n s  t h e  d i f f e r e n t i a t i o n  of  l y m p h o c y t e s  
a n d  b a r e l y  a f f e c t s  t h e  g r a n u o p o i e s i s .  C o m p a r e d  w i t h  
t h e s e  e f fec t s ,  p r o c a r b a z i n e  c a u s e s  a s e v e r e  g r a n u l o p e n i a .  
T h e  lower  t o x i c i t y  of  B I  b e c o m e s  m o r e  d i s t i n c t  w h e n  t h e  
a n a l y s i s  is d o n e  a f t e r  t h e  2 w e e k s '  t r e a t m e n t .  A f t e r  app l i -  
c a t i o n  we  c o u l d  n o t  d e t e r m i n e  a n y  c h a n g e  of  t h e  l e u k o -  
c y t e  n u m b e i s .  U n d e r  t h e s e  c o n d i t i o n s ,  p r o c a r b a z i n e  
c a u s e s  a l o n g - l a s t i n g  r e d u c t i o n  of  t h e  m y e l o i c  a n d  e v e n  
a g r e a t e r  d e c r e a s e  o f  t h e  l y m p h a t i c  cells.  T h e  r e s u l t s  a re  
c o m p a t i b l e  w i t h  t h o s e  o b t a i n e d  b y  B o l l a g  in  r a t s  10. 

9 A. Rutishauser and W. Bollag, Experientia 19, 131 (1963). 
10 W. Bollag, Acta Genet. Med., Roma X V I I ,  158 (1968). 
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Summary.  Fol ic  a c i d  c o m p e t i t i v e l y  i n h i b i t e d  b r a i n  L - g l u t a m i c  d e c a r b o x y l a s e  (K~ = 1.62 • 10 -a M) .  T h i s  i n h i b i t i o n  
c o u l d  p o s s i b l y  be  a s s o c i a t e d  w i t h  ep i l epsy .  

Introduction. T h e r e  is a p o s s i b l e  l i nk  b e t w e e n  e p i l e p s y  
a n d  folic a c id  m e t a b o l i s m .  T h e  a d m i n i s t r a t i o n  of  f o l a t e  
to  r a t s  i n d u c e s  c o n v u l s i o n s  2, a. M o r e o v e r ,  i t  h a s  b e e n  ob-  
s e r v e d  t h a t  t h e  folic a c i d  c o n t e n t  is i n c r e a s e d  in  e x p e r i -  
m e n t a l  ep i l ep t i c  c o b a l t  foci4. 

I n  ep i l ep t i c  p a t i e n t s  u n d e r g o i n g  a n t i c o n v u l s a n t  d r u g  
t h e r a p y  a r e d u c t i o n  in  s e r u m  fo l a t e  l eve ls  h a s  b e e n  
m e a s u r e d  ~. I n d e e d ,  t h e  d e v e l o p m e n t  of  m e g a l o b l a s t i c  
a n a e m i a  h a s  b e e n  n o t e d  in s u c h  p a t i e n t s  6. F o l a t e  a d -  
m i n i s t r a t i o n ,  i n t e n d e d  to  c o u n t e r a c t  t h i s  d e f i c i e n c y ,  h a s  
b e e n  r e p o r t e d  to  r e s u l t  in a n  i n c r e a s e d  f r e q u e n c y  of 
s e i z u r e s  7, s. 

