
CHAPTER I

INTRODUCTION

E p i l e p s y  i s  a c o l l e c t i o n  o f  s e i z u r e  d i s o r d e r s  
w h i c h  h a s  b e e n  d e f i n e d  a s  a symptom o f  e x c e s s i v e  t e m p o r a r y  
n e u r o n a l  d i s c h a r g e ,  c h a r a c t e r i z e d  by d i s c r e t e  r e c u r r e n t  
e p i s o d e s  o f  s e i z u r e s  i n  wh i c h  t h e r e  i s  a d i s t u r b a n c e  o f  
movement ,  s e n s a t i o n ,  b e h a v i o r ,  p e r c e p t i o n  and 
c o n s c i o u s n e s s .  I t  h a s  b e e n  e s t i m a t e d  t h a t  f ro m o n e - h a l f  
t o  one p e r c e n t -  o f  t h e  w o r l d  p o p u l a t i o n  i s  a f f e c t e d  by some 
f o r m of  e p i l e p s y  ( D a n i e l s  and J o r g e n s e n ,  1 9 8 2 ) .  More t h a n  
h a l f  o f  t h e  p e o p l e  s u f f e r i n g  f rom e p i l e p s y  have  more t h a n  
one  t y p e  o f  s e i z u r e s  ( P e n r y  and Newmark,  1 9 7 9 ) .  S e i z u r e s  
a r e  d i v i d e d  f u n d a m e n t a l l y  i n t o  two g r o u p s  ะ p a r t i a l  and 
g e n e r a l i z e d  s e i z u r e s  (Goodman and G i l m a n ,  1 9 9 0 ) .
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s e i z u r e s ,  ( 5 )  c l o n i c  s e i z u r e s ,  and ( 6 )  t o n i c  s e i z u r e s .»

The c l a s s i f i c a t i o n  o f  e p i l e p t i c  s y n d r o m e s  h a s  been  
r e c e n t l y  p u b l i s h e d .  The f i r s t  m a j o r  d i v i s i o n  o f  e p i l e p t i c  
s y n d r o m e s  i s  t h e  same a s  t h a t  f o r  s e i z u r e s ,  i . e . ,  i n t o  
p a r t i a l  e p i l e p s i e s  o r  t h e  g e n e r a l i z e d  e p i l e p s i e s .  Each  o f  
t h e s e  i s  f u r t h e r  s u b d i v i d e d  i n t o  i d i o p a t h i c  o r  s y m p t o m a t i c  
and t h e n  a c c o r d i n g  t o  age  o f  o n s e t  ( Ro g aws k i  and P o r t e r ,  
1990)  .

ะ ( 1 )  g e n e r a l i z e d  t o n i c - c l o n i c  s e i z u r e s ,  ( 2 )  a b s e n c e
s e i z u r e s  ( p e t i t  m a l ) ,  ( 3 )  m y o c l o n i c  s e i z u r e s ,  ( 4 )  a t o n i c

The c a u s e  o f  e p i l e p t i c  s y n dr o me s  i s  i m p e r f e c t l y  
u n d e r s t o o d ,  many h y p o t h e s e s  have  be en  p r o p o s e d .  S e v e r a l  
i n v e s t i g a t o r s  b e l i e v e d  t h a t  t h e  a b n o r m a l  f u n c t i o n  o f  
some n e u r o t r a n s m i t t e r s  i n  b r a i n  can  c a u s e  s e i z u r e s .  
The c o n c e n t r a t i o n s  o f  e x c i t a t o r y  and i n h i b i t o r y  
n e u r o t r a n s m i t t e r s  L - g l u t a m a t e  and y - a m i n o b u t y r i c  a c i d  
(GABA), r e s p e c t i v e l y ,  a r e  r e g u l a t e d  i n  c e n t r a l  n e r v o u s  
s y s t e m  (CNS) p r i n c i p a l l y  by two P L P - d e p e n d e n t  enzymes  
L - g l u t a m i c  a c i d  d e c a r b o x y l a s e ,  t h e  enzyme t h a t  c a t a l y z e s  
t h e  c o n v e r s i o n  o f  L - g l u t a m i c  a c i d  t o  GABA and GABA 
a m i n o t r a n s f e r a s e ,  t h e  enzyme t h a t  d e g r a d e s  GABA t o  
s u c c i n i c  s e m i a l d e h y d e .  C o n v u l s i v e  s t a t e s  have  b e e n  
o b s e r v e d  i n  s y s t e m s  whe r e  GABA i s  p r e v e n t e d  f rom 
f u n c t i o n i n g  n o r m a l l y ,  e i t h e r  by t h e  l o w e r i n g  o f  i t s  
c o n c e n t r a t i o n  i n  t h e  CNS be low a c e r t a i n  l e v e l  o r  by 
b l o c k i n g  i t s  e f f e c t  ( S i l v e r m a n  and N a n a v a t i ,  1 9 9 0 ) .  o t h e r
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a u t h o r s  s t a t e d  some s e i z u r e s  were  t h e  r e s u l t  o f  a ,d i e t a r y  
d e f i c i e n c y  o f  v i t a m i n  Bg, o r  i n v o l v e m e n t  o f  a c e t y l c h o l i n e ,  
n o r a d r e n a l i n e ,  h y d r o x y t r y p t a m i n e , and d o p am i ne  i n  b r a i n  
( S p i n k s  and W a r i n g ,  1963;  Meldrum,  1 9 7 5 ) .

