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ABSTRACT

ALTERATIONS OF BRAIN METABOLISM BY THE NSUROTOXIN,

KAINIC ACID

t y

B a r b a r a  K r e s p a n  

A d v i s o r :  A s s o c i a t e  P r o f e s s o r  W i l l i a m  J .  N i c k l a s

A g o o d  c o r r e l a t i o n  e x i s t s  b e t w e e n  t h e  n e u r o t o x i c  a n d  

n e u r o e x c i t a t o r y  p r o p e r t i e s  o f  g l u t a m i c  a c i d  a n d  s e v e r a l  o f  

i t s  a n a l o g s ,  i n c l u d i n g  k a i n i c  a c i d .  T h e r e f o r e  i t  h a s  b e e n  

s u g g e s t e d  t h a t  e x c i t o t o x i c  am ino  a c i d s  s u c h  a s  k a i n i c  

a c i d  g e n e r a t e  i n  a f f e c t e d  n e u r o n s  a  s t a t e  o f  c o n t i n u o u s  

d e p o l a r i z a t i o n  a n d  i n c r e a s e  i n  membrane p e r m e a b i l i t y  w h ic h  

l e a d s  t o  n e u r o n a l  c e l l  d e a t h ,  p o s s i b l y  b y  d e p l e t i o n  o f  h i g h  

e n e r g y  i n t e r m e d i a t e s .  I n  t h e  p r e s e n t  s t u d y ,  k a i n i c  a c i d  

(1  mM) c a u s e d  a m a x im a l  30-^0%  d e c r e a s e  i n  ATP l e v e l s  o f  

r a t  c e r e b e l l a r  s l i c e s  w h ic h  c o u l d  b e  p a r t i a l l y  r e v e r s e d  by  

r e i n c u b a t i o n  i n  d r u g - f r e e  m ed ium .  C r e a t i n e  p h o s p h a t e  l e v ­

e l s  a l s o  d e c r e a s e d  b y  30-35?°  i n  i h e  p r e s e n c e  o f  1 mM k a i n i c  

a c i d .  ADP a n d  AMP l e v e l s  w ere  o n l y  s l i g h t l y  a l t e r e d  b y  

1 mM k a i n i c  a c i d ,  t h u s  t h e  t o t a l  c o n t e n t  o f  ATP + ADP + AMP 

d e c r e a s e d  b y  29^* K a i n i c  a c i d  was  a l s o  f o u n d  t o  d e c r e a s e  

ATP l e v e l s  o f  c e r e b e l l a r  s l i c e s  f ro m  w e a v e r  m ic e  w h ic h  a r e  

g e n e t i c  m u t a n t s  l a c k i n g  g r a n u l e  c e l l s ,  t h e  e x c i t a t o r y  

g l u t a m e r g i c  i n t e r n e u r o n s  o f  t h e  c e r e b e l l u m .  T h i s  i s  i n
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c o n t r a s t  t o  e v i d e n c e  s u g g e s t i n g  t h a t  g l u t a m e r g i c  n e u r o n s  

a r e  n e c e s s a r y  f o r  k a i n i c  a c i d  t o x i c i t y  i n  t h e  s t r i a t u m .

The a c t i o n s  o f  k a i n i c  a c i d  on g l u t a m i c  a c i d  m e t a b o l i s m  

i n  t h e  c e r e b e l l a r  s l i c e  was s t u d i e d .  K a i n i c  a c i d  c a u s e d  

a d e c r e a s e  i n  t i s s u e  g l u t a m i n e  l e v e l s  ( 6 0 - 7 0 $ ) ,  g l u t a m i c  

a c i d  a n d  a s p a r t i c  a c i d  l e v e l s  ( 1 0 - 2 0 $ ) ,  and  n o  a l t e r a t i o n  

i n  GABA l e v e l s .  K a i n i c  a c i d  c a u s e d  a l a r g e  d e c r e a s e  o f  t h e  

r e l a t i v e  s p e c i f i c  r a d i o a c t i v i t y  (RSA) o f  g l u t a m i n e  f ro m  

r a d i o a c t i v e  a c e t a t e  and  GABA, b u t  n o t  f r o m  r a d i o a c t i v e  

g l u c o s e .  T h i s  i n d i c a t e s  t h a t  g l u t a m i n e  s y n t h e s i s  was 

i n h i b i t e d  i n  t h e  " s m a l l "  p o o l  o f  g l u t a m i c  a c i d  m e t a b o l i s m ,  

p r o b a b l y  p r e f e r e n t i a l l y  l o c a l i z e d  t o  g l i a .  K a i n i c  a c i d  

d i d  n o t  d i r e c t l y  i n h i b i t  g l u t a m i n e  s y n t h e t a s e  a c t i v i t y ;  

t h e  d e c r e a s e  i n  g l u t a m i n e  s y n t h e s i s  may r e s u l t  f ro m  a 

d e p l e t i o n  c f  ATP a t  t h a t  s i t e .  T h e se  s t u d i e s  a l s o  c o n ­

f i r m e d  p r e v i o u s  o b s e r v a t i o n s  t h a t  t r a n s f e r r i n g  o f  s l i c e s  

f ro m  p r e i n c u b a t i o n  t o  i n c u b a t i o n  medium i s  n e c e s s a r y  t o  

e n h a n c e  p h en o m e n a  i n t e r p r e t e d  a s  m e t a b o l i c  c o m p a r t m e n t a t i o n . 

I n  c o n t r a s t  t o  c e r e b e l l a r  s l i c e s ,  k a i n i c  a c i d  c a u s e d  no  

a l t e r a t i o n s  o f  ATP l e v e l s  o r  o f  r a d i o a c t i v e  a c e t a t e  i n c o r ­

p o r a t i o n  i n t o  am ino  a c i d s  i n  s t r i a t a l  s l i c e s .

K a i n i c  a c i d  s u b s t a n t i a l l y  i n c r e a s e d  t h e  l e v e l s  o f  

g l u t a m i c  a c i d  ( 2 0 0 - 3 5 0 $)  a n d  a s p a r t i c  a c i d  ( 2 2 0 - 2 50$)  i n  

t h e  medium o f  c e r e b e l l a r  s l i c e s ,  b u t  d i d  n o t  a l t e r  GABA 

o r  g l u t a m i n e  l e v e l s .  T h i s  i s  c o n s i s t e n t  w i t h  t h e  h y p o ­

t h e s i s  t h a t  t h e  r e l e a s e  o f  e x c i t a t o r y  s u b s t a n c e s  i s  

i n v o l v e d  i n  t h e  n e u r o t o x i c  a c t i o n s  o f  k a i n i c  a c i d .
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I n  c o n t r o l  s t u d i e s ,  a  n o n e x c i t a t o r y  g l u t a m i c  a c i d  

u p t a k e  b l o c k e r ,  d i h y d r o k a i n i c  a c i d  (1 mM) d i d  n o t  a l t e r  

ATP o r  am in o  a c i d  l e v e l s .  The n e u r o e x c i t a n t ,  D L-hom ocys-  

t e i c  a c i d  (10  mM), b u t  n o t  N - m e t h y l - D L - a s p a r t i c  a c i d  

(1 mM), h a d  s i m i l a r  e f f e c t s  a s  k a i n i c  a c i d .

The s i t e  f r o m  w h ic h  k a i n i c  a c i d  o r  v e r a t r i d i n e  

r e l e a s e d  g l u t a m i c  a c i d  was  c o m p a r e d .  V e r a t r i d i n e ,  a 

p r e s y n a p t i c  d e p o l a r i z i n g  a g e n t ,  d e c r e a s e d  t h e  s p e c i f i c  

r a d i o a c t i v i t y  o f  a c e t a t e - l a b e l l e d  g l u t a m i c  a c i d  i n  t h e  

medium b y  3 8 $  a n d  t e n d e d  t o  i n c r e a s e  ( n o t  s i g n i f i c a n t )  t h a t  

o f  g l u c o s e - l a b e l l e d  g l u t a m i c  a c i d  b y  16%. I n  a d d i t i o n ,  

t e t r o d o t o x i n  b l o c k e d  t h e  v e r a t r i d i n e - i n d u c e d  e f f l u x  o f  

g l u t a m i c  a c i d ,  a s p a r t i c  a c i d ,  an d  GABA. T h e s e  d a t a  a r e  

c o n s i s t e n t  w i t h  v e r a t r i d i n e  c a u s i n g  r e l e a s e  o f  p r e s y n a p t i c  

p o o l s  o f  g l u t a m i c  a c i d .  K a i n i c  a c i d  i n c r e a s e d  t h e  s p e c i f i c  

r a d i o a c t i v i t y  o f  g l u c o s e - l a b e l l e d  g l u t a m i c  a c i d  b y  5 5 $ 

a n d  t e n d e d  t o  i n c r e a s e  t h a t  o f  a c e t a t e - l a b e l l e d  g l u t a m i c  

a c i d  b y  ^3$* The r e l e a s e  o f  g l u t a m i c  a c i d  a n d  a s p a r t i c  

a c i d  i n d u c e d  by  k a i n i c  a c i d  was  n o t  b l o c k e d  b y  t e t r o d o t o x i n .  

K a i n i c  a c i d  a l s o  d i d  n o t  r e l e a s e  g l u t a m i c  a c i d  f ro m  

c o r t i c a l  s y n a p t o s o m e s .  The d a t a  s u g g e s t  t h a t  k a i n i c  a c i d  

r e l e a s e d  p o o l s  o f  g l u t a m i c  a c i d  f ro m  g l i a  a n d  n e u r o n s  a n d  

t h e s e  w e r e  d i f f e r e n t  p o o l s  t h a n  v e r a t r i d i n e  r e l e a s e d .
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I .  INTRODUCTION

1

Glutam ic  a c i d ,  a p u t a t i v e  e x c i t a t o r y  t r a n s m i t t e r  

i n  t h e  mammalian c e n t r a l  n e rv o u s  system,  has  s t r i k i n g  

n e u r o t o x i c  p r o p e r t i e s .  G lu tamic  a c i d  and v a r i o u s  a n a lo g s  

o f  g l u t a m i c  a c i d  ( i n c l u d i n g  k a i n i c  a c i d )  cause  w id e sp re ad  

n e u r o n a l  d e s t r u c t i o n  and an accompanying g l i a l  p r o l i f e r a ­

t i o n  w i th  r e l a t i v e  s p a r i n g  o f  a f f e r e n t  f i b e r s  (Olney e t  a l . ,  

1971; Schwarcz and Coyle,  1977) • The n e u r o n a l  d e s t r u c t i o n  

caused  by t h e s e  a g e n t s  may be r e l a t e d  t o  t h e i r  a b i l i t y  t o  

cau se  n e u r o n a l  d i s c h a r g e  p o s s i b l y  l e a d i n g  t o  a w id e sp re ad  

and p r o lo n g e d  d e p o l a r i z a t i o n  i n  b r a i n  (Olney e t  a l . ,  1971; 

Olney,  1978) .  I t  i s  o f  i n t e r e s t  t o  s tu d y  th e  m e t a b o l i c  

e f f e c t s  o f  such  d rugs  i n  o r d e r  t o  u n d e r s t a n d  t h e  mechanism 

o f  t o x i n s  which a r e  u s e d  a s  r e s e a r c h  t o o l s  i n  n e u r o b i o -  

l o g i c a l  r e s e a r c h ,  and to  l e a r n  more ab o u t  t h e  m e tabo l i sm  

of  t h e  c e n t r a l  n e r v o u s  system and about  t h e  t o x i c  p r o p e r ­

t i e s  o f  endogenous e x c i t a t o r y  amino a c i d s  such a s  L - g lu ta m ic  

a c i d .

A. L-GLUTAMIC ACID

1.  N e u r o t o x i c i t y

In  t h e  1 9 ^ 0 ’s ,  a d m i n i s t r a t i o n  o f  L - g lu t a m ic  

a c i d  was r e p o r t e d  t o  have b e n e f i c i a l  e f f e c t s  i n  t h e  t r e a t ­

ment o f  p e t i t  mal e p i l e p s y  ( P r i c e  e t  a l . ,  19^3) and m e n ta l  

r e t a r d a t i o n  ( A l b e r t  e t  a l . ,  1 9 ^ 6 ) .  This  s t i m u l a t e d  f u r t h e r  

i n t e r e s t  i n  t h e  m e tab o l i sm  of  g lu t a m ic  a c i d  i n  b r a i n  and 

i n  t h e  c l i n i c a l  e f f e c t s  o f  g l u t a m i c  a c i d .  In  1957* Lucas
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2

and Newhouse, i n  t h e  co u r se  of s t u d y i n g  t h e  e f f e c t  of  

p a r e n t e r a l  i n j e c t i o n s  o f  L - g lu t a m ic  a c i d  on h e r e d i t a r y  

r e t i n a l  d y s t r o p h y  i n  t h e  mouse, f i r s t  o b se rv ed  t h a t  admin­

i s t r a t i o n  of L - g lu t a m ic  a c i d  o r  L - a s p a r t i c  a c i d  d e s t r o y e d  

n e u r o n s  i n  t h e  i n n e r  l a y e r s  of  t h e  r e t i n a .  The n e u r o t o x i c  

a c t i o n  of  L - g l u t a m i c  a c i d  on r e t i n a l  n e u r o n s ,  h y p o th a la m ic  

n e u r o n s  and n e u r o n s  i n  d e v e lo p in g  b r a i n  was d e s c r i b e d  by 

many i n v e s t i g a t o r s  i n  t h e  f o l l o w i n g  y e a r s  ( f o r  r e v i e w  see  

Olney,  1 978) .  N eurona l  d e g e n e r a t i o n  in duced  by sy s te m ic  

a d m i n i s t r a t i o n  o f  L - g lu t a m ic  a c i d  was p r i m a r i l y  c o n f in e d  

t o  b r a i n  r e g i o n s  which l i e  o u t s i d e  of  t h e  " b l o o d - b r a i n  

b a r r i e r "  such as  t h e  r e t i n a ,  a r e a  p o s t r e m a ,  and t h e  a r c u a t e  

n u c l e u s  o f  t h e  hypo tha lam us  (Olney e t  a l . ,  1977; Olney,

1 9 7 8 ) .  A d d i t i o n a l  t o x i c i t y  a s s o c i a t e d  w i th  t h e  s y s te m ic  

a d m i n i s t r a t i o n  o f  L - g lu t a m ic  a c i d  i n c l u d e d  c o n v u l s io n s  i n  

r a t s  (Bhagavan e t  a l . ,  1971; J o h n s t o n ,  1973) and t h e  

"Chinese  R e s t a u r a n t  Syndrome" i n  humans ( f o r  r e v ie w  see 

Olney,  I 978 and K i z e r  e t  a l . ,  1 9 7 8 ) .

2. N e u r o t r a n s m i t t e r  P r o p e r t i e s

C u r t i s  f i r s t  d e m o n s t r a t e d  t h a t  L - g lu ta m ic  a c i d ,  

i o n t o p h o r e t i c a l l y  a p p l i e d ,  caused  a p o t e n t  e x c i t a t i o n  o f  

s p i n a l  co rd  n e u ro n s  i n  t h e  c a t  ( C u r t i s  e t  a l . ,  1959) and,  

i n  l a t e r  work, showed t h a t  s e v e r a l  a n a lo g s  o f  L - g lu t a m ic  a c i d  

a l s o  d id  ( C u r t i s  and W atk ins ,  1963 )-  The d e p o l a r i z i n g  

a c t i o n  o f  L - g lu t a m ic  a c i d  on n e u r o n s  was s i m i l a r  t o  t h a t  

e x p e c t e d  o f  a n e u r o t r a n s m i t t e r  ( C u r t i s  e t  a l . ,  i 9 6 0 ) and 

was a s s o c i a t e d  w i th  an i n c r e a s e d  p e r m e a b i l i t y  t o  Na+
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( C u r t i s  e t  a l . ,  1 9 7 2 ;  Z i e g l a n s b e r g e r  a n d  P u i l ,  1 9 7 3 ) .  

L - G l u t a m i c  a c i d  h a s  s i n c e  b e e n  s u g g e s t e d  t o  b e  a n e u r o ­

t r a n s m i t t e r  i n  many a r e a s  o f  t h e  m am m alian  n e r v o u s  s y s t e m  

( C u r t i s  a n d  J o h n s t o n ,  1974 ;  Fonnum, 1 9 7 8 )  a n d  i n  t h e  

n e u r o m u s c u l a r  j u n c t i o n  o f  t h e  c r a y f i s h  ( T a k e u c h i  and  

T a k e u c h i ,  1 9 6 4 ) ,  t h e  l o c u s t  (U sh e rw o o d  a n d  M a c h i l i ,  1 9 6 8 ; 

U s h e rw o o d ,  1972)  a n d  t h e  l o b s t e r  (S h a n k  a n d  F r e e m a n ,  1 9 7 6 ) .  

S i m i l a r  t o  o t h e r  p u t a t i v e  n e u r o t r a n s m i t t e r s ,  h i g h - a f f i n i t y  

u p t a k e ,  d e p o l a r i z a t i o n - i n d u c e d  r e l e a s e  a n d  r e c e p t o r s  

m e d i a t i n g  i t s  a c t i o n s  h a v e  b e e n  d e s c r i b e d  f o r  L - g l u t a m i c  

a c i d .

The u p t a k e  o f  L - g l u t a m i c  a c i d  a n d  L - a s p a r t i c  a c i d

i n t o  s y n a p t o s o m e s ,  f i n e l y  c h o p p e d  b r a i n  t i s s u e  an d  g l i a

o c c u r s  by  a  h i g h - a f f i n i t y  s o d i u m - d e p e n d e n t  c a r r i e r  w i t h

r e p o r t e d  Km v a l u e s  o f  1 t o  50 X 1 0 - ^ a n d  b y  a  l o w - a f f i n i t y
- 4  - 3c a r r i e r  w i t h  r e p o r t e d  v a l u e s  o f  10 t o  10 J ( f o r  

r e v i e w  s e e  Cox a n d  B r a d f o r d ,  1 9 7 8 ;  W a t k i n s ,  1 9 7 8 ) .  A u t o ­

r a d i o g r a p h i c  (M cLennan ,  1978)  a n d  b i o c h e m i c a l  ( B e n j a m i n  

a n d  Q u a s t e l ,  1 9 7 6 ;  Okamoto a n d  Q u a s t e l ,  1 9 7 2 )  e v i d e n c e  

s u g g e s t s  t h a t  e x o g e n o u s l y  a d m i n i s t e r e d  g l u t a m i c  a c i d  i s  

p r i m a r i l y  t a k e n  up  b y  g l i a l  c e l l s .  U p t a k e  i s  t h e  p r o p o s e d  

m e c h a n i s m  o f  i n a c t i v a t i o n  o f  g l u t a m i c  a c i d  f o l l o w i n g  i t s  

r e l e a s e .
2 +G l u t a m i c  a c i d  c a n  b e  r e l e a s e d  i n  a  Ca - d e p e n d e n t  

m a n n e r  f r o m  s y n a p t o s o m e s  ( d e B e l l e r o c h e  e t  a l . ,  1 9 7 2 ;  B r a d ­

f o r d  e t  a l . ,  1 9 7 3 ) a n d  f ro m  b r a i n  s l i c e s  ( N a d l e r  e t  a l . ,

1 9 7 7 )*  A fe w  s t u d i e s  h a v e  a t t e m p t e d  t o  d e m o n s t r a t e  i n  v i v o

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



4

r e l e a s e  o f  g l u t a m i c  a c i d  f rom  a r e a s  o f  t h e  c e r e b r a l  c o r t e x  

f o l l o w i n g  n e u r a l  a c t i v a t i o n  ( J a s p e r  and Koyama, I 9 6 9 ; C la rk  

and C o l l i n s ,  1976) .

U n t i l  r e c e n t l y ,  g l u t a m i c  a c i d  and a s p a r t i c  a c i d

have  been  assumed t o  a c t  a t  a s i n g l e  r e c e p t o r .  S i m i l a r

t o  o t h e r  p u t a t i v e  n e u r o t r a n s m i t t e r s ,  e . g .  a c e t y l c h o l i n e

and monoamines,  more th a n  one t y p e  o f  r e c e p t o r  h as  r e c e n t l y

been  d e m o n s t r a t e d  f o r  g l u t a m i c  a c i d  and a s p a r t i c  a c i d  by

e l e c t r o p h y s i o l o g i c a l  and p h a r m a c o l o g i c a l  methods.  Three

s e p a r a t e  e x c i t a t o r y  r e c e p t o r s  have b e en  d i f f e r e n t i a t e d  i n

r e s p o n s e  t o  e x c i t a t o r y  amino a c i d s  (D av ie s  e t  a l . ,  1979;

D av ies  e t  a l . ,  1 9 8 0 ) .  One ty p e  of  r e c e p t o r ,  e x c i t e d  by
2 +N - m e t h y l - D - a s p a r t i c  a c i d  i s  s e l e c t i v e l y  b lo ck ed  by Mg , 

by D - ^ -a m in o a d ip a t e  and by D-<x-aminopimelate , as  w e l l  a s  

by s e v e r a l  o t h e r  a n t a g o n i s t s .  I t  h a s  been s u g g e s te d  t h a t  

k a i n i c  a c i d  and q u i s q u a l i c  a c i d  a c t  on a second and a t h i r d  

t y p e  o f  e x c i t a t o r y  r e c e p t o r  r e s p e c t i v e l y  because  d i f f e r e n t  

p a t t e r n s  o f  i n h i b i t i o n  o f  t h e  r e s p o n s e  t o  k a i n i c  a c i d  and 

q u i s q u a l i c  a c i d  a r e  e x h i b i t e d  by v a r i o u s  a n t a g o n i s t s .  

G lu tam ic  a c i d  and a s p a r t i c  a c i d  b o th  a c t  on a l l  t h r e e  t y p e s  

of  r e c e p t o r s  t o  v a r y i n g  d e g r e e s .

B. KAINIC ACID

1.  N e u r o t o x i c i t y  and  P o te n c y

Olney e t  a l . (1971) s t u d i e d  t h e  n e u r o t o x i c  

p o t e n t i a l  o f  g l u t a m i c  a c i d  and i t s  a n a l o g s  and of  s u l f u r -  

c o n t a i n i n g  amino a c i d s  and fo u n d  a c o r r e l a t i o n  w i th  t h e

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



5

e x c i t a t o r y  p o t e n t i a l  of  t h e s e  amino a c i d s  which he t h u s  

named " e x c i t o t o x i n s " . The o r d e r  o f  p o te n c y  f o r  t h e  d e s t r u c ­

t i o n  o f  h y p o th a la m ic  (Olney e t  a l . ,  1971) .  r e t i n a l  

(Schwarcz  e t  a l . ,  1978) and s t r i a t a l  (Schwarcz e t  a l . ,

1978; Olney, 1978) n e u r o n s  i s  k a i n i c  a c i d > N - m e t h y l - a s p a r t i c  

a c i d  > D ,L -h o m o c y s te ic  a c i d  "> L - g lu t a m ic  a c i d  ( s e e  F i g u r e  1 

f o r  f o r m u l a s ) . Th is  p a r a l l e l s  t h e  o r d e r  o f  p o t e n c y  f o r  

e x c i t a t o r y  a c t i v i t y  i n  s p i n a l  co rd  n e u ro n s  ( f o r  r e v ie w  

see  W atk ins ,  1978) .  S l i g h t  a l t e r a t i o n s  o f  t h e  k a i n i c  a c i d  

m o le c u le  form a n a lo g s  such a s  d i h y d r o k a i n i c  a c i d  and 

N - a c e t y l k a i n i c  a c i d  which a r e  f a r  l e s s  a c t i v e  a s  n e u r o t o x i n s  

(Schwarcz  e t  a l . ,  1978) o r  e x c i t a n t s  ( Jo h n s to n  e t  a l . ,

1 9 7 4 ) .

K a in i c  a c i d  i s  o f  i n t e r e s t  becau se  i t  i s  an 

e x t r e m e l y  p o t e n t  n e u r o t o x i c  a n a l o g  of  g lu ta m ic  a c i d .  I t s  

n e u r o t o x i c i t y  i s  s t e e p l y  c o n c e n t r a t i o n - d e p e n d e n t .  I n j e c ­

t i o n  o f  2 nmoles  o f  k a i n i c  a c i d  i n t o  t h e  s t r i a t u m  c au ses  

a  r e l a t i v e l y  s m a l l  amount o f  n e u r o n a l  d e g e n e r a t i o n ,  whereas  

i n j e c t i o n  of  10 nmoles  c a u s e s  d e g e n e r a t i o n  o f  v i r t u a l l y  

a l l  i n t r i n s i c  s t r i a t a l  n e u r o n s  and a p r o l i f e r a t i o n  of  

g l i a  w i t h i n  t e n  days  (Schwarcz and Coyle, 1977; McGeer e t  

a l . ,  1978a ;  Olney and de G u b a r e f f ,  1978) .  Many s t r i a t a l  

n e u r o n s  d e g e n e r a t e  w i t h i n  24 h o u r s .  An i n j e c t i o n  of  10 

n m oles  of  k a i n i c  a c i d  i n t o  t h e  hypo tha lam us  and most 

o t h e r  b r a i n  r e g i o n s  t e s t e d  c a u s e s  a lm o s t  com ple te  d e s t r u c ­

t i o n  o f  i n t r i n s i c  n e u ro n s  (McGeer e t  a l . ,  1978b) .  C e r t a i n  

h ip p o cam p a l  p y r a m id a l  n e u r o n s  a r e  e x t r e m e ly  s e n s i t i v e  t o
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FIGURE 1.  FORMULAS OF EXCITATORY AMINO ACIDS AND 
DIHYDROKAINIC ACID
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t h e  t o x i c  e f f e c t s  o f  k a i n i c  a c i d  and a r e  d e s t r o y e d  by 

i n j e c t i o n s  of  0 . 5  nmoles  (N ad le r  e t  a l . ,  1978) .  Con­

v e r s e l y  t h e  g r a n u l e  c e l l s  i n  t h e  ce re b e l lu m  (Herndon and 

Coyle,  1978) a r e  more r e s i s t a n t  t o  t h e  n e u r o t o x i c  e f f e c t s  

of  k a i n i c  a c i d  and a r e  n o t  a l l  d e s t r o y e d  f o l l o w i n g  10 nmole 

i n j e c t i o n s  of  k a i n i c  a c i d .

Sys tem ic  i n j e c t i o n  of  10 t o  ^0 mg/kg o f  k a i n i c  

a c i d  i n t o  a d u l t  r a t s  causes  c o n v u l s i o n s  and s u b seq u en t  

d e a th  ( Olney e t  a l . ,  197^)•  I f  t h e  an im a ls  s u r v iv e  

s e v e r a l  h o u r s  a f t e r  t h e  i n j e c t i o n ,  i t  can be obse rved  

t h a t  k a i n i c  a c i d  cau ses  n e u r o n a l  d e s t r u c t i o n  i n  t h e  a r c u a t e  

n u c l e u s  o f  t h e  hypotha lam us  and i n  t h e  h ippocampus.  Th is  

d i f f e r s  from t h e  p a t t e r n  of c e l l s  d e s t r o y e d  by L -g lu ta m ic  

a c i d ,  N - m e t h y l - a s p a r t i c  a c i d ,  o r  D ,L-hom ocys te ic  a c i d  

a f t e r  p e r i p h e r a l  o r  i n t r a v e n t r i c u l a r  i n j e c t i o n s  (Olney,

1978) .

The n a t u r e  of  t h e  b r a i n  l e s i o n  caused  by e x c i t a t o r y  

amino a c i d s  a f t e r  e i t h e r  i n t r a c e r e b r a l  o r  p e r i p h e r a l  i n j e c ­

t i o n  i s  c h a r a c t e r i z e d  by d e g e n e r a t i o n  o f  n e u r o n s ,  w i th  

r e l a t i v e  s p a r i n g  o f  a f f e r e n t  f i b e r s  and axons of  p a s s a g e ,  

and by a g l i a l  p r o l i f e r a t i o n  (Olney e t  a l . ,  1971; Coyle 

and Schwarcz,  1976; H a t t o r i  and McGeer, 1977; N ad le r  e t  

a l . ,  1 9 7 8 ) .

2.  G lu tam e rg ic  In p u t  and K a in i c  Acid N e u r o t o x i c i t y  

K a in i c  a c i d - i n d u c e d  n e u r o t o x i c i t y ,  i n  p a r t i c u ­

l a r ,  a p p e a r s  t o  be dependent  upon t h e  i n t e g r i t y  o f  e x c i t a ­

t o r y  i n p u t s  i n  some b r a i n  r e g i o n s  a l t h o u g h  n o t  i n  o t h e r s .
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I t  h a s  been  d e m o n s t r a t e d  b o th  i n  v iv o  (McGeer e t  a l . ,

1978c;  B i z i e r e  and Coyle ,  1978a) and i n  t i s s u e  c u l t u r e  

(W h e t s e l l  e t  a l . ,  I 98O) t h a t  k a i n i c  a c i d - i n d u c e d  n e u r o n a l  

d e g e n e r a t i o n  i n  t h e  s t r i a t u m  i s  d ep en d en t  upon e x c i t a t o r y ,  

p r o b a b l y  g l u t a m e r g i c ,  i n n e r v a t i o n  from t h e  c o r t e x .  In  th e  

h ippocam pus,  N a d le r  e t  a l .  ( 1978 ) f i n d  t h a t  i n n e r v a t i o n  

by g l u t a m e r g i c  p r o j e c t i o n s  does  n o t  a p p e a r  t o  be s p e c i f i ­

c a l l y  i n v o l v e d  i n  t h e  k a i n i c  a c i d - i n d u c e d  n e u r o t o x i c i t y .  

However,  h ippocam pa l  damage in d u c e d  by k a i n i c  a c i d  may be 

i n t i m a t e l y  r e l a t e d  t o  t h e  e p i l e p t i f o r m  a c t i v i t y  of  t h e s e  

n e u r o n s ;  t h u s  t h e  mechanism o f  t o x i c i t y  may d i f f e r  from 

t h a t  of  n o n - e p i l e p t i g e n i c  n e u r o n s .  I f  t h e  e x c i t a t o r y  i n p u t ,  

p r o b a b l y  g l u t a m e r g i c  o r  a s p a r t e r g i c ,  t o  t h e  c o c h l e a r  

n u c l e u s  i s  d e s t r o y e d ,  c o c h l e a r  n e u r o n s  a r e  n o t  p r o t e c t e d  

from k a i n i c  a c i d - i n d u c e d  n e u r o n a l  damage ( B i rd  and G u l le y ,

1979 ) a l t h o u g h  i n c r e a s e d  a c t i v i t y  o f  t h e s e  e x c i t a t o r y  

a f f e r e n t s  p o t e n t i a t e s  k a i n i c  a c i d  t o x i c i t y .  Endogenous 

g l u t a m e r g i c  o r  a s p a r t e r g i c  n e u r o n s  may be i n v o l v e d  i n  t h e  

n e u r o t o x i c i t y  o f  k a i n i c  a c i d  i n  t h e  c o c h l e a r  n u c l e u s .

3 . Acute M o rp h o lo g ic a l  A l t e r a t i o n s

M o rp h o lo g ic a l  a l t e r a t i o n s  o c c u r  s h o r t l y  a f t e r  

e x p o su re  t o  k a i n i c  a c i d .  I n  t h e  o l f a c t o r y  t u b e r c l e ,  t h e  

h ippocam pus  and t h e  p r e p y r i f o r m  c o r t e x  f o l l o w i n g  s y s te m ic  

o r  i n t r a c e r e b r a l  i n j e c t i o n  o f  t o  15 nmoles  o f  k a i n i c  

a c i d ,  t h e  m ost  c o n sp ic u o u s  a c u t e  (45 m in u te s )  a l t e r a t i o n  

o b s e rv e d  i s  immense s w e l l i n g  o f  g l i a l  p r o c e s s e s  c l o s e l y  

a s s o c i a t e d  w i t h  c e l l  b o d i e s  o f  n e u r o n s  d e s t i n e d  to
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d e g e n e r a t e  ( O l n e y  a n d  de G u b a r e f f ,  1 9 7 8 )  . I n  a d d i t i o n ,  t h e  

d e n d r i t e s  o f  n e u r o n s  i n  t h e s e  r e g i o n s  a r e  d i l a t e d .  E l e c ­

t r o n  m i c r o s c o p i c  s t u d y  o f  t h e  o l f a c t o r y  t u b e r c l e  h a s  shown 

t h a t  t h e  m i t o c h o n d r i a  i n  t h e  s w o l l e n  n e u r o n a l  d e n d r i t e s  a r e  

g r o s s l y  s w o l l e n  w h e r e a s  m i t o c h o n d r i a  i n  t h e  s w o l l e n  g l i a l  

p r o c e s s e s  a p p e a r  n o r m a l .  No p a t h o l o g i c a l  c h a n g e s  a r e  

o b s e r v e d  i n  a x o n  t e r m i n a l s .

H e r n d o n  a n d  C o y le  (1977?  1 9 7 8 )  h a v e  p e r f o r m e d  a n  

e l e c t r o n  m i c r o s c o p i c  s t u d y  o f  t h e  c e r e b e l l u m  a f t e r  i n t r a -  

c e r e b e l l a r  i n j e c t i o n  o f  10 n m o l e s  o f  k a i n i c  a c i d .  At a 

d i s t a n c e  o f  0 . 3  t o  1 . 5  mm f r o m  t h e  i n j e c t i o n  s i t e ,  t h e  

e a r l i e s t  ( 1 5  m i n u t e s )  a l t e r a t i o n  o b s e r v e d  i s  s w e l l i n g  

o f  Bergm ann  a s t r o c y t e s .  C o l l a p s e  an d  i n c r e a s e d  d e n s i t y  o f  

t h e  d e n d r i t e s  a n d  p e r i k a r y a  o f  a l l  c e r e b e l l a r  c o r t i c a l  

n e u r o n s  e x c e p t  t h e  g r a n u l e  c e l l s  o c c u r  w i t h i n  two h o u r s .  

T h e s e  c o l l a p s e d  d e n d r i t e s  a n d  p e r i k a r y a  a r e  s u r r o u n d e d  

b y  s e v e r e l y  s w o l l e n  Bergm ann a s t r o c y t e s .  D e g e n e r a t i o n  o f  

a l l  c e r e b e l l a r  c o r t i c a l  n e u r o n s  e x c e p t  t h e  g r a n u l e  c e l l s  

o c c u r s  i n  t h i s  r e g i o n .

C l o s e r  t o  t h e  i n j e c t i o n  s i t e  ( w i t h i n  0 . 3  mm), i n  

a d d i t i o n  t o  t h e  o t h e r  a l t e r a t i o n s ,  s w e l l i n g  o f  t h e  d e n -  '  

d r i t e s  a n d  p e r i k a r y a  o f  g r a n u l e  c e l l s  a n d  d i s t e n t i o n  o f  

t h e  r o u g h  e n d o p l a s m i c  r e t i c u l u m  o f  P u r k i n j e  c e l l s  a r e  a l s o  

o b s e r v e d  w i t h i n  15  m i n u t e s .  The s w e l l i n g  o f  g r a n u l e  c e l l  

p e r i k a r y a  a n d  d e n d r i t e s  e x p a n d s  t o  e n o rm o u s  p r o p o r t i o n s  by  

30 m i n u t e s .  A l l  n e u r o n s  i n  t h i s  v i c i n i t y  e v e n t u a l l y  

d e g e n e r a t e  i n c l u d i n g  t h e  g r a n u l e  c e l l s  w h ic h  a r e  r e l a t i v e l y

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1 0

more r e s i s t a n t  t o  t h e  e f f e c t s  of  k a i n i c  a c i d .  The s w e l l i n g  

v e r s u s  t h e  s h r i n k i n g  r e a c t i o n  may r e f l e c t  d i f f e r e n c e s  i n  

t h e  i o n i c  e f f e c t s  o f  t h e  mechanism of  n e u r o t o x i c i t y .