A n  e x p l a n a t i o n  of  t h e  b i o c h e m i c a l  b a s i s  for  t h e  c o n -  
v u l s a n t  a c t i o n  of fol ic a c i d  h a s  n o t  y e t  b e e n  f o r t h c o m i n g .  
H o w e v e r ,  ROBERTS" h a s  d e m o n s t r a t e d  t h a t  g l u t a m a t e  
u p t a k e  b y  n e r v o u s  t i s s u e  is c o m p e t i t i v e l y  i n h i b i t e d  b y  
fo la te .  T h i s  is of  i n t e r e s t  s i nce  g l u t a m a t e  h a s  b e e n  p r o -  
p o s e d  as  a n  e x c i t a t o r y  t r a n s m i t t e r  in  t h e  b r a i n  lo. S e v e r a l  
d r u g s  t h a t  c a n  i n d u c e  c o n v u l s i o n s  h a v e  b e e n  s h o w n  to  
i n h i b i t  b r a i n  L - g l u t a m a t e  d e c a r b o x y l a s e  (GAD)11-1~.  
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W e  t h o u g h t  it  would  be  of i n t e r e s t  to i nves t i ga t e  t he  
ac t ion  of Iolic acid on t h e  a c t i v i t y  of GAD in v iew of i ts  
convu l s ive  ac t ion  and  i ts  s t r u c t u r a l  r e s e m b l a n c e  to 
g l u t a m a t e ,  t h e  G A D  s u b s t r a t e .  

I n  a t yp ica l  e x p e r i m e n t ,  whole  b r a in  f rom 3 ma le  
Char les  R iv e r  r a t s  (200 g) was  pooled a n d  h o m o g e n i s e d  
in ice-cold 0.32 M sucrose.  GAD was  pa r t i a l l y  pur i f ied  b y  
a m m o n i u m  s u l p h a t e  f r a c t i ona t i on  accord ing  to t he  
p rocedure  of ~Vu et  al. ~5. The  e n z y m e  was  a s s a y e d  t6 over  
a g l u t a m a t e  c o n c e n t r a t i o n  r ange  of 0.5 m M  to  10 m M  
e i ther  in t h e  absence  or in t he  presence  of 0.2 m M  or 
0.4 m M  Iolic acid. 
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Fig. 1. Double reciprocal plot of the effects of substrate concen- 
tration on enzyme activity in the presence or absence of folate 0-- |  
absence of folic acid, �9169 presence of 0.2 mM folic acid, �9 �9 
presence of 0.4 mM folic acid. The enzyme was assayed at 37 ~ for 
30 inin. The concentration range of glutamate was 0.5 mM to 10 mM. 
Each points represents the mearl of 3 determinations. V: ~z mol/h/mg 
protein; S : raM. 
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Fig. 2. Measurement of GAD activity against time in the absence 
(O--@) or presence ( 0 - - 0 )  of 0.5 mM folic acid. Glutamate con- 
centration was 0.5 mM and the temperature was 37 ~ Each point 
represents the mean of 3 determinations. V: [~ mol/h/mg protein. 

Results and discussion. T h e  resu l t s  were p lo t t ed  b y  t he  
m e t h o d  of LINEWEAVER a n d  BURK 17 as s h o w n  in F igu re  1. 
A classical  c o m p e t i t i v e  inh ib i t ion  was  observed  a n d  t he  
K ,  was  ca lcu la ted  as 1.62 X 10 -a M.  As we were e m p l o y i n g  
a r ad ioac t ive  a s s a y  m e t h o d  t h a t  m e a s u r e d  t he  f o r m a t i o n  
of c a rbon  dioxide  f rom the  d e c a r b o x y l a t i o n  of [1-14C] - 
g l u t a m a t e ,  we t h o u g h t  i t  possible  t h a t  t he  c o m p e t i t i v e  
inh ib i t ion  of G A D  was  m e r e l y  an  a r t i f ac t  a nd  t h a t  pep t id -  
ases  m i g h t  be p r e s e n t  in our  e n z y m e  p r e p a r a t i o n  wh ich  
wou ld  l ibera te  g l u t a m a t e  f rom the  folic acid. I n  th i s  case 
t h e  a p p a r e n t  inh ib i t ion  would  s i m p l y  be a r e su l t  of a 
r educ t ion  in the  specific r a d io - a c t i v i t y  of our  subs t r a t e .  
Two f u r t h e r  e x p e r i m e n t s  were carr ied  ou t  to t e s t  th i s  
theory .  