The m e t h o d s  w i d e l y  u s e d  t o  e v a l u a t e  a n t i c o n v u l s a n t  
a c t i v i t y  a r e  t h e  max i ma l  e l e c t r o s h o c k  s e i z u r e  t e s t  (MES) 
and t h e  p e n t y l e n e t e t r a z o l e  t e s t .  The max i ma l  e l e c t r o s h o c k  
t e s t  e v a l u a t e s  t h e  a b i l i t y  o f  d r u g s  t o  p r e v e n t  
e l e c t r i c a l l y  i n d u c e d  t o n i c  h i n d l i m b  e x t e n s i o n  i n  mic e  and 
r a t s .  E f f i c a c y  i n  t h i s  method  h as  b e e n  shown t o  c o r r e l a t e  
w i t h  a b i l i t y  t o  p r e v e n t  p a r t i a l  and g e n e r a l i z e d  t o n i c  
c l o n i c  s e i z u r e s  i n  man,  and i t  i s  o f t e n  s t a t e d  t h a t  t h i s  
mode l  e v a l u a t e s  t h e  c a p a c i t y  o f  a d r u g  t o  p r e v e n t  s e i z u r e  
s p r e a d .  Dr ugs  t h a t  a r e  a c t i v e  i n  t h e  maxi ma l  e l e c t r o s h o c k  
t e s t  o f t e n  have  a p h e n y t o i n - l i k e  e f f e c t  on v o l t a g e  
d e p e n d e n t  Na+ c h a n n e l s .  On t h e  o t h e r  h a n d ,  t h e  
p e n t y l e n e t e t r a z o l e  t e s t  a s  mos t  commonly p e r f o r m e d  
e v a l u a t e s  t h e  a b i l i t y  o f  p o t e n t i a l  a n t i e p i l e p t i c  d r u g s  t o  
p r e v e n t  c l o n i c  s e i z u r e s  and may c o r r e l a t e  w i t h  a c t i v i t y  
a g a i n s t  a b s e n c e  s e i z u r e s .

A n t i e p i l e p t i c  t h e r a p y  w i t h  o r g a n i c  compound b e g a n  
i n  1912 when Hauptmann r e p o r t e d  on t h e  c l i n i c a l  
e f f e c t i v e n e s s  o f  p h é n o b a r b i t a l .  P r i o r  t o  t h i s  t h e  o n l y  
e f f e c t i v e  t r e a t m e n t  f o r  e p i l e p s y  i n v o l v e d  t h e  u s e  o f  
b r o m i d e  i o n .  However ,  b r o m i d e  h as  a v e r y  low t h e r a p e u t i c  
i n d e x ,  and s e r i o u s  t o x i c i t y  i s  o f t e n  e n c o u n t e r e d  w i t h



Nowadays ,  many d r u g s  have b e e n  u s e d  t o  c o n t r o l

p l a s m a  c o n c e n t r a t i o n s  t h a t  a r e  r e q u i r e d  f o r  a d e q u a t e
s e i z u r e  c o n t r o l  ( J o n e s  an d  Wo o d b u r y ,  1 9 8 2 ) .

s e i z u r es i n e p i l e p t i c
h y d a n t o i n s ( I ] [ ) ,  o x az o
s u c c  i n imid e s ( I V ) ,  b e n z
a m i d e s (VI I ) , รน I f  onamid
v a l p r o a t e (X) ( F i g u r e  1)