Acute  M e ta b o l i c  and E l e c t r o l y t e  A l t e r a t i o n s

G e n e r a l l y  a c u t e  m e t a b o l i c  and e l e c t r o l y t e  

a l t e r a t i o n s  caused  by L - g lu t a m ic  a c i d  and k a i n i c  a c i d  

r e se m b le  t h o s e  o c c u r i n g  a f t e r  d e p o l a r i z a t i o n .  When 

c e r e b r a l  c o r t i c a l  s l i c e s  a r e  exposed t o  e l e c t r i c a l  s t i m ­

u l a t i o n  o r  h ig h  c o n c e n t r a t i o n s  of  L -g lu ta m ic  a c i d  ( P u l l  

and M cllw a in ,  1975)» -ATP l e v e l s  d e c r e a s e  w i th  concom itan t  

i n c r e a s e s  i n  t h e  l e v e l s  of  ADP and AMP. L a c t a t e  l e v e l s  

(Chan e t  a l . ,  1979; Cox e t  a l . ,  1977) ,  NADH l e v e l s ,  

oxygen consumpt ion  (Cox e t  a l . ,  1977) ,  and t h e  sodium 

and w a t e r  c o n t e n t  o f  t h e  t i s s u e  (B ra d fo rd  and Mcllwain ,

1966 ; Okamoto and Q u a s t e l ,  1970) a l s o  a r e  i n c r e a s e d .  

S i m i l a r l y  a c u t e  i n c r e a s e s  i n  b o th  g l y c o l y s i s  and r e s ­

p i r a t i o n  have been  d em o n s t r a t e d  f o l l o w i n g  exposure  t o  

k a i n i c  a c i d .  G lucose  u t i l i z a t i o n  i n  t h e  s t r i a t u m  i n c r e a s e s  

w i t h i n  one h o u r  f o l l o w i n g  i n t r a s t r i a t a l  i n j e c t i o n  of  k a i n i c  

a c i d  a s  d e m o n s t r a t e d  w i th  ( C ) -2 -d eo x y g lu co se  a u t o r a d i o ­

g rap h y  (Wooten and C o l l i n s ,  1979)-  Oxygen consumption 

of  c e r e b r a l  c o r t i c a l  s l i c e s  i n c r e a s e s  d u r in g  i n c u b a t i o n  

w i th  0 .1  o r  1 .0  mM k a i n i c  a c i d  f o r  one hour  (Cox e t  a l . ,  

1977)

A number o f  d e p o l a r i z i n g  a g e n t s  d e c r e a s e  l e v e l s  o f  

ATP and c r e a t i n e  p h o s p h a te  i n  c o r t i c a l  s l i c e s ;  such 

d e c r e a s e s  i n  h i g h  en e rg y  i n t e r m e d i a t e s  have been s u g g e s t e d
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t o  be r e l a t e d  t o  n e u r o n a l  d e a th  (Olney ,  1978 ) .  B i z i e r e  

and Coyle ( 1978b) showed t h a t  s t r i a t a l  s l i c e s  i n c u b a t e d  

w i th  10 mM L - g lu t a m ic  a c i d  l i k e w i s e  e x h i b i t  i n c r e a s e s  i n  

sodium and w a te r  c o n t e n t  and JO$ d e c r e a s e s  i n  ATP l e v e l s .  

K a in ic  a c i d  s i m i l a r l y  i n c r e a s e s  t h e  sodium c o n t e n t  of  

s t r i a t a l  s l i c e s  b u t  u n e x p e c t e d l y  p ro d u c e s  o n ly  a sm al l  

d e c r e a s e  (10$ o r  l e s s )  o f  t h e  ATP c o n t e n t .  However, k a i n i c  

a c i d  a t  1 pM t o  10 mM p o t e n t i a t e s  t h e  d e c r e a s e  i n  ATP 

caused  by 10 mM L - g lu t a m ic  a c i d .  The s t r i a t a l  s l i c e  

i s  i n  a sen se  d e c o r t i c a t e d  and c o r t i c a l  i n p u t ,  p r o b a b l y  

g l u t a m e r g i c ,  i s  n e c e s s a r y  f o r  k a i n i c  a c i d  t o  cause  

s t r i a t a l  t o x i c i t y .  In  t h e  p r e s e n t  s tu d y ,  u s i n g  c e r e b e l l a r  

s l i c e s  which c o n t a i n  t h e  g r a n u l e  c e l l  an i n t r i n s i c  

g l u t a m e r g i c  i n t e r n e u r o n ,  k a i n i c  a c i d  i s  found  t o  d e c r e a s e  

ATP l e v e l s  by 30 t o  40$ ( N ic k la s  e t  a l . ,  1980 ) .

C. GLUTAMIC ACID COMPARTMENTATION

G lutamic  a c i d  i n  b r a i n  i s  t h e  immediate  p r e c u r s o r  

of  g l u t a m i n e ,  i s  i n v o lv e d  i n  i n t e r m e d i a r y  m e tab o l i sm  ( s e e  

F ig u re  2) and i s  a l s o  an e x c i t a t o r y  n e u r o t r a n s m i t t e r .

S t u d i e s  on t h e  co m p a r tm e n ta t io n  o f  g l u t a m i c  a c i d  m e tab o l i sm  

have a t t e m p t e d  t o  d i f f e r e n t i a t e  m e t a b o l i c a l l y  between t h e  

v a r i o u s  p o o l s  of  g lu t a m ic  a c i d .  Although i t  was s u g g e s t e d  

t h a t  r e l e a s e  a n d / o r  i n h i b i t i o n  o f  t h e  r e u p t a k e  o f  g l u t a m i c  

a c i d  i s  i n v o l v e d  i n  t h e  n e u r o t o x i c  a c t i o n  o f  k a i n i c  

a c i d  (McGeer e t  a l . ,  1978a) ,  k a i n i c  a c i d  does  n o t  r e l e a s e  

g l u t a m i c  a c i d  from synaptosomes and i t  o n ly  m o d e r a t e ly
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i n h i b i t s  g l u t a m i c  a c i d  u p t a k e  i n t o  synaptosom es  ( Jo h n s to n  

e t  a l . , 1979)* However, t h e  p r e s e n t  s tu d y  shows t h a t  

k a i n i c  a c i d  i n c r e a s e s  t h e  e f f l u x  o f  g l u t a m i c  a c i d  from 

c e r e b e l l a r  s l i c e s  ( N ic k la s  e t  a l . ,  1980 ) and a l t e r s  g lu t a m ic  

a c i d  and g lu t a m in e  m e ta b o l i sm .  A b r i e f  d e s c r i p t i o n  of  t h e  

complex c o m p a r tm e n ta t io n  o f  g l u t a m i c  a c i d  m e tab o l i sm  in  

b r a i n  t i s s u e  f o l l o w s ;  t h i s  a r e a  h a s  been  e x t e n s i v e l y  

r e v ie w e d  ( B a la z s  and Cremer, 1973; B e r l  e t  a l . ,  1975;

Fonnum, 1978) .

T h e o r e t i c a l l y ,  i n  a s i n g l e  compartment sys tem,  

a f t e r  a d m i n i s t r a t i o n  of  a s i n g l e  t r a c e r  dose  o f  i s o t o p i -  

c a l l y - l a b e l l e d  p r e c u r s o r ,  t h e  s p e c i f i c  r a d i o a c t i v i t y  of  t h e  

p r e c u r s o r  w i l l  d e c l i n e  and t h a t  of  t h e  p r o d u c t  w i l l  r i s e  

u n t i l  t h e  s p e c i f i c  r a d i o a c t i v i t y  o f  t h e  p r o d u c t  i s  eq u a l  

t o  o r  s l i g h t l y  g r e a t e r  th a n  t h a t  o f  t h e  p r e c u r s o r  p o o l  i n  

t h e  t i s s u e  ( Z i l v e r s m i t  e t  a l . ,  19^3) -  This  can a l s o  o ccu r  

i n  c e r t a i n  m u l t i p l e  compartment s y s t e m s .  I f  t h e  s p e c i f i c  

r a d i o a c t i v i t y  o f  t h e  p r o d u c t  r i s e s  r a p i d l y  t o  a v a lu e  

a p p a r e n t l y  s e v e r a l  t im e s  l a r g e r  t h a n  t h a t  o f  t h e  p r e c u r s o r  

p o o l ,  t h e  i n t e r p r e t a t i o n  i s  t h a t  two o r  more compartments  

a r e  p r e s e n t .

Com par tm enta t ion  o f  g l u t a m i c  a c i d  m e tab o l i sm  in  

b r a i n  h as  been  d e s c r i b e d  u s i n g  t h e  above c r i t e r i a .  In  

b r a i n  t i s s u e ,  i t  h a s  been o b s e rv e d  t h a t  t o t a l  t i s s u e  

g l u t a m i n e ,  a m e t a b o l i c  p r o d u c t  of  g l u t a m i c  a c i d ,  a t t a i n s  a 

much h i g h e r  s p e c i f i c  r a d i o a c t i v i t y  t h a n  t h a t  o f  g lu t a m ic  

a c i d  from t h e  whole t i s s u e  a f t e r  t h e  i n j e c t i o n  o f  s e v e r a l
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l a b e l l e d  p r e c u r s o r s ,  i n c l u d i n g  a c e t a t e ,  g lu t a m ic  a c i d ,  and 

gam m a-aminobutyr ic  a c i d  (GABA). O th e r  l a b e l l e d  p r e c u r s o r s  

o f  g l u t a m i c  a c i d ,  such  a s  g lu c o s e  o r  p y r u v a t e ,  do n o t  l a b e l  

g lu ta m in e  w i th  a h i g h e r  s p e c i f i c  r a d i o a c t i v i t y  t h a n  t h a t  

of  g l u t a m i c  a c i d .  These o b s e r v a t i o n s  have been  i n t e r p r e t e d  

t o  i n d i c a t e  t h e  p r e s e n c e  of  more t h a n  one compartment as  

f o l l o w s .  One p o o l  of  g l u t a m i c  a c i d  i s  ve ry  h i g h l y  l a b e l l e d  

by a c e t a t e  and i s  t h e  p r e c u r s o r  o f  a p o o l  of  v e r y  h i g h l y  

l a b e l l e d  g l u t a m i n e .  However, when t h e  s p e c i f i c  r a d i o a c t i v ­

i t y  o f  g l u t a m i c  a c i d  i n  t h e  whole t i s s u e  i s  m easured ,  t h e  

h i g h l y  l a b e l l e d  g l u t a m i c  a c i d  i s  d i l u t e d  by l a r g e  p o o l s  

o f  g l u t a m i c  a c i d  which a r e  n o t  h i g h l y  l a b e l l e d  by a c e t a t e .  

Glu tam ine  form ed i n  such p o o l s  a l s o  h a s  a lo w er  s p e c i f i c  

r a d i o a c t i v i t y .  However becau se  most  of  t h e  g lu ta m in e  i n  

t h e  t i s s u e  i s  fo rm ed i n  t h e  p o o l  h i g h l y  l a b e l l e d  by a c e t a t e ,  

i t  i s  d i l u t e d  t o  a much s m a l l e r  e x t e n t  by g lu ta m in e  of 

lo w er  s p e c i f i c  r a d i o a c t i v i t y .  Thus t h e  s p e c i f i c  r a d i o ­

a c t i v i t y  o f  g lu t a m in e  from th e  whole t i s s u e  i s  g r e a t e r  

th a n  t h a t  o f  g l u t a m i c  a c i d  a l t h o u g h  i n  each s e p a r a t e  com­

p a r t m e n t  t h e  s p e c i f i c  r a d i o a c t i v i t y  o f  g lu ta m in e  does  n o t  

a t t a i n  h i g h e r  v a l u e s  th a n  t h a t  o f  g lu t a m ic  a c i d .  Other  

p r e c u r s o r s  such  a s  g lu c o s e  l a b e l  a l l  p o o l s  o f  g lu t a m ic  

a c i d  and g lu t a m in e  f a i r l y  e q u a l l y .  Thus a d i l u t i o n  e f f e c t  

does  n o t  o c c u r  and t h e  s p e c i f i c  r a d i o a c t i v i t i e s  o f  g l u t a m i c  

a c i d  and g lu t a m in e  a r e  s i m i l a r  t o  t h o s e  e x p e c te d  of  a 

p r e c u r s o r - p r o d u c t  p a i r  i n  a s i n g l e  compartment sys tem .

I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  o b se rv ed  b io c h e m ic a l
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c o m p ar tm e n ta t io n  i s  c o r r e l a t e d  w i th  a n a to m ic a l  compartmen­

t a t i o n .  Tha t  i s ,  key enzymes o f  g lu t a m ic  a c i d  m e tabo l i sm  

may be l o c a l i z e d  t o  c e r t a i n  c e l l u l a r  compar tments  and more 

t h a n  one c i t r i c  a c i d  c y c le  e x i s t s  i n  b r a i n  which may be 

l o c a l i z e d  t o  c e r t a i n  c e l l u l a r  and s u b c e l l u l a r  com par tments .  

There  i s  some e v id e n c e  t h a t  g lu tam in e  s y n t h e t a s e  i s  l o c a l ­

i z e d  p r e d o m in a n t l y  i n  g l i a l  c e l l s  and t h a t  a c e t a t e  u t i l i z a ­

t i o n  o c c u r s  p r i m a r i l y  i n  g l i a l  c e l l s .  Th is  was f i r s t  

s u g g e s t e d  by e x p e r im e n t s  u s i n g  v a r i o u s  l a b e l l e d  p r e c u r s o r s  

( B a la z s  and Cremer, 1973; B e r l  e t  a l . ,  1975; Fonnum, 1978 ) .  

More r e c e n t l y ,  g lu t a m in e  s y n t h e t a s e  was shown immunohis to-  

c h e m i c a l l y  t o  be p r e f e r e n t i a l l y  l o c a l i z e d  t o  a s t r o c y t e s  

(N orenberg  and M a r t in e z - H e r n a n d e z , 1979; M ar t in ez -H ern an d ez  

e t  a l . ,  1977) -  N i c k l a s  e t  a l .  (1979a»b) found t h a t  i n  

k a i n i c  a c i d - l e s i o n e d  s t r i a t a ,  i n  which g l i a  have p r o l i f e r ­

a t e d  and n e u ro n s  d e g e n e r a t e d ,  g lu ta m in e  s y n t h e t a s e  a c t i v i t y  

and a c e t a t e  u t i l i z a t i o n  a r e  i n c r e a s e d .  Glutamine s y n t h e t a s e  

a c t i v i t y  h a s  been r e p o r t e d  t o  be i n  synaptosomes a s  w e l l ,  

however g l i a l  c o n ta m in a t io n  of  t h i s  p r e p a r a t i o n  h a s  n o t  

been r u l e d  out  (D enn is  e t  a l . ,  I 98O).

There  i s  a l s o  ev id e n ce  t h a t  g lu t a m ic  a c i d  "p o o ls "  

of  d i f f e r e n t  m e t a b o l i c  o r i g i n ,  t h a t  i s ,  l a b e l l e d  by d i f f e r ­

e n t  p r e c u r s o r s ,  r e s p o n d  d i f f e r e n t l y  t o  s t i m u l a t i o n .  Min- 

c h in  ( 197 7 ) showed t h a t ,  i n  s p i n a l  cord  s l i c e s ,  t h e  g l u t a m i c  

a c i d  r e l e a s e d  by s t i m u l a t i o n  w i th  v e r a t r i d i n e  i s  l a b e l l e d  

p r e f e r e n t i a l l y  by g l u c o s e  compared t o  a c e t a t e .  T h is  

t e c h n i q u e  o f f e r s  a u s e f u l  t o o l  i n  e l a b o r a t i n g  which " p o o l s "
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o f  g l u t a m i c  a c i d  m e t a b o l i s m  m i g h t  be  a l t e r e d  by  t r e a t m e n t  

o f  t h e  t i s s u e  w i t h  t o x i c  s u b s t a n c e s .

G. OUTLINE OF THE STUDY

I n v o l v e m e n t  o f  e n d o g e n o u s  g l u t a m i c  a c i d  i n  k a i n i c  

a c i d  n e u r o t o x i c i t y  h a s  b e e n  p r o p o s e d .  T h e r e f o r e  t h e  

e f f e c t s  o f  k a i n i c  a c i d  on ATP l e v e l s  and  o x y g e n  c o n ­

s u m p t i o n  w e re  i n v e s t i g a t e d  i n  p a r a s a g i t t a l  c e r e b e l l a r  

s l i c e s ,  s i n c e  t h e  c e r e b e l l u m  c o n t a i n s  an  e x c i t a t o r y ,  

p r o b a b l y  g l u t a m e r g i c ,  i n t e r n e u r o n .  A lso  t h e  e f f e c t s  o f  

k a i n i c  a c i d  on g l u t a m i c  a c i d  l e v e l s  i n  c e r e b e l l a r  s l i c e s  

a n d  medium w e r e  s t u d i e d .  S i n c e  i t  was f o u n d  t h a t  k a i n i c  

a c i d  m a r k e d l y  d e c r e a s e d  g l u t a m i n e  l e v e l s  i n  t h e  c e r e b e l l a r  

s l i c e ,  m ore  d e t a i l e d  s t u d i e s  o f  g l u t a m i c  a c i d  a n d  g l u t a m i n e  

m e t a b o l i s m  w e re  p e r f o r m e d .  T h e s e  w e re  co m p a re d  t o  a 

s t u d y  on s t r i a t a l  s l i c e s .  T h e s e  s t u d i e s  l e d  t o  work 

i n  w h ic h  t h e  m e t a b o l i s m  o f  g l u t a m i c  a c i d  r e l e a s e d  by  

k a i n i c  a c i d  a n d  b y  v e r a t r i d i n e  was c o m p a re d .  I n  a d d i t i o n ,  

t h e  e f f e c t s  on ATP a n d  am ino  a c i d  l e v e l s  c a u s e d  by  t h e  

n e u r o e x c i t a n t s ,  N - m e t h y l - a s p a r t i c  a c i d  an d  D , L - h o m o c y s t e i c  

a c i d ,  a n d  b y  t h e  n o n t o x i c  a n a l o g ,  d i h y d r o k a i n i c  a c i d ,  w e re  

c o m p a r e d  w i t h  t h e  e f f e c t s  o f  k a i n i c  a c i d .  The r e s u l t s  

w e r e  i n t e r p r e t e d  t o  mean t h a t  k a i n i c  a c i d  a f f e c t e d  b o t h  

n e u r o n a l  a n d  g l i a l  s i t e s  i n  c e r e b e l l a r  s l i c e s .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



I I .  EXPERIMENTAL PROCEDURES

17

A. MATERIALS

1.  Chem icals  -  So u rces

C r e a t i n e  p h o s p h o k in a se  -  l y o p h i l i z e d ;  g l u c o s e - 6 -  

p h o s p h a te  d ehydrogenase  f rom y e a s t  -  ammonium s u l f a t e  

s u s p e n s i o n ;  h e x o k in a s e  from y e a s t  -  ammonium s u l f a t e  

s u s p e n s i o n ;  m yokinase  from hog muscle  -  ammonium s u l f a t e  

s u s p e n s i o n ;  NADP+ d isodium s a l t  and p y r u v a t e  k i n a s e  from 

r a b b i t  m usc le  were p u r c h a s e d  from Boehringer-Mannheim Bio­

c h e m i c a l s ,  I n d i a n a p o l i s ,  I n d i a n a .  AMP, ADP, ATP, i m id a z o le ,  

k a i n i c  a c i d  (Lot  No. 117C-0044) , L - a s p a r t i c  a c i d ,  L - g lu ta m ic  

a c i d  and p h o s p h o e n o lp y r u v a t e  were p u r c h a s e d  from Sigma 

Chemical Co. ,  S t .  L o u is ,  Mo. D ,L -h o m o cy s te ic  a c i d ,  

a d e n o s i n e ,  2 - a m in o - 4 - p h o s p h o n o b u ty r i c  a c i d ,  GABA,

L - g lu t a m in e  and t e t r o d o t o x i n  were p u r c h a s e d  f rom Calbiochem- 

B eh r in g  C o rp . ,  La J o l l a ,  C a l i f .  L a c t a t e  dehydrogenase  

was p u r c h a s e d  f rom  W orth ing ton  B io ch em ica l  C o r p . ,  F r e e h o ld ,  

N . J .  V e r a t r i d i n e  and 4 - a m in o p y r id in e  were p u r c h a s e d  from 

A l d r i c h  Chemical  Co. ,  Milwaukee,  Wise. NADH was p u r c h a s e d  

from P-L B io c h e m ic a l s ,  Milwaukee,  Wise. N-m ethy l-D ,L-  

a s p a r t i c  a c i d  was p u r c h a s e d  from Chemical  Dynamics C o rp . ,  

South  P l a i n f i e l d ,  N . J .  M i l l i p o r e  f i l t e r s  ( 0 .6 5  urn) were 

p u r c h a s e d  f rom M i l l i p o r e  C o rp . ,  B e d fo rd ,  Mass. N i t r o g e n  

and 95%> -  5% COg g a s e s  were p u r c h a s e d  from Union C arb ide

Corp. -  L inde  D i v i s i o n .

L - C U - ^ C ) g l u t a m i c  a c i d  (263 u C i / u m o l e ) ,  L - (U -1^C)
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1 ixGABA (206 u C i /u m o le ) ,  L-(U- C )g lu ta m in e  (228 u C i / u m o l e ) , 

D - ( 2 - ^ C ) g l u c o s e  (56 uC i /um ole )  and ( ^ H ) a c e t a t e  ( 1 .9 5  

mCi/umole) were p u r c h a s e d  from New England  N u c lea r  Corp . ,  

Bos ton ,  MA. L - ( U - ^ C ) g l u t a m i n e  and L-(U-^C)GABA were 

p a s s e d  th ro u g h  a column of  AG 1x4 r e s i n  t o  remove a c i d i c  

c o n t a m i n a n t s .  S c i n t i v e r s e  was o b t a i n e d  from F i s h e r  

Chemical Co . ,  S p r i n g f i e l d ,  N . J .

S u p p l i e s  f o r  amino a c i d  a n a l y s i s  were p u r c h a s e d  as  

f o l l o w s .  AG 1x4 200-400 mesh c h l o r i d e  form and AG 50x4 

200-400 mesh hydrogen  io n  form were o b t a i n e d  from Bio-Rad 

L a b o r a t o r i e s ,  Richmond, C a l i f .  N in h y d r in  and h y d r i n d a n t i n  

were o b t a i n e d  from P i e r c e  Chemical  C o . ,  Rockford ,  111. 

E t h y l e n e  g l y c o l  monomethyl e t h e r  (m e th y l  c e l l o s o l v e )  

was o b t a i n e d  from F i s h e r  Chemical  Co . ,  S p r i n g f i e l d ,  N . J .

A l l  o t h e r  r e a g e n t s  n o t  s p e c i f i c a l l y  m ent ioned  were 

o f  r e a g e n t  g r a d e  p u r i t y  and were o b t a i n e d  from F i s h e r  

S c i e n t i f i c  Co . ,  S p r i n g f i e l d ,  N . J .  o r  Sigma Chemical Co. ,  

S t .  L o u is ,  Mo.

N - m e t h y l - D - a s p a r t i c  a c i d  and d i h y d r o k a i n i c  a c i d  

were g e n e r o u s l y  p r o v i d e d  by Dr. Graham J o h n s to n ,

A u s t r a l i a n  N a t i o n a l  U n i v e r s i t y ,  A u s t r a l i a .

2.  Animals

Male Sprague-Dawley r a t s  (150-175  grams) were 

o b t a i n e d  from Z i v i c  M i l l e r  L a b o r a t o r i e s  and male Swiss 

W ebs ter  mice  (2 0 -2 5  grams) f rom P e r f e c t i o n  B r e e d e r s .  The 

a n im a l s  were housed  i n  t h e  an im a l  f a c i l i t i e s  of  t h e  Mount 

S i n a i  School  o f  M edic ine  and f e d  P u r i n a  L a b o r a to r y  Chow
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ad l i b i t u m  u n t i l  t h e  t im e  o f  s a c r i f i c e .  Mice w i th  t h e  

weaver  (Wv) m u t a t i o n  B6CBA A ^ / A  and l i t t e r m a t e  n o rm a ls  

were o b t a i n e d  from Jack so n  L a b o ra to r y .

B. SOLUTIONS

1.  Krebs  R in g e r  B i c a r b o n a t e  (pH 7 .4 )  g a s se d  w i th  C02

The K r e b s - R in g e r  b i c a r b o n a t e  medium c o n t a i n e d :

119 mM NaCl 
8 mM KC1

1 .7  mM CaCl2

1 .2  mM MgCl2

5*6 mM g l u c o s e

1 .2  mM KHgPO^

2 3 .8  mM NaHCO^

2.  Krebs  R in g e r  P h o sp h a te  (pH ? A )

The K r e b s - R in g e r  p h o s p h a te  medium c o n ta in e d  

t h e  same i n g r e d i e n t s  a s  t h e  b i c a r b o n a t e  medium ex ce p t  t h a t  

1 . 2  mM KHgPO^ and 2 3 .8  mM Na HCO^ were d e l e t e d  and 

1 5 .5  mM Na2HP0^ ( a d j u s t e d  t o  pH 7 A  w i th  HC1) was added .

3 . Krebs  R in g e r  T r i s  (pH 7 A )

The K r e b s - R in g e r  T r i s  medium c o n ta in e d :

125 mM NaCl

4 . 8  mM KOI
1 .0  mM CaCl2

1 .0  mM MgCl2

9*4 mM g lu c o s e

50 mM T r i s  *HC1
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C . METHODS

1 .  T i s s u e  P r e p a r a t i o n  a n d  I n c u b a t i o n  C o n d i t i o n s  

f o r  D e t e r m i n a t i o n  o f  N u c l e o t i d e s ,  C r e a t i n e  

P h o s p h a t e ,  a n d  Amino A c i d s

R a t s  w e r e  k i l l e d  b y  d e c a p i t a t i o n  a n d  t h e  c e r e -  

b e l l a  r a p i d l y  r e m o v e d ,  p l a c e d  on i c e ,  an d  d i v i d e d  i n t o  

q u a r t e r s .  E a ch  q u a r t e r  was s l i c e d  i n t o  0 . 3  mm t h i c k  p a r a ­

s a g i t t a l  s l i c e s  u s i n g  a M c l l w a i n  t y p e  t i s s u e  c h o p p e r .

S l i c e s  ( a p p r o x i m a t e l y  50 mg w e t  w e i g h t ,  5 mg p r o t e i n )  w e re  

p l a c e d  i n  S o r v a l l  c e n t r i f u g e  t u b e s  c o n t a i n i n g  2 . 5  ml o f  a 

s t a n d a r d  K r e b s - R i n g e r  b i c a r b o n a t e  medium, pH 7 - ^ .  They  

w e r e  i n c u b a t e d  a t  37°C i n  a  s h a k i n g  w a t e r  b a t h  u n d e r  an  

a t m o s p h e r e  o f  9 5 ^  ®2~^° ^  s ^ r i a ^ a l  s l i c e s  w e r e  u s e d ,

t h e n  e a c h  s t r i a t u m  was r a p i d l y  r e m o v e d ,  s l i c e d  i n t o  0 . 3  

mm t h i c k  s l i c e s ,  a n d  i n c u b a t e d  s e p a r a t e l y .  I f  c e r e b e l l a r  

s l i c e s  f r o m  w e a v e r  m i c e  o r  l i t t e r m a t e  c o n t r o l s  w e r e  u s e d ,  

t h e n  e a c h  c e r e b e l l u m  was r a p i d l y  r e m o v e d  a n d  s l i c e d  i n t o  

0 . 3  mm t h i c k  p a r a s a g i t t a l  s l i c e s .  E ach  c e r e b e l l u m  was 

i n c u b a t e d  s e p a r a t e l y .  The K r e b s - R i n g e r  b i c a r b o n a t e  s o l u ­

t i o n  was b u b b l e d  w i t h  9 5 ^  0^-5%  COg f o r  15 m i n u t e s  p r i o r  t o  

u s e .  The  t i m i n g  a n d  t h e  d e s c r i p t i o n s  o f  d r u g  a n d  r a d i o ­

a c t i v i t y  a d d i t i o n s  a r e  g i v e n  i n  l e g e n d s  t o  F i g u r e s  an d  

T a b l e s .

I f  t h e  s l i c e s  w e re  t o  b e  t r a n s f e r r e d  d u r i n g  t h e  

i n c u b a t i o n ,  t h i s  i s  i n d i c a t e d  i n  t h e  " R e s u l t s "  s e c t i o n .  

T r a n s f e r r i n g  was  d o n e  a s  f o l l o w s .  A f t e r  a  p r e i n c u b a t i o n  

p e r i o d ,  t h e  s l i c e s  w e r e  r a p i d l y  c e n t r i f u g e d  i n  a  c l i n i c a l
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c e n t r i f u g e ,  and t h e  medium d i s c a r d e d .  Then 2 . 5  ml of  

f r e s h  K r e b s - R in g e r  b i c a r b o n a t e  medium was added and th e  

s l i c e s  were r e i n c u b a t e d .

At t h e  end of  t h e  i n c u b a t i o n  p e r i o d ,  i n  some c a s e s ,  

t h e  t i s s u e  and medium were c e n t r i f u g e d  f o r  a p p r o x i m a te ly  

30 s e c o n d s ,  and t h e  medium was im m e d ia te ly  d e c a n t e d  i n t o  

an i c e - c o l d  t e s t  t u b e .  A 1 ml a l i q u o t  o f  t h e  medium was 

t h e n  a c i d i f i e d  t o  a f i n a l  c o n c e n t r a t i o n  o f  0 . 4  N p e r c h l o r i c  

a c i d  (PCA) and s t o r e d  a t  -20°C u n t i l  a n a l y z e d .  Im m edia te ly  

a f t e r  d e c a n t i n g  t h e  medium, t h e  s l i c e s  were r i n s e d  w i th  2 .5  

ml o f  K r e b s - R in g e r  b i c a r b o n a t e  medium, r a p i d l y  r e c e n t r i ­

fu g e d ,  and t h e  s u p e r n a t a n t  d i s c a r d e d .  The t u b e s  c o n t a i n i n g  

t h e  s l i c e s  w r e  im m ed ia te ly  p u t  i n t o  an i c e - b a t h ,  2 ml of  

i c e - c o l d  0 . 4  N PCA were added ,  and t h e  s l i c e s  were homogen­

i z e d  on i c e  u s i n g  a motor  d r ib e n  t e f l o n  p e s t l e .  A f t e r  

15-30 m in u te s  a t  4°C f o r  th o ro u g h  e x t r a c t i o n ,  t h e  homogen- 

a t e  was c e n t r i f u g e d  a t  12 ,000  x g f o r  10 m i n u t e s .  The 

p e l l e t  was rehom ogen ized  i n  1 N NaOH and t h e  p r o t e i n  

c o n t e n t  m easured  by t h e  method o f  Lowry e t  a l . (1951)* I f  

n u c l e o t i d e s  were t o  be a n a l y z e d ,  t h e  s u p e r n a t a n t  was immed­

i a t e l y  n e u t r a l i z e d  w i th  2 N K2C°3 v o r t e x i n g .  The

p o t a s s i u m  p e r c h l o r a t e  p r e c i p i t a t e  was removed by c e n t r i f u g a ­

t i o n  a t  13.000  x g f o r  10 m in u te s  and n u c l e o t i d e s  measured  

i n  t h e  s u p e r n a t a n t  a s  d e s c r i b e d  be low .  O th e rw ise  t h e  s t i l l  

a c i d i f i e d  s u p e r n a t a n t  was f r o z e n  u n t i l  amino a c i d  a n a l y s i s .

In  o t h e r  c a s e s ,  t h e  medium and t h e  t i s s u e  were 

r a p i d l y  s e p a r a t e d  ( < 2 0  s eco n d s)  by a s p i r a t i o n  o r  by
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rem oval  of t h e  medium w i th  a  3 ml s y r i n g e , The tu b e  con­

t a i n i n g  t h e  t i s s u e  was p lu n g e d  i n t o  an i c e - b a t h ,  2 .0  ml 

of  i c e - c o l d  0 .4  N PCA were added t o  each  t u b e ,  and th e  

c o n t e n t s  homogenized w h i le  on i c e .  A f t e r  e x t r a c t i n g  f o r  

15-30  m in u te s  on i c e ,  t h i s  homogenate  was c e n t r i f u g e d  

a t  12 ,000  x g f o r  10 m i n u t e s .  The s u p e r n a t a n t  was n e u t r a l ­

i z e d  a s  d e s c r i b e d  above ,  and  t h e  p r o t e i n  c o n te n t  o f  t h e  

p e l l e t  measured  (Lowry e t  a l . ,  1 9 51) .  I f  t h e  medium was 

removed i n t o  a s y r i n g e ,  i t  was im m e d ia te ly  s q u i r t e d  i n t o  

a t e s t  t u b e  i n  an i c e - b a t h .  The medium was th e n  r a p i d l y  

c e n t r i f u g e d  w i th  a c l i n i c a l  c e n t r i f u g e .  An 1 ml a l i q u o t  

was t a k e n  and a c i d i f i e d  t o  a f i n a l  c o n c e n t r a t i o n  of  0 .4  N 

PCA. I f  t h e  medium was removed by a s p i r a t i o n ,  i t  was n o t  

s a v e d .

2 .  D e te r m i n a t io n  o f  ATP, ADP, AMP and C r e a t i n e

P h o sp h a te  L ev e ls

ATP, AD? and AMP l e v e l s  were measured f l u o r o -  

m e t r i c a l l y  by t h e  method o f  W il l iam so n  and Corky ( 1969 ) 

and c r e a t i n e  p h o s p h a te  by t h e  method o f  Lamprecht e t  a l .  

(1974) i n  a l i q u o t s  o f  t h e  p r e v i o u s l y  d e s c r i b e d  0 . 4  N PCA- 

e x t r a c t e d  b r a i n  s l i c e s  which  were n e u t r a l i z e d  t o  pH 6 . 5  

t o  7 -0  w i t h  2 N KgCO^. ATP l e v e l s  were d e te rm in e d  f l u o r o -  

m e t r i c a l l y  by f o l l o w i n g  NADP+ r e d u c t i o n  i n  t h e  f o l l o w i n g  

a s s a y  m i x t u r e :  5 mM g l u c o s e ;  0 . 0 5  mg/ml NADP+; 0 .001  mg/ml

g l u c o s e - 6 - p h o s p h a t e  d e h y d ro g en ase ;  100-200 u l  a l i q u o t  of  

b r a i n  e x t r a c t ;  com ple ted  t o  2 ml w i th  50 mM t r i e t h a n o l a m i n e  

HC1 b u f f e r  c o n t a i n i n g  10 mM MgClg and 5 mM EDTA a t  pH 7*^*
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A f t e r  t e m p e r a t u r e  e q u i l i b r a t i o n  ( 2 3 ° C ) ,  t h e  r e a c t i o n  was 

i n i t i a t e d  b y  a d d i t i o n  o f  0 . 0 1  mg/ml o f  h e x o k i n a s e .

L i k e w i s e  ADP a n d  AMP l e v e l s  w e r e  m e a s u r e d  f l u o r o -  

m e t r i c a l l y ,  b u t  b y  f o l l o w i n g  t h e  o x i d a t i o n  o f  NADH. The 

a s s a y  m i x t u r e  f o r  ADP c o n t a i n e d :  0 . 0 1  mg/ml NADH; 0 . 1 2 5  

mg/ml p h o s p h o e n o l p y r u v a t e , t r i c y c l o h e x y l a m i n e  s a l t ;  2 p g / m l  

l a c t a t e  d e h y d r o g e n a s e ;  3 0 0 - 6 0 0  p i  a l i q u o t  o f  b r a i n  

e x t r a c t ;  c o m p l e t e d  t o  a  f i n a l  v o lu m e  o f  2 ml w i t h  1 / 1 5  

M KHgPO^ b u f f e r  w i t h  5 mM MgCl^ a t  pH ? . 0 .  The r e a c t i o n  

was  i n i t i a t e d  b y  t h e  a d d i t i o n  o f  2 . 5  p g / m l  o f  p y r u v a t e  

k i n a s e .  The a s s a y  m i x t u r e  f o r  AMP c o n t a i n e d  i n  a d d i t i o n  

t o  t h e  a b o v e  5 MM ATP; t h e  r e a c t i o n  was  i n i t i a t e d  b y  

a d d i t i o n  o f  1 2 . 5  Mg/ml o f  m y o k i n a s e .