GAD was  m e a s u r e d  a t  v a r y i n g  t ime s  over  a per iod of 
40 rain in t he  absence  or p resence  of 0.5 m M  folic acid. 
T h e  resu l t s  are s h o w n  in F igure  2. I t  can  be c lear ly  seen 
t h a t  t he  degree  of i nh ib i t i on  of t he  e n z y m e  is a l m o s t  t he  
s a m e  t h r o u g h o u t  the  i n c u b a t i o n  period.  If  g l u t a m a t e  
were be ing  h y d r o l y s e d  f rom the  folate  i t  would  be ex- 
pec ted  t h a t  t he re  would  be a s t e a d y  increase  in t he  ra te  
of a p p a r e n t  inh ib i t ion  over  t he  40 rain period. A second  
e x p e r i m e n t  was  carr ied ou t  in w h ic h  t he  f o r m a t i o n  of 
y - a m i n o b u t y r i c  acid (GABA) r a t h e r  t h a n  carbon  dioxide  
was  m e a s u r e d .  G A D  Was i n c u b a t e d  for 30 rain  in the  
presence  of 0.5 m M  g l u t a m a t e  e i ther  wi th  or w i t h o u t  
0.5 r a m  Iolate. The  r eac t ion  was  s t oppe d  b y  a pp ly ing  
t he  r eac t ion  m i x t u r e  to  a B i o - R a d - A G 1 - X 4  an ion  ex- 
c h a n g e  resin c o l u m n  a n d  collect ing the  eulate .  Folic acid 
r e m a i n e d  on the  c o l u m n  a nd  was  t h u s  r e m o v e d  f rom the  
G A B A  fract ion.  The  G A B A  fo rme d  d u r i n g  the  i n c u b a t i o n  
was  d e t e r m i n e d  b y  t he  m e t h o d  of JAKOBY 18. The  presence  
of folic acid r educed  G A B A  p r o d u c t i o n  b y  440/0 . The  
resu l t s  of t he  l a t t e r  two  e x p e r i m e n t s  ind ica te  t h a t  the  
inh ib i t ion  of G A D  s h o w n  in F igu re  1 is a ge nu ine  com-  
pe t i t i ve  inh ib i t ion  by  fola te  a n d  n o t  t he  resu l t  of folate  
hyd ro ly s i s  wh ich  would  p rov ide  add i t iona l  un labe l led  
g l u t a m a t e  du r ing  the  i n c u b a t i o n  period.  

In  l igh t  of t he  ev idence  l ink ing  folic acid w i t h  epilep- 
sy  ~-s t he  p r e s e n t  d a t a  are of in te res t .  These  p rov ide  
ev idence  t h a t  folate  h a s  t he  ab i l i ty  to  affect  GAD ac t iv i ty .  
WOOD a n d  PEEGKER 19,20 h a v e  a l r e a d y  d e m o n s t r a t e d  
t h a t  a good cor re la t ion  ex is t s  be tw e e n  the  c o n v u l s a n t  
ac t ion  of ce r t a in  d r u g s  a n d  the i r  ab i l i ty  to  inh ib i t  GAD.  
C o n s e q u e n t l y  the  seizures  i nduced  b y  folic acid m a y  also 
be re la ted  to  t he  i n h i b i t o r y  ac t ion  of th i s  c o m p o u n d  on 
th i s  e nz yme .  B o t h  G A D  31 a nd  folic acid ~ are assoc ia ted  
m a i n l y  w i t h  ne rve  end ings ;  i t  is t h u s  conce ivable  t h a t  
u n d e r  ce r t a in  c i r c u m s t a n c e s  G A D  a c t i v i t y  can  be con- 
t rol led b y  folic acid a n d  t h a t  convu l s ions  can  occur  w h e n  
local folate  leves b e c o m e  too high.  
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