N o t w i t h s t a n d i n g ,  t h e  p r e s e n t  a n t i e p i l e p t i c  d r u g s  
a v a i l a b l e  t o d a y  p r o v i d e  p a r t i a l  c o n t r o l  f o r  o n l y  a b o u t  70-  
80% and c o m p l e t e  c o n t r o l  f o r  n o t  more t h a n  50% o f  t h e  
a f f e c t e d  p o p u l a t i o n  ( J o n e s  and Woodbury,  1 9 8 2 ) .  In  
a d d i t i o n ,  mos t  a n t i e p i l e p t i c  d r u g s  s u f f e r  f rom a b r o a d  
r a n g e  o f  u n d e s i r a b l e  s i d e  e f f e c t s  s u c h  a s  s e d a t i o n ,  
t e r a t o g e n i c i t y ,  c o g n i t i v e  d i s o r d e r ,  b l o o d  d y s c r a s i a  and 
h e p a t o t o x i c i t y . F a i l u r e  t o  a c h i e v e  c o n t r o l  o f  s e i z u r e s  i s  
f r e q u e n t l y  due  t o  u s e - l i m i t i n g  s i d e  e f f e c t s  s e e n  w i t h  
i n c r e a s i n g  d o s e s  o f  t h e  d r u g s  b e f o r e  a s a t i s f a c t o r y  
t h e r a p e u t i c  d o s e  i s  r e a c h e d .  T he r e  i s  s t i l l  a demand f o r  
new a n t i e p i l e p t i c  d r u g s  w i t h  more s e l e c t i v e  a n t i c o n v u l s a n t  
e f f e c t s  and l e s s  t o x i c i t y .

Numerous compounds  a r e  r e p o r t e d  e a c h  y e a r  a s  
a n t i c o v u l s a n t  a g e n t s .  F o r  e x a m p l e ,  v i g a b a t r i n  ( Y - v i n y l -  
GABA, X I ) ,  a s p e c i f i c  gamma a m i n o b u t y r i c  a c i d
a m i n o t r a n s f e r a s e  i n h i b i t o r ,  i s  a m e c h a n i s m  b a s e d  e n z y m e
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F i g u r e  1 The c h e m i c a l  s t r u c t u r e s  o f  some t y p e s  o f
a n t i c o n v u l s a n t  a g e n t s .
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i n a c t i v a t o r  ( N a n a v a t i  and S i l v e r m a n ,  1 9 8 9 ) .  The 
i r r e v e r s i b l e  i n h i b i t i o n  of  GABA-T by v i g a b a t r i n  r e s u l t s  i n  
a p r o l o n g e d  e l e v a t i o n  i n  b r a i n  GABA l e v e l s .  o t h e r  
compounds  ( X I I ,  X I I I )  t h a t  i n a c t i v a t e d  GABA-T i n  t h e  same 
manner  a s  t h a t  o f  v i g a b a t r i n  were  i l l u s t r a t e d  ( N a n a v a t i  
and S i l v e r m a n ,  1 9 8 9 ) .

XI XII X I I I

C l a r k  e t  a l .  ( 1 9 8 6 )  r e p o r t e d  t h e  e x t e n s i v e  
s t r u c t u r e  a c t i v i t y  s t u d i e s  o f  a m i n o b e n s a m i d e  d e r i v a t i v e s  
on t h e  a n t i c o n v u l s a n t  a c t i v i t y .  Of t h e  compounds  
e x a m i n e d ,  t h e  two compounds  (XIV,  XV) were  p r o v e d  t o  be 
t h e  mos t  p o t e n t  i n  t h e  maximal  e l e c t r o s h o c k  t e s t

XIV XV
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Z o n i s a m i d e  (XVI) ,  d e n z i m o l  ( X V I I ) ,  n a f i m i d o n e  
( X V I I I ) ,  l a m o t r i g i n e  (XIX) ,  r a l i t o l i n e  (XX),  t o p i r a m a t e  
(XXI)  and o x a c a r b a z e p i n e  ( X XI I )  we re  r e p o r t e d  a s  
a n t i c o n v u l s a n t  a g e n t s  t h a t  h a v i n g  a s i m i l a r  p r o f i l e  o f  
a n t i c o n v u l s a n t  a c t i v i t y  t o  p h e n y t o i n  i n  p r o t e c t i o n  a g a i n s t  
max i ma l  e l e c t r o s h o c k  s e i z u r e s  t e s t  ( Ro g a w s k i  and P o r t e r ,  
1 9 9 0 ) .