C r e a t i n e  p h o s p h a t e  l e v e l s  w e r e  d e t e r m i n e d  by  

m e a s u r i n g  t h e  r e d u c t i o n  o f  NADP+ . I n  a  f i n a l  v o lu m e  o f  

2 m l ,  t h e  f o l l o w i n g  r e a g e n t s  w e r e  p r e s e n t :  25 mM t r i e t h a n -  

o l a m i n e  HC1 b u f f e r  a t  pH 7 * 5 ;  0 . 2 5  mM NADP+ ; 3*3 mM M g C ^ i  

0 . 1 5  mM ADP; 1 6 . 7  mM g l u c o s e ;  5 0 - 1 5 0  p i  a l i q u o t  o f  b r a i n  

e x t r a c t ;  1 . 7  p g  o f  g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e ;  3*^  

p g  h e x o k i n a s e .  The r e a c t i o n  was  s t a r t e d  b y  t h e  a d d i t i o n  

o f  3^  Mg o f  c r e a t i n e  k i n a s e .

I n  e a c h  c a s e ,  a f t e r  c o m p l e t i o n  o f  t h e  r e a c t i o n ,  a 

s e c o n d  a d d i t i o n  o f  t h e  enzyme u s e d  t o  i n i t i a t e  t h e  r e a c t i o n  

w as  made a s  a n  i n t e r n a l  enzyme b l a n k .  A l s o ,  1 t o  4  n m o l e s  

o f  ATP, ADP, AMP o r  c r e a t i n e  p h o s p h a t e  was a d d e d  t o  e a c h  

s a m p l e  a s  a n  i n t e r n a l  s t a n d a r d .  The i n c r e a s e  o r  d e c r e a s e  

o f  f l u o r e s c e n c e  g a v e  a  q u a n t i t a t i v e  m e a s u r e m e n t  o f  e a c h
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compound. The c o n c e n t r a t i o n  o f  th e  s t a n d a r d  (pmoles /ml)  

was d e te rm in e d  on a s p e c t ro p h o to m e te r  u s i n g  t h i s  fo rm u la :

Volf i n a l  °* D‘

Vols t a n d a r d  X e x t i n c t i o n  (6 .2 2 )

Knowing t h e  f l u o r e s c e n c e  change caused  hy a g iv e n  amount 

of  s t a n d a r d ,  t h e  nmoles  o f  ATP, ADP, AMP o r  c r e a t i n e  

p h o s p h a te  p e r  sample could  be c a l c u l a t e d .  R e s u l t s  were 

e x p r e s s e d  a s  nmoles/mg p r o t e i n .

3. Q u a n t i t a t i o n  o f  Amino Acids

In  some c a s e s ,  t h e  amino a c i d  c o n t e n t  o f  t h e  

medium o r  s l i c e  PCA e x t r a c t s  were m ea su r in g  u s i n g  t h e  

Technicon  Amino Acid A u to a n a ly ze r  (TSM). The TSM 

a u t o m a t i c a l l y  s e p a r a t e s  amino a c i d s  by io n -e x ch an g e  

chromatography  u s i n g  a l i t h i u m  c i t r a t e  b u f f e r  system and 

th e n  q u a n t i t a t e s  them by r e a c t i o n  w i th  n i n h y d r i n .

O th e rw ise ,  t h e  s e p a r a t i o n  of  g lu t a m ic  a c i d ,  a s p a r ­

t i c  a c i d ,  g lu t a m in e  and GABA by io n -e x ch a n g e  chrom atography ,  

t h e i r  q u a n t i t a t i o n  w i th  n i n h y d r i n ,  and t h e  measurement of  

r a d i o a c t i v i t y  were c a r r i e d  ou t  by p r o c e d u r e s  d e s c r i b e d  by 

B e r l  e t  a l . ( I 9 6 8 ) .  B r i e f l y ,  t h e  PCA e x t r a c t s  o f  b r a i n  

were n e u t r a l i z e d  t o  pH 6 . 8  t o  7*0 w i th  KOH-KgCO^. The 

p o ta s s iu m  p e r c h l o r a t e  p r e c i p i t a t e  was removed by c e n t r i ­

f u g a t i o n  a t  13,000 x g f o r  10 m in u te s .  The s u p e r n a t a n t  

was d i l u t e d  t o  3 . 5  ml and 0 . 5  ml of t h i s  was saved  f o r  

s c i n t i l l a t i o n  c o u n t i n g .  Then 3 ral was p l a c e d  on a 0 .7  x 

20 cm Bio-Rad AG-lx4 column (200-400 mesh, c h l o r i d e  form,
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s t o r e d  i n  2N a c e t i c  a c i d ,  and washed w i th  0 .0 5  N a c e t i c  

a c i d ) . The n e u t r a l  f r a c t i o n  c o n t a i n i n g  g lu tam in e  and GABA 

was e l u t e d  w i th  0 . 0 5  N a c e t i c  a c i d ;  t h e  g lu ta m ic  a c i d -  

c o n t a i n i n g  f r a c t i o n  was e l u t e d  w i th  0 .1  N a c e t i c  a c i d ;  and 

t h e  a s p a r t i c  a c i d - c o n t a i n i n g  f r a c t i o n  was e l u t e d  w i th  0 .3  

N a c e t i c  a c i d .  The f r a c t i o n s  c o n t a i n i n g  g lu t a m ic  a c i d  and 

a s p a r t i c  a c i d  were d i r e c t l y  q u a n t i t a t e d  w i th  n i n h y d r i n  

and c o u n te d ,  u n l e s s  ( ^ H ) a c e t a t e  had  been  used  i n  t h e  e x p e r ­

im e n t .  I n  t h a t  c a s e ,  t h e  main f r a c t i o n s  c o n t a i n i n g  

g l u t a m i c  a c i d  and a s p a r t i c  a c i d  were e v a p o r a te d  t o  d ry n e ss  

i n  a c e t i c  a c i d  t w i c e .  Th is  was done t o  remove a l l  t r a c e s  

o f  ^HgO and ( ^ H ) a c e t a t e  which was p r i m a r i l y  e l u t e d  i n  t h e  

g l u t a m i c  a c i d - c o n t a i n i n g  f r a c t i o n .  These f r a c t i o n s  were 

t h e n  q u a n t i t a t e d  w i th  n i n h y d r i n  and counted  f o r  r a d i o ­

a c t i v i t y  i n  a P ack a rd  T r iC arb  S c i n t i l l a t i o n  S p e c t ro m e te r .

The n e u t r a l  f r a c t i o n  was made 2N in  HC1 and h e a t e d  

a t  100°C f o r  2 h o u r s  t o  h y d r o ly z e  g lu ta m in e  t o  g l u t a m i c  

a c i d .  I t  was t h e n  e v a p o r a t e d  t o  d r y n e s s  u n d e r  vacuum, 

r e d i s s o l v e d  i n  3 -5  ml d i s t i l l e d  w a t e r ,  and n e u t r a l i z e d ,  

and 3 o u t  o f  t h e  3*5 ml was p l a c e d  onto  a second AG-1 

column. The n e u t r a l  f r a c t i o n  s t i l l  c o n t a i n i n g  GABA was 

e l u t e d  a s  b e f o r e  w i t h  0 .0 5  N a c e t i c  a c i d  and g lu ta m in e  was 

e l u t e d  a s  g l u t a m i c  a c i d  w i th  0 .1  N a c e t i c  a c i d .  Glutamine 

( a s  g l u t a m i c  a c i d )  was t h e n  q u a n t i t a t e d  w i th  n i n h y d r i n  and 

c o u n ted .  Then 5 ml of  t h e  f r a c t i o n  c o n t a i n i n g  GABA was 

a c i d i f i e d  w i th  0 .0 5  ml c o n c e n t r a t e d  HC1 and p l a c e d  on a 

0 .7  x 12 cm Bio-Rad AG-50x4 column (200-400 mesh, H+ form
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s t o r e d  i n  O.35  M sodium c i t r a t e  b u f f e r ,  pH 3 .25  and washed 

w i th  t h e  same b u f f e r ) .  GABA was e l u t e d  w i th  0 .3 5  M sodium 

c i t r a t e  b u f f e r ,  pH 5«3» The e x a c t  volume and number of  

washes w i th  each b u f f e r  n eed ed  t o  e l u t e  each amino a c i d  i n  

a s i n g l e  peak was d e te r m in e d  f o r  each b a t c h  of  r e s i n .  A 

s t a n d a r d  w i th  a known q u a n t i t y  o f  each amino a c i d  and a 

b la n k  wore c a r r i e d  t h ro u g h  t h e  e n t i r e  p r o c e d u re  w i th  each 

s e t  of s a m p le s .

The amino a c i d s  i n  each  f r a c t i o n  were q u a n t i t a t e d  

on a Te ch n ico n  A n a ly z e r  by r e a c t i o n  w i th  n i n h y d r i n .  The 

O.D. of  t h e  r e a c t i o n  p r o d u c t  was m easured  a t  570 nm, and 

t h e  o u t p u t  was s e n t  t o  a s t r i p  c h a r t  r e c o r d e r  F i n a l

r e s u l t s  were e x p r e s s e d  a s  pm oles / 1 0 0  mg p r o t e i n .
I k  3The r a d i o a c t i v i t y  m  C- and ^ H - l a b e l l e d  ammo 

a c i d  f r a c t i o n s  and i n  n e u t r a l i z e d  PCA e x t r a c t  was measured  

on a P a ck a rd  l i q u i d  s c i n t i l l a t i o n  c o u n t e r .  E i t h e r  2 ml 

o f  t h e  main amino a c i d  f r a c t i o n  o r  1 ml p l u s  1 ml of 

d i s t i l l e d  w a t e r  was added t o  10 ml of  S c i n t i v e r s e  and 

c o u n te d .  The e f f i c i e n c i e s  were 27$ f o r  t r i t i u m  and 55*3$ 

f o r  c a r b o n - 1 4 . The c r o s s o v e r  o f  C was 9 .1 1 $ .  E f f i c i e n ­

c i e s  and c r o s s o v e r  were d e t e r m in e d  u s i n g  s t a n d a r d  s o l u t i o n s
3 Ikof  - 'H - to luene  and C - t o l u e n e .  S p e c i f i c  r a d i o a c t i v i t i e s

were c a l c u l a t e d  by d i v i d i n g  t h e  r a d i o a c t i v i t y  a s  dpm/ml

by t h e  c o n c e n t r a t i o n  o f  amino a c i d  a s  pm oles /m l  ( o b t a i n e d

from t h e  n i n h y d r i n  m e a s u r e m e n t s ) . When o n ly  s i n g l e

l a b e l l e d - p r e e u r s o r s  were u s e d ,  t h e  d a t a  were e x p r e s s e d  a s

cpm/pmole .
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Uptake and R e le a s e  from Synaptosomes 

R a ts  were k i l l e d  by d e c a p i t a t i o n  and t h e  

c o r t e x  and c e r e b e l lu m  r a p i d l y  removed and p l a c e d  i n t o  

i c e - c o l d  i s o l a t i o n  medium (STE) c o n t a i n i n g  0 .2 5  M s u c r o s e ,  

0 .01  M T r i s ,  0 . 5  mM Tris-EDTA, pH 7 . 4 .  A crude s y n a p t o ­

somal f r a c t i o n  was p r e p a r e d  by t h e  method d e s c r i b e d  by 

N i c k l a s  e t  a l . ( 1 9 7 3 ) i a s  f o l l o w s .  The t i s s u e  was minced 

i n t o  sm a l l  p i e c e s  w i th  s c i s s o r s  and washed w e l l  w i th  co ld  

STE. The t i s s u e  was t h e n  homogenized i n  10 p e r c e n t  (w/v) 

c o l d  STE i n  a Dounce g l a s s  hom ogen ize r  by 8 up-and-down 

s t r o k e s .  T h i s  homogenate was d i l u t e d  t o  40 ml w i th  STE 

and c e n t r i f u g e d  a t  2000 x g f o r  3 m in u te s  i n  a S o r v a l l  RC-5 

r e f r i g e r a t e d  c e n t r i f u g e .  The s u p e r n a t a n t  from t h i s  s p in  

was t h e n  c e n t r i f u g e d  a t  10 ,000  x g f o r  10 m i n u t e s .  T h is  

p e l l e t  ( t h e  crude  m i t o c h o n d r i a l - s y n a p t o s o m a l  p e l l e t )  was 

g e n t l y  r e s u s p e n d e d  i n  2 -3  ml o f  c o ld  STE t o  g iv e  a 

c o n c e n t r a t i o n  o f  a p p r o x i m a te ly  5-25  mg/ml.

A l i q u o t s  of  t h i s  c ru d e  synap tosom al  s u s p e n s io n  

( u s u a l l y  0 .1  ml) were added t o  2 .3  ml o f  K re b s -R in g e r
1 h,

p h o s p h a te  medium, f o r  e x p e r im e n t s  w i th  L-(U- C )g lu ta m ic  

a c i d ) ,  o r  t o  1 .3  ml o f  K r e b s - R in g e r  T r i s  medium (a s
1 ̂■1'd e s c r i b e d  u n d e r  " S o l u t i o n s " ) ,  f o r  e x p e r im e n t s  w i th  L-(U-  C) 

g l u t a m i n e .  The f i n a l  c o n c e n t r a t i o n  o f  p r o t e i n  i n  t h e

i n c u b a t i o n  medium w a s -0 .5  t o  1 .0  mg p r o t e i n / m l .
1 JLl

L-(U-  C )g lu tam ic  a c i d ,  d i l u t e d  w i th  n o n r a d i o a c t i v e  

L - g lu t a m ic  a c i d ,  was added t o  g i v e  a f i n a l  c o n c e n t r a t i o n  

o f  10 jaM L - g l u t a m i c  a c i d ,  o r  L -(U-  C )g lu ta m in e ,  d i l u t e d
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w i th  n o n r a d i o a c t i v e  L - g lu t a m in e ,  was added f o r  a f i n a l  

c o n c e n t r a t i o n  o f  0 . 2 5  mM L - g lu t a m in e .  When p r e s e n t ,  t h e  

c o n c e n t r a t i o n  o f  k a i n i c  a c i d  was 1 mMj v e r a t r i d i n e  was 1 pM 

and o u ab a in  was 0 . 2  mM. Each f l a s k  was i n c u b a t e d  a t  37°C 

w i th  a g i t a t i o n  i n  a Dubnoff s h a k e r  b a t h .

In  u p t a k e  m easurem ents ,  t h e  medium and an a l i q u o t  

of  t h e  synap tosom al  s u s p e n s i o n ,  .and i n  some c a s e s ,  k a i n i c  

a c i d  o r  o u ab a in  were p r e i n c u b a t e d  f o r  5 m i n u t e s .  At t h a t  

t im e ,  r a d i o a c t i v e  s u b s t a n c e s  were added .  At 10 m in u te s  

t o t a l  e l a p s e d  t i m e ,  a 1 ml sample was removed,  and i n  

some e x p e r im e n t s  a l s o  s t u d y i n g  t h e  e f f e c t  o f  k a i n i c  a c i d  

on v e r a t r i d i n e - i n d u c e d  r e l e a s e ,  v e r a t r i d i n e  was im m ed ia te ly  

added t o  t h e  i n c u b a t i o n  m i x t u r e .  At 13 m in u te s ,  a n o t h e r  

1 ml sample  was removed and t r e a t e d  a s  d e s c r i b e d  below.

In  m easurem ents  o f  k a i n i c  a c i d - i n d u c e d  r e l e a s e ,  

t h e  medium and an a l i q u o t  o f  t h e  synap tosom al  s u s p e n s io n  

were p r e i n c u b a t e d  f o r  5 m i n u t e s .  At t h a t  t im e ,  r a d i o a c t i v e  

s u b s t a n c e s  were ad d ed .  Then k a i n i c  a c i d  was added t o  some 

sam ples  a t  10 m i n u t e s ,  and 5 m in u te s  l a t e r ,  a 1 ml sample 

was removed and t r e a t e d  a s  d e s c r i b e d  be low.

As t h e  1 ml samples  were removed, t h e y  were 

im m e d ia te ly  f i l t e r e d  t h ro u g h  a s i n g l e  M i l l i p o r e  f i l t e r  

w i th  a p o r e  s i z e  o f  0 .6 5  pM which had been p r e m o is t e n e d  w i th  

d i s t i l l e d  w a t e r .  Each f i l t e r  was im m ed ia te ly  washed 3 

t i m e s  w i th  1 ml o f  0 .15^  M NaCl. The t im e  between sam pl ing  

and t h e  f i n a l  s a l i n e  wash was u s u a l l y  l e s s  t h a n  0 .6  m i n u t e s .  

The whole M i l l i p o r e  f i l t e r  was t r a n s f e r r e d  t o  a s c i n t i l l a ­
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t i o n  v i a l  a n d  10 ml o f  S c i n t i v e r s e  s o l u t i o n  a d d e d .  A f t e r  

t h e  f i l t e r  d i s p e r s e d ,  s a m p l e s  w e re  m ix e d  a n d  c o u n t e d  on 

a P a c k a r d  T r i C a r b  S c i n t i l l a t i o n  C o u n t e r  w i t h  t h e  window 

o p e n .

U p t a k e s  w e r e  c a l c u l a t e d  a s  cpm/mg p r o t e i n  p r e s e n t  

on t h e  f i l t e r ;  a n d  e x p r e s s e d  a s  a p e r c e n t a g e  o f  c o n t r o l .

The a p p a r e n t  n e t  u p t a k e  was  e x p r e s s e d  a s  n m o le s /m g  p r o t e i n .  

T h i s  was c a l c u l a t e d  f ro m  t h e  cpm/mg p r o t e i n  on t h e  f i l t e r ;  

t h e  cpm i n  t h e  a d d e d  r a d i o a c t i v e  s u b s t a n c e ;  and  t h e  n m o l e s  

o f  g l u t a m i c  a c i d  o r  g l u t a m i n e  a d d e d  t o  t h e  medium. The 

t i s s u e / m e d i u m  r a t i o  was d e f i n e d  a s  t h e  cpm/mg p r o t e i n  on 

t h e  f i l t e r  d i v i d e d  b y  t h e  cpm/ml o f  i n c u b a t i o n  m edium .

T h i s  a s  w e l l  a s  t h e  a p p a r e n t  n e t  u p t a k e  was  c a l c u l a t e d  

w i t h  t h e  a s s u m p t i o n  t h a t  t h e  t o t a l  am ount  o f  r a d i o a c t i v i t y  

i n  t h e  medium o f  e a c h  s a m p le  was t h e  same an d  was e q u a l  

t o  t h a t  o f  t h e  s t a n d a r d .  The s t a n d a r d  was m e a s u r e d  by
lij,

a d d i n g  an  a l i q u o t  o f  t h e  L - ( U -  C ) - g l u t a m i c  a c i d  o r  
12x

L - ( U -  C ) g l u t a m i n e  t o  a  v i a l  w i t h  10 ml o f  S c i n t i v e r s e  

a n d  a m o i s t e n e d  M i l l i p o r e  f i l t e r .

5 .  Oxygen C o n s u m p t io n

To m e a s u r e  t h e  o x y g e n  u p t a k e  o f  mouse  b r a i n  

c e r e b e l l a r  s l i c e s ,  m ic e  w e r e  k i l l e d  b y  c e r v i c a l  d i s l o c a t i o n  

a n d  t h e  c e r e b e l l u m  r a p i d l y  r e m o v e d ,  c u t  i n t o  two p i e c e s  

a l o n g  t h e  s a g i t t a l  p l a n e  a n d  w e i g h e d .  O n e - h a l f  o f  t h e  

c e r e b e l l u m  was t h e n  s l i c e d  i n t o  0 . 3  nun t h i c k  p a r a s a g i t t a l  

s l i c e s  u s i n g  a  M c l l w a i n  t y p e  t i s s u e  c h o p p e r .  T h i s  was 

i n c u b a t e d  i n  t h e  s t i r r e r  c h a m b e r  o f  t h e  Y e l lo w  S p r i n g s
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I n s t r u m e n t  w i th  s t i r r i n g  a t  32°C i n  5 ml of  K r eh s -R in g e r  

p h o s p h a te  b u f f e r  (pH 7 . 4 ) .

The t i s s u e  was e q u i l i b r a t e d  f o r  45 m in u te s  i n  t h e  

R in g e r  w i th  s t i r r i n g .  Oxygen u p ta k e  was measured  p o l a r -  

o g r a p h i c a l l y  w i th  a C l a r k - t y p e  e l e c t r o d e  (Yellow S p r in g s  

In s t r u m e n t  Co.) covered  by a t e f l o n  membrane. At 45 min­

u t e s ,  a l i n e a r  d e c l i n e  i n  t h e  p a r t i a l  p r e s s u r e  of  02 cou ld  

be m easured .  T h i s  was m o n i to r e d  on a c h a r t  r e c o r d e r  f o r  

5 m in u te s  t o  o b t a i n  a b a s e l i n e  l e v e l  of  oxygen consumption 

by t h e  t i s s u e .  Drug was t h e n  added i n  an a l i q u o t  of  25-50 

p i .  A f t e r  a 30 second  d e l a y  due t o  a p e r t u r b a t i o n  i n  

t h e  measurement from th e  i n j e c t i o n  of  a i r  i n  t h e  sample 

b u f f e r ,  t h e  oxygen consumption  o f  t h e  t i s s u e  was m o n i to re d  

f o r  t h e  n e x t  5 m i n u t e s .  R e s u l t s  a r e  e x p r e s s e d  a s  ng -a tom s  

o f  oxygen/minute /mg wet w e i g h t .  Th is  i s  b ased  on t h e  

s o l u b i l i t y  of  02 i n  5 ml o f  R in g e r  s o l u t i o n  a t  32°C which 

i s  2210 ng -a tom s  of  02 ( E s t a b r o o k ,  I 9 6 7 ) .

6 .  Glu tamine S y n t h e t a s e  A c t i v i t y

Glutamine  s y n t h e t a s e  a c t i v i t y  was d e te rm in e d  

by m e asu r in g  t h e  f o r m a t i o n  o f  ^ -g lu tam y lh y d ro x am ate  from 

g l u t a m a t e  by a c o l o r o m e t r i c  r e a c t i o n  a s  d e s c r i b e d  by 

N i c k l a s  e t  a l . ( 1 9 7 9 a ) .  C e r e b e l l a r  s l i c e s  were i n c u b a t e d  

i n  K re b s -R in g e r  b i c a r b o n a t e  medium f o r  45 m in u te s  a t  37°C 

i n  a s h a k in g  w a t e r  b a th  u n d e r  an a tm osphere  of  95^ °2~^° 

C02 w i th  o r  w i t h o u t  k a i n i c  a c i d .  A f t e r  i n c u b a t i o n ,  t h e  

s l i c e s  were c e n t r i f u g e d  i n  a c l i n i c a l  c e n t r i f u g e  and 

homogenized i n  i c e - c o l d  50 mM i m id a z o le  HC1 b u f f e r  c o n t a i n ­
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i n g  0 .1  mM d i t h i o t h r e l t o l , pH 7 - 2 .  B lanks  w i th  b u f f e r  

i n s t e a d  o f  homogenate and c e r e b e l l a r  homogenates  which had 

n o t  been i n c u b a t e d  were a l s o  c a r r i e d  th ro u g h  t h e  p r o c e d u r e .

7 .  H i s t o l o g y

C e r e b e l l a r  s l i c e s  were p r e p a r e d  and i n c u b a t e d  

a s  f o r  n u c l e o t i d e  m easu rem en ts .  A f t e r  a 15 m in u te  p r e i n c u ­

b a t i o n ,  k a i n i c  a c i d  a t  a f i n a l  c o n c e n t r a t i o n  o f  1 mM 

was added t o  some t u b e s .  The i n c u b a t i o n  c o n t in u e d  30 

m in u te s  l o n g e r .  At t h a t  t i m e ,  t h e  i n c u b a t i o n  medium was 

d e c a n t e d  and t h e  s l i c e s  were im m e d ia te ly  immersed in  

f o r m a l i n .  The s l i c e s  were t h e n  s e c t i o n e d  and s t a i n e d  

w i th  h e m a to x y l in  and e o s i n .
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III. RESULTS

A . STUDIES ON THE KAINIC ACID-INDUCED DECREMENT IN

ATP LEVELS OF CEREBELLAR SLICES

K a i n i c  a c i d  (1 mM) c a u s e d  a  r a p i d  a n d  s e v e r e  

d e c r e m e n t  i n  ATP l e v e l s  i n  L o t h  " u n t r a n s f e r r e d "  a n d  

" t r a n s f e r r e d "  ( a s  d e s c r i b e d  i n  " M e th o d s " )  c e r e b e l l a r  

s l i c e s  i n c u b a t e d  i n  K r e b s - R i n g e r  b i c a r b o n a t e  medium a t  

3 7 ° C .  The e f f e c t  o f  i n c u b a t i n g  v a r i o u s  c o n c e n t r a t i o n s  o f  

k a i n i c  a c i d  w i t h  t r a n s f e r r e d  c e r e b e l l a r  s l i c e s  f o r  e i t h e r  

30 o r  60 m i n u t e s  i s  shown i n  F i g u r e  3-  A d o s e  o f  0 . 0 1  mM 

k a i n i c  a c i d  h a d  no s i g n i f i c a n t  e f f e c t  on ATP l e v e l s  a f t e r  

30 o r  60 m i n u t e s  i n c u b a t i o n ;  0 . 1  mM k a i n i c  a c i d  d e c r e a s e d  

ATP l e v e l s  b y  2 0 fo a t  b o t h  i n c u b a t i o n  t i m e s ;  1 mM k a i n i c  

a c i d  d e c r e a s e d  t h e  l e v e l s  o f  ATP b y  36 $  a f t e r  30 o r  

60 m i n u t e s .  ATP l e v e l s  f o l l o w i n g  i n c u b a t i o n  w i t h  1 mM 

k a i n i c  a c i d  o r  0 . 1  mM k a i n i c  a c i d  w e r e  n o t  s i g n i f i c a n t l y  

d i f f e r e n t  f r o m  e a c h  o t h e r .  Such t r a n s f e r r e d  c e r e b e l l a r  

s l i c e s  w e re  p r i m a r i l y  u s e d  f o r  s t u d i e s  on g l u t a m i c  a c i d  

m e t a b o l i s m .  When u n t r a n s f e r r e d  c e r e b e l l a r  s l i c e s  w e re  

i n c u b a t e d  w i t h  1 mM o r  10 mM k a i n i c  a c i d  f o r  30 m i n u t e s ,  

a  3 9 % a n d  a  d e c r e a s e  i n  ATP l e v e l s  was  o b s e r v e d  

r e s p e c t i v e l y ,  i n d i c a t i n g  t h a t  a m a x im a l  d e c r e a s e  i n  ATP 

l e v e l s  h a d  o c c u r r e d  w i t h  1 mM k a i n i c  a c i d .  U n t r a n s f e r r e d  

s l i c e s  w e r e  p r i m a r i l y  u t i l i z e d  i n  s t u d i e s  m e a s u r i n g  ATP 

l e v e l s  a n d  r e l a t e d  m e t a b o l i t e s  b e c a u s e  t h e  v a l u e s  o f  ATP
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FIGURE 3 . EFFECT OF KAINIC ACID ON ATP AND CREATINE 
PHOSPHATE LEVELS OF CEREBELLAR SLICES AS A 
FUNCTION OF DOSE

C e r e b e l l a r  s l i c e s  0 . 3  mm t h i c k  were p r e i n c u b a t e d  i n  a 
K re b s -R in g e r  medium f o r  15 m in u te s ,  t h e n  t r a n s f e r r e d ,  
and i n c u b a t e d  f o r  a f u r t h e r  30 o r  60 m in u te s  i n  t h e  
p r e s e n c e  o r  absen ce  of  k a i n i c  a c i d  a t  t h e  c o n c e n t r a ­
t i o n s  i n d i c a t e d .  A f t e r  i n c u b a t i o n ,  t h e  t i s s u e  and 
medium were p r o m p t ly  s e p a r a t e d  by r a p i d  c e n t r i f u g a ­
t i o n ;  and ATP and c r e a t i n e  p h o s p h a te  l e v e l s  an a ly z e d  
a s  d e s c r i b e d  i n  "Methods".  The r e s u l t s  a r e  e x p re s s e d  
as  mean + S.E.M. w i th  t h e  number of  samples  i n d i c a t e d  
i n  p a r e n t h e s e s .  S i g n i f i c a n c e  was d e te rm in ed  u s i n g  t h e  
t w o - t a i l e d  S t u d e n t s  t - t e s t  f o r  t h e s e  and a l l  o t h e r  
d a t a  u n l e s s  o t h e r w i s e  i n d i c a t e d .  K a in ic  a c i d  and 
o t h e r  d ru g s  added t o  t h e  i n c u b a t i o n  medium were f i r s t  
n e u t r a l i z e d  t o  pH 7 * 2 - 7 .^  f o r  a l l  e x p e r im e n t s .
* p < 0 . 0 2  when compared t o  c o n t r o l .
** p < 0 .0 0 5  when compared t o  c o n t r o l .
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i n  u n t r a n s f e r r e d  s l i c e s  a t  t h e  i n c u b a t i o n  t i m e s  u s e d  w e r e  

som ew hat  h i g h e r  t h a n  t h o s e  o f  t r a n s f e r r e d  s l i c e s  a n d  i t  w a s ,  

t h e r e f o r e ,  e a s i e r  t o  m e a s u r e  t h e  2 0 - 3 0 $  d e c r e a s e s  i n  ATP 

l e v e l s .

U s i n g  t h e s e  " u n t r a n s f e r r e d "  s l i c e s ,  t h e  t i m e  c o u r s e  

o f  t h e  d e c r e a s e  i n  ATP l e v e l s  c a u s e d  by  1 mM k a i n i c  a c i d  

was s t u d i e d .  I n  c o n t r o l  s t u d i e s ,  i t  was  f o u n d  t h a t  when 

u n t r a n s f e r r e d  c e r e b e l l a r  s l i c e s  w e r e  i n c u b a t e d  i n  K r e b s -  

R i n g e r  b i c a r b o n a t e  medium a t  3 7 °C ,  ATP l e v e l s  r o s e  30-4-0$ 

d u r i n g  t h e  i n i t i a l  1 5 -2 0  m i n u t e s  a n d  t h e n  r e m a i n e d  c o n s t a n t  

f o r  a t  l e a s t  4-5 m i n u t e s  a s  shown i n  F i g u r e  4-. No s u c h  

i n c r e a s e  i n  ATP l e v e l s  was  o b s e r v e d  i f  1 mM k a i n i c  a c i d  

was p r e s e n t  f r o m  t h e  b e g i n n i n g  o f  i n c u b a t i o n ;  ATP r e m a i n e d  

a t  a b o u t  6 5 $  o f  t h e  m ax im a l  l e v e l s .  A l s o ,  i f  t h e  s l i c e s  

w e r e  i n c u b a t e d  f o r  4-5 m i n u t e s  t o  g e n e r a t e  m ax im a l  ATP 

l e v e l s  i n  t h e  t i s s u e ,  an d  t h e n  k a i n i c  a c i d  was a d d e d ,

ATP l e v e l s  f e l l  b y  30 $  w i t h i n  20 m i n u t e s .

To t e s t  w h e t h e r  t h i s  e f f e c t  o f  k a i n i c  a c i d  was  

r e v e r s i b l e ,  t i s s u e  s l i c e s  w e re  i n c u b a t e d  w i t h  1 mM k a i n i c  

a c i d  f o r  30 m i n u t e s ,  t r a n s f e r r e d  t o  f r e s h  medium w i t h  no  

k a i n i c  a c i d  a n d  r e i n c u b a t e d .  The l e v e l  o f  ATP i n  t h e  

t i s s u e  r o s e  d u r i n g  t h i s  i n c u b a t i o n  ( F i g u r e  4-) i n d i c a t i n g  a  

p a r t i a l  r e c o v e r y .

V a r i o u s  a t t e m p t s  w e r e  made t o  b l o c k  t h e  a c t i o n  o f  

k a i n i c  a c i d  t o  d e c r e a s e  ATP l e v e l s .  The d e p o l a r i z i n g  

a c t i o n  o f  L - g l u t a m i c  a c i d  a n d  o t h e r  e x c i t a t o r y  am ino  a c i d s  

may r e s u l t  f r o m  a n  i n c r e a s e  i n  p e r m e a b i l i t y  t o  Na+ ( C u r t i s
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FIGURE 4 .  EFFECT OF KAINIC ACID ON ATP LEVELS IN
CEREBELLAR SLICES AS A FUNCTION OF INCUBATION 
TIME

S l i c e s  were i n c u b a t e d  i n  a K re b s -R in g e r  b i c a r b o n a t e  
b u f f e r  i n  t h e  p r e s e n c e  o r  ab sen ce  of  k a i n i c  a c i d .
(•--------------•) C o n t r o l  s l i c e s ;  (o-------------o) s l i c e s  i n c u b a t e d
w i th  1 mM k a i n i c  a c i d .  To o t h e r  s l i c e s  k a i n i c  a c i d  
was added  o r  removed a s  f o l l o w s .  To examine i f  t h e  
r e p r e s s i o n  o f  t h e  r i s e  i n  ATP was r e v e r s i b l e ,  s l i c e s  
were i n c u b a t e d  f o r  30 m in u te s  w i th  1 mM k a i n i c  a c i d ,
t r a n s f e r r e d  t o  normal  medium and i n c u b a t e d  a f u r t h e r
30 m i n u t e s  ------------- a) . To examine i f  k a i n i c  a c i d  can
cause  a change i n  maximal ATP l e v e l s ,  1 mM k a i n i c  
a c i d  was added t o  s l i c e s  a t  45 m i n u t e s  and t h e  s l i c e s
were i n c u b a t e d  f o r  a f u r t h e r  15 m i n u t e s  (□--------------p ) .
The ATP l e v e l s  a r e  e x p r e s s e d  a s  a % o f  t h e  l e v e l  in
t h e  c o n t r o l  s l i c e s  a t  60 m in u te s  ( 1 2 .7  nmoles/mg p r o ­
t e i n )  . Each p o i n t  i s  t h e  mean + S.E.M. f o r  3 -4  
s l i c e s  e x c e p t  f o r  c o n t r o l  and k a i n i c  a c i d - t r e a t e d  
s l i c e s  a t  60 m in u te s  i n  which case  n=12 and n=8 r e s p e c ­
t i v e l y .
* p < 0 . 0 l  when compared t o  c o r r e s p o n d i n g  c o n t r o l
s l i c e s .

p < 0 . 0 2  when compared t o  c o r r e s p o n d i n g  k a i n i c  
a c i d - t r e a t e d  s l i c e s .
O r d i n a t e :  % ATP a t  1 h o u r .
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e t  a l . ,  1972; Z i e g l g a n s b e r g e r  and P u i l , 1973) and th e  

e n s u in g  i o n i c  a l t e r a t i o n s  may l e a d  t o  d e c r e a s e s  i n  ATP. 

T h e r e f o r e  an a t t e m p t  was made to  b lo c k  th e  k a i n i c  a c i d -  

in d u c ed  d e c r e a s e s  i n  c e r e b e l l a r  ATP l e v e l s  w i th  d rugs  which 

b lo ck  t h e  c o n d u c tan ce  of  Na+ o r  K+ . T e t r o d o to x in  s e l e c ­

t i v e l y  b l o c k s  t h e  i n c r e a s e  i n  Na+ p e r m e a b i l i t y  (N arah a sh i  

e t  a l . ,  196^)  and 4 - a m in o p y r id in e  b l o c k s  t h e  i n c r e a s e  i n  

K+ conduc tance  (Meves and P in c h o n ,  1977) f o l l o w i n g  e l e c t r i ­

c a l  e x c i t a t i o n .  The r e s u l t s  show t h a t  n e i t h e r  3 pM 

t e t r o d o t o x i n  ( F ig u r e  5) n o r  5 mM 4 - a m in o p y r id in e  (Tab le  1 ) ,  

added 5 m in u te s  p r i o r  t o  k a i n i c  a c i d ,  b lo ck ed  t h e  decrement  

i n  ATP l e v e l s  i n d u c e d  by k a i n i c  a c i d  i n  c e r e b e l l a r  s l i c e s .

In  c o n t r a s t ,  t h e  a d d i t i o n  o f  3 pM t e t r o d o t o x i n  a t  5 m in u te s  

p r i o r  t o  t h e  a d d i t i o n  of 10 pM v e r a t r i d i n e  d id  b lock  t h e  

50% d e c r e a s e  i n  ATP l e v e l s  seen  w i th  v e r a t r i d i n e  (F ig u r e  5)•  

The t o x i c  a c t i o n s  o f  k a i n i c  a c i d  may be m e d ia ted  

v i a  a s p e c i f i c  r e c e p t o r  f o r  k a i n i c  a c i d .  However a 

good a n t a g o n i s t  of  k a i n i c  a c i d  r e c e p t o r s  has  n o t  a s  y e t  

been  fo u n d .  G lu tam ic  a c i d  d i e t h y l  e s t e r  b lo c k s  t h e  

e x c i t a t i o n s  cau sed  by L - g lu t a m ic  a c i d  i n  c a t  s p i n a l  and r a t  

t h a l a m i c  n e u r o n s  (Haldeman e t  a l . ,  1972; H a l l  e t  a l . ,  I 9 7 8 ),  

b u t  does  n o t  b lo c k  k a i n i c  a c i d - i n d u c e d  e x c i t a t i o n s  ( H a l l  

e t  a l . ,  1978; H icks  e t  a l . ,  1978 ) .  D ,L -2 -am ino-4 -phospho-  

n o b u t r y i c  a c i d  p a r t i a l l y  d e p r e s s e s  r e s p o n s e s  t o  k a i n i c  

a c i d  on c a t  and am phib ian  s p i n a l  n e u r o n s  and more weakly 

d e p r e s s e s  r e s p o n s e s  t o  L - g lu t a m ic  a c i d  (Davies  e t  a l . ,

1979) • However a d d i t i o n s  o f  1 mM 2-am ino-4  p h o s p h o n o b u ty r i c
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FIGURE 5 .  ACTION OF TETRODOTOXIN ON THE DECREMENT IN 
ATP CAUSED BY VERATRIDINE AND BY KAINIC 
ACID IN CEREBELLAR SLICES

C e r e b e l l a r  s l i c e s  were p r e i n c u b a t e d  f o r  14 m in u te s ,  
t h e n  t r a n s f e r r e d .  Ten m in u te s  l a t e r ,  3 Ĵ M t e t r o d o ­
t o x i n  d i s s o l v e d  i n  a c i t r a t e  b u f f e r  o r  no drug 
( c i t r a t e  b u f f e r  c o n t r o l )  was added .  To some sam ples ,  1 mM 
k a i n i c  a c i d  o r  10 pM v e r a t r i d i n e  was added 12 m in u te s  
l a t e r  and t h e  i n c u b a t i o n  c o n t in u e d  f o r  a  f u r t h e r  15 
m i n u t e s .  The t i s s u e  and medium were t h e n  s e p a r a t e d  
by a s p i r a t i o n  and ATP and amino a c i d  l e v e l s  measured  
( a s  d e s c r i b e d  i n  "Methods")* R e s u l t s  a r e  p r e s e n t e d  
as  mean + S.E.M. f o r  t h e  number o f  samples  i n d i c a t e d  i n  
p a r e n t h e s e s .  T T X = te t ro d o to x in .  CIT= c i t r a t e  b u f f e r  
( t e t r o d o t o x i n  c o n t r o l ) .
* p < 0 . 0 1  when compared t o  c o n t r o l  (no d r u g ) .
+ p < 0 . 0 5  when compared t o  c o n t r o l  (no d r u g ) .
ATP l e v e l s  o f  s l i c e s  t r e a t e d  w i th  v e r a t r i d i n e  v s .  t h o s e  
t r e a t e d  w i th  v e r a t r i d i n e  and t e t r o d o t o x i n  a r e  
s i g n i f i c a n t l y  d i f f e r e n t ,  p < 0 .0 0 1 .
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TABLE 1

EFFECT OF VARIOUS COMPOUNDS ON ATP LEVELS AND ON THE KAINIC 
ACID-INDUCED DECREMENT OF ATP LEVELS

A d d i t i o n s  o r  C h a n g e s  o f  Medium ATP ( n m o le s /m g  p r o t e i n )

0 . 5  mM A d e n o s i n e  (4 ) 1 1 . 3 + 0 .4
0 . 5  mM A d e n o s i n e  + 1 mM KA ( ^ ) 7 . 1 + o  . 6 * *

Mg^+- f r e e  Medium (3 ) 9 - 3 T 0 . 3
Mg^+- f r e e  Medium + 10 mM N - m e t h y l - •

CO + 0
D L - a s p a r t i c  a c i d  ( 3 )

None (2 ) 1 0 . 9 + 1 .0

0 . 6  mM KA ( 2 ) 7 . 8 + 0 . 8
5 mM 4 - A m i n o p y r i d i n e  (2 ) 9 . 2 + 0 . 3
5 mM L - A m i n o p y r i d i n e  + 0 . 6  mM KA (2 ) 6 . 5 + 0 . 3 *

C e r e b e l l a r  s l i c e s  w e re  p r e i n c u b a t e d  i n  t h e  p r e s e n c e
2 +o f  a d e n o s i n e ,  i n  Mg - f r e e  m ed ium ,  o r  w i t h  no  a d d i t i o n s

f r o m  t h e  b e g i n n i n g .  A f t e r  a  15 m i n u t e  p r e i n c u b a t i o n ,
k a i n i c  a c i d  was  a d d e d  t o  some s a m p l e s  w i t h  a d e n o s i n e
a n d  N - m e t h y l - D L - a s p a r t i c  a c i d  was  a d d e d  t o  some s a m p l e s  

2 +i n  a  Mg - f r e e  b u f f e r  w i t h o u t  t r a n s f e r r i n g .  T h e se  
i n c u b a t i o n s  c o n t i n u e d  f o r  30 m i n u t e s  l o n g e r  when ATP 
l e v e l s  w e r e  m e a s u r e d .  I n  o t h e r  e x p e r i m e n t s ,  
4 - A m i n o p y r i d i n e  was  a d d e d  t o  s a m p l e s  a f t e r  a 30 m i n u t e  
p r e i n c u b a t i o n  a n d  0 . 6  mM k a i n i c  a c i d  was  a d d e d  5 m i n u t e s  
l a t e r  t o  s a m p l e s ,  a n d  t h e  i n c u b a t i o n  c o n t i n u e d  f o r  20 
m i n u t e s .  The t i s s u e  a n d  medium w e r e  t h e n  s e p a r a t e d  
b y  a s p i r a t i o n ,  a n d  ATP l e v e l s  m e a s u r e d  a s  d e s c r i b e d  i n  
t h e  " M e t h o d s " .  R e s u l t s  a r e  e x p r e s s e d  a s  mean + S .E .M .  
f o r  t h e  n u m b e r  o f  s a m p l e s  i n d i c a t e d  i n  p a r e n t h e s e s .
* p < 0 . 0 5  when c o m p a r e d  t o  s i m i l a r  s a m p l e s  e x c e p t  w i t h o u t
k a i n i c  a c i d  a d d e d .
**  p <  0 . 0 0 1  when c o m p a r e d  t o  s i m i l a r l y  t r e a t e d  s a m p l e s  

w i t h o u t  k a i n i c  a c i d  a d d e d .
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a c i d  d i d  n o t  b l o c k  t h e  d e c r e m e n t  i n  ATP c a u s e d  by  0 . 5  mM 

k a i n i c  a c i d  a n d  t e n d e d  i t s e l f  t o  c a u s e  a s l i g h t  d e c r e m e n t  

i n  ATP ( T a b l e  2 ) .

I n  c o n t r a s t  t o  c e r e b e l l a r  s l i c e s ,  when u n t r a n s ­

f e r r e d  0 . 3  mm t h i c k  s t r i a t a l  s l i c e s  w e re  i n c u b a t e d  w i t h  

10 mM k a i n i c  a c i d  f o r  30 m i n u t e s ,  no  s i g n i f i c a n t  d e c r e m e n t  

i n  ATP l e v e l s  o c c u r r e d  ( 1 1 . 1 + 0 . 7  (n = 4 )  v s .  1 1 . 0 + 0 . 3  (n = 3 )  

n m o l e s / m g  p r o t e i n ,  mean + S . E . M . ,  f o r  c o n t r o l  a n d  k a i n i c  

a c i d - t r e a t e d  s l i c e s  r e s p e c t i v e l y ) .

W eaver  m i c e ,  g e n e t i c  m u t a n t s  w h ic h  l a c k  g r a n u l e  

c e l l s  i n  t h e  c e r e b e l l u m ,  w e re  t e s t e d  f o r  an  e f f e c t  o f  

k a i n i c  a c i d  on c e r e b e l l a r  ATP l e v e l s .  ATP l e v e l s  w ere  

d e c r e a s e d  i n  c e r e b e l l a r  s l i c e s  f ro m  b o t h  w e a v e r  c o n t r o l s  

( n o r m a l  l i t t e r m a t e s )  a n d  w e a v e r  m ic e  ( 4 0 $  an d  2 9 % r e s p e c ­

t i v e l y )  when i n c u b a t e d  w i t h  1 mM k a i n i c  a c i d  f o r  30 m i n u t e s  

( T a b l e  3)*  T h i s  i s  c o n s i s t e n t  w i t h  a  s t u d y  b y  S e i l  a n d  

Woodward ( 1 9 8 0 )  w h ic h  showed t h a t  g r a n u l o p r i v a l  c e r e b e l l a r  

c u l t u r e s  f r o m  t h e  m ouse  a r e  s t i l l  s e n s i t i v e  t o  t h e  t o x i c  

e f f e c t s  o f  k a i n i c  a c i d .  I n  t h e  m o u s e ,  t h e  g r a n u l e  c e l l s  

do n o t  a p p e a r  t o  p l a y  an  e s s e n t i a l  r o l e  i n  d e m o n s t r a t i n g  

b i o c h e m i c a l l y  t o x i c  e f f e c t s  o f  k a i n i c  a c i d .  Bu t  i t  s h o u l d  

b e  n o t e d  t h a t  L o v e l l  a n d  J o n e s  ( 1 9 7 9 )  h a v e  f o u n d ,  i n  

c o n t r a s t  t o  r a t  c e r e b e l l u m ,  P u r k i n j e  c e l l s  i n  t h e  mouse 

a r e  m ore  r e s i s t a n t  t o  d e s t r u c t i o n  t h a n  g r a n u l e  c e l l s  a f t e r  

i n  v i v o  i n j e c t i o n s  o f  k a i n i c  a c i d .  I n  c o n t r a s t ,  S e i l  e t  

a l . ,  ( 1 9 7 9 ) h a v e  f o u n d  t h a t  i n  c u l t u r e s  o f  mouse c e r e b e l l u m  

g r a n u l e  c e l l s  a r e  m ore  r e s i s t a n t  t h a n  P u r k i n j e  c e l l s  t o  t h e
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TABLE 2

EFFECT OF KAINIC ACID AND 2-AMIN0-4-PH03PH0N03UTYRTC

C e r e b e l l a r  s l i c e s  were p r e i n c u b a t e d  f o r  10 m in u te s  
a t  which t im e  2 - a m in o - 4 - p h o s p h o n o b u ty r i c  a c i d  (APB) 
was added  t o  some sa m p les ,  w i th o u t  t r a n s f e r r i n g .
10 m i n u t e s  l a t e r ,  k a i n i c  a c i d  (KA) was added t o  some 
s a m p le s .  The i n c u b a t i o n  p e r i o d  c o n t in u e d  f o r  30 
m i n u t e s  l o n g e r .  The t i s s u e  and medium were th e n  
r a p i d l y  s e p a r a t e d  by a s p i r a t i o n  of t h e  medium, and 
ATP l e v e l s  m easured  a s  d e s c r i b e d  i n  t h e  "Methods". 
V a lues  a r e  t h e  mean + S.E.M. f o r  t h e  number o f  samples 
i n d i c a t e d  i n  p a r e n t h e s e s .
* p < 0 . 0 2  when compared t o  c o n t r o l .

ACID ON ATP LEVELS

A d d i t i o n s ATP (nmoles/mg p r o t e i n )

No a d d i t i o n s  (4)
1 mM APB (3)
0 . 5  mM KA (3)
1 mK APB + 0 . 5  mM KA (6)

1 2 . 6  + 0 . 9  
1 0 .4  + 0 .2  

8 . 2  + 0 . 5* 

7 . 8  + 0 .1*
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TABLE 3

EFFECT OF KAINIC ACID ON ATP LEVELS IN SLICES OF WEAVER MOUSE 
CEREBELLUM

ATP ( n m o l e s / m g  p r o t e i n )

A n im a l  No d r u g  1 mM K a i n i c  A c id

W eaver  Mouse 1 2 . 5 1 0 . 4  8 . 9 1 0 . 6 * *
N orm al  L i t t e r m a t e  1 4 . 2 + 1 . 1  8 . 5 1 1 * 1 *

C e r e b e l l a r  s l i c e s  ( o n e  c e r e b e l l u m  p e r  t u b e )  f ro m  w e a v e r  
m i c e  a n d  l i t t e r m a t e  c o n t r o l s  w e r e  p r e i n c u b a t e d  f o r  15 

m i n u t e s .  K a i n i c  a c i d  (1  mM) w as  a d d e d  a t  t h a t  t i m e  and  
t h e  i n c u b a t i o n  c o n t i n u e d  f o r  30 m i n u t e s  l o n g e r .  The t i s s u e  

a n d  medium w e r e  s e p a r a t e d  by  a s p i r a t i o n .  ATP i n  t h e  
t i s s u e  was m e a s u r e d  a s  d e s c r i b e d  i n  t h e  " M e t h o d s " .  R e s u l t s  

a r e  e x p r e s s e d  a s  mean l  S .E .M .  f o r  two s a m p l e s  a t  e a c h  

p o i n t .  The m i c e  w e r e  3^  "to $1 d a y s  o l d  when u s e d .
* p  < 0 . 0 5  when c o m p a re d  t o  t h e  n o  d r u g  c o n d i t i o n .
**  p < 0 . 0 2  when c o m p a r e d  t o  t h e  no  d r u g  c o n d i t i o n .
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t o x i c  e f f e c t s  o f  k a i n i c  a c i d .

B. EFFECTS OF VARIOUS GLUTAMIC ACID ANALOGS ON ATP 

LEVELS IN CEREBELLAR SLICES

The e f f e c t s  on ATP l e v e l s  o f  o t h e r  e x c i t a t o r y  a n d

n o n e x c i t a t o r y  a n a l o g s  o f  g l u t a m i c  a c i d  w e re  s t u d i e d .  The

e x c i t a t o r y  am ino  a c i d s ,  D , L - h o m o c y s t e i c  a c i d  (10  mM) a n d

L - g l u t a m i c  a c i d  (1  a n d  10 mM), d e c r e a s e d  ATP l e v e l s  b y  3 3 $

a n d  1 2 - 1 8 $ ,  r e s p e c t i v e l y ,  i n  u n t r a n s f e r r e d  c e r e b e l l a r

s l i c e s  a f t e r  a 30 m i n u t e  i n c u b a t i o n  ( T a b l e  4 ) .  The

n o n e x c i t a t o r y  a n d  n o n t o x i c  a n a l o g  o f  k a i n i c  a c i d ,  d i h y d r o -

k a i n i c  a c i d  (1 mM), d i d  n o t  a f f e c t  ATP l e v e l s  i n  c e r e b e l l a r

s l i c e s .  ATP l e v e l s  w ere  a l s o  n o t  d e p r e s s e d  by  t h e

e x c i t a t o r y  a n a l o g ,  N - m e t h y l - D - a s p a r t i c  a c i d  (1  mM) o r

N - m e t h y l - D , L - a s p a r t i c  a c i d  (10  mM). B e c a u s e  Mg + h a s  b e e n

r e p o r t e d  t o  a n t a g o n i z e  e x c i t a t i o n s  i n d u c e d  by  N - m e t h y l - D -

a s p a r t i c  a c i d  ( E v a n s  e t  a l . ,  1 9 7 7 ;  D a v i e s  a n d  W a t k i n s ,

1977)>  t h e  e f f e c t  on ATP l e v e l s  o f  a d d i t i o n  o f  10 mM
2 +N - m e t h y l - D , L - a s p a r t i c  a c i d  t o  a  Mg - f r e e  b u f f e r  was

e x a m i n e d .  The l e v e l s  o f  ATP w e r e  som ew hat  lo w  i n  t h e  
2 +Mg - f r e e  b u f f e r  a n d  a d d i t i o n  o f  N - m e t h y l - D , L - a s p a r t i c  

a c i d  d i d  n o t  d e p r e s s  t h e  l e v e l s  o f  ATP a n y  f u r t h e r  ( T a b l e  1 ) .  

I f  b o t h  N - m e t h y l - D , L - a s p a r t i c  a c i d  (1 0  mM) a n d  t h e  

g l u t a m i c  a c i d  u p t a k e  b l o c k e r ,  d i h y d r o k a i n i c  a c i d  (1  mM), 

w e r e  i n c u b a t e d  t o g e t h e r  w i t h  c e r e b e l l a r  s l i c e s  f o r  

30 m i n u t e s ,  ATP l e v e l s  w e r e  n o t  s i g n i f i c a n t l y  a l t e r e d .
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TABLE 4

EFFECT OF VARIOUS AMINO ACIDS ON ATP LEVELS OF CEREBELLAR 
SLICES

A d d i t i o n s  t o  Medium P e r c e n t a g e  o f  C o n t r o l  ATP L e v e l s

1 mM L - g l u t a m i c  a c i d  ( 6 ) 88 + 6 *

10 mM L - g l u t a m i c  a c i d  ( 5 ) 82 + 3*
1 mM D , L - h o m o c y s t e i c  a c i d  (4 ) 82 + 6
10 mM D , L - h o m o c y s t e i c  a c i d  (4 ) 67 +

1 mM d i h y d r o k a i n i c  a c i d  ( 6 ) 97 + 7
1 mM N - m e t h y l - D - a s p a r t i c  a c i d  ( 4 ) 98 + 2
10 mM N - m e t h y l - D L - a s p a r t i c  a c i d (2 ) 89 + 6
10 mM N - m e t h y l - D L - a s p a r t i c  a c i d

+ 1 mM d i h y d r o k a i n i c  a c i d  (2 ) 84 + 8

C e r e b e l l a r  s l i c e s  w e r e  p r e i n c u b a t e d  f o r  15 m i n u t e s  ( 35 
m i n u t e s  i n  t h e  e x p e r i m e n t  i n  w h ic h  lOmM N - m e t h y l - D - a s p a r t i c  

a c i d  a n d  1 mM d i h y d r o k a i n i c  a c i d  w e re  a d d e d  t o g e t h e r )  a t  
w h ic h  t i m e  t h e  v a r i o u s  am ino  a c i d s  w e r e  a d d e d  t o  t h e  m edium, 

w i t h o u t  t r a n s f e r r i n g .  The i n c u b a t i o n  c o n t i n u e d  f o r  30 
m i n u t e s  l o n g e r  . The t i s s u e  a n d  medium w e re  t h e n  s e p a r a t e d  

b y  a s p i r a t i o n  a n d  ATP l e v e l s  m e a s u r e d  a s  d e s c r i b e d  i n  
" M e t h o d s " .  R e s u l t s  a r e  e x p r e s s e d  a s  % o f  c o n t r o l  + S .E .M .  

f o r  t h e  n u m b e r  o f  s a m p l e s  i n d i c a t e d  i n  p a r e n t h e s e s .  The 
c o n t r o l  v a l u e  f o r  ATP o f  a l l  t h e  e x p e r i m e n t s  co m b in ed  

w as  1 1 . 2  n m o l e s / m g  p r o t e i n  f o r  29 s a m p l e s  (S .E .M * = 0 . 1 9 ) .
* p  < 0 . 0 5  when c o m p a re d  t o  c o r r e s p o n d i n g  c o n t r o l .
**  p < 0 . 0 0 1  when co m p a re d  t o  c o r r e s p o n d i n g  c o n t r o l .
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C. EFFECT OF KAINIC ACID ON ADENINE NUCLEOTIDE AND

CREATINE PHOSPHATE LEVELS AND ON OXYGEN CONSUMPTION 

IN 'CEREBELLAR SLICES

ADP a n d  AMP l e v e l s  w e r e  a l s o  m e a s u r e d  t o  d e t e r m i n e  

w h e t h e r  t h e  t o t a l  a d e n i n e  n u c l e o t i d e  p o o l  was  i n t a c t  a f t e r  

k a i n i c  a c i d  t r e a t m e n t .  A f t e r  a  30 m i n u t e  i n c u b a t i o n  w i t h  

1 mM k a i n i c  a c i d ,  t h e  ADP l e v e l s  o f  u n t r a n s f e r r e d  c e r e b e l ­

l a r  s l i c e s  w e re  u n a l t e r e d  ( 1 . 7  ±  0 . 2  v s .  1 . 8  + 0 . 1  n m o les*  

mg p r o t e i n  , mean + S . E . M . ,  c o n t r o l  a n d  k a i n i c  a c i d -  

t r e a t e d  r e s p e c t i v e l y )  a n d  t h e  AMP l e v e l s  i n c r e a s e d  20% 

( 0 . 1 2 1  + 0 . 0 0 2  (n = 4 )  v s .  0 . 1 4 5  + 0 . 0 0 4  (n=4)  n m o le s*  

mg p r o t e i n  , mean + S . E . M . ,  c o n t r o l  an d  k a i n i c  a c i d -  

t r e a t e d  r e s p e c t i v e l y ) . Thus  t h e  t o t a l  c o n t e n t  o f  

ATP + ADP + AMP d e c r e a s e d  29% i n  t h e  k a i n i c  a c i d - t r e a t e d  

c e r e b e l l a r  s l i c e s .  The ATP/ADP r a t i o  d e c r e a s e d  3 6 % f ro m  

a  c o n t r o l  v a l u e  o f  6 . 8 2  t o  v a l u e  o f  4 . 3 4  i n  t h e  p r e s e n c e  

o f  1 mM k a i n i c  a c i d .  A d e n o s i n e  ( 0 . 5  mM) was a d d e d  t o  t h e  

medium i n  an a t t e m p t  t o  r e s t o r e  ATP l e v e l s .  As demon­

s t r a t e d  i n  T a b l e  1 ,  t h i s  d i d  n o t  i n h i b i t  t h e  k a i n i c  

a c i d - i n d u c e d  d e c r e a s e  i n  ATP l e v e l s .

The e f f e c t  o f  k a i n i c  a c i d  on c r e a t i n e  p h o s p h a t e  

p a r a l l e l e d  t h a t  on ATP l e v e l s .  C r e a t i n e  p h o s p h a t e  l e v e l s  

d e c l i n e d  3 2 % a n d  2 5 % a f t e r  a  30 m i n u t e  i n c u b a t i o n  w i t h  

1 mM a n d  0 . 1  mM k a i n i c  a c i d  r e s p e c t i v e l y  ( F i g u r e  3 )*  No 

d e c r e m e n t  i n  c r e a t i n e  p h o s p h a t e  l e v e l s  was o b s e r v e d  w i t h  

0 . 0 1  mM k a i n i c  a c i d .
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I n c r e a s e s  i n  t h e  r e s p i r a t i o n  o f  mouse c e r e b e l l a r  

s l i c e s  w e r e  n o t e d  a f t e r  a d d i t i o n  o f  k a i n i c  a c i d .  The r a t e  

o f  o x y g e n  u p t a k e  o f  mouse c e r e b e l l a r  s l i c e s  d u r i n g  a  5 m i n ­

u t e  i n c u b a t i o n  a t  32°C i n  K r e b s - R i n g e r  p h o s p h a t e  medium 

c o n t a i n i n g  g l u c o s e  was  i m m e d i a t e l y  i n c r e a s e d  by  1 7 $  a f t e r  

t h e  a d d i t i o n  o f  5 mM k a i n i c  a c i d  a n d  2 0 $  a f t e r  t h e  a d d i t i o n  

o f  10 mM L - g l u t a m i c  a c i d  ( T a b l e  5)*

D. STUDIES ON THE ALTERATIONS IN AMINO ACID LEVELS 

IN CEREBELLAR SLICES AND INCUBATION MEDIUM BY 

KAINIC ACID

C o n s i d e r i n g  t h e  p o s s i b i l i t y  t h a t  a n  e f f e c t  on 

g l u t a m i c  a c i d  m e t a b o l i s m  m i g h t  be  i n v o l v e d  i n  t h e  n e u r o ­

t o x i c  a c t i o n  o f  k a i n i c  a c i d ,  am ino  a c i d  l e v e l s  i n  c e r e b e l ­

l a r  s l i c e s  an d  i n c u b a t i o n  medium w e re  m e a s u r e d .  M arked  

d e c r e a s e s  ( 6 0 - 7 5 $)  i n  t i s s u e  g l u t a m i n e  l e v e l s  w e re  o b s e r v e d  

a f t e r  i n c u b a t i o n  o f  t r a n s f e r r e d  ( T a b l e  6 ) o r  u n t r a n s f e r r e d  

( T a b l e  7 )  c e r e b e l l a r  s l i c e s  w i t h  1 mM k a i n i c  a c i d  f o r  30 

m i n u t e s .  I n c u b a t i o n  f o r  60 m i n u t e s  w i t h  10 mM k a i n i c  

a c i d  d i d  n o t  c a u s e  a n y  f u r t h e r  d e c r e a s e s  i n  t i s s u e  g l u t a m i n e  

l e v e l s  ( T a b l e  8 ) .  The d e c r e a s e  (1 6 $ )  i n  t i s s u e  g l u t a m i n e  

l e v e l s  was s m a l l e r  ( 3 * 5  ±  0 . 1  (n=4)  v s .  3*0  + 0 . 1  ( n = 4 )  

u m o l e s / 1 0 0  mg p r o t e i n ,  mean + S . E . M . ,  o f  c o n t r o l  a n d  k a i n i c  

a c i d - t r e a t e d  s l i c e s  r e s p e c t i v e l y )  a f t e r  e x p o s u r e  t o  0 . 1  mM 

k a i n i c  a c i d  f o r  30 m i n u t e s .  No d e c r e a s e s  i n  t i s s u e  g l u t a ­

m in e  l e v e l s  w e r e  e v i d e n t  a f t e r  i n c u b a t i o n  w i t h  0 . 0 1  mM
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TABLE 5

EFFECT OF KAINIC ACID AND GLUTAMIC ACID ON OXYGEN 
CONSUMPTION OF MOUSE BRAIN CEREBELLAR SLICES

U p t a k e  o f  Oxygen 
( n g - a t o m s / m g  w e t  w t . / m i n . )

A d d i t i o n s B a s e l i n e T r e a t e d Mean % Change

5 mM KA ( 7 ) 8 0 . 2 +6 . 8 9 2 . 8 +6 . 2 1 7 . 0 + 3 . 7 * *
10 mM L-GLU(4 ) 8 6 . 7 +1 0 . ? 1 0 3 - 7 + 1 1 . 2 20 . 3 +2 . 8**

55 mM KC1 (3 ) 97 . 8 +1 . 0 1 2 7 . 6 +1 . 0 3 0 . 6 + 4 . 2*
NaCl (4 ) 7 5 - 7 ± 2 . 5 7 6 . 8 +3 . 5 1 . 1 +1 .7

Mouse c e r e b e l l a r  s l i c e s  w e re  i n c u b a t e d  a t  32°C I n  K r e b s  
R i n g e r  p h o s p h a t e  medium a n d  t h e  r a t e  o f  o x y g e n  u p t a k e  
m e a s u r e d  a s  d e s c r i b e d  i n  " M e t h o d s " .  The c o n c e n t r a t i o n
o f  KC1 i n  t h e  medium was  i n c r e a s e d  f r o m  5 mM t o  55 mM 
b y  a d d i n g  50 u l  o f  5 M KC1. A s i m i l a r  am o u n t  o f  NaCl 
was  a d d e d  a s  a  c o n t r o l  a n d  i t  i n c r e a s e d  t h e  m o l a r i t y  

o f  Na+ i n  t h e  medium f r o m  135 t o  185 mM. V a l u e s  a r e  
mean  + S .E .M .  f o r  t h e  n u m b e r  o f  e x p e r i m e n t s  i n d i c a t e d  
i n  p a r e n t h e s e s .
** p <  0 . 0 0 5  when c o m p a r e d  t o  b a s e l i n e .  P a i r e d  t - t e s t .  
* p < 0 . 0 1  when c o m p a r e d  t o  b a s e l i n e .  P a i r e d  t - t e s t .
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TABLE 6

EFFECT OF KAINIC ACID ON AMINO ACID LEVELS IN TRANSFERRED 
CERSEELLAR SLICES AND INCUBATION MEDIUM

T i s s u e  Amino A c id  L e v e l s  ( p m o l e s / 1 0 0  mg p r o t e i n )

C o n t r o l ( 8 ) 1 mM K a i n i c  A c id  ( 8 )

G l u t a m i c  A c id  5 - 4 + 0 . 1  
A s p a r t i c  A c id  1 . 0 + 0 . 1  

G l u t a m i n e  1 . 2 8 + 0 . 0 ?  
GABA 0 . 9 2 + 0 . 0 2

4 . 8 + 0 .  1*
0 .'8 +0 . 1  
0 . 4 3 + 0 . 0 2 * *  

0 . 9 2 +0 . 0 6

Medium Amino A c id  L e v e l s  ( p m o l e s / 1 0 0 mg p r o t e i n / 2 . 5  ml)

C o n t r o l (4 ) 1 mM K a i n i c  A c i d ( 4 )

G l u t a m i c  A c id  0 . 3 1 ± 0 . 0 2  
A s p a r t i c  A c i d  0 . 1  
G l u t a m i n e  2 . 8 2 +0 . 0 8

1 . 4 4 + 0 . 0 5 * 
0 . 1

2 . 5 4 + 0 . 0 9

C e r e b e l l a r  s l i c e s  w e r e  p r e i n c u b a t e d  f o r  15 m i n u t e s  a t  
w h ic h  t i m e  t h e y  w e r e  t r a n s f e r r e d  t o  f r e s h  medium a n d  
k a i n i c  a c i d  was i m m e d i a t e l y  a d d e d  t o  some s a m p l e s .
A f t e r  a  30 m i n u t e  i n c u b a t i o n  w i t h  k a i n i c  a c i d ,  r a d i o a c t i v e  
t r a c e r s  w e r e  a d d e d  f o r  a p e r i o d  o f  10 m i n u t e s .  The 

t i s s u e  a n d  medium w e r e  t h e n  s e p a r a t e d  b y  c e n t r i f u g a t i o n  
a n d  am ino  a c i d s  a n a l y z e d  a s  d e s c r i b e d  i n  " M e t h o d s " .
R e s u l t s  a r e  e x p r e s s e d  a s  t h e  mean + S .E .M .  f o r  t h e  n u m b e r  
o f  s a m p l e s  i n d i c a t e d  i n  p a r e n t h e s e s .  GABA was n o t  d e t e c t e d  
i n  t h e  medium o f  a n y  s a m p l e s .
* p < 0 . 0 2  when c o m p a re d  t o  c o n t r o l .
** p < o . 001  when co m p a re d  t o  c o n t r o l .
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TABLE ?

THE EFFECTS OF KAINIC ACID (K A ) , N-METHYL-D-ASPARTIC ACID (NMDA), DIHYDROKAINIC ACID 
( DHKA) AND D.L-HOMOCYSTEIC ACID (D.L-HCA) ON AMINO ACID LEVELS IN CEREBELLAR SLICES AND 
INCUBATION MEDIUM

% C o n t r o l

T i s s u e  Amino A c id  L e v e l s  
( p m o l e s / 1 0 0  mg p r o t e i n )

A d d i t i o n s  t o  
KA NMDA

Medium 
D,L-HCA DHKA

G l u t a m i c  A c id 7 . 1 5 + 0 . 0 8 8 0 + 2 ** 97+ 3 9 9 + 3 9 7 + 7
A s p a r t i c  A c id 1 . 71+0  . 0 2 6 ^+ 2** 1 0 7 + 4 8 5 + 113+ 5

G l u t a m i n e 3 . 1 6 +0 . 0 7 3 5 + fj.** 9 8 + 6 6 1 + 3** 1 0 1 + 7

Medium Amino A c id  L e v e l s
( p m o l e s / l O O  mg p r o t e i n / 2 . 5ml

G l u t a m i c  A c id 1 . 5 8 + 0 . 0 7 2^ 3 + 3 ** 1 1 2 + 9 I 6 0 + 6 ** 1^7+13
A s p a r t i c  A c id 0 . 3 5 +0 . 0 2 3 3^+ 6 ** 1 2 3 + 3 * 181+ 1** 103+13
G l u t a m i n e 6 . 55±0 • 17 9 6 + 3 1 0 2 + 2 8 7 + 3 10^+ 6

A f t e r  a  15 m i n u t e  p r e i n c u b a t i o n ,  c e r e b e l l a r  s l i c e s  w e r e  i n c u b a t e d  f o r  a f u r t h e r  30 m i n u t e s  
w i t h o u t  t r a n s f e r r i n g  w i t h  no  a d d i t i o n s  o r  a d d i t i o n  o f  1 mM KA, 1 mM NMDA, 1 mM D.L-HCA, o r  
1 mM DHKA. The t i s s u e  an d  medium w e re  t h e n  s e p a r a t e d  by  a s p i r a t i o n  a n d  am ino  a c i d s  
a n a l y z e d  a s  d e s c r i b e d  i n  t h e  " M e t h o d s " .  V a l u e s  a r e  t h e  mean + S .E .M .  o f  8 s l i c e s  f o r  
c o n t r o l s  a n d  ^  s l i c e s  e a c h  f o r  o t h e r  c o n d i t i o n s .
* p  < 0 . 0 5  when c o m p a re d  t o  c o n t r o l .
**  p < 0 . 0 0 5  when c o m p a re d  t o  c o n t r o l .
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TABLE 8

EFFECT OF INCUBATION WITH 10 mM KAINIC ACID FOR 60 MINUTES 

ON AMINO ACID LEVELS IN CEREBELLAR SLICES

Amino A c id  L e v e l s  ( p m o l e s / 1 0 0  mg p r o t e i n )

C o n t r o l  10 mM K a i n i c  A c id

G l u t a m i c  A c id 6 . 8+0 .3 5 . 4 + 1 . 4 *
G l u t a m i n e 4 .  9 +2 .4 1 . 4 + 0 . 1 *
A s p a r t i c  A c id ' 1 . 2+0 .1 0 . 8 + 0 . 0 3 *
T h r e o n i n e 0 . 6 + 0 . 0 3 0 . 2 +0 . 0 2 *

S e r i n e 1 . 1 + 0 . 0 4 0 . 5 2 +0 . 0 3
A l a n i n e 0 . 8 7 +0 . 0 3 0 . 57± 0 .06

GABA 0 . 7 3 1 0 . 0 9 0 . 5 6 +0 . 0 6
G l y c i n e 1 . 0 +0 . 1 0 . 9 ± 0 . 0 9
T a u r i n e 2 . 3 +0 .3 2 . 0+0  .4
A s p a r a g i n e 0 . 2 6 +0 . 0 2 0 . 2 2 + 0 . 0 4

A f t e r  a 20 m i n u t e  p r e i n c u b a t i o n ,  k a i n i c  a c i d  a t  10 mM 

was a d d e d  t o  c e r e b e l l a r  s l i c e s  w i t h o u t  t r a n s f e r r i n g .  
The i n c u b a t i o n  c o n t i n u e d  f o r  60 m i n u t e s .  The t i s s u e  

a n d  t h e  medium w e r e  t h e n  s e p a r a t e d  by  a s p i r a t i o n  a n d  
am in o  a c i d s  w e re  m e a s u r e d  on a T e c h n i c o n  Amino A c id  
A u t o a n a l y z e r .  R e s u l t s  a r e  e x p r e s s e d  a s  mean + S .E .M .  
f o r  6 e x p e r i m e n t s  a t  e a c h  p o i n t .