XXI
x x r i
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Recent advances in the physiology and pharmacology 
of e x c i ta to r y  amino acid neurotransmitter systems have 
h ighl ighted  the p o t e n t ia l  of e x c i ta to r y  amino acid  
receptors  as a ta r g e t  for anticonvulsant drugs. The 
e x c i ta to r y  amino a c id s ,  aspartate  and glutamate, mediate 
th e ir  a c t io n s  v ia  at l e a s t  three c l a s s e s  of receptors  
which are g e n e r a l ly  represented by the p ro to ty p ic a l  
a g on is ts  N-methy1-D-aspartic  acid (NMDA), q u isq u a l ic  acid  
(QUIS), and k a in ic  acid (KA). Of th ese ,  NMDA receptor  
apparently p lays  a c r i t i c a l  ro le  in many types of 
s e i z u r e s .  Observations suggested that an ta gon is ts  of the 
NMDA receptor could have p o te n t ia l  u t i l i t y  in treatment of 
ep i lep sy  (Hutchison e t  a l . ,  1989). Compound XXIII, XXIV 
and XXV were some competit ive  NMDA recogn it ion  s i t e  
a n ta g o n is ts .

X X I I I  XXIV XXV
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Of a l l  the a n t i e p i l e p t  
v a lp ro ic  acid i s  a t t r a c t i v e  in 
and i t s  low s id e  e f f e c t s .  Valp 
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been developed in the hope of p 
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However, prolonged use of va lp ro ic  acid has ar isen  
the incidence of rare, but s er io u s ,  h e p a to to x ic i ty  and a 
highly hygroscopic property of va lproate ,  u su a l ly  used as 
i t s  sodium s a l t ,  renders formulation very d i f f i c u l t .

This
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I .
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In genera l ,  compounds conta in ing  carboxyl groups
c Jcan be prepared in various forms of prodrug (Bundgaard, 

1985). Here, three forms ( e s t e r ,  amide and mannich base 
of va lp ro ic  ac id )  were synthes ized  in the. expectancy of 
reduction of g a s t r i c  i r r i t a t i o n  and other adverse  
re a ct io n s  of i t s  parent drug.

The s y n th e t i c  approach for p o t e n t ia l  prodrugs of 
va lp ro ic  acid can be represented by fo l lo w in g  scheme I.

(C 3 H7 ) 2CH-C-0H -----------------„  (C 3 H7 ) 2CH-C-C1

(C 3 H7 ) 2 CH-C-NH-CH2 - N ( C 2 H5 ) 2

Scheme I Synthesis  of prodrugs of va lp ro ic
acid .
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The s u c c e s s f u l  u s e  o f  p h e n o b a r b i t o n e  (XXVII)  in  
t r e a t m e n t  o f  e p i l e s y ,  e n c o u r a g e d  c h e m i s t s  t o  a t t e m p t  t o  
d e s i g n  a c t i v e  c ompounds  m o d e l l e d  on t h e  p a r t i a l  s t r u c t u r e  
o f  t h e  b a r b i t u r a t e  r i n g .  The d i s c o v e r y  o f  a c t i v i t y  in  
p h e n a c e m i d e  ( X X V I I I ) ,  a c y c l i c  s t r u c t u r e  wh i ch  e mbod ie d  a 
m a j o r  p a r t  o f  t h e  p h e n o b a r b i t o n e  m o l e c u l e ,  p r o m p t e d  t h e  
i d e a  t o  s y n t h e s i z e  m o n o u r e i d e  a n a l o g u e s  w i t h  5 - d i - p r o p y l  
s i d e  c h a i n  (XXIX) ,  w h i c h  r e s e m b l e  t h e  p a r t i a l  s t r u c t u r e  
o f  v a l p r o i c  a c i d .

XXVII XXVIII XXIX

The t a r g e t  compounds  can  be s y n t h e s i z e d  a c c o r d i n g  
t o  scheme  I I  .

0
II( C 3H7 ) 2CH-C-C1

X 0 X
h2n - c - nh2 -----*  (C3H7 ) 2CH-C-HN-C-NH2

X =  0 ร NH

Scheme I I  S y n t h e t i c  a p p r o a c h  f o r  m o n o u r e i d e
a n a l o g u e s  o f  v a l p r o i c  a c i d .
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