* p <  0 . 0 0 5  when co m p a re d  w i t h  c o n t r o l .
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k a i n i c  a c i d  f o r  30 m i n u t e s .  T i s s u e  g l u t a m i n e  l e v e l s  w e re  

d e c r e a s e d  b y  33% w i t h i n  10 m i n u t e s  o f  a d d i t i o n  o f  1 mM 

k a i n i c  a c i d  ( F i g u r e  6 ) .  The t o t a l  o f  t i s s u e  p l u s  medium 

g l u t a m i n e  was d e c r e a s e d  b y  1 8 $  a f t e r  a 20 m i n u t e  a n d  b y  

2.$% a f t e r  a 30 m i n u t e  i n c u b a t i o n  b u t  was n o t  s i g n i f i c a n t l y  

d e c r e a s e d  a f t e r  a  10 m i n u t e  i n c u b a t i o n  w i t h  1 mM k a i n i c  

a c i d  ( F i g u r e  6 ) .  G e n e r a l l y  t i s s u e  l e v e l s  o f  g l u t a m i c  

a c i d  and  a s p a r t i c  a c i d  d e c l i n e d  s l i g h t l y  ( T a b l e  6 )  b u t  

t h e  d e c l i n e  was v a r i a b l e .  D e c r e a s e s  i n  t i s s u e  l e v e l s  

o f  s e r i n e  a n d  t h r e o n i n e  w e r e  a l s o  n o t e d  a f t e r  a  20 m i n u t e  

i n c u b a t i o n  w i t h  1 mM k a i n i c  a c i d  ( 3 2 $  an d  3 6 $  r e s p e c t i v e l y )  

a n d  l a r g e r  d e c r e a s e s  w e re  n o t e d  a f t e r  a  60 m i n u t e  i n c u b a ­

t i o n  w i t h  10 mM k a i n i c  a c i d  ( T a b l e  8 ) .  No c h a n g e s  i n  

t a u r i n e ,  g l y c i n e ,  GABA, o r  a s p a r a g i n e  l e v e l s  w ere  o b s e r v e d  

e v e n  a f t e r  a 60 m i n u t e  i n c u b a t i o n  w i t h  10 mM k a i n i c  a c i d  

( T a b l e  8 ) .

The e f f l u x  o f  g l u t a m i c  a c i d  a n d  a s p a r t i c  a c i d  i n t o  

t h e  medium s u b s t a n t i a l l y  i n c r e a s e d  i n  t h e  p r e s e n c e  o f  1 mM 

k a i n i c  a c i d  w h e r e a s  t h e  l e v e l s  o f  GABA a n d  g l u t a m i n e  d i d  

n o t  c h a n g e  ( T a b l e s  6 a n d  7 ) .  G l u t a m i c  a c i d  l e v e l s  

i n c r e a s e d  i n  t h e  medium f r o m  u n t r a n s f e r r e d  s l i c e s  by  

a p p r o x i m a t e l y  1 5 0 $  a n d  i n  t h e  medium f ro m  t r a n s f e r r e d  

s l i c e s  b y  a p p r o x i m a t e l y  3 5 0 $  a f t e r  a  3° m i n u t e  i n c u b a t i o n  

w i t h  1 mM k a i n i c  a c i d .  A s p a r t i c  a c i d  l e v e l s  i n  t h e  medium 

f r o m  u n t r a n s f e r r e d  s l i c e s  i n c r e a s e d  b y  2 2 5 - 2 4 5 $  i n  t h e  

p r e s e n c e  o f  k a i n i c  a c i d .  The l e v e l s  o f  a s p a r t i c  a c i d  i n  

t h e  medium f ro m  t r a n s f e r r e d  s l i c e s  w e r e  t o o  lo w  t o  m e a s u r e .
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FIGURE 6 . TIME COURSE OF THE ACTION OF KAINIC ACID ON 
GLUTAMINE LEVELS

C e r e b e l l a r  s l i c e s  w e re  p r e i n c u b a t e d  f o r  15 m i n u t e s ,  
t h e n  k a i n i c  a c i d  (KA) a d d e d  f o r  a f i n a l  c o n c e n t r a t i o n  

o f  1 mM. The i n c u b a t i o n  was  s t o p p e d  a t  t h e  t i m e  i n d i ­
c a t e d .  The t i s s u e  a n d  medium w e re  s e p a r a t e d  by- 

a s p i r a t i o n  a n d  g l u t a m i n e  l e v e l s  m e a s u r e d  a s  d e s c r i b e d  
i n  t h e  " M e t h o d s " .  C i r c l e s  ( • )  c o n t r o l ,  ( o )  KA, r e f e r  
t o  l e v e l s  o f  g l u t a m i n e  i n  t h e  t i s s u e .  T r i a n g l e s  
(a ) c o n t r o l ,  (A) KA, r e f e r  t o  t h e  t o t a l  o f  t i s s u e  p l u s  

medium g l u t a m i n e .  The r e s u l t s  a r e  e x p r e s s e d  a s  t h e  
mean + S .E .M .  f o r  k e x p e r i m e n t s  a t  e a c h  p o i n t .
* p < 0 . 0 1  when c o m p a re d  t o  c o n t r o l .
+ p  < 0 . 0 5  when c o m p a re d  t o  c o n t r o l .
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The r e l e a s e  o f  amino  a c i d s  i n d u c e d  by  k a i n i c  a c i d  

was t h e n  co m p a re d  t o  t h a t  i n d u c e d  by  v e r a t r i d i n e ,  a  p r e -  

s y n a p t i c  d e p o l a r i z i n g  a g e n t .  V e r a t r i d i n e  i n c r e a s e d  t h e  

l e v e l  o f  g l u t a m i c  a c i d  i n  t h e  medium by  1 00$ ,  t h a t  o f  

a s p a r t i c  a c i d  b y  45$> a n d  t h a t  o f  GABA t o  d e t e c t a b l e  

l e v e l s .  K a i n i c  a c i d  c a u s e d  a  som ew hat  l a r g e r  i n c r e a s e  

i n  t h e  l e v e l  o f  g l u t a m i c  a c i d  ( b y  2 9 0 $)  a n d  t h e  l e v e l  

o f  a s p a r t i c  a c i d  (b y  9 0 $) i n  t h e  medium, b u t  d i d  n o t  

i n c r e a s e  GABA t o  m e a s u r a b l e  l e v e l s  d u r i n g  t h e  15 m i n u t e  

i n c u b a t i o n .  T e t r o d o t o x i n ,  a b l o c k e r  o f  t h e  d e p o l a r i z a t i o n  

e l i c i t e d  by  v e r a t r i d i n e  (O h ta  e t  a l . ,  1973)> when a d d e d  

a t  3 mM 5 m i n u t e s  p r i o r  t o  t h e  a d d i t i o n  o f  10 juM v e r a t r i ­

d i n e  o r  1 mM k a i n i c  a c i d ,  b l o c k e d  t h e  v e r a t r i d i n e - i n d u c e d  

r e l e a s e  o f  g l u t a m i c  a c i d ,  a s p a r t i c  a c i d  a n d  GABA b u t  d i d  

n o t  b l o c k  t h e  r e l e a s e  c a u s e d  b y  k a i n i c  a c i d  ( T a b l e  9 ) .

E .  EFFECT OF KAINIC ACID ON THE UPTAKE AND RELEASE 

OF GLUTAMIC ACID BY SYNAPTOSOMES

B e c a u s e  s y n a p t o s o m a l  p o o l s  o f  g l u t a m i c  a c i d  m i g h t

c o n t r i b u t e  t o  t h e  i n c r e a s e d  e f f l u x  o f  g l u t a m i c  a c i d  i n t o

t h e  medium f ro m  c e r e b e l l a r  s l i c e s  w h ic h  i s  i n d u c e d  by

k a i n i c  a c i d ,  t h e  e f f e c t  o f  k a i n i c  a c i d  on s y n a p t o s o m a l

u p t a k e  a n d  r e l e a s e  o f  L - g l u t a m i c  a c i d  was s t u d i e d .  The 
14

u p t a k e  o f  C - l a b e l l e d  L - g l u t a m i c  a c i d  i n t o  c r u d e  s y n a p t o ­

s o m a l  f r a c t i o n s  p r e p a r e d  f ro m  r a t  c e r e b r a l  c o r t e x  was 

g r e a t l y  i n h i b i t e d  ( b y  55%>) 6 y  1 mM k a i n i c  a c i d  ( T a b l e  1 0 ) .
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TABLE 9

ACTION OF TETRODOTOXIN ( TTX) ON THE EFFLUX OF AMINO ACIDS 
FROM CEREBELLAR SLICES INDUCED BY VERATRIDINE (VER) OR BY 

KAINIC ACID (KA)

Amino A c id  L e v e l s  i n  t h e  Medium 
A d d i t i o n s  ( p m o le s / lO O  mg p r o t e i n / 2 . 5  ml)
t o  Medium G l u t a m i c  A c id  A s p a r t i c  A c id  G l u t a m i n e  GABA

VER o . 7 2 +0 . 0 6 0 . 1 6 + 0 . 0 1 3 . 0 7 ± 0 .2 3 0 . 1 7 ± 0 .
TTX+VER 0 . 35± 0 . 0 6 ** 0 . 1 1 +0 . 0 1 * 2 . 7 2 +0 . 5 1 #

KA 1 . 0 1 + 0 . 0 7 0 . 2 1 + 0  .01 3 . 3 0+ O . I 3 #
TTX+KA 1 . 0 4 + 0 . 0 7 0 . 1 9 +0 . 0 1 3 . 0 3 + 0 . 2 8 #

C i t r a t e b u f f e r  was a d d e d t o  s a m p l e s l a c k i n g  t e t r o d o t o x i n

b e c a u s e t e t r o d o t o x i n  was a d d e d  i n  a c i t r a t e  b u f f e r . R e s u l t s
a r e  e x p r e s s e d  a s  mean +_ S .E .M .  f o r 3 e x p e r i m e n t s  a t e a c h

p o i n t . See  F i g u r e  5 f o r i n c u b a t i o n c o n d i t i o n s .
* p  < 0 . 0 5  when co m p a re d  w i t h  s i m i l a r  s a m p l e s  n o t  i n c u b a t e d  

w i t h  t e t r o d o t o x i n .
**  p < 0 . 0 2  when c o m p a re d  w i t h  s i m i l a r  s a m p l e s  n o t  i n c u b a t e d  

w i t h  t e t r o d o t o x i n .
#  GABA was n o t  d e t e c t a b l e  i n  t h e s e  s a m p l e s .
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EFFECT OF KAINIC ACID ON THE UPTAKE, THE EFFLUX, AND THE
14

VSRATRIDINE-STIMULATED EFFLUX OF L - ( U -C )G L U T A M I C  ACID 
FROM CEREBRAL CORTICAL SYNAPTOSOMES

A d d i t i o n s  a t

P e r c e n t a g e  o f  C o n t r o l  U p t a k e  

a t  10 M i n u t e s

D ru g s  P r e s e n t  f ro m  t h e  S t a r t  

o f  t h e  I n c u b a t i o n

Time 10 M i n u t e s None 1 mM K a i n i c  A c i d

10 m in None 100 4 5 . 5 + 0 . 5 *

13  m in 1 pM V e r a t r i d i n e 6 3 . 9 1 1 . 5 * 3 4 . 6 + 2 . 8 * *

15  m in 1 mM K a i n i c  A c i d 8 1 . 7+7  .6

15  m in None 1 0 7 . 2 + 3 . 2

A p o r t i o n  o f  t h e  c r u d e  s y n a p t o s o m a l  f r a c t i o n  f ro m  r a t  b r a i n  

c e r e b r a l  c o r t e x  was  p r e p a r e d  an d  a d d e d  t o  K r e b s - R i n g e r  
p h o s p h a t e  medium t o  g i v e  a  f i n a l  p r o t e i n  c o n c e n t r a t i o n  o f  

0 . 9  mg p r o t e i n / m l  ( a s  i n  " M e t h o d s " ) .  T h i s  was  p r e i n c u b a t e d  
f o r  5 m i n u t e s  i n  t h e  p r e s e n c e  o f  a b s e n c e  o f  k a i n i c  a c i d  a t  

w h i c h  t i m e  100 n C i  o f  d i l u t e d  L - ( U -  C ) g l u t a m i c  a c i d  was  a d d e d  
t o  g i v e  a  f i n a l  g l u t a m i c  a c i d  c o n c e n t r a t i o n  o f  10 uM i n  t h e  

medium a n d  a  v o lu m e  o f  2 . 5  m l .  The i n c u b a t i o n  was  s t o p p e d  
a n d  t h e  c o n t r o l  u p t a k e  a n d  t h a t  m e a s u r e d  i n  t h e  p r e s e n c e  o f  

k a i n i c  a c i d  w e r e  o b t a i n e d  5 m i n u t e s  l a t e r  (10  m i n u t e s  t o t a l  
e l a p s e d  t i m e )  . V e r a t r i d i n e  o r  k a i n i c  a c i d  was  a d d e d  a t  10 

m i n u t e s ,  a n d  3 o r  5 m i n u t e s  l a t e r  t h e  r a d i o a c t i v i t y  r e m a i n ­
i n g  i n  t h e  s y n a p t o s o m e s  m e a s u r e d .  R e s u l t s  a r e  e x p r e s s e d  a s  
t h e  mean + S .E .M .  o f  t h e  p e r c e n t a g e  o f  c o n t r o l  u p t a k e  a t  10 
m i n u t e s  f o r  3 s a m p l e s  a t  e a c h  p o i n t .  The a p p a r e n t  n e t  u p t a k e  
o f  g l u t a m i c  a c i d  i n t o  c o n t r o l  s y n a p t o s o m e s  was 7 n m o l e s / m g  
p r o t e i n .  The t i s s u e  t o  m edium  r a t i o  was  1 . 3  a t  10 m i n u t e s  

i n  c o n t r o l  s y n a p t o s o m e s .
* p < 0 . 0 1  when c o m p a r e d  t o  c o n t r o l  u p t a k e  a t  10 m i n u t e s .

* * p < 0 . 0 1  when c o m p a r e d  t o  c o n t r o l  u p t a k e  a t  10 m i n u t e s  
a n d  p < 0 . 0 2  when c o m p a r e d  t o  t h e  u p t a k e  a t  10 m i n u t e s  i n  

t h e  p r e s e n c e  o f  k a i n i c  a c i d .
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l  if.
I f  c o r t i c a l  s y n a p t o s o m e s  w e r e  p r e l o a d e d  w i t h  L - ( U -  C ) -

g l u t a m i c  a c i d ,  a n d  5 m i n u t e s  l a t e r  1 mM k a i n i c  a c i d  was

a d d e d ,  k a i n i c  a c i d  c a u s e d  a  s l i g h t  n o n s i g n i f i c a n t  e f f l u x

o f  g l u t a m i c  a c i d  ( T a b l e  1 0 ) .  H o w e v e r  t h i s  s m a l l  e f f l u x

i s  n o t  o f  t h e  same m a g n i t u d e  a s  t h a t  s e e n  f ro m  t i s s u e

s l i c e s .  D u r i n g  a 3 m i n u t e  i n c u b a t i o n ,  v e r a t r i d i n e  r e l e a s e d

3 6% o f  t h e  r a d i o a c t i v e  g l u t a m i c  a c i d  p r e l o a d e d  i n t o

c o n t r o l  c o r t i c a l  s y n a p t o s o m e s .  I f  t h e  s y n a p t o s o m e s  w e r e

p r e l o a d e d  w i t h  r a d i o a c t i v e  g l u t a m i c  a c i d  i n  t h e  p r e s e n c e

o f  1 mM k a i n i c  a c i d ,  v e r a t r i d i n e  c a u s e d  a  somewhat

d i m i n i s h e d  r e l e a s e  p o s s i b l y  b e c a u s e  l e s s  g l u t a m i c  a c i d

was  t a k e n  up  i n t o  v e r a t r i d i n e - r e l e a s e a b l e  p o o l s  i n  t h e

p r e s e n c e  o f  k a i n i c  a c i d .

G l u t a m i n e  l e v e l s  a r e  d e c r e a s e d  by  k a i n i c  a c i d  a n d

t h e  a m o u n t  o f  r a d i o a c t i v i t y  i n  c e r e b e l l a r  s l i c e s  i n c u b a t e d  
i II

w i t h  (U- C ) g l u t a m i n e  i s  a l s o  d e c r e a s e d  b y  k a i n i c  a c i d  

( s e e  T a b l e  2 2 ) .  S i n c e  B e n j a m i n  a n d  Q u a s t e l  ( I 9 8 O) h a v e  

r e c e n t l y  p r o v i d e d  e v i d e n c e  t h a t  a c t i v e  u p t a k e  o f  g l u t a m i n e  

i n t o  n e r v e  e n d i n g s  o c c u r s ,  t h e  a c t i v e  u p t a k e  o f  r a d i o a c t i v e  

g l u t a m i n e  i n t o  c r u d e  c o r t i c a l  s y n a p t o s o m a l  p r e p a r a t i o n s  

was  e x a m i n e d  a n d  was  n o t  f o u n d  t o  b e  i n h i b i t e d  by  1 mM 

k a i n i c  a c i d  ( T a b l e  1 1 ) .  The u p t a k e  o f  r a d i o a c t i v e  g l u t a ­

m in e  was i n h i b i t e d  b y  k2% b y  0 . 2  mM o u a b a i n ,  i n d i c a t i n g  t h a t  

some a c t i v e  u p t a k e  o f  g l u t a m i n e  d i d  o c c u r  u n d e r  t h e s e  

c o n d i t i o n s .

K a i n i c  a c i d  a l s o  h a d  s i m i l a r  e f f e c t s  on t h e  u p t a k e

Inl­a n d  r e l e a s e  o f  L - ( U -  C ) g l u t a m i c  a c i d  a n d  on t h e  u p t a k e  o f
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TABLE 11

EFFECT OF KAINIC ACID ON THE UPTAKE OF L - ( U - lZfC)GLUTAMINE 
BY SYNAPTOSOMES

A d d i t i o n s P e r c e n t a g e  o f  C o n t r o l  U p t a k e

C o n t r o l
1 mM K a i n i c  A c id
0 . 2  mM O u a b a i n

100
1 0 0 . 0 + 3 - 5  

5 8 . 4 + 4 . 3*

A p o r t i o n  o f  t h e  c r u d e  s y n a p t o s o m a l  f r a c t i o n  f ro m  r a t  
b r a i n  c e r e b r a l  c o r t e x  was a d d e d  t o  K r e b - R i n g e r  T r i s  
medium t o  g i v e  a  f i n a l  p r o t e i n  c o n c e n t r a t i o n  o f  0 . 5  nig 
p r o t e i n /  m l .  T h i s  was p r e i n c u b a t e d  f o r  5 m i n u t e s  a t  
37°C a t  w h i c h  t i m e  0 . 8  p C i  o f  L - ( U - li+C ) g l u t a m i n e  was 
a d d e d  f o r  a  f i n a l  i n c u b a t i o n  medium v o lum e  o f  1 . 5  m l .  
a n d  a  f i n a l  c o n c e n t r a t i o n  o f  g l u t a m i n e  o f  0 . 2 5  mM.
The i n c u b a t i o n  was s t o p p e d  a n d  t h e  u p t a k e  m e a s u r e d  
a f t e r  5 m i n u t e s  a s  d e s c r i b e d  i n  t h e  " M e t h o d s " .  R e s u l t s  
a r e  e x p r e s s e d  a s  t h e  mean + S .E .M .  o f  t h e  p e r c e n t a g e  
o f  c o n t r o l  u p t a k e .  The a p p a r e n t  n e t  u p t a k e  o f  g l u t a m i n e  
i n t o  c o n t r o l  s y n a p t o s o m e s  was  n m o l e s /  mg p r o t e i n .
S a m p le s  i n c u b a t e d  a t  4^C t o  c o n t r o l  f o r  p a s s i v e  
p r o c e s s e s  h a d  an  u p t a k e  o f  18% o f  c o n t r o l .  The t i s s u e  
t o  medium r a t i o  was 1 . 6  a t  t h e  en d  o f  t h e  i n c u b a t i o n ,  
w i t h  t i s s u e  u p t a k e  d e t e r m i n e d  a s  cpm/mg p r o t e i n  on t h e  
f i l t e r  a n d  t h e  medium c o n t e n t  e x p r e s s e d  a s  cpm /  ml o f  
i n c u b a t i o n  medium .  T h e r e  w e re  3 s a m p l e s  a t  e a c h  p o i n t .
* p < 0 . 0 2  when c o m p are d  t o  c o n t r o l .
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L-(U-  C )g lu tam in e  in  a c e r e b e l l a r  f r a c t i o n  p r e p a r e d  i n  a 

s i m i l a r  way a s  t h e  c o r t i c a l  f r a c t i o n .  However good c e r e b e l ­

l a r  synaptosom es  a r e  e s p e c i a l l y  d i f f i c u l t  t o  p r e p a r e  

(B a la z s  e t  a l . ,  1975) and t h e  c o n t e n t s  o f  our  c e r e b e l l a r  

f r a c t i o n  i s  unknown.

F. EFFECT OF GLUTAMIC ACID ANALOGS ON AMINO ACID

LEVELS IN CEREBELLAR SLICES AND INCUBATION MEDIUM

C o n s id e r in g  t h e  p o s s i b i l i t y  t h a t  t h e  k a i n i c  a c i d -  

i n d u c e d  l e a k a g e  of  g lu t a m i c  a c i d  f rom c e r e b e l l a r  s l i c e s  

m igh t  be p r i m a r i l y  due t o  an i n h i b i t i o n  o f  g lu ta m ic  a c i d  

u p t a k e ,  t h e  e f f e c t  on amino a c i d  l e v e l s  of  1 mM d i h y d r o -  

k a i n i c  a c i d ,  a n o n e x c i t a t o r y  a n a l o g  o f  k a i n i c  a c i d  and 

a p o t e n t  i n h i b i t o r  of  g l u t a m i c  a c i d  u p t a k e  ( Jo h n s to n  

e t  a l . ,  1979)» was s t u d i e d .  When i n c u b a t e d  w i th  u n t r a n s ­

f e r r e d  c e r e b e l l a r  s l i c e s  f o r  30 m i n u t e s ,  1 mM d i h y d r o k a i n i c  

a c i d  d id  n o t  a l t e r  amino a c i d  l e v e l s  e i t h e r  i n  t h e  s l i c e s  

o r  i n  t h e  i n c u b a t i o n  medium (T a b le  7 ) .  To d e te rm in e  i f  

an e x c i t a t o r y  amino a c i d  which d i d  n o t  a l s o  b lo ck  g lu t a m i c  

a c i d  u p t a k e  would a l t e r  amino a c i d  l e v e l s ,  1 mM N-methyl-D-  

a s p a r t i c  a c i d  was i n c u b a t e d  w i th  u n t r a n s f e r r e d  c e r e b e l l a r  

s l i c e s  f o r  30 m i n u t e s .  S i m i l a r  t o  i t s  n o n - a l t e r a t i o n  of  

ATP l e v e l s ,  no changes  i n  amino a c i d  l e v e l s  i n  t h e  t i s s u e  

o r  i n c u b a t i o n  medium were o b s e r v e d .  I f  1 mM d i h y d r o k a i n i c  

a c i d  and 10 mM N - m e t h y l - D , L - a s p a r t i c  a c i d  were i n c u b a t e d  

t o g e t h e r  w i th  c e r e b e l l a r  s l i c e s ,  t h e  l e v e l  o f  g l u t a m i c  a c i d
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a n d  t h e  l e v e l  o f  a s p a r t i c  a c i d  i n  t h e  medium w e re  a l s o  n o t  

a l t e r e d  ( T a b l e  1 2 ) .

H o w e v e r ,  t h e  e x c i t o t o x i n ,  D , L - h o m o c y s t e i c  a c i d  

(10 mM), d i d  c a u s e  s i m i l a r  t h o u g h  s m a l l e r  a l t e r a t i o n s  i n  

am ino  a c i d  l e v e l s ;  g l u t a m i n e  l e v e l s  i n  t h e  t i s s u e  d e c l i n e d  

b y  39%, a n d  g l u t a m i c  a c i d  a n d  a s p a r t i c  a c i d  l e v e l s  i n  t h e  

medium i n c r e a s e d  b y  60% a n d  81% r e s p e c t i v e l y  ( T a b l e  7 ) -  

As w i t h  k a i n i c  a c i d ,  t h e  t o t a l  t i s s u e  p l u s  medium c o n t e n t  

o f  g l u t a m i n e  d e c l i n e d  19%>, w h e r e a s  t h e  t o t a l  am oun t  o f  t h e  

o t h e r  a m ino  a c i d s  d i d  n o t  c h a n g e  i f  10 mM D , L - h o m o c y s t e i c  

a c i d  was  a d d e d  t o  t h e  medium f o r  30 m i n u t e s .  I t  s h o u l d  

b e  n o t e d  t h a t  D , L - h o m o c y s t e i c  a c i d  a l s o  c a u s e d  a  l a r g e  

d e c r e a s e  i n  t i s s u e  ATP l e v e l s .

G. EFFECT OF KAINIC ACID AND VERATRIDINE ON THE LEVELS 

OF GLUTAMIC ACID AND ASPARTIC ACID IN THE MEDIUM 

FOLLOWING PRETREATMENT

To f u r t h e r  d i s c e r n  w h i c h  t i s s u e  p o o l  o f  g l u t a m i c  

a c i d  w as  r e l e a s e d  b y  k a i n i c  a c i d ,  c e r e b e l l a r  s l i c e s  w e re  

p r e i n c u b a t e d  w i t h  10 pM v e r a t r i d i n e  f o r  10 m i n u t e s .  T h i s  

was  d o n e  t o  d e p l e t e  t h e  v e r a t r i d i n e - r e l e a s a b l e  p o o l  o f  

g l u t a m i c  a c i d ,  p r e s u m a b l y  i n  n e r v e  e n d i n g s .  The s l i c e s  

w e r e  t h e n  t r a n s f e r r e d  t o  f r e s h  medium a n d  1 mM k a i n i c  a c i d  

i m m e d i a t e l y  a d d e d .  A f t e r  20 m i n u t e s  f u r t h e r  i n c u b a t i o n ,  

g l u t a m i c  a c i d  a n d  o t h e r  a m in o  a c i d s  i n  t h e  medium w e r e  

m e a s u r e d .  As shown i n  F i g u r e  7 ,  i n c u b a t i o n  w i t h  k a i n i c  

a c i d  y i e l d e d  a  ^7% g r e a t e r  e f f l u x  o f  g l u t a m i c  a c i d  i f
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TABLE 12

EFFECT OF INCUBATION WITH 10 mM N-METHYL-D-ASPARTIC ACID 
( NMDA) PLUS 1 mM DIHYDROKAINIC ACID ( DHKA) ON GLUTAMIC ACID 

AND ASPARTIC ACID LEVELS IN THE MEDIUM OF CEREBELLAR SLICES

A d d i t i o n s  
t o  Medium

Medium Amino A c id  L e v e l s  
( p m o l e s / 1 0 0  mg p r o t e i n / 2 . 5m l )

G l u t a m i c  A c id A s p a r t i c  A c id

C o n t r o l 1 . 4 2 + 0 . 08 0 . 3 7 + 0 . 0 0 4

NMDA + DHKA 1 . 4 6 + 0 . 1 9 0 . 4 8 + 0 . 1 ?

C e r e b e l l a r  s l i c e s  w e r e  p r e i n c u b a t e d  f o r  35 m i n u t e s  a t
w h ic h  t i m e  10 mM NMDA p l u s  1 mM DHKA w e re  a d d e d  t o  
some s a m p l e s ,  w i t h o u t  t r a n s f e r r i n g .  The i n c u b a t i o n  

c o n t i n u e d  f o r  30 m i n u t e s  l o n g e r  when t h e  t i s s u e  a n d  
medium w e re  s e p a r a t e d  b y  a s p i r a t i o n .  Amino a c i d s  w ere  

a n a l y z e d  a s  d e s c r i b e d  i n  t h e  " M e t h o d s " .  V a l u e s  a r e  
t h e  mean + S .E .M .  f o r  2 s a m p l e s  a t  e a c h  p o i n t .
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s l i c e s  w e re  p r e i n c u b a t e d  w i t h  v e r a t r i d i n e  t h a n  i f  s l i c e s  

w e r e  p r e i n c u b a t e d  i n  a  d r u g - f r e e  m ed ium .  I t  s h o u l d  be  

n o t e d  t h a t  i f  s l i c e s  w e re  p r e i n c u b a t e d  w i t h  v e r a t r i d i n e ,  

a  s u b s e q u e n t  i n c u b a t i o n  w i t h  v e r a t r i d i n e  d i d  n o t  c a u s e  a 

s i g n i f i c a n t  e f f l u x  o f  g l u t a m i c  a c i d .  T h u s  t h e  i n c r e a s e d  

r e l e a s e  o f  g l u t a m i c  a c i d  c a u s e d  b y  k a i n i c  a c i d  f o l l o w i n g  

a  p r e i n c u b a t i o n  w i t h  v e r a t r i d i n e  i s  p r o b a b l y  n o t  c a u s e d  

b y  a  p o o l  o f  g l u t a m i c  a c i d  t h a t  v e r a t r i d i n e  n o r m a l l y  

r e l e a s e s .

S i m i l a r l y ,  i n c u b a t i o n  w i t h  k a i n i c  a c i d  y i e l d e d  

a h2% g r e a t e r  l e v e l  o f  a s p a r t i c  a c i d  i n  t h e  medium i f  t h e  

s l i c e s  w e r e  p r e i n c u b a t e d  w i t h  v e r a t r i d i n e  t h a n  i f  t h e  

s l i c e s  w e r e  p r e i n c u b a t e d  i n  a  d r u g - f r e e  medium ( F i g u r e  8 ) .  

A p r e i n c u b a t i o n  w i t h  v e r a t r i d i n e  f o l l o w e d  b y  i n c u b a t i o n  

w i t h  v e r a t r i d i n e  a l s o  d i d  n o t  c a u s e  a n y  a d d i t i o n a l  r e l e a s e  

o f  a s p a r t i c  a c i d  a s  c o m p ared  t o  a  p r e i n c u b a t i o n  w i t h  

v e r a t r i d i n e  f o l l o w e d  by  a  d r u g - f r e e  i n c u b a t i o n .

C o n v e r s e l y ,  i n  o t h e r  s t u d i e s ,  c e r e b e l l a r  s l i c e s  

w e r e  f i r s t  i n c u b a t e d  w i t h  1 mM k a i n i c  a c i d  f o r  20 m i n u t e s ,  

t r a n s f e r r e d ,  a n d  t h e n  i n c u b a t e d  w i t h  10 pM v e r a t r i d i n e  f o r  

20 m i n u t e s .  S i m i l a r l y ,  i n c u b a t i o n  w i t h  v e r a t r i d i n e  c a u s e d  

a  9 3 % i n c r e a s e  i n  medium g l u t a m i c  a c i d  l e v e l s  f ro m  s l i c e s  

t h a t  w e r e  p r e i n c u b a t e d  w i t h  k a i n i c  a c i d  c o m p a re d  t o  s l i c e s  

t h a t  w e r e  p r e i n c u b a t e d  i n  a d r u g - f r e e  medium ( F i g u r e  7 ) -  

T h u s  g l u t a m i c  a c i d  r e l e a s e  b y  k a i n i c  a c i d  was  e n h a n c e d  

b y  p r e t r e a t m e n t  w i t h  v e r a t r i d i n e  a n d  s i m i l a r l y  g l u t a m i c  

a c i d  r e l e a s e  b y  v e r a t r i d i n e  was e n h a n c e d  b y  p r e t r e a t m e n t
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FIGURE ? .  EFFECT OF KAINIC ACID AND VERATRIDINE ON 
GLUTAMIC ACID LEVELS IN THE MEDIUM

C e r e b e l l a r  s l i c e s  w e r e  p r e i n c u b a t e d  f o r  15 m i n u t e s .
At t h a t  t i m e ,  a s  i n d i c a t e d  by  t h e  w ord  b e f o r e  t h e  
h y p h e n ,  1 mM k a i n i c  a c i d  (KA), 10 pM v e r a t r i d i n e  
(VSR)  i n  e t h a n o l ,  v e r a t r i d i n e  c o n t r o l  (ETOH), o r  
no d r u g  ( - )  was  a d d e d  f o r  10 m i n u t e s ,  a f t e r  w h ich  
t h e  s l i c e s  w e re  t r a n s f e r r e d  t o  f r e s h  medium t o  wash 
o u t  t h e  f i r s t  d r u g .  Then a  s e c o n d  a d d i t i o n  o f  d r u g  

was  m a d e .  K a i n i c  a c i d ,  v e r a t r i d i n e ,  v e r a t r i d i n e  
c o n t r o l ,  o r  no d r u g  was a d d e d  a s  i n d i c a t e d  by  t h e  word 
a f t e r  t h e  h y p h e n .  The i n c u b a t i o n  was c o n t i n u e d  
20 m i n u t e s  l o n g e r .  The t i s s u e  and  medium w e re  t h e n  
s e p a r a t e d  b y  r a p i d  c e n t r i f u g a t i o n  a n d  am ino  a c i d  
l e v e l s  i n  t h e  medium w e re  m e a s u r e d  a s  d e s c r i b e d  i n  

t h e  " M e t h o d s ” . R e s u l t s  a r e  e x p r e s s e d  a s  t h e  mean 
+ S .E .M .  w i t h  t h e  n u m b e r  o f  s a m p l e s  i n d i c a t e d  i n  p a r e n  
t h e s e s .  E t h a n o l  (ET0H)# i s  t h e  c o n t r o l  f o r  v e r a t r i d i n e  
+ p <  0 . 0 0 5  when c om pared  t o  ( - -V ER )  a n d  t o  ( K A - - ) .
* p  < 0 . 0 5  when co m p are d  t o  (VER— ) a n d  t o  (ETOH— ) .
** p < 0 . 0 0 5  when c o m p a re d  t o  (VER-VER), (VER— ) ,  and  

t o  (E T O H -- ) .
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FIGURE 8.  EFFECT OF KAINIC ACID AND VERATRIDINE ON 
ASPARTIC ACID LEVELS IN THE MEDIUM

See F i g u r e  7 f o r  i n c u b a t i o n  c o n d i t i o n s  and d e t a i l s .  
R e s u l t s  a r e  e x p r e s s e d  a s  mean +_ S.E.M. w i th  th e  number 
o f  samples  i n d i c a t e d  i n  p a r e n t h e s e s ,
* p ^  0 . 0 2  when compared t o  (VER-VER) (VER--), and 
(ETOH--) .
** p <  0 .0 0 5  when compared t o  (ETOH--),  (VER-VER), 
(VER--) ,  and (ETOH-KA).
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w i t h  k a i n i c  a c i d .  P e r h a p s  m e t a b o l i c  damage due  t o  d e c l i n e  

i n  ATP o r  i o n i c  a l t e r a t i o n s  b y  v e r a t r i d i n e  a n d  by  k a i n i c  

a c i d  d u r i n g  p r e i n c u b a t i o n  made t h e  c e l l s  m ore  s u s c e p t i b l e  

t o  s t i m u l a t i o n  o f  r e l e a s e  d u r i n g  t h e  s u b s e q u e n t  i n c u b a t i o n .

H . PRELABSLLING STUDIES

1 .  L a b e l l i n g  o f  Amino A c i d s  R e l e a s e d  b y  K a i n i c  

A c i d  o r  V e r a t r i d i n e  a f t e r  P r e i n c u b a t i o n  w i t h  

D - ( 2 - ^ C ) G l u c o s e  a n d  ( % ) A c e t a t e  

E v i d e n c e  i n d i c a t e s  t h a t  a c e t a t e  u t i l i z a t i o n  

o c c u r s  p r i m a r i l y  i n  g l i a  w h e r e a s  g l i a  a c c o u n t  f o r  < 20% o f  

g l u c o s e  u t i l i z a t i o n  w h ic h  i s  u b i q u i t o u s  ( s e e  I n t r o d u c t i o n  

p p .  1 1 - 1 5 ) *  C e r e b e l l a r  s l i c e s  w e r e  i n c u b a t e d  i n  medium
ijl o

c o n t a i n i n g  D - ( 2 -  C ) g l u c o s e  a n d  ( J H ) a c e t a t e  f o r  20 m i n u t e s  

a n d  t r a n s f e r r e d  t o  f r e s h  medium .  Then k a i n i c  a c i d  o r  

v e r a t r i d i n e  was  a d d e d  f o r  20 m i n u t e s  o r  6 m i n u t e s  r e s p e c ­

t i v e l y  a n d  t h e  m e t a b o l i c  p o o l  o f  o r i g i n  o f  t h e  amino a c i d s  

r e l e a s e d  was s t u d i e d .  K a i n i c  a c i d  ( T a b l e  13)  a n d  v e r a t r i ­

d i n e  ( T a b l e  14)  c a u s e d  a l t e r a t i o n s  i n  t i s s u e  a n d  medium 

am in o  a c i d  l e v e l s  s i m i l a r  t o  t h o s e  p r e v i o u s l y  d e s c r i b e d .  

K a i n i c  a c i d  i n c r e a s e d  g l u t a m i c  a c i d  l e v e l s  i n  t h e  medium 

b y  3 2 7 $  a n d  a s p a r t i c  a c i d  l e v e l s  b y  3 8 2 $ .  V e r a t r i d i n e  

i n c r e a s e d  g l u t a m i c  a c i d  l e v e l s  i n  t h e  medium b y  135$  a n d  

a s p a r t i c  a c i d  l e v e l s  b y  55$* I n  c o n t r a s t  t o  k a i n i c  a c i d ,  

v e r a t r i d i n e  i n c r e a s e d  GABA l e v e l s  i n  t h e  medium t o  d e t e c ­

t a b l e  l e v e l s .
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TABLE 13

EFFECT OF INCUBATION WITH 1 mM KAINIC ACID FOR 20 MINUTES 
ON AMINO ACID LEVELS IN CEREBELLAR SLICES AND INCUBATION 
MEDIUM

T is su e  Amino Acid L e v e l s  (pmoles /100  mg p r o t e i n )

C o n t r o l (4) 1 mM K a in ic  Acid(4)

Glu tam ic  Acid 7 - 9 1 0 .4  
A s p a r t i c  Acid 1 .7 1 0 .1  
Glutamine 2 .3 + 0 .2  
GABA 0 .9 + 0 .1

7 . 1+0 .4  
1 . 6+ 0 . 1 
0 . 6 +0 . 1* 
0 . 9+ 0 . 1

Medium Amino Acid L e v e l s  (pmoles /100 mg p r o t e i n / 2 . 5ml)

C o n t ro l  (4) 1 mM K a in ic  Acid (4)

G lu tam ic  Acid 0 .2 6 + 0 .0 3 1.11+0.04*
A s p a r t i c  Acid 0 .1 1 + 0 .0 3 0 .5 3 1 0 .0 3 *
Glutamine  1,371.0.21 1 .6 0 1 0 .0 4

C e r e b e l l a r  s l i c e s  were p r e i n c u b a t e d  f o r  10 m in u te s  a t  
which t im e  r a d i o a c t i v e  g lu c o se  and a c e t a t e  were added.  
Twenty m in u te s  l a t e r ,  t h e  s l i c e s  were t r a n s f e r r e d  to  
f r e s h  Krebs  R in g e r  b i c a r b o n a t e  medium and k a i n i c  a c i d  
a t  1 mM was im m ed ia te ly  added t o  some sam ples ,  and 
t h e  i n c u b a t i o n  c o n t i n u e d  f o r  a f u r t h e r  20 m in u te s .  The 
t i s s u e  and medium were t h e n  s e p a r a t e d  by c e n t r i f u g a t i o n  
and amino a c i d s  a n a ly z e d  a s  d e s c r i b e d  i n  "Methods". 
V alues  a r e  t h e  mean+ S.E.M. f o r  t h e  number o f  samples  
i n d i c a t e d  i n  p a r e n t h e s e s .  GABA was n o t  d e t e c t e d  i n  
t h e  medium of  any s am p les .
* p <  0 .001  when compared t o  c o n t r o l .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



7 1

TABLE 14

EFFECT OF VERATRIDINE ON AMINO ACID LEVELS IN CEREBELLAR 
SLICES AND INCUBATION MEDIUM

T is su e  Amino Acid  L e v e l s  (pmoles/lOO mg p r o t e i n )

B a s e l i n e (2) C o n t r o l (3) 10 pM V e r a t r i d i n e (3

G lu tam ic  Acid 7 .5 + 0 .7 6.9+0 . 3 5 . 9 1 0 .3
A s p a r t i c  Acid 1 . 8 t o  . 2 1 .4+0.1 1 .3 1 0 .0 8
Glu tam ine 1 .4+0.1 1 . 2+0.2 1 .3 1 0 .0 6
GABA 1 . 4 + 0 . 2 1 .0  +0 .-1 1 . 0+0.1

Medium Amino Acid L e v e l s  (pmoles/lOO mg p r o t e i n /  2 . 5  ml)

B a s e l i n e (2) C o n t r o l (3) 10 pM V era i v i  d i n e (3

G lu tam ic  Acid 0 . 06+0 .01 0 .11+0 .01 0 .2 5 1 0 .0 1 * *
A s p a r t i c  Acid 0 . 05+0 .01 0 .05±0 .005 ; 0 .0 8 + 0 .0 1 *
G lu tam ine 0 . 34+0 .0 8 0 .5 5 ± 0 .0 8 0 . 5510.10
GABA # # 0 . 0 9 1 0 .02

C e r e b e l l a r  s l i c e s  were p r e i n c u b a t e d  f o r  13 m in u te s  a t  
which t im e  r a d i o a c t i v e  g l u c o s e  and a c e t a t e  were added.  
Twenty m i n u t e s  l a t e r ,  t h e  s l i c e s  were t r a n s f e r r e d  to  
f r e s h  K rebs  R in g e r  b i c a r b o n a t e  medium and f i v e  m in u te s  
l a t e r  10 pM v e r a t r i d i n e  i n  e t h a n o l  o r  e t h a n o l  (5 p i )  a lo r  
was added and t h e  i n c u b a t i o n  c o n t in u e d  f o r  a f u r t h e r  s i x  
m i n u t e s .  The t i s s u e  and medium were th e n  s e p a r a t e d  by 
c e n t r i f u g a t i o n  and amino a c i d s  a n a ly z e d  as  d e s c r i b e d  i n  
• 'Methods” . V a lues  a r e  t h e  mean + S.E.M. f o r  t h e  number 
o f  sam ples  i n d i c a t e d  i n  p a r e n t h e s e s .
** p < 0 .0 0 5  when compared t o  c o n t r o l  and to  b a s e l i n e .
* p < ' ,05  when compared t o  c o n t r o l  and t o  b a s e l i n e .

#  G V- vas n o t  d e t e c t e d  i n  t h e s e  sam ples .
Bs .e sam pies  r e c e i v e d  no d rug  and were sampled  a t

• th  •• • g i n n i n g  of  t h e  i n c u b a t i o n  p e r i o d  w i th  v e r a t r i d i n e  
(6 m i n u t e s  p r i o r  to t h e  s a m p l in g  of  c o n t r o l  and v e r a t r i -  
i i n e - t r e a t e d  s a m p l e s ) ,
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A r e l a t i v e  c h a n g e  i n  t r j t i a t e d  am ino  a c i d  r e l e a s e  
14a s  c o m p a r e d  t o  C - l a b e l l e d  a m m o  a c i d  r e l e a s e  i s  e v i n c e d

i n  t h e  r a t i o  o f  %  s p e c i f i c  r a d i o a c t i v i t y / " ^  C s p e c i f i c

3 /14r a d i o a c t i v i t y .  K a i n i c  a c i d  c a u s e d  no c h a n g e  i n  t h e  j Yl/  C 

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

medium c o m p a r e d  t o  c o n t r o l  ( T a b l e  1 5 ) •  H ow ever  t h e  s p e c i -
3

f i c  r a d i o a c t i v i t y  o f  - 'H - g l u t a m i c  a c i d  i n  t h e  medium

t e n d e d  t o  i n c r e a s e  b y  4 3 $  ( n o t  s i g n i f i c a n t )  and  t h a t  o f  
1. 4 C - g l u t a m i c  a c i d  i n c r e a s e d  b y  5 5 $  ( T a b l e  1 6 ) .  K a i n i c

3
a c i d  a p p e a r e d  t o  r e l e a s e  n e w l y  s y n t h e s i z e d  ^ H - g l u t a m i c  

l 4a c i d  a n d  C - g l u t a m i c  a c i d .  The s p e c i f i c  r a d i o a c t i v i t y
3  1 1\. 3

o f  •'H- a n d  C - g l u t a m i c  a c i d  a n d  o f  - 'H - g l u t a m i n e  i n  t h e

t i s s u e  d e c l i n e d  ( T a b l e  1 6 ) .  The s p e c i f i c  r a d i o a c t i v i t y  
14o f  C - g l u t a m i n e  i n  t h e  t i s s u e  a l s o  t e n d e d  t o  d e c l i n e .

I n c u b a t i o n  o f  t h e  s l i c e s  w i t h  v e r a t r i d i n e  c a u s e d
3 ■ik

a d e c l i n e  o f  4 6 $  i n  t h e  JK /  C s p e c i f i c  r a d i o a c t i v i t y  r a t i o

f o r  g l u t a m i c  a c i d  i n  t h e  medium ( T a b l e  1 5 ) •  V e r a t r i d i n e
14t e n d e d  t o  i n c r e a s e  t h e  s p e c i f i c  r a d i o a c t i v i t y  o f  C- 

g l u t a m i c  a c i d  i n  t h e  medium b y  1 6 $  ( n o t  s i g n i f i c a n t )  a n d  

d e c r e a s e d  t h a t  o f  % - g l u t a m i c  a c i d  i n  t h e  medium b y  3 8 $  

( T a b l e  1 7 ) .  H en ce  v e r a t r i d i n e  p r e f e r e n t i a l l y  r e l e a s e d  

■ ^ C - g l u t a m i c  a c i d .  The s p e c i f i c  r a d i o a c t i v i t y  o f  ^ C -  

g l u t a m i c  a c i d  i n  t h e  t i s s u e  d e c l i n e d  s l i g h t l y  b y  1 8 $ .

I n  c o n t r a s t  t o  k a i n i c  a c i d ,  t h e  s p e c i f i c  r a d i o a c t i v i t y
l 4o f  C - g l u t a m i n e  i n  t h e  t i s s u e  t e n d e d  t o  i n c r e a s e .

3
K a i n i c  a c i d  r e l e a s e d  n e w l y  s y n t h e s i z e d  m - a s p a r t i c  

a c i d  t o  t h e  m ed ium .  T h a t  i s ,  t h e  s p e c i f i c  r a d i o a c t i v i t y
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TABLE 15

EFFECT OF KAINIC ACID AND VERATRIDINE ON THE RATIO OF TRITIUM TO CARBON-14 SPECIFIC 
RADIOACTIVITY OF AMINO ACIDS IN CEREBELLAR SLICES AND INCUBATION MEDIUM AFTER 
PRELABELLING WITH D- ( 2 - ^ C ) GLUCOSE AND ( % ) ACETATE

A d d i t i o n s  
t o  Medium

R a t io  of  T r i t i u m  t o  Carbon-14 S p e c i f i c  R a d i o a c t i v i t y

Glu tam ic  Acid A s p a r t i c  Acid Glutamine T o t a l  dpm/100 mg p r o t e i n

T i s su e  1 C o n t r o l ( 4 ) 17.9+1*7 5 .4 +0 .6 137+13 3 4 .7 + 2 .7
1 mM KA(4) 1 3 . 1+1 . 0 * 5 -3 1 0 .4 84+6 # 2 1 . 0 +1 . 1#

Mediums C o n t ro l  (*0 9 0 .1 + 9 .5 - 142+19 2 3 .0 + 0 .9
1 mM KA(4) 8 2 .9 1 5 -7 18 .7+1 .1 133+9 2 7 . 8+1 . 2*

T i s s u e : B a s e l i n e ( 2 ) 1 3 . 2+0 .4 4 . 2 ( 1 ) 101+14 2 1 .9 + 0 .5
C o n t r o l (3) 1 2 . 1+1 .8 3 . 8+0 .6 81+8 2 1 .6 +2 .8
10 uM VER(3) 2 1 .7 + 3 .2 5 .6 + 0 .9 67±7 27-313-5

Mediums B a s e l i n e ( 2) 27 . 0 +0 . 2 2 . 7 +0 .3 74+1 1 1 . 111 .2
C o n t r o l (3) 4 o . 8+2 .7 2 . 9+0 . 2 76+8 1 2 .7 1 0 .7
10 uM VER(3) 2 2 .0 +3 . 3* 4 . 5+1 • 2 70+7 1 2 .7 1 0 .7

I n c u b a t i o n  c o n d i t i o n s  a r e  g iv e n  i n  Tab le  13 f o r  t h e  k a i n i c  a c i d - t r e a t e d  s l i c e s  and in  
Tab le  14 f o r  t h e  v e r a t r i d i n e - t r e a t e d  s l i c e s .  Values  a r e  t h e  mean + S.E.M. f o r  -o• VjJ
t h e  number o f  samples  i n  p a r e n t h e s e s .
* p < 0 . 0 5 , # p < 0 .01  when compared to  c o n t r o l .
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TABLE 16

EFFECT OF KAINIC ACID ON THE SPECIFIC RADIOACTIVITY OF AMINO ACIDS IN CEREBELLAR SLICES 
AND INCUBATION MEDIUM AFTER PRELABELLING WITH D -( 2 - 1^C)GLUCOSE AND ( 3H)ACETATE

A d d i t i o n s  
T r a c e r  t o  Medium

S p e c i f i c

G lutamic

R a d i o a c t i v i t y  (dpm/pmole x 10 

Acid A s p a r t i c  Acid Glutamine

T o t a l  dpm/100 
mg p r o t e i n ( x l O - -̂ )

% o f  T o ta l  dpm 
i n  Amino Acids

(2 -  C)Glucose
T i s s u e :  C o n t ro l 9 .5+0 .1 6 .3 + 0 .1 6 . 3+0 . 5 130+8 8 0 .2 + 0 .7

1 mM KA 8 . 6+ 0 •2$ 5 .9 + 0 .1 * 4.6+0 .4 101+5* 7 6 .3 + 1 .8

Medium: C o n t ro l 5.1+0 .6 - 2 . 3+0 .3 360+12 1 . 2+0 .1
1 mM KA 7 .9 ± 0 .1 * *  5 .0 + 0 .3 2 . 5+0 . 1 391+14 4 . 0 + 0 . 2**

( % )  A c e ta te
T i s s u e :  C o n t ro l 169114 3^ . 2+3 . 6 852+51 4455+168 7 6 .3 + 1 .2

1 mM KA 113+9* 3 0 . 9 +2.1 390+56** 2093+62** 5 4 . 2+1 . 9**

Medium: C o n t r o l 459+73 ^ 3 - 5 1 7 .0 ( 3 ) 338+56 8297+44 6 .6 +0 .3
1 mM KA 657+A4 9 4 . 1+9 . 3* 320+32 10854+228** 11 .9+0 .6**

The b a s i c  i n c u b a t i o n  c o n d i t i o n s  a r e  g iv e n  i n  Table  1 3 .  0 .5  pCi (2 -  C)Glucose and
5 pCi ( ^ H ) a c e t a t e  were added .  V a lu es  a r e  mean + S.E.M. f o r  4 samples  a t  each p o i n t  
u n l e s s  t h e  number o f  samples  i s  g iv e n  i n  p a r e n t h e s e s .
* p < 0 .0 5  when compared t o  c o n t r o l .
#  p < 0 .01  when compared to  c o n t r o l .
** p <  0 .0 0 5  when compared t o  c o n t r o l .
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TABLE 1?

EFFECT OF VERATRIDINE ON THE SPECIFIC RADIOACTIVITY OF AMINO ACIDS IN CEREBELLAR SLICES
1 A- SAND INCUBATION MEDIUM AFTER PRELABELLING WITH D-( 2 -  C)GLUCOSE AND ( J H)ACETATE

A d d i t i o n s S p e c i f i c  R a d i o a c t i v i t y  (dpm/pmole x 10

T r a c e r  t o  Medium G lu tam ic  Acid A s p a r t i c  Acid Glutamine

T o t a l  dpm/100 mg 
p r o t e i n  (x 10"^)

% of  T o t a l  dpm 
i n  Amino Acids

( 2 - 1 C)Glucose

T i s s u e i  B a s e l i n e ( 2 )  
C o n t r o l (3)
10 pM VER(3)

Medium! B a s e l i n e ( 2 )  
C o n t r o l (3)
10 pM VER(3) 

( % )  A c e ta t e

T i s s u e :  B a s e l i n e ( 2 )  
C o n t r o l (3)
10 pM VER(3)

Mediumi B a s e l i n e (2)
C o n t r o l (3)
10 pM VER(3)

1 6 .2 + 1 .3  
1 5 . 2+0 .6  
1 2 . 5 +0 . 8*

19 .1 +0 .9  
1 3 . 7+0 .6 
I 5 . 9 + I .0

215±23 
183+27 
266+26

515+21
558^46
345+41*

10 .6 +0 .6  
8 • 6+0 . 4*

12 .7 + 1 .7  
8 . 1 +2 . 0

39 .6 + 5 .5  
4 7 . 7 +6 .6

3 5■8+2.6 
3 1 . 2+0 .3

1 5 . I + 0 .4  
1 5 . 2+0 .5  
1 6 . 6+0 .2

1 5 . 2+0 .4  
1 3 . 6+0 .6 
l 3 . 9+ 0 . 1

1521+241
1236+152
1112+107

1127+35
1028+52

968+88

299+9
203+8
170+4*

548+53
586+30
582+19

6497+1748
4411+759
4602+490

6035+48
7478+7 8 I
7384+657

63+IO
73+3
68+2

1 . 3+0 . 3
1.6+0 .1 
2 . 2 +0 . 1*

64+8

67+5
70+2

6 . 8 + 1 . 3 
8.4+0 .6 
8 . 5+0 .7

The b a s i c  c o n d i t i o n s  a r e  g iv e n  i n  Table  14. 
samples  g iv e n  i n  p a r e n t h e s e s .
* p < 0 . 0 5  when compared t o  c o n t r o l .

V alues  a r e  mean + S.E.M. f o r  t h e  number of
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3
o f  ■ ' H - a s p a r t i c  a c i d  i n c r e a s e d  by  1 1 6 $  o v e r  c o n t r o l  ( T a b l e

1
1 6 ) .  The d a t a  on C - a s p a r t i c  a c i d  was  t o o  v a r i a b l e  t o  

f o r m  a  c o n c l u s i o n .  N e i t h e r  k a i n i c  a c i d  n o r  v e r a t r i d i n e
3 14

c h a n g e d  t h e  s p e c i f i c  r a d i o a c t i v i t y  o f  ■'H- o r  C - g l u t a m i n e  

i n  t h e  m ed ium .  The am ount  o f  r a d i o a c t i v i t y  i n  GABA i n  

t h e  medium was  t o o  s l i g h t  t o  m e a s u r e  a c c u r a t e l y .

2 .  E f f e c t  o f  K a i n i c  A c id  a n d  V e r a t r i d i n e  on t h e  

M e t a b o l i s m  o f  Amino A c i d s  a f t e r  P r e i n c u b a t i o n  

w i t h  D - ( 2 - ^ C ) G l u c o s e  a n d  ( ^ H ) A c e t a t e  

I n  p r e l a b e l l e d  s l i c e s ,  t h e  r a d i o a c t i v i t y  i n  

t h e  t i s s u e  p l u s  t h a t  i n  t h e  medium f o r  e a c h  am ino  a c i d  

s h o u l d  a d d  up  t o  c o n t r o l  v a l u e s  i f  t h e  d r u g  h a s  c a u s e d  no 

n e t  l o s s  o f  a  l a b e l l e d  am ino  a c i d  t o  m e t a b o l i s m .  The t o t a l  

am oun t  o f  r a d i o a c t i v i t y  i n  GABA d e c l i n e d  d u r i n g  t h e  5 

m i n u t e  s a m p l i n g  i n t e r v a l  b e t w e e n  t h e  b a s e l i n e  s a m p l e s  an d  

t h e  c o n t r o l  s a m p l e s ,  n e i t h e r  o f  w h ic h  r e c e i v e d  d r u g ,  

w h e r e a s  t h e  r a d i o a c t i v i t y  i n  t h e  o t h e r  am ino  a c i d s  d i d  n o t  

d e c r e a s e  s i g n i f i c a n t l y .  The t o t a l  c o n t e n t  o f  c a rb o n -1 4 -  

r a d i o a c t i v i t y  i n  GABA d e c r e a s e d  3 7 $  and  t h e  t o t a l  am ount  

o f  t r i t i u m  i n  GABA d e c r e a s e d  3 1 $  ( T a b l e  1 8 ) .

I n  t h e  s l i c e s  e x p o s e d  t o  k a i n i c  a c i d ,  t h e r e  was a 

6 3 $  d e c r e a s e  i n  t h e  t o t a l  am o u n t  o f  t r i t i u m  i n  g l u t a m i n e  

c o m p a r e d  t o  c o n t r o l  ( T a b l e  1 8 ) .  T h e r e  was a  5 3$  i n c r e a s e  

i n  t h e  q u a n t i t y  o f  t r i t i u m  i n  a s p a r t i c  a c i d  a n d  n o  c h a n g e  

i n  g l u t a m i c  a c i d  o r  GABA. The t o t a l  am ount  o f  t r i t i u m  i n  

t h e  am in o  a c i d s  d e c r e a s e d  b y  3 9 $ -  H ow ever  t h e  t o t a l
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TABLE 18

See T a b l e s  13 a n d  14 f o r  d e t a i l s  a b o u t  t h e  i n c u b a t i o n  
c o n d i t i o n s .  R e s u l t s  a r e  e x p r e s s e d  a s  t h e  mean + S .E .M .  
f o r  t h e  n u m b e r  o f  s a m p l e s  shown i n  p a r e n t h e s e s .  C o n t r o l  
s a m p l e s  w e r e  t r e a t e d  s i m i l a r l y  t o  s a m p l e s  t o  w h ic h  KA 
( k a i n i c  a c i d )  o r  VER ( v e r a t r i d i n e )  w e re  a d d e d .  B a s e l i n e  
s a m p l e s  h a d  no  d r u g  a d d i t i o n s  b u t  w e re  s a m p l e d  a t  t h e  
b e g i n n i n g  o f  t h e  i n c u b a t i o n  p e r i o d  w i t h  v e r a t r i d i n e  (6 

m i n u t e s  p r i o r  t o  t h e  s a m p l i n g  o f  c o n t r o l  a n d  v e r a t r i d i n e -  
t r e a t e d  s a m p l e s ) .
#  p  < 0 . 0 5  when c o m p a re d  t o  c o n t r o l .
** p < 0 . 0 0 5  when co m p a re d  t o  c o n t r o l .
* p < 0 .0 5  when c o m p a re d  t o  b a s e l i n e .
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TABLE 18

EFFECT OF KAINIC ACID AND VERATRIDINE ON THE COMBINED TISSUE AND MEDIUM RADIOACTIVITY 

PRESENT IN GLUTAMIC ACID, ASPARTIC ACID, GLUTAMINE, GABA AND THE PCA EXTRACT AFTER 
PRELABELLING WITH D- ( 2 - 1 ^C) GLUCOSE AND ( % )  ACETATE

A d d i t i o n s  T i s s u e  p l u s  medium r a d i o a c t i v i t y  (d p m /1 0 0  mg p r o t e i n  x 1 0 " ^ )  p r e s e n t  i n :  

T r a c e r  t o  Medium G l u t a m i c  A c id  A s p a r t i c  A c id  G l u t a m i n e GABA PCA e x t r a c t

( -^H) A c e t a t e

C o n t r o l ( ^ )
1 mM KA(*0 

( 2 - ^ C ) G l u c o s e

C o n t r o l C ^ )
1 mM K A W  

( -^H) A c e t a t e

B a s e l i n e ( 2 )  

C o n t r o l (3 )
10 pM VER(3) 

( 2 - 11+C) G l u c o s e

B a s e l i n e ( 2 )  
C o n t r o l ( 3 )

10 pM V ER( 3 )

1^3+7

152+5

7 . 6 + 0 . 5  
7 .0 + 0 .4 -

166+32
133+21

I 6 7 i2 1

1 2 . 3 + 2 . 1
10 . 6 +0 . 2  

7 . 8+0 . if**

6 A + 0  . 5 ( 3 )  
9 . 9 + 0 . 9#

1 . 1 + 0 . 1 ( 3 )  
1 .2+0  A

8 . 5 + I .6 
6 . 0 +1 . 2  
6 . 6 +1 . 1

2 . 1+0 .3  
1 . 6 + 0  .1 
1 . 2+0 . 02*#

238+13  
ylJ.+6**

1 .8 + 0  .2  
0 . 7 ± 0 . 1 * *

256+11
217+51
20*1+26

2 .7±0 . 2  
2 .7+0 .1* 
3 . 0+0  .1

1 1 . 0 + 1 . 0  
7 . 7 ± 0 . 8  

6 . 8+0 . 1*

1 A + 0 . 2  

0’. 9 ± 0 . 1 *  

0 . 9 + 0 . 1 *

12 75155
1295+29

^-9+1

1*9±2

1253+170 

118911  ̂ 9 
I I 9 9 + I 09

85+1*1
7 9 + i i

75+2
co
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c o n t e n t  o f  t r i t i u m  i n  t h e  PCA e x t r a c t  was u n a l t e r e d .

K a i n i c  a c i d  c a u s e d  no  a l t e r a t i o n s  i n  t h e  t o t a l  c o n t e n t  o f  

c a r b o n - 1 ^  r a d i o a c t i v i t y  m e a s u r e d  i n  t h e  PCA e x t r a c t  o r  i n  

a n y  am in o  a c i d  e x c e p t  f o r  a d e c l i n e  i n  g l u t a m i n e .

I n  t h e  s l i c e s  e x p o s e d  t o  v e r a t r i d i n e ,  t h e  t o t a l  

am o u n t  o f  c a r b o n - 1 ^  r a d i o a c t i v i t y  i n  g l u t a m i c  a c i d  d e c r e a s e d  

by  38% a n d  t h a t  i n  a s p a r t i c  a c i d  d e c r e a s e d  b y  2k%> ( T a b l e

1 8 ) .  The t o t a l  c o n t e n t  o f  c a r b o n - 1 4  r a d i o a c t i v i t y  i n  t h e  

am ino  a c i d s  d e c l i n e d  by  18%>. T h e r e  was  no  a l t e r a t i o n  i n  

t h e  t o t a l  am oun t  o f  c a r b o n - 1 4  p r e s e n t  i n  t h e  PCA e x t r a c t .  

V e r a t r i d i n e  c a u s e d  no  a l t e r a t i o n s  i n  t h e  t o t a l  c o n t e n t  o f  

t r i t i u m  m e a s u r e d  i n  t h e  PCA e x t r a c t  o r  i n  an y  o f  t h e  amino 

a c i d s .

I .  EFFECT OF KAINIC ACID ON GLUTAMIC ACID METABOLISM

IN CEREBELLAR SLICES

1 .  I n t r o d u c t i o n

The m a r k e d  d e c r e a s e  i n  g l u t a m i n e  l e v e l s  a s  w e l l  

a s  o t h e r  e f f e c t s  o f  k a i n i c  a c i d  on g l u t a m i c  a c i d  m e t a b o l i s m  

w e r e  f u r t h e r  e x a m i n e d .  C e r e b e l l a r  s l i c e s  w e re  p r e i n c u ­

b a t e d  f o r  10 t o  15 m i n u t e s ,  t h e n  k a i n i c  a c i d  was a d d e d  t o  

some s a m p l e s  w i t h  o r  w i t h o u t  t r a n s f e r r i n g  t h e  s l i c e s .

T w e n ty  m i n u t e s  l a t e r  r a d i o a c t i v e  p r e c u r s o r  was  a d d e d  and  

t h e  i n c u b a t i o n  c o n t i n u e d  f o r  10 m i n u t e s  a f t e r  t h e  a d d i t i o n  

o f  r a d i o a c t i v i t y .  The e f f e c t s  i n  b o t h  t r a n s f e r r e d  a n d  

u n t r a n s f e r r e d  s l i c e s  w e re  e x a m i n e d  i n  p r e l i m i n a r y  e x p e r i m e n t s .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T r a n s f e r r e d  s l i c e s  w e r e  -then u s e d  e x c l u s i v e l y  a f t e r  n o t i n g  

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

t h a t  o f  g l u t a m i c  a c i d  was  e n h a n c e d  i n  t h e  t r a n s f e r r e d

c e r e b e l l a r  s l i c e s  when u s i n g  t h e  p r e c u r s o r s  ( H ) a c e t a t e ,
1 U 1 A-

D - ( 2 -  C ) g l u c o s e  a n d  (U- C)GABA ( T a b l e  2 0 ) .  The r e l a t i v e

s p e c i f i c  r a d i o a c t i v i t y  (RSA) v a l u e s  f o r  g l u t a m i n e  ( g l u t a m i c

a c i d  = 1) i n  t r a n s f e r r e d  s l i c e s  m ore  c l o s e l y  r e s e m b l e d

r e s u l t s  o b t a i n e d  i n  v i v o  ( B a l a z s  a n d  C rem e r ,  1973)*

T r a n s f e r r i n g  o f  s l i c e s  a n d  t h e  t e m p e r a t u r e  o f  p r e i n c u b a t i o n

w e r e  p r e v i o u s l y  r e p o r t e d  t o  a f f e c t  t h e  RSA o f  g l u t a m i n e

( B e r l  e t  a l . ,  19o8)  . The e f f e c t s  o f  k a i n i c  a c i d  on am ino

a c i d  m e t a b o l i s m  f o l l o w s .  The a l t e r a t i o n s  i n  am ino  a c i d

l e v e l s  t h a t  k a i n i c  a c i d  c a u s e d  d u r i n g  t h e s e  i n c u b a t i o n s

a r e  shown i n  T a b l e s  6 a n d  7 .

2 .  I n c o r p o r a t i o n  o f  D - ( 2 -  C ) G l u c o s e  a n d  ( H ) -

A c e t a t e  i n  T r a n s f e r r e d  S l i c e s

I n  t r a n s f e r r e d  s l i c e s  e x p o s e d  t o  1 mM k a i n i c

a c i d  f o r  30 m i n u t e s ,  ( % ) a c e t a t e  i n c o r p o r a t i o n  i n t o  am ino

a c i d s  d e c r e a s e d  m a r k e d l y  b u t  t h e r e  was  l i t t l e  c h a n g e  i n
1 Ll 3

( 2 -  C ) g l u c o s e  i n c o r p o r a t i o n .  The t o t a l  - ' H - r a d i o a c t i v i t y

i n  t h e  PCA e x t r a c t  d e c r e a s e d  co m p a re d  t o  t h e  c o n t r o l

s l i c e s ?  t h e  p e r c e n t a g e  o f  t r i t i u m  i n  t h e  PCA e x t r a c t  w h ic h

w as  I n c o r p o r a t e d  i n t o  am in o  a c i d s  d e c r e a s e d  by  70% ( T a b l e

1 9 ) .  I t  i s  u n l i k e l y  t h a t  a n  i n h i b i t i o n  o f  ( ^ H ) a c e t a t e

u p t a k e  r a t h e r  t h a n  an  i n h i b i t i o n  o f  i n c o r p o r a t i o n  a c c o u n t e d

f o r  t h e  d e c r e a s e  i n  t o t a l  a c i d  s o l u b l e  r a d i o a c t i v i t y  i n  t h e

PCA e x t r a c t .  I f  t h e  am o u n t  o f  r a d i o a c t i v i t y  i n  t h e  am in o

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE 19

EFFECT OF KAINIC ACID ON D -( 2 - ^C)GLUCOSE AND ( 3H)ACETATE METABOLISM IN TRANSFERRED 
CEREBELLAR SLICES

S p e c i f i c  R a d i o a c t i v i t y  (dpm/pmole x 10“ 3 ) R a t io  of  t r i t i u m  t o  ca rb o n -1 4

( 2 - W C)Glucose ( 3H )A ce ta te  s p e c i f i c  r a d i o a c t i v i t y

C o n t ro l 1 mM KA C o n t ro l 1 mM KA C o n t ro l 1 mM KA

Glutamic  Acid 
A s p a r t i c  Acid 
Glutamine 
GABA

1 8 .5 + 0 .?  
10 . 6 +1 .0  
1 6 . 9+2 .5  
1 0 . 3+0 .8

2 1 . 9 +O.3* 
1 0 . 0 +0 .6  
14.8+1 .4  
1 1 . 3+0 . 8

500+56
76+13

4086+872
123+14

195+22**
46+9

567+85*
108+4

2 6 .9 +2 .4  
7 .2 + 0 .7  

2 3 5 .0 +21.0  
1 2 . 0+0 . 7

8 . 9 +1 . 0 ** 
4 . 5+0 .6#

38 .0+3 .7**  
7 .6 + 1 .8

T o t a l  d . p .m . / 1 0 0  mg p r o t e i n  x 10~3

1207+62 1120+85 24114+1809 13121+1068** 20 .0 + 1 .1 1 1 . 7 +0 . 3**

P e r c e n ta g e  of t o t a l  d .p .m . /1 0 0  mg p r o t e i n  i n  amino a c i d s

1 2 . 3+1 .0 1 1 .3 + 0 .9 3 7 .6 + 3 .5 9 .7 + 0 .5 * *
—  ------------------------------------------------------------------------------------------------ p j ---------------------------------------  —
I n c u b a t i o n  c o n d i t i o n s  a r e  g iv e n  i n  Tab le  6 .  0 . 5  uCi (2 -  C)Glucose and 10 uCi ( H)
a c e t a t e  were added .  V a lu es  a r e  mean + S.E.M. f o r  4 e x p e r im e n t s  a t  each p o i n t .
#  p < 0 .0 5  when compared t o  c o n t r o l .
* p < 0 . 0 1  when compared to  c o n t r o l .  
** p <  0 .0 0 5  when compared to  c o n t r o l .
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a c i d s  i s  s u b t r a c t e d  f r o m  t h a t  i n  t h e  PCA e x t r a c t ,  t h e  

r e m a i n i n g  am ount  o f  r a d i o a c t i v i t y  i s  v e r y  n e a r l y  t h e  same 

i n  t h e  c o n t r o l  a n d  k a i n i c  a c i d - t r e a t e d  s l i c e s  i n d i c a t i n g  

t h a t  t h e  % - a c e t a t e  l e v e l  i n  t h e  s l i c e s  w e r e  t h e  sam e .

The r a t e  o f  l a b e l l i n g  f r o m  t r i t i u m  o f  g l u t a m i c  a c i d  a n d  

g l u t a m i n e  d e c l i n e d .  T h e r e  was an  86% r e d u c t i o n  i n  t h e  

s p e c i f i c  r a d i o a c t i v i t y  o f  g l u t a m i n e  a n d  6 l $  d e c r e a s e  i n  

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

o f  g l u t a m i n e  was l o w e r e d  t o  a g r e a t e r  e x t e n t  t h a n  was t h a t  

o f  g l u t a m i c  a c i d ,  t h e  RSA o f  g l u t a m i n e  t o  g l u t a m i c  a c i d  

was s i g n i f i c a n t l y  d e c r e a s e d  f r o m  c o n t r o l  v a l u e s  by  6k% 

( T a b l e  2 0 ) .  The RSA o f  GABA i n c r e a s e d  by  106% and  t h a t  

o f  a s p a r t i c  a c i d  b y  53$-
i  Zj.

K a i n i c  a c i d  c a u s e d  o n l y  s l i g h t  a l t e r a t i o n  i n  ( 2 -  C)
lij,

g l u c o s e  m e t a b o l i s m .  The t o t a l  C r a d i o a c t i v i t y  i n  t h e  

PCA e x t r a c t  a s  w e l l  a s  t h e  p e r c e n t a g e  o f  t h e  t o t a l  PCA 

s o l u b l e  r a d i o a c t i v i t y  i s o l a t e d  i n  am ino  a c i d s  was u n c h a n g e d  

( T a b l e  19)  . The t o t a l  C r a d i o a c t i v i t y  i n  g l u t a m i n e  

d e c r e a s e d  p r o p o r t i o n a l l y  w i t h  t h e  l e v e l  o f  g l u t a m i n e ;  t h e r e ­

f o r e ,  t h e  g l u t a m i n e - s p e c i f i c  r a d i o a c t i v i t y  was u n a f f e c t e d .  

T h e r e  was an  1 8 $  i n c r e a s e  i n  g l u t a m i c  a c i d - s p e c i f i c  r a d i o ­

a c t i v i t y  p o s s i b l y  r e f l e c t i n g  t h e  d e c r e a s e d  p o o l  s i z e .  The 
1 L l

RSAs o f  t h e  C - l a b e l l e d  a m in o  a c i d s  w ere  n o t  a l t e r e d  b y  

k a i n i c  a c i d  ( T a b l e  2 0 ) .

The r e l a t i v e  c h a n g e s  i n  ( % ) a c e t a t e  u t i l i z a t i o n
 ̂Ji

a s  c o m p a r e d  t o  t h o s e  o f  ( 2 -  C ) g l u c o s e  w e re  e v i n c e d  b y
"3 1 ̂  *d e c r e a s e s  i n  t h e  JK /  C r a t i o  o f  s p e c i f i c  r a d i o a c t i v i t i e s
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TABLE 20

R e s u l t s  a r e  e x p r e s s e d  a s  mean + S .E .M .  f o r  4 s a m p l e s  a t  
e a c h  p o i n t  a n d  a r e  t h e  s p e c i f i c  r a d i o a c t i v i t y  (d p m /p m o le  
o r  cp m /p m o le )  o f  t h e  amino a c i d s  com pared  t o  t h a t  o f  
g l u t a m i c  a c i d  w h ic h  i s  t a k e n  a s  1 .  T h e se  r e s u l t s  a r e  
d e r i v e d  f ro m  t h e  e x p e r i m e n t s  l i s t e d  i n  T a b l e s  19> 2 1 ,  2 2 ,  
a n d  2 3 .
* p  < 0 . 0 5  when c o m p a re d  t o  c o n t r o l  (no a d d i t i o n s ) .
#  p < 0 . 0 2  when c o m p a red  t o  c o n t r o l .
** p <  0 . 0 0 5  when co m p a re d  t o  c o n t r o l .
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TABLE 20

RELATIVE SPECIFIC RADIOACTIVITIES (RSA) OF GLUTAMINE, GABA AND ASPARTIC ACID FROM
CEREBELLAR SLICES INCUBATED WITH ( 3H) ACETATE AND D- ( 2 - 1^C) GLUCOSE , (U-1^C)GABA , ( U - ^ C ) -

1 ilGLUTAMIC ACID OR (U-C)GLUTAMINE IN MEDIUM CONTAINING 1 rriM KAINIC ACID

A d d i t i o n s  R e l a t i v e  S p e c i f i c  R a d i o a c t i v i t y

T r a c e r  Added to  Medium Glutamine A s p a r t i c  Acid GABA

( % )  A c e ta te T r a n s f e r r e d None 7 • 9±0 .9 0 . 1 5 + 0 . 0 1 0 . 2 5 + 0 . 0 1
1 mM KA 2 . 9± 0 . 1** 0 . 2 3 + 0 . 0 2 # 0 . 5 1 + 0 . 0 2 * *

U n t r a n s f  e r r e d None 2 . 8 +0 .0 2 0 . 2 0 + 0 . 0 2 0 . 2 2 + 0 . 0 5
1 mM KA 2 . 8+0 .5 0 . 31+0 . 03* 0 . 4 1 +0.07

( 2 - ^ C )  Glucose T r a n s f e r r e d None 0 . 9 0 + 0 .09 0 . 57+0 . 0 4 0 . 55+0 . 03
1 mM KA 0 . 68+0.07 0 . 4 6 + 0 . 0 3 0 . 5 2 + 0 . 0 3

U n t r a n s f  e r r e d None 0 . 3 8 + 0 . 0 4 0 . 6 4 +0.10 0 . 6 4 + 0 . 0 5
1 mM KA o . 53± o .05 0 . 52+0.07 0 . 5 1 + 0 . 0 7

(U-1^C)GABA T r a n s f e r r e d None 1 . 7±0 .2 1 0 . 5 + 0 . 9 6 3 . 1+4 . 1
1 mM KA O . 3 6 + 0 . 0 6 * * 1 1 . 2 + 1  A 5 1 . 2+5.0

U n t r a n s f e r r e d None 0 . 50+0 .02 6 . 9+0 .3 6 2 .1 + 7 .7
1 mM KA 0 . 27+0 . 03** 7 .3 + 0 .3 3 7 .4 + 3 .8 *

1 h*(U- C)Glutamic Acid T r a n s f e r r e d None 4 . 4 + 0 .1 0 . 57+0 .01
1 mM KA 3 . 2+0 . 5* 0 . 4 9 +0 . 0 3

( U - ^ C )  Glutamine T r a n s f e r r e d None 1 0 . 1+0 . 3 0.48+0 .02 0 . 3 2 + 0 . 0 2

1 mM KA 20.3+2 . 8# 0 . 3 4 + 0 . 0 3 * * 0 . 33+0 . 0 5
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f o r  g l u t a m i c  a c i d  ( 6 7 %),  a s p a r t i c  a c i d  { 37%),  a n d  g l u t a m i n e

( 8 4 $ )  ( T a b l e  1 9 ) -  The % / ^ C  s p e c i f i c  r a d i o a c t i v i t y  r a t i o

f o r  GABA a l s o  a p p e a r e d  t o  d e c r e a s e  b u t  t h i s  was  n o t

s t a t i s t i c a l l y  s i g n i f i c a n t  b e c a u s e  o f  t h e  s c a t t e r  i n  t h e  
3 /14d a t a .  The • 'H/ C r a t i o  f o r  t o t a l  a c i d  s o l u b l e  r a d i o a c t i v i t y  

f o u n d  i n  t h e  t i s s u e  d e c r e a s e d  b y  4 2 $ .  As was i n d i c a t e d  

a b o v e  t h i s  was  d ue  e n t i r e l y  t o  t h e  d e c r e a s e d  l a b e l l i n g  o f  

am ino  a c i d s .

3 .  I n c o r p o r a t i o n  o f  D - ( 2 - ^ C ) G l u c o s e  a n d  ( % ) -  

A c e t a t e  i n  U n t r a n s f e r r e d  S l i c e s

S i m i l a r  d e c r e a s e s  i n  t h e  % / l 4 C r a t i o  o f  s p e c i ­

f i c  r a d i o a c t i v i t i e s  f o r  t h e  am in o  a c i d s  a n d  i n  t h e  PCA 

e x t r a c t  w e re  a p p a r e n t  i n  u n t r a n s f e r r e d  c e r e b e l l a r  s l i c e s .

1 mM k a i n i c  a c i d  c a u s e d  a  4 8 $  d e c r e a s e  i n  t h e  t o t a l  %  

r a d i o a c t i v i t y  i n  t h e  PCA e x t r a c t ;  t h e  p e r c e n t a g e  o f  t r i t i u m  

i n  t h e  PCA e x t r a c t  w h ic h  w as  p r e s e n t  i n  amino  a c i d s  

d e c r e a s e d  by 6 6 $  ( T a b l e  2 1 ) .  T h e r e  was  a  65%> r e d u c t i o n  i n  

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

The  s p e c i f i c  r a d i o a c t i v i t i e s  o f  a s p a r t i c  a c i d  a n d  GABA w e r e  

n o t  s i g n i f i c a n t l y  r e d u c e d ,  w h ic h  was  a r e f l e c t i o n  o f  t h e

g r e a t e r  s c a t t e r  i n  t h e  d a t a  w h i c h  o c c u r r e d  i n  u n t r a n s f e r r e d
3

s l i c e s .  The RSA o f  - U l - a s p a r t i c  a c i d  i n c r e a s e d  s l i g h t l y .

The RSA o f  % - g l u t a m i n e  was  a p p r o x i m a t e l y  t h r e e f o l d  l o w e r  

t h a n  i n  t r a n s f e r r e d  s l i c e s ,  a n d  i n  m a r k e d  c o n t r a s t  t o  

t r a n s f e r r e d  s l i c e s ,  k a i n i c  a c i d  d i d  n o t  d e c r e a s e  t h e  RSA o f

^ H - g l u t a m i n e  ( T a b l e  2 0 ) .
1 4  ✓ 1 4  .

The t o t a l  C r a d i o a c t i v i t y  f r o m  ( 2 -  C ) g l u c o s e
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TABLE 21

EFFECT OF KAINIC ACID ON D - ( 2 - ^ 0 ) GLUCOSE AND (^H)ACETATE METABOLISM IN UNTRANSFERRED 

CEREBELLAR SLICES

S p e c i f i c  R a d i o a c t i v i t y ( d p m /p m o le x 1 0 ~3 ) R a t i o  o f t r i t i u m  t o  c a r b o n - :
/ 14 \( 2 -  C ) G l u c o s e ( 3H) A c e t a t e s p e c i f i c r a d i o a c t i v i t y

C o n t r o l  1 mM KA C o n t r o l 1 mM KA C o n t r o l 1 mM KA

G l u t a m i c  A c id 5 . 0 +0 . 1  6 . 6  +0 . 2** 398+52 1 3 5 +1 0 ** 8 0 . 4 + 9 . 0 2 0 . 5 +1 .4 * *
A s p a r t i c  A c id 3 . 2 +0 . 6  3 . 5 +0 .4 8 3 + I 6 42+5 2 5 . 7 + I . I 1 1 . 8 + 0 . 5 * *
G l u t a m i n e 1 . 9 +0 . 2  3 . 4 +0 . 5# 1084+147 3 9 4 +88 * 5 9 0 . 0 + 9 1 . , 5 1 3 2 . 0 +2 2 . 0 **
GABA 3 . 2 +0 . 3  3 . 4 + 0 . 5 88+22 58+13 2 7 . 4 + 6 . 1 17 . 9 + 4 . 1

T o t a l  d . p . m . / 1 0 0  mg p r o t e i n  x  1 0 ~ 3

412+9 395+22 21445+ 1505 1 1 0 9 1 1 6 3 2 ** 5 0 . 3 ± 3 •6 30 . 1 + 0 . 4 * *

P e r c e n t a g e  o f t o t a l  d . p . m . / l O O  mg p r o t e i n  i n  am ino  a c i d s

1 2 . 8 + 0 . 2  1 2 . 6 + 0 . 6 3 2 . 7 ± 2 . 6 1 1 . 0 + 0 . 4 * *

R e s u l t s  a r e  e x p r e s s e d  a s  t h e  mean + S . E.M. f o r  4 e x p e r i m e n t s a t  e a c h  p o i n t .  The
b a s i c  c o n d i t i o n s  a r e  g i v e n  i n  T a b l e s  6 & 19 e x c e p t  t h a t  s l i c e s  w e r e  n o t  t r a n s f e r r e d

t o  f r e s h  medium a t  t h e  e n d  o f  t h e  15  m i n u t e  p r e i n c u b a t i o n .
#  p <  0 . 0 5  when c o m p a re d  t o  c o n t r o l .

* p < 0 . 0 1  when co m p a re d  t o  c o n t r o l .

** p <  0 . 0 0 5  when co m p a re d  t o  c o n t r o l .
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p r e s e n t  i n  t h e  PCA e x t r a c t  a s  w e l l  a s  t h e  p e r c e n t a g e  of  t h e  
14 C r a d i o a c t i v i t y  i n  t h e  PCA e x t r a c t  i s o l a t e d  i n  amino 

a c i d s  was u n a l t e r e d  (Tab le  2 1 ) .  There  was an i n c r e a s e  i n  

t h e  s p e c i f i c  r a d i o a c t i v i t i e s  of  g lu t a m ic  a c i d  ( 32$) and 

g lu t a m in e  (6 1 $ ) ,  b u t  no a l t e r a t i o n s  i n  t h e  RSAs.

4 .  I n c o r p o r a t i o n  o f  (U-^C)GABA

Other  l a b e l l i n g  s t u d i e s  were p e r fo rm e d  t o  a s c e r ­

t a i n  t h e  s i t e  o f  t h e  i n h i b i t i o n  of l a b e l l i n g  of  g lu t a m in e .
I  ̂4'(U- C)GABA was t h e  p r e c u r s o r  chosen b e c a u s e ,  s i m i l a r  t o  

a c e t a t e ,  i t  i s  a p r e c u r s o r  o f  t h e  " sm a l l "  compartment of  

g l u t a m i c  a c i d  m e tab o l i sm  ( s e e  B er l  e t  a l . ,  1975) .  When
1 £l

t r a n s f e r r e d  s l i c e s  were i n c u b a t e d  w i th  (U- C)GABA i n  t h e  

p r e s e n c e  o f  1 mM k a i n i c  a c i d ,  t h e r e  was a l a r g e ,  s e l e c t i v e  

d e c r e a s e  {75%) i n  g l u t a m i n e - s p e c i f i c  r a d i o a c t i v i t y  (Table  

22) and t h e  RSA of  g lu t a m in e  d e c r e a s e d  by 80$ (T ab le  2 0 ) .

The s p e c i f i c  r a d i o a c t i v i t i e s  o f  a s p a r t i c  a c i d ,  g lu t a m ic
i h

a c i d ,  and GABA were n o t  a f f e c t e d .  The t o t a l  C r a d i o a c ­

t i v i t y  p r e s e n t  i n  t h e  PCA e x t r a c t  was a l s o  u n a l t e r e d .

When u n t r a n s f e r r e d  c e r e b e l l a r  s l i c e s  were i n c u b a t e d  
14w i th  (U- C)GABA i n  t h e  p r e s e n c e  of  k a i n i c  a c i d ,  t h e  s p e c i ­

f i c  r a d i o a c t i v i t y  o f  g l u t a m i c  a c i d  i n c r e a s e d  by 37$ and 

t h a t  of  a s p a r t i c  a c i d  i n c r e a s e d  by 46$ (Tab le  2 3 ) .  The 

RSA of  g lu t a m in e  d e c r e a s e d  by 46$ and t h a t  o f  GABA d e c r e a s e d  

by 40$ (T a b le  2 0 ) .
145> I n c o r p o r a t i o n  o f  L-(U- C)Glutamic Acid

K a i n i c  a c i d  i s  a m o d e ra te ly  p o t e n t  i n h i b i t o r  

o f  g l u t a m i c  a c i d  u p t a k e  i n t o  c o r t i c a l  minces  ( J o h n s to n  e t
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TABLE 22

INFLUENCE OF KAINIC ACID ON THE LABELLING OF AMINO ACIDS FROM L - ( U - 1^C)GLUTAMIC ACID, 

L -C U -^C )G L U T A M IN E  AND ( U - 1^C)GABA IN TRANSFERRED CEREBELLAR SLICES

S p e c i f i c  R a d i o a c t i v i t y ( c p m / p m o l e  3c 1 0 “ 3 )

( U - 1 4 !C)GABA L -(U ~  C ) G l u t a m i c  A c id L - ( U - ^ C ) G l u t a m i n e

C o n t r o l 1 mM KA C o n t r o l 1 mM KA C o n t r o l 1 mM KA

G l u t a m i c  A c i d  

A s p a r t i c  A c i d  

G l u t a m i n e  

GABA

G l u t a m i c  A c i d  

(m e d iu m )

4 2 + 2

4 2 9 1 3 9

71+ 7
2 5 9 2 + 2 1 7

4 7 + 5

5 1 5 ± 7 5
1 7 + 4 * *

2 4 6 4 i 4 3 6

1 0 8 2 1 4 4

6 2 0 1 1 6

4 7 8 1 + 1 5 8

1 5 0 6 1 3 1 4

1 0 9 1 4 8 1 8 6 8 5

6 3 5 1 3 8 **

•,3 0 8 1 6 **

2 0 2 2 1 2 8 4 * *

6 2 9 1 5 0 *

1 1 8 5 0 2 1 9 9 8

191+10
9 2 l 4

1 9 3 6 1 1 3 9
6 0 l 4

1 3 7 1 1 4 *

4 7 +6 **

2 7 6 7 1 4 5 4

4 5 1 8

T o t a l  c . p . m . / l O O  mg p r o t e i n  x  1 0 - 3

4 1 5 1 + 5 5 ? 4 1 5 8 1 2 1 7 1 2 3 1 6 1 3 5 6 4 4 6 4 + 2 9 6 * * 3 4 7 6 1 7 3 1 8 5 1 1 6 1 * *

P e r c e n t a g e  o f t o t a l  c . p . i m . / lO O  mg p r o t e i n  i n  a m in o a c i d s

9 0 . 2 +1 . 6 9 6 . 0 1 3 . 1 8 5 .O1 I . 4 8 0 . 1 1 1 . 1 * 8 5 * 7 1 0 . 7 8 6 . 6 1 3 . 2

C e r e b e l l a r  s l i c e s  w e r e  p r e i n c u b a t e d  f o r  1 5  m i n u t e s  a n d  t h e n  t r a n s f e r r e d  a n d  1 mM 

k a i n i c  a c i d  w a s  a d d e d  t o  som e s a m p l e s .  20  m i n u t e s  l a t e r ,  1 p C i  o f  (U -  C ) . g l u t a m i c  

a c i d  ( a n d  4 5  n m o l e s  o f  c o l d  g l u t a m i c  a c i d  w a s  a d d e d  t o  c o n t r o l s )  o r  30  m i n u t e s  

l a t e r  0 . 2  p C i  ( U - ^ C jG A B A  o r  0 . 3  p C i  ( U - 1/j’C ) g l u t a m i n e  w a s  a d d e d  t o  s a m p l e s .  I n c u b a t i o n  

w i t h  ( U - ^ C )  g l u t a m i c  a c i d  c o n t i n u e d  f o r  1 3  m i n .  I n c u b a t i o n  w i t h  ( U - ^ C jG A B A  o r  ( U - ^ C )  

g l u t a m i n e  c o n t i n u e d  f o r  .10 m i n .  V a l u e s  a r e  m e an  + S .E .M .  f o r  4  s a m p l e s  a t  e a c h  p o i n t .

* p <  0 . 0 5 1 * *  p < 0 . 0 0 5  w hen  c o m p a r e d  t o  c o n t r o l .
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a l . ,  1 9 79)  a n d  i n t o  c o r t i c a l  s y n a p t o s o m e s  ( T a b l e  1 0 ) .  N o t

s u r p r i s i n g l y ,  t h e r e f o r e ,  i n  t r a n s f e r r e d  c e r e b e l l a r  s l i c e s

i n c u b a t e d  w i t h  (U- C ) g l u t a m i c  a c i d  an d  k a i n i c  a c i d ,  t h e

s p e c i f i c  r a d i o a c t i v i t i e s  o f  g l u t a m i c  a c i d ,  g l u t a m i n e ,
14a s p a r t i c  a c i d  a n d  GABA d e c r e a s e d  a s  d i d  t h e  t o t a l  C

r a d i o a c t i v i t y  i n  t h e  PCA e x t r a c t  ( T a b l e  2 2 ) .  T h e r e  was
14n o  c h a n g e  i n  t h e  p e r c e n t a g e  o f  t h e  C i n  t h e  am ino  a c i d s . 

The RSA o f  g l u t a m i n e  d e c r e a s e d  l e s s  (28%)  c o m p ared  t o  

t h e  d e c r e a s e  f r o m  r a d i o a c t i v e  a c e t a t e  o r  GABA ( T a b l e  2 0 ) .

I t  s h o u l d  b e  n o t e d  t h a t  n o n - r a d i o a c t i v e  g l u t a m i c  a c i d  was  

a d d e d  t o  t h e  i n c u b a t i o n  medium o f  c o n t r o l s  i m m e d i a t e l y  

p r i o r  t o  a d d i t i o n  o f  r a d i o a c t i v i t y  i n  o r d e r  t h a t  t h e  s p e c i ­

f i c  r a d i o a c t i v i t y  o f  g l u t a m i c  a c i d  i n  t h e  medium o f  c o n t r o l  

an d  k a i n i c  a c i d - t r e a t e d  s l i c e s  w o u ld  b e  t h e  same;  t h e  

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

medium a t  t h e  e n d  o f  t h e  e x p e r i m e n t  was  1 0 9 , 1 4 8  + 8685  

cpm /nm ole  (n = 4 )  i n  c o n t r o l  s l i c e s  a n d  1 1 8 , 5 0 2  + 998  

cpm /nm ole  (n = 4 )  i n  k a i n i c  a c i d - t r e a t e d  s l i c e s .  The c o n t r o l  

s l i c e s  a c c u m u l a t e d  a n d  m e t a b o l i z e d  much o f  t h e  a d d e d  

g l u t a m i c  a c i d .  G l u t a m i c  a c i d  l e v e l s  i n  t h e  medium a t  t h e  

e n d  o f  t h e  i n c u b a t i o n  w e r e  0 . 3 7  + 0 . 0 3  n m o l e s / 1 0 0  mg 

p r o t e i n ,  mean + S . D . ,  n = 4 ,  i n  t h e  c o n t r o l  s l i c e s  an d

1 . 1 5  + 0 . 1 5  n m o l e s / 1 0 0  mg p r o t e i n  i n  t h e  k a i n i c  a c i d -  

t r e a t e d  s l i c e s .

6 .  I n c o r p o r a t i o n  o f  L - ( U -  C ) G l u t a m i n e

S i n c e  t h e  d e c r e a s e  i n  g l u t a m i n e  l e v e l s  c o u l d  b e  

d u e  t o  i n c r e a s e d  g l u t a m i n e  b r e a k d o w n ,  t r a n s f e r r e d
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TABLE 23

EFFECT OF KAINIC ACID ON THE LABELLING OF AMINO ACIDS FROM (U -^^G A B A  IN UNTRANSFERRED 
CEREBELLAR SLICES

S p e c i f i c  R a d i o a c t i v i t y  (cpm/pmole x lO- ^)

(U-1^C)GABA

C o n t r o l  1 mM KA

G lutamic  Acid 231+18 
A s p a r t i c  Acid 1594+121 
Glutamine 115±13 
GABA 14-105+1300

317+10*
2321+118*

84+9
11810+1183

T o t a l  c . p .m . / 1 0 0  mg p r o t e i n  x 10- ^

17396+1467 19062+1815
P e r c e n ta g e  of  t o t a l  c .p .m . / lO O  mg p r o t e i n  i n  amino a c i d s

8 5 .6 + I .9 8 9 . 7 +0 .9

C e r e b e l l a r  s l i c e s  were p r e i n c u b a t e d  f o r 15 m in u te s  when
1 mM k a i n i c  a c i d  was added t o  some sa m p le s .  30 m in u te s  l a t e r4 h
0 . 5  pCi ( U -  C)G ABA was added and t h e  i n c u b a t i o n  c o n t in u e d  f o r  
15 m i n u t e s .  Values  a r e  t h e  mean + S.E.M. f o r  4 samples  a t

\o
each p o i n t .  0
* p-c.0.01 when compared t o  c o n t r o l .
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1  ̂c e r e b e l l a r  s l i c e s  w e r e  i n c u b a t e d  w i t h  (U- C ) g l u t a m i n e .

The s p e c i f i c  r a d i o a c t i v i t y  o f  g l u t a m i n e  was  s l i g h t l y  b u t  

n o t  s i g n i f i c a n t l y  e l e v a t e d  i n  t h e  k a i n i c  a c i d - t r e a t e d  

s l i c e s .  H ow ever  t h e  s p e c i f i c  r a d i o a c t i v i t i e s  o f  g l u t a m i c  

a c i d  an d  a s p a r t i c  a c i d  d e c r e a s e d  b y  2 9 $  a n d  b y  5 0 $  r e s p e c ­

t i v e l y  ( T a b l e  2 2 ) .  The RSA o f  g l u t a m i n e  i n c r e a s e d  b y  1 0 0 $  

a n d  t h a t  o f  a s p a r t i c  a c i d  d e c r e a s e d  b y  2 9 $  ( T a b l e  2 0 ) .

T h e r e  was  a  4 7 $  d e c r e a s e  i n  C r a d i o a c t i v i t y  m  t h e  PCA
14e x t r a c t ,  b u t  n o  c h a n g e  i n  t h e  p e r c e n t a g e  o f  t h e  C r a d i o ­

a c t i v i t y  i n  t h e  PCA e x t r a c t  w h i c h  was i n c o r p o r a t e d  i n t o  

t h e  am ino  a c i d s .  I n  c o r t i c a l  s y n a p t o s o m e s  k a i n i c  a c i d  d i d  

n o t  s i g n i f i c a n t l y  i n h i b i t  g l u t a m i n e  u p t a k e  ( T a b l e  1 1 ) .

J .  EFFECT OF KAINIC ACID ON GLUTAMINE SYNTHETASE

B e c a u s e  g l u t a m i n e  l e v e l s  w e re  m a r k e d l y  d e c r e a s e d

a n d  t h e  l a b e l l i n g  d a t a  i n d i c a t e d  t h a t  t h i s  was  due  t o  a

d e c r e a s e  i n  g l u t a m i n e  s y n t h e s i s ,  t h e  e f f e c t  o f  k a i n i c

a c i d  on g l u t a m i n e  s y n t h e t a s e  a c t i v i t y  was t e s t e d  a s  d e s ­

c r i b e d  b y  N i c k l a s  e t  a l . ( 1 9 7 9 t> ) .  K a i n i c  a c i d  a t  1 mM d i d  

n o t  d i r e c t l y  a l t e r  t h e  g l u t a m i n e  s y n t h e t a s e  a c t i v i t y  o f  

e i t h e r  h o m o g e n a t e s  o f  r a t  c e r e b e l l u m  o r  o f  c e r e b e l l a r  

s l i c e s  i n c u b a t e d  w i t h  k a i n i c  a c i d  f o r  45  m i n u t e s  p r i o r  t o  

h o m o g e n i z a t i o n  a n d  a s s a y .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



92

K. LIGHT MICROSCOPY OF CEREBELLAR SLICES

G a r t h e w a i t e  e t  a l . (1 9 7 9 )  Have r e p o r t e d  t h a t  > 9 0 $  

o f  c e l l s  i n  c h o p p e d  c e r e b e l l a r  s l i c e s  a p p e a r e d  p y k n o t i c  

a n d  t h a t  much v a c u o l a t i o n  was p r e s e n t ,  w h e r e a s  i n  h a n d -  

s l i c e d  c e r e b e l l a r  s l i c e s ,  n o  p y k n o s i s  a n d  l i t t l e  v a c u o l a ­

t i o n  was  e v i d e n t .  T h e r e f o r e ,  a  l i g h t  m i c r o s c o p i c  s t u d y  

was p e r f o r m e d  on c h o p p e d  c e r e b e l l a r  s l i c e s  w h ic h  h a d  b e e n  

i n c u b a t e d  f o r  45  m i n u t e s  a s  i n  t h e  b i o c h e m i c a l  s t u d i e s .

Some s l i c e s  w e re  e x p o s e d  t o  k a i n i c  a c i d  (1  mM) f o r  30 

m i n u t e s .  As d e m o n s t r a t e d  i n  F i g u r e s  9 an d  1 0 ,  t h e  m a j o r i t y  

o f  t h e  c e l l s  i n  t h e  c o n t r o l  o r  k a i n i c  a c i d - t r e a t e d  s l i c e s  

w e re  n o t  p y k n o t i c .  I t  i s  e a s i e s t  t o  o b s e r v e  t h a t  m o s t  

P u r k i n j e  c e l l s  a r e  n o t  p y k n o t i c  a n d  t h a t  l i t t l e  v a c u o l a t i o n  

i s  p r e s e n t .  A l s o ,  i n  t h e  k a i n i c  a c i d - t r e a t e d  s l i c e s ,  no  

g r o s s  n e u r o n a l  t o x i c i t y  i s  e v i d e n t  d u r i n g  t h i s t i m e  o f  

i n c u b a t i o n .

L .  ACTION OF KAINIC ACID ON THE INCORPORATION OF

D - ( 2 - 1^C)GLUCOSE AND ( 3H)ACETATE INTO AMINO ACIDS 

QF STRIATAL SLICES

I n  c o n t r a s t  t o  c e r e b e l l a r  s l i c e s ,  when s t r i a t a l  

s l i c e s  w e re  i n c u b a t e d  w i t h  1 mM k a i n i c  a c i d  f o r  30 m i n u t e s ,  

t h e  l e v e l  o f  g l u t a m i n e  d e c r e a s e d  s l i g h t l y  b y  1 8 $  a n d  a s p a r ­

t i c  a c i d  d e c r e a s e d  b y  26$ ( T a b l e  24)  . No a l t e r a t i o n  i n  t h e  

l e v e l  o f  g l u t a m i c  a c i d  o r  GABA i n  t h e  t i s s u e  was  o b s e r v e d .
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FIGURE 9 . APPEARANCE OF PARASAGITTAL CEREBELLAR

SLICES INCUBATED FOR ^ 5  MINUTES IN KREBS- 
RINGER BICARBONATE MEDIUM

M o l e c u l a r  ( m ) , P u r k i n j e  ( p ) , a n d  g r a n u l a r  (g )  l a y e r s  

a r e  i n d i c a t e d .  M a g n i f i c a t i o n s  A) xoOO. B) x l 0 8 0 .
The s l i c e s  w e r e  s t a i n e d  w i t h  h e m a t o x y l i n  a n d  e o s i n .
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FIGURE 1 0 .  APPEARANCE OF PARASAGITTAL CEREBELLAR 
SLICES INCUBATED WITH KAINIC ACID

M o l e c u l a r  ( m ) , P u r k i n j e  ( p ) , a n d  g r a n u l a r  ( g )  l a y e r s  
a r e  i n d i c a t e d .  M a g n i f i c a t i o n s  A) x 6 0 0 . . B )  x l 0 8 0 .

The s l i c e s  w e r e  s t a i n e d  w i t h  h e m a t o x y l i n  a n d  e o s i n .
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14 ?I n c o r p o r a t i o n  of D - (2 -  C )g lucose  and ( ^ H ) a c e t a t e

i n  t h e  p r e s e n c e  and absence  o f  1 mM k a i n i c  a c i d  was s t u d i e d .

( % ) a c e t a t e  i n c o r p o r a t i o n  i n t o  amino a c i d s  was n o t  a l t e r e d

f o r  g lu t a m in e ,  g l u t a m i c  a c i d ,  a s p a r t i c  a c i d  o r  GABA.
1 bS l i g h t  a l t e r a t i o n s  i n  t h e  i n c o r p o r a t i o n  of  (2 -  C )g lucose

14o c c u r r e d .  The t o t a l  C r a d i o a c t i v i t y  i n  t h e  PCA e x t r a c t

d e c l i n e d  by 18$ (T ab le  25) which was n o t  a c c o u n ted  f o r
14by amino a c i d s .  The C s p e c i f i c  r a d i o a c t i v i t y  of  g lu t a m ic

a c i d  i n c r e a s e d  s l i g h t l y  by 11$ and t h a t  of  a s p a r t i c  a c i d

i n c r e a s e d  by 47$. The s p e c i f i c  r a d i o a c t i v i t y  of  g lu ta m in e

d e c r e a s e d  by 24$ and t h a t  f o r  GABA d e c r e a s e d  by 29$. In

c o n t r a s t  t o  c e r e b e l l a r  s l i c e s ,  t h e  RSA of % - g l u t a m i n e  was
14u n a l t e r e d  b u t  t h e  RSA of  C-g lu tam ine  d e c r e a s e d  s l i g h t l y

(by 3 3 ^ ) (Tab le  26 ) .  The r a t i o  of  %  s p e c i f i c  r a d i o a c t i v i t y  
14t o  C s p e c i f i c  r a d i o a c t i v i t y  f o r  g lu ta m in e  t e n d e d  to  

i n c r e a s e  i n  t h e  p r e s e n c e  of  k a i n i c  a c i d .
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TABLE 24-

EFFECT OF KAINIC ACID ON AMINO ACID LEVELS IN STRIATAL 
SLICES

Amino Acid L e v e l s  (umoles /100  mg p r o t e i n )  

C o n t ro l  1 mM K a in ic  Acid

Glu tam ic  Acid 
A s p a r t i c  Acid 
Glutamine 
GABA

3 . 4-+0.5 
1 . 7+ 0 . 1 
0 .4 6 + 0 .0 1  
0 . 8 +0 . 1

3 ■ 1+0  .2  

1 .3 +0 .1**  
0 .38+0 .03**  
0 .9 + 0 .1

S t r i a t a l  s l i c e s  were p r e i n c u b a t e d  f o r  15 m in u te s  i n  
K r e b s - R in g e r  b i c a r b o n a t e  medium i n  t h e  p r e s e n c e  o r  
absence  of  k a i n i c  a c i d .  R a d i o a c t i v i t y  was t h e n  added 
and th e  i n c u b a t i o n  c o n t i n u e d  f o r  a f u r t h e r  15 m i n u t e s .
The t i s s u e  and medium were s e p a r a t e d  by f i l t r a t i o n  
and t h e  t i s s u e  was a n a ly z e d  f o r  amino a c i d s  and r a d i o a c t i v ­
i t y  as  d e s c r i b e d  i n  t h e  "Methods".  R e s u l t s  a r e  e x p r e s s e d  
as  t h e  mean + S.E.M. f o r  4 samples  a t  each  p o i n t .
**p < 0 .0 5  when compared t o  c o n t r o l .
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TABLE 25

EFFECT OF KAINIC ACID ON D- ( 2 - ^ 0 )  GLUCOSE AND ( % )  ACETATE METABOLISM IN STRIATAL SLICES

S p e c i f i c  R a d i o a c t i v i t y  (dpm/pmole x 10 3 ) R a t i o  of  t r i t i u m  to  c a rbon-14

( 2 _ ^ c ) G l u c o s e  ( 3H )A ce ta te  s p e c i f i c  r a d i o a c t i v i t y

C o n t ro l* 1 mM KA C o n t ro l 1 mM KA C o n t ro l 1 mM KA

G lutamic  Acid 1 2 .7 + 0 .3 1 4 .0 + 0 .5 * 715+17 747+26 56 .6+0 .9 5 2 .1 + 1 .3
A s p a r t i c  Acid 4 . 2 + 0 . 4 6 .1 + 0 .4 * * 61+3 74+4 1 3 .2 + 0 .4 1 1 .6 + 0 .3
Glutamine 1 3 .2 + 0 .9 1 0 . 0 +0 . 9* 6591+430 7282+246 5 09 .0 + 5 1 .5 6 7 9 .0 + 6 5 .5
GABA 3 .2 + 0 .2 2 .2 + 0 .3 * * I 85+8 145+17 5 5 .6 + 1 .0 6 2 .7+2 .3

T o t a l  d .p .m . / lO O  mg p r o t e i n  x 10 3

242+4 198+17* 7806+198 6549+547 3 2 .3 + 0 .4 33-1+0.6
P e r c e n t a g e  of t o t a l  d .p .m . /1 0 0  mg p r o t e i n  i n  amine) a c i d s

2 6 .4 + 0 .3 28 .5 +2 .0 7 5 .7 + 0 .8 7 8 .1 + 3 .0

S t r i a t a l  s l i c e s  were p r e i n c u b a t e d  f o r  15 m in u te s  i n  t h e  p r e s e n c e  o r  absen ce  of  1 mM 
k a i n i c  a c i d .  0 . 5  pCi (2 -  C)Glucose and 10 pCi of  ( H ) a c e t a t e  were t h e n  added to  
t h e  medium and t h e  i n c u b a t i o n  c o n t i n u e d  f o r  15 m in u te s  and amino a c i d s  were a n a ly z e d  
a s  d e s c r i b e d  i n  "Methods".  V a lues  a r e  mean + S.E.M. f o r  4 e x p e r im e n t s  a t  each p o i n t .  
* p<0 .0 5  when compared to  c o n t r o l  
** p<0 .02  when compared t o  c o n t r o l .
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TABLE 26

RELATIVE SPECIFIC RADIOACTIVITIES OF GLUTAMINE, GABA AND ASPARTIC ACID IN STRIATAL 
SLICES INCUBATED WITH ( % )  ACETATE AND D- ( 2 - ^ 0 )  GLUCOSE IN MEDIUM CONTAINING 1 mM 
KAINIC ACID

T r a c e r  Added A d d i t i o n s  to Medium

R e l a t i v e  S p e c i f i c  R a d i o a c t i v i t y

Glutamine A s p a r t i c  Acid GABA

( % )  A c e ta t e None 9 -3 3 + 0 .6k 0 . 09+0 .003 0 . 25+0 .0 2
1 mM K a in i c Acid 9 .7 ^ + 0 .1 5 0 . 10+0 . 00k 0 . 20+0 .0 2

1 h(2 -  C)Glucose None 1 .06+0 .0 8 0 . 36+O.002 0 . 26+0 .01
1 mM K a in ic Acid o . 71+0 . 0^* 0 .k k + 0 .020 0 . 16+0 . 03*

Values  a r e  t h e  mean + S.E.M. f o r  k e x p e r im e n t s  a t  each p o i n t  w i th  t h e  s p e c i f i c  
r a d i o a c t i v i t y  of  g l u t a m i c  a c i d  t a k e n  a s  1 .  The i n c u b a t i o n  c o n d i t i o n s  a r e  g iv e n  
i n  Tables  2k and 25.
* p < 0 . 0 2  when compared t o  c o n t r o l .
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IV .  DISCUSSION

A. EFFECTS OF KAINIC ACID ON ATP LEVELS

B a s e d  on e v i d e n c e  t h a t  c o r t i c a l  i n p u t  i s  n e c e s s a r y  

f o r  k a i n i c  a c i d  n e u r o t o x i c i t y  i n  t h e  s t r i a t u m  (McGeer  e t  

a l . , 1 9 7 8 a ;  B i z i e r e  a n d  C o y l e ,  1 9 ? 8 a ;  W h e t s e l l  e t  a l . ,  

1 9 8 0 ) ,  McGeer  p o s t u l a t e d  t h a t  t h e  n e u r o t o x i c i t y  o f  k a i n i c  

a c i d  i n v o l v e s  a r e l e a s e  a n d / o r  i n h i b i t i o n  o f t h e  u p t a k e  o f  

g l u t a m i c  a c i d .  O ln e y  ( O l n e y ,  1978 ;  O ln e y  e t  a l . ,  1971)  

p o s t u l a t e d  t h a t  e x c i t o t o x i c  am ino  a c i d s  i n c l u d i n g  k a i n i c  

a c i d  g e n e r a t e  a s t a t e  o f  c o n t i n u o u s  d e p o l a r i z a t i o n  i n  

a f f e c t e d  n e u r o n s  a n d  an  i n c r e a s e  i n  membrane p e r m e a b i l i t y  

w h i c h  l e a d s  t o  n e u r o n a l  c e l l  d e a t h ,  p r e s u m a b l y  b y  d e p l e t i o n  

o f  e n e r g y  r e s e r v e s .  I n d e e d ,  s e v e r a l  e x c i t a t o r y  amino 

a c i d s  d e c r e a s e  l e v e l s  o f  c r e a t i n e  p h o s p h a t e  ( B r a d f o r d  

a n d  M c l l w a i n ,  1 9 6 6 ) an d  ATP ( P u l l  a n d  M c l l w a i n ,  1975)  i n  

c e r e b r a l  c o r t i c a l  s l i c e s .  H o w ev er ,  k a i n i c  a c i d ,  i n  

s t r i a t a l  s l i c e s ,  h a s  no  e f f e c t  on ATP l e v e l s  i n  c o n c e n t r a ­

t i o n s  u p  t o  3 mM ( B i z i e r e  a n d  C o y l e ,  1 9 7 8 b ) . The p r e s e n t  

i n  v i t r o  s t u d i e s  w e r e  p e r f o r m e d  u s i n g  c e r e b e l l a r  s l i c e s  

b e c a u s e  e v i d e n c e  i n d i c a t e s  t h a t  t h e  c e r e b e l l u m  h a s  an  

i n t r i n s i c  g l u t a m e r g i c  i n t e r n e u r o n ,  t h e  g r a n u l e  c e l l  (Young 

e t  a l . ,  1 9 7 ^ ;  M cB r id e  e t  a l . ,  1 9 7 6 ;  T r a n  a n d  S n y d e r ,  1979)*  

I n  t h e s e  s t u d i e s ,  k a i n i c  a c i d  a t  c o n c e n t r a t i o n s  o f  

0 . 1  t o  1 . 0  mM i n c u b a t e d  w i t h  c e r e b e l l a r  s l i c e s  d i d  i n d e e d  

c a u s e  s i g n i f i c a n t  d e c r e a s e s  i n  c r e a t i n e  p h o s p h a t e  a n d  ATP
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l e v e l s .  K a in ic  a c i d  d id  n o t  d e c r e a s e  ATP l e v e l s  by 

d i r e c t l y  a l t e r i n g  o x i d a t i v e - p h o s p h o r y l a t i o n  o f  b r a i n  m i t o ­

c h o n d r i a  ( N i c k l a s ,  u n p u b l i s h e d  o b s e r v a t i o n s ) .  However,  

s i n c e  Na+-K+ ATPase a c t i v i t y  i s  s e n s i t i v e  t o  changes  i n  

Na+ c o n c e n t r a t i o n  (Skou, 195?;  Schwartz  e t  a l . ,  1962 ) ,  

k a i n i c  a c i d  m igh t  d e c r e a s e  ATP l e v e l s  by s t i m u l a t i o n  of  

Na+-K+ ATPase a c t i v i t y  f o l l o w i n g  a d e p o l a r i z a t i o n - i n d u c e d  

i n c r e a s e  i n  Na+ p e r m e a b i l i t y .  V ar io u s  e x c i t a t o r y  amino 

a c i d s  i n c l u d i n g  L - g lu t a m ic  a c i d ,  DL-homocyste ic  a c i d ,  

L - a s p a r t i c  a c i d  and N - m e t h y l - D - a s p a r t i c  a c i d  e x e r t  a s t r o n g  

d e p o l a r i z i n g  a c t i o n  a s s o c i a t e d  w i th  an i n c r e a s e d  p e r m e a b i l ­

i t y  t o  Na+ i n  v iv o  ( C u r t i s  e t  a l . ,  1972; Z i e g l g a n s b e r g e r  

and P u i l ,  1973) and i n  v i t r o  (B rad fo rd  and M cllwain ,  I 9 6 6 ),. 

The p r e s e n t  f i n d i n g s  show t h a t  L - g lu ta m ic  a c i d  and DL-homo- 

c y s t e i c  a c i d  a l s o  d e c r e a s e d  ATP l e v e l s .  However N-methyl-  

D - a s p a r t i c  a c i d  which was a l s o  r e p o r t e d  t o  i n c r e a s e  Na+ 

p e r m e a b i l i t y  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  ATP l e v e l s .  The 

p a r t i c u l a r l y  l a r g e  d e c r e a s e  i n  ATP caused  by k a i n i c  a c i d

p r o b a b l y  i n v o l v e s  a c t i o n s  i n  a d d i t i o n  t o  a p o s t s y n a p t i c
+ +s t i m u l a t i o n  of  Na -K ATPase a c t i v i t y .

In our  s t u d i e s ,  k a i n i c  a c i d  d e p r e s s e d  ATP l e v e l s  

w i t h o u t  c a u s in g  a c o r r e s p o n d i n g  i n c r e a s e  i n  t h e  amount of  

ADP p l u s  AMP p r e s e n t .  In  c e r e b e l l a r  s l i c e s  from t h e  r a t ,  

Schmidt  e t  a l .  (1977;  1976) have r e p o r t e d  400 f o l d  i n c r e a s e s  

i n  t h e  l e v e l  o f  c y c l i c  AMP i n  t h e  p r e s e n c e  o f  k a i n i c  a c i d ,  

p o s s i b l y  m e d ia te d  by k a i n i c  a c i d - i n d u c e d  r e l e a s e  o f  adeno­

s i n e .  Thus a c t i v a t i o n  o f  a d e n y l a t e  c y c l a s e  c o u ld  a cco u n t
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f o r  some o f  t h e  d e c r e a s e  i n  ATP l e v e l s .  A l s o ,  e x p o s u r e  o f  

c o r t i c a l  s l i c e s  t o  L - g l u t a m i c  a c i d  a n d  t o  e l e c t r i c a l  s t i m u ­

l a t i o n  h a s  b e e n  r e p o r t e d  t o  i n c r e a s e  t i s s u e  a d e n o s i n e  

l e v e l s  an d  t o  r e l e a s e  a d e n i n e  d e r i v a t i v e s  i n t o  t h e  medium 

( P u l l  a n d  M c l l w a i n ,  1975 ;  Newman a n d  M c l l w a i n ,  1 9 7 7 ) .

T e t r o d o t o x i n  s e l e c t i v e l y  b l o c k s  e x c i t a b l e  so d ium

c h a n n e l s  t h u s  i t  b l o c k s  t h e  d e p o l a r i z a t i o n  a n d  t h e  i n f l u x  
22

o f  Na a s s o c i a t e d  w i t h  e l e c t r i c a l  s t i m u l a t i o n  ( M c l l w a i n  

e t  a l . ,  1 9 6 9 ;  N a r a h a s h i  e t  a l . ,  1 9 6 4 )  a n d  i t  b l o c k s  

v e r a t r i d i n e - i n d u c e d  d e p o l a r i z a t i o n s  ( O h t a  e t  a l . ,  1973)*

I n  c o n t r a s t ,  t e t r o d o t o x i n  d o e s  n o t  b l o c k  d e p o l a r i z a t i o n s  

e l i c i t e d  b y  L - g l u t a m i c  a c i d  ( Z i e g l a n s b e r g e r  a n d  P u i l , 1972)

o r  D L - h o m o c y s t e i c  a c i d  ( C u r t i s  e t  a l . ,  1972)  a n d  o n l y
22  +s l i g h t l y  b l o c k s  t h e  i n f l u x  o f  Na i n d u c e d  b y  L - g l u t a m i c  

a c i d  (C h a n g  a n d  M i c h a e l i s ,  I 9 8 O5 M c l l w a i n  e t  a l . ,  1 9 6 9 ) .

I n  t h e  p r e s e n t  s t u d i e s ,  t e t r o d o t o x i n  d i d  n o t  b l o c k  

t h e  d e c r e a s e  i n  ATP l e v e l s  c a u s e d  b y  k a i n i c  a c i d ,  b u t  d i d  

i n h i b i t  t h e  d e c r e a s e  i n  ATP c a u s e d  b y  v e r a t r i d i n e ,  a  p r e -  

s y n a p t i c  d e p o l a r i z i n g  a g e n t .  T h i s  s u p p o r t s  t h e  n o t i o n  t h a t  

v e r a t r i d i n e  c a u s e s  a  d r o p  i n  n e u r o n a l  ATP l e v e l s .  The 

r e s u l t s  w i t h  k a i n i c  a c i d ,  a l t h o u g h  c o n s i s t e n t  w i t h  t h e  

e l e c t r o p h y s i o l o g i c a l  d a t a  on s i m i l a r  e x c i t a t o r y  am ino  

a c i d s ,  d o e s  n o t  p r o v i d e  i n f o r m a t i o n  on t h e  s i t e  o f  t h e  

d e p r e s s i o n  i n  ATP l e v e l s .
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B. EFFECT OF KAINIC ACID ON OXYGEN CONSUMPTION

I t  h a s  t e e n  s u g g e s t e d  t h a t  t h e  i n c r e a s e  i n  r e s p i r a ­

t o r y  r a t e s  c a u s e d  by  d e p o l a r i z i n g  am ino  a c i d s  i n  c o r t i c a l  

s l i c e s  (Cox e t  a l . ,  1977)  i s  p r i m a r i l y  a  n e u r o n a l  p h e n o ­

m en o n .  P r e s u m a b l y ,  i n c r e a s e s  i n  p o s t s y n a p t i c  i o n  f l u x e s  

f o l l o w i n g  d e p o l a r i z a t i o n  l e a d  t o  i n c r e a s e d  i o n  pump 

a c t i v i t y  a n d  a n  i n c r e a s e d  o x i d a t i o n  o f  g l u c o s e  t o  p r o v i d e  

e n e r g y  i n  n e u r o n s .  Our  d a t a  a r e  c o n s i s t e n t  w i t h  t h a t  

p o s s i b i l i t y .  T h a t  i s ,  k a i n i c  a c i d  a n d  g l u t a m i c  a c i d  

i n c r e a s e d  t h e  r e s p i r a t o r y  r a t e  o f  c e r e b e l l a r  s l i c e s .  K a i n i c

a c i d  i n c r e a s e d  t h e  s p e c i f i c  r a d i o a c t i v i t y  o f  g l u t a m i c  a c i d
1 4a n d  a s p a r t i c  a c i d  when l a b e l l e d  f r o m  D - ( 2 -  C ) g l u c o s e  

( w h i c h  r e f l e c t s  p r i m a r i l y  n e u r o n a l  m e t a b o l i s m )  ( T a b l e  1 9 ) ,  

w h e r e a s  n o  i n c r e a s e  i n  t h e  s p e c i f i c  r a d i o a c t i v i t y  o f  

g l u t a m i c  a c i d  o r  a s p a r t i c  a c i d  was o b s e r v e d  when " s m a l l "
/ l 4  X / l^f Xc o m p a r t m e n t  p r e c u r s o r s  s u c h  a s  (U- C)GABA, L - ( U -  C ) -

g l u t a m i c  a c i d  o r  ( K ) a c e t a t e  w e re  u s e d  ( T a b l e s  19 a n d  2 2 ) .  

W a t k i n s  ( 1 9 7 1 a , b )  s i m i l a r l y  f o u n d  t h a t  t h e  i n c o r p o r a t i o n
1 £(, l E

o f  C - g l u c o s e  w as  e n h a n c e d  a n d  t h a t  o f  C - a c e t a t e  was

d e c r e a s e d  i n t o  g l u t a m i c  a c i d  a n d  a s p a r t i c  a c i d  when

N - m e t h y l - D - a s p a r t i c  a c i d  w as  i n j e c t e d  i n t o  n e m b u t a l i z e d

m i c e .  H o w ev er  i t  h a s  b e e n  shown t h a t  t h e  c o n c e n t r a t i o n  o f

K+ i n  t h e  medium i n c r e a s e s  i m m e d i a t e l y  f o l l o w i n g  t h e

a p p l i c a t i o n  o f  e x c i t a t o r y  am ino  a c i d s  t o  t h e  s p i n a l  c o r d  o f

t h e  f r o g  ( E v a n s ,  I 9 8 O ) .  H e r t z  e t  a l . ( 1 9 7 3 )  h a v e  f o u n d

t h a t  e l e v a t e d  c o n c e n t r a t i o n s  o f  K+ i n c r e a s e  o x y g e n  consum p-
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t i o n  i n  g l i a  b u t  n o t  i n  n e u r o n s .  Thus  t h e  i n c r e a s e  i n  

o x y g e n  c o n s u m p t i o n  may i n d i r e c t l y  o c c u r  i n  g l i a  a l s o .

C. EFFECTS OF KAINIC ACID ON AMINO ACID METABOLISM -

EVIDENCE FOR GLIAL ALTERATIONS

An u n e x p e c t e d  f i n d i n g  i n  t h e s e  s t u d i e s  was t h e  

6 0 - 7 0 $  d e p r e s s i o n  o f  g l u t a m i n e  l e v e l s  i n  t h e  k a i n i c  a c i d -  

t r e a t e d  c e r e b e l l a r  s l i c e s  w h ic h  was  n o t  a c c o u n t e d  f o r  b y  

a c o n c o m i t a n t  i n c r e a s e  i n  t h e  medium. To f u r t h e r  i n v e s t i ­

g a t e  t h i s ,  l a b e l l i n g  s t u d i e s  w ere  p e r f o r m e d  w h ic h  c a n  b e  

i n t e r p r e t e d  b y  r e c o g n i z i n g  t h a t  s e v e r a l  g l u t a m i c  a c i d  p o o l s  

e x i s t  i n  n e r v o u s  t i s s u e  e a c h  a s s o c i a t e d  w i t h  d i s t i n c t  

c i t r i c  a c i d  c y c l e s  a n d  t t a t  a t  l e a s t  one  g l u t a m i c  a c i d

p o o l  i s  a s s o c i a t e d  w i t h  g l u t a m i n e  s y n t h e s i s  ( B e r l  e t  a l . ,

1 9 7 5 ;  Fonnum, 1 9 7 8 )  . T h e r e  a r e  s e v e r a l  p r e c u r s o r s  o f  t h e  

h e t e r o g e n e o u s  " s m a l l "  c o m p a r tm e n t  o f  g l u t a m i c  a c i d  m e t a b o ­

l i s m  w h i c h  y i e l d  a  r e l a t i v e  s p e c i f i c  r a d i o a c t i v i t y  (RSA) 

o f  g l u t a m i n e  )> 1 ( g l u t a m i c  a c i d  = 1) a n d  w h ich  can  b e  

d e m o n s t r a t e d  b o t h  i n  v i v o  a n d  i n  v i t r o . Abou t  1 0 $  o f  t h e  

g l u t a m i c  a c i d  i n  b r a i n  t i s s u e  i s  e s t i m a t e d  t o  r e a d i l y  m ix  

w i t h  t h i s  c o m p a r t m e n t .  I t s  p r e c u r s o r s  i n c l u d e  GABA, 

a c e t a t e  a n d  e x o g e n o u s  g l u t a m i c  a c i d .  P r e c u r s o r s  o f  t h e  

c i t r i c  a c i d  c y c l e  a s s o c i a t e d  w i t h  t h e  " l a r g e "  p o o l  o f  

g l u t a m i c  a c i d  m e t a b o l i s m ,  w h ic h  i s  e s t i m a t e d  t o  c o n t a i n  

8 0 - 9 0 $  o f  g l u t a m i c  a c i d  i n  n e r v o u s  t i s s u e ,  i n c l u d e  g l u c o s e  

a n d  p y r u v a t e .  Such  p r e c u r s o r s  y i e l d  a  RSA o f  g l u t a m i n e
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a p p r o x i m a t e l y  e q u a l  t o  1 .  The " s m a l l "  p o o l  o f  g l u t a m i c  

a c i d  h a s  b e e n  s u g g e s t e d  t o  be  p r i m a r i l y  a s s o c i a t e d  w i t h  

g l i a  an d  t h e  " l a r g e "  p o o l  o f  g l u t a m i c  a c i d  t o  be a s s o c i a t e d  

w i t h  n e u r o n s .  T h e s e  c o n s i d e r a t i o n s  ca n  be u s e d  t o  e x p l a i n  

a n o m a l i e s  o b s e r v e d  i n  l a b e l l i n g  f ro m  v a r i o u s  p r e c u r s o r s .

F o r  e x a m p l e ,  one  p o s s i b l e  r e a s o n  f o r  t h e  lo w  RSA 

o f  g l u t a m i n e  f ro m  r a d i o a c t i v e  a c e t a t e  a n d  GABA. o b s e r v e d  

i n  t h e  u n t r a n s f e r r e d  c o n t r o l  s l i c e s  ( T a b l e  20)  i s  t h a t  

t h e  l e v e l s  o f  g l u t a m i c  a c i d  i n  t h e  medium a r e  a p p r o x i m a t e l y  

25  pM d u e  t o  s p o n t a n e o u s  l e a k a g e  co m p ared  t o  a b o u t  3 - k  pM 

i n  t h e  medium o f  t r a n s f e r r e d  c o n t r o l  s l i c e s .  B e c a u s e  25 

pM i s  a p p r o x i m a t e l y  t h e  f o r  t h e  h i g h  a f f i n i t y  t r a n s p o r t  

s y s t e m  f o r  g l u t a m i c  a c i d  ( s e e  Cox a n d  B r a d f o r d ,  1 9 7 8 ) ,  

g l u t a m i c  a c i d  f r o m  t h e  medium w i l l  b e  a c t i v e l y  t a k e n  up  

i n t o  t h e  s l i c e s .  A g r e a t e r  u p t a k e  o f  g l u t a m i c  a c i d  f ro m  

t h e  medium i n t o  t h e  p o o l  o f  g l u t a m i c  a c i d  t h a t  s y n t h e s i z e s  

g l u t a m i n e  t h a n  i n t o  o t h e r  p o o l s  o f  g l u t a m i c  a c i d  w o u ld  

r e s u l t  i n  a r e l a t i v e l y  g r e a t e r  d i l u t i o n  o f  t h e  s p e c i f i c  

r a d i o a c t i v i t y  o f  t h e  p r e c u r s o r  p o o l  o f  g l u t a m i c  a c i d  

f o r  g l u t a m i n e  s y n t h e s i s  a n d  t h u s  a  l o w e r  RSA o f  g l u t a m i n e .  

I n d e e d ,  t h e r e  i s  e v i d e n c e  t h a t  g l i a l  c e l l s ,  w h e re  a  

l a r g e  p r o p o r a t i o n  o f  g l u t a m i n e  s y n t h e s i s  may o c c u r ,  h a v e  

a n  a v i d  a f f i n i t y  f o r  e x o g e n o u s  g l u t a m i c  a c i d  ( B e n j a m i n  a n d  

Q u a s t e l ,  1 9 7 6 ; H e r t z  e t  a l . ,  1 9 7 8 ) .  The p r e f e r e n t i a l  

u p t a k e  o f  e x o g e n o u s  g l u t a m i c  a c i d  b y  g l i a l  c e l l s  may a l s o  

e x p l a i n  t h e  f a c t  t h a t  e x o g e n o u s  L - g l u t a m i c  a c i d  a c t s  a s  

a  " s m a l l "  c o m p a r t m e n t  p r e c u r s o r .
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When t r a n s f e r r e d  c e r e b e l l a r  s l i c e s  w ere  i n c u b a t e d  

i n  t h e  p r e s e n c e  o f  k a i n i c  a c i d ,  g l u t a m i n e  s y n t h e s i s  

a p p e a r e d  t o  be  i n h i b i t e d  i n  p o o l ( s )  o f  g l u t a m i n e  l a b e l l e d  

b y  a c e t a t e ,  GABA a n d  g l u t a m i c  a c i d .  T h i s  i n h i b i t i o n  p r e ­

s u m a b l y  o c c u r s  i n  g l i a  a l t h o u g h  o t h e r  c o m p a r t m e n t s  may a l s o  

b e  i n v o l v e d .  T h a t  i s ,  m o s t  e v i d e n c e  s u p p o r t s  a g l i a l  l o c a l ­

i z a t i o n  f o r  g l u t a m i n e  s y n t h e t a s e  a c t i v i t y  a n d  f o r  a c e t a t e  

u t i l i z a t i o n  v i a  a c e t a t e  t h i o k i n a s e  ( B e r l  e t  a l . ,  1 975 ;  

N o r e n b e r g  a n d  M a r t i n e z - H e m a n d e z , 197 9 .  N i c k l a s  e t  a l . , 

1 9 7 9 a . b ) .  H ow ever  some g l u t a m i n e  s y n t h e t a s e  ( D e n n i s  e t  a l . ,  

I 9 8 O) a n d  a c e t a t e  t h i o k i n a s e  ( L a i  e t  a l . ,  1977)  a c t i v i t y  

h a s  b e e n  r e p o r t e d  i n  s y n a p t o s o m a l  f r a c t i o n s  o r  i n  m i t o c h o n ­

d r i a  d e r i v e d  f r o m  s y n a p t o s o m a l  p r e p a r a t i o n s ,  a l t h o u g h  

s y n a p t o s o m a l  p r e p a r a t i o n s  may be  c o n t a m i n a t e d  w i t h  g l i a l  

f r a g m e n t s  o r  w i t h  f r e e  m i t o c h o n d r i a .  A  l a r g e  p r o p o r t i o n  o f  

G A B A  i s  a l s o  p r o p o s e d  t o  b e  m e t a b o l i z e d  i n  t h e  same 

c o m p a r t m e n t  i n  w h i c h  a c e t a t e  t h i o k i n a s e  a n d  g l u t a m i n e  

s y n t h e t a s e  a r e  l o c a l i z e d  (Van den  B e r g  e t  a l . ,  1975)■

The RSA o f  g l u t a m i n e  was l e s s  m a r k e d l y  r e d u c e d  b y  

k a i n i c  a c i d  when r a d i o a c t i v e  L - g l u t a m i c  a c i d  was t h e  p r e ­

c u r s o r  t h a n  f ro m  r a d i o a c t i v e  GABA o r  a c e t a t e  ( T a b l e  2 0 ) .

T h i s  c o u l d  b e  e x p l a i n e d  i f  k a i n i c  a c i d  p r e f e r e n t i a l l y  

i n h i b i t s  L - g l u t a m i c  a c i d  u p t a k e  i n t o  n e r v e  t e r m i n a l s  r a t h e r  

t h a n  i n t o  g l i a  o r  i f  k a i n i c  a c i d  d e c r e a s e s  t h e  q u a n t i t y  o f  

g l u t a m i c  a c i d  i n  t h e  " s m a l l "  p o o l  p o s s i b l y  b y  r e l e a s i n g  i t ;  

t h u s  t h e  " s m a l l "  p o o l  o f  g l u t a m i c  a c i d  ( p r e c u r s o r  f o r  

g l u t a m i n e )  w o u ld  be  l a b e l l e d  t o  a  h i g h e r  s p e c i f i c
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r a d i o a c t i v i t y  t h a n  t h e  " l a r g e ” p o o l  o f  g l u t a m i c  a c i d .  An 

i n h i b i t i o n  o f  g l u t a m i c  a c i d  t r a n s p o r t  t o  t h e  s i t e  o f  g l u t a ­

m i n e  s y n t h e s i s  p r o b a b l y  d o e s  n o t  o c c u r  t o  e x p l a i n  t h e  i n h i ­

b i t i o n  o f  g l u t a m i n e  s y n t h e s i s .  I n  o t h e r  e x p e r i m e n t s ,  

k a i n i c  a c i d  d i d  n o t  i n h i b i t  g l u t a m i n e  s y n t h e t a s e  d i r e c t l y .  

The d e c r e a s e  i n  g l u t a m i n e  s y n t h e s i s  m ore  l i k e l y  r e s u l t s  

f r o m  an  a c c o m p a n y i n g  d e c l i n e  i n  ATP a t  t h e  same s i t e .

I s o l a t e d  a c e t a t e  t h i o k i n a s e  ca n  be  i n h i b i t e d  by  

h i g h  c o n c e n t r a t i o n s  o f  Na+ .'Von K o r f f ,  1953)*  Chan a n d  

Q u a s t e l  ( 1 9 6 7 ) f o u n d  t h a t  t h e  r a t e  o f  f o r m a t i o n  o f
l h

f r o m  C - a c e t a t e  b y  c o r t i c a l  s l i c e s  was  d e c r e a s e d  by

e l e c t r i c a l  s t i m u l a t i o n  a n d  t h a t  d e c l i n e  was  b l o c k e d  b y

t e t r o d o t o x i n . W a t k i n s  ( 1 9 7 1 a )  f o u n d  t h a t  t h e  i n  v i v o

l a b e l l i n g  o f  g l u t a m i n e ,  g l u t a m i c  a c i d ,  a s p a r t i c  a c i d  a n d  
1̂ +GAEA f r o m  (U- C ) a c e t a t e  i n  n e m b u t a l i z e d  m ic e  was  d e c r e a s e d  

u p o n  c o - i n . j e c t i o n  w i t h  L - g l u t a m i c  a c i d ,  a s p a r t i c  a c i d  o r  

N - m e t h y l - D - a s p a r t i c  a c i d .  H o w ever  W a t k i n s  d i d  n o t  m e a s u r e  

t h e  s p e c i f i c  r a d i o a c t i v i t i e s  o f  t h e  am ino  a c i d s ;  a n d  t h e  

e f f e c t  o f  n e m b u t a l  on t h e  l a b e l l i n g  o f  am ino  a c i d s  f ro m  

a c e t a t e  i s  u n k n o w n .  I n  t h e  p r e s e n t  s t u d i e s ,  k a i n i c  a c i d  

d e c r e a s e d  t h e  t o t a l  i n c o r p o r a t i o n  o f  l a b e l  f r o m  r a d i o a c t i v e  

a c e t a t e  i n t o  g l u t a m i c  a c i d ,  g l u t a m i n e ,  and  a s p a r t i c  a c i d ,  

b u t  i n t e r e s t i n g l y  n o t  i n t o  GABA.

I t  h a s  b e e n  s u g g e s t e d  t h a t  d e p o l a r i z a t i o n - i n d u c e d  

c h a n g e s  i n  Na p e r m e a b i l i t y  a l t e r  n e u r o n a l  u t i l i z a t i o n  o f  

a c e t a t e  v i a  i n h i b i t i o n  o f  a c e t a t e  t h i o k i n a s e  ( W a t k i n s ,

1 9 7 1 a ;  Chan a n d  Q u a s t e l ,  1 9 6 7 )* I n h i b i t i o n  o f  a c e t a t e
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i n c o r p o r a t i o n  d o e s  n o t  n e c e s s a r i l y  o c c u r  i n  r e s p o n s e  t o  

i n c r e a s e d  u p t a k e  o f  Na+ . A l t h o u g h  1 mM k a i n i c  a c i d  

i n c r e a s e d  Na+ u p t a k e  i n t o  s t r i a t a l  s l i c e s  ( B i z i e r e  a n d  

C o y l e ,  1 9 7 8 b ) ,  i n  o u r  h a n d s ,  1 mM k a i n i c  a c i d  d i d  n o t  i n h i ­

b i t  a c e t a t e  i n c o r p o r a t i o n  i n t o  am ino  a c i d s  ( T a b l e  25)  a n d  

i t  d i d  n o t  d e c r e a s e  ATP l e v e l s  i n  s t r i a t a l  s l i c e s .  I t  may 

be  t h a t  d e p l e t i o n  o f  t h e  p o o l  o f  ATP r e q u i r e d  f o r  t h e  

c o n v e r s i o n  o f  a c e t a t e  t o  a c e t y l  CoA c a u s e d  i n h i b i t i o n  o f  

a c e t a t e  i n c o r p o r a t i o n .  P o s s i b l y  t h e  e n h a n c e d  u p t a k e  o f  Na+ 

i n t o  s t r i a t a l  s l i c e s  c a u s e d  b y  k a i n i c  a c i d  d i d  n o t  o c c u r  

i n  t h e  c o m p a r t m e n t  c o n t a i n i n g  a c e t a t e  t h i o k i n a s e .

I n  g u i n e a  p i g  c o r t i c a l  s l i c e s ,  27 mM K+ ( B e r l  e t  

a l . ,  1 9 6 8 ) a l t e r s  am ino  a c i d  m e t a b o l i s m  d i f f e r e n t l y  f r o m  

t h e  a l t e r a t i o n s  o b s e r v e d  w i t h  k a i n i c  a c i d  i n  t h e  r a t .
"i" “f*H o w e v e r ,  o u a b a i n ,  a n  i n h i b i t o r  o f  Na -K ATPase a t  t h e  

p l a s m a  m embrane  w h ic h  i n c r e a s e s  i n t r a c e l l u l a r  so d iu m  a n d  

d e c r e a s e s  i n t r a c e l l u l a r  p o t a s s i u m  (S w an so n ,  I 9 6 8 ) , c a u s e d  

s t r i k i n g l y  s i m i l a r  e f f e c t s  on " s m a l l "  c o m p a r tm e n t  g l u t a m i c  

a c i d  m e t a b o l i s m  ( B e r l  e t  a l . ,  1 9 7 0 a )  a s  k a i n i c  a c i d .
*4"

O u a b a in  i n h i b i t s  b o t h  g l i a l  Na -K ATPase w h ic h  may c a u s e
-J-

i t s  " s m a l l "  c o m p a r t m e n t  e f f e c t s  a n d  n e r v e  t e r m i n a l  Na -K 

ATPase ( G r i s a r  e t  a l . ,  1 9 7 9 )*  The e l e c t r o p h y s i o l o g i c a l  

e f f e c t  o f  k a i n i c  a c i d  on g l i a  h a s  n o t  b e e n  s t u d i e d .

A l t h o u g h  g l u t a m i c  a c i d  d o e s  n o t  d e p o l a r i z e  g l i a  d i r e c t l y  

( K r n j e v i c  a n d  S c h w a r t z ,  1 9 6 7 )»  i t  d e p o l a r i z e s  g l i a  i n d i ­

r e c t l y  p e r h a p s  t h r o u g h  t h e  r e l e a s e  o f  n e u r o n a l  K+ o r  o t h e r  

i o n s  ( H o s l i  e t  a l . ,  1 9 7 9 ) -  K a i n i c  a c i d ,  L - g l u t a m i c  a c i d
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and o t h e r  e x c i t a t o r y  amino a c i d s  i n c r e a s e  t h e  l e v e l  o f  K+ 

i n  t h e  medium c o n t a i n i n g  f r o g  s p i n a l  c o rd s ,  and a l s o  d e p o l ­

a r i z e  n e r v e  t e r m i n a l s  i n  t h e  same p r e p a r a t i o n  

(Evans ,  1980 ) .  K a in i c  a c i d  may a l t e r  o t h e r  i o n s  i n  

a d d i t i o n  and t h u s  i n d i r e c t l y  cause d e p o l a r i z a t i o n  o r  i o n i c  

a l t e r a t i o n s  a t  s i t e s  which l e a d  t o  d e c r e a s e s  i n  ATP, 

d e c r e a s e s  i n  g lu t a m in e  s y n t h e s i s  and d e c r e a s e s  i n  a c e t a t e  

u t i l i  z a t i o n .

D. EFFECTS OF KAINIC ACID AND VSRATRIDINE ON GLUTAMIC 

ACID RELEASE -  EVIDENCE FOR NONPRESYNAPTIC RELEASE 

BY KAINIC ACID

The n e u r o t o x i c i t y  o f  k a i n i c  a c i d  may in v o lv e  a 

r e l e a s e  a n d / o r  an i n h i b i t i o n  of  t h e  u p t a k e  o f  g lu t a m ic  

a c i d .  In  t h e  p r e s e n t  s t u d i e s ,  k a i n i c  a c i d  e l e v a t e d  

g l u t a m i c  a c i d  l e v e l s  ( T a b le s  6 and 7) i n  t h e  medium of  

c e r e b e l l a r  s l i c e s  b o th  by i n h i b i t i n g  i t s  u p t a k e  (Tab le  2 2 )  

and by r e l e a s i n g  g l u t a m i c  a c i d .  Simply i n h i b i t i n g  t h e  

u p t a k e  of  g l u t a m i c  a c i d  w i th  1 mM d i h y d r o k a i n i c  a c i d ,  a 

g l u t a m i c  a c i d  u p t a k e  i n h i b i t o r  ( J o h n s to n  e t  a l . ,  1979) 

which l a c k s  n e u r o e x c i t a t o r y  o r  n e u r o t o x i c  a c t i o n s ,  d id  n o t  

i n c r e a s e  g l u t a m i c  a c i d  l e v e l s  i n  t h e  medium of  c e r e b e l l a r  

s l i c e s  (Tab le  7)*

V e r a t r i d i n e  p re su m a b ly  r e l e a s e s  t h e  n e r v e  t e r m i n a l  

p o o l  o f  g l u t a m i c  a c i d .  V e r a t r i d i n e  r e l e a s e d  abou t  2% of  

t h e  t i s s u e  g l u t a m i c  a c i d  c o n t e n t  a f t e r  5 m in u te s  (T ab le  1^)
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a n d  a b o u t  6% a f t e r  15 m i n u t e s .  K a i n i c  a c i d  r e l e a s e d  a b o u t  

12% o f  t h e  t i s s u e  c o n t e n t  o f  g l u t a m i c  a c i d  a f t e r  15  m i n u t e s  

a n d  20% a f t e r  JO m i n u t e s  ( T a b l e  6 ) ,  a p p r o x i m a t e l y  t w i c e  a s  

much g l u t a m i c  a c i d  a s  v e r a t r i d i n e  r e l e a s e d .  The v e r a t r i -  

d i n e - i n d u c e d  r e l e a s e  was s e n s i t i v e  t o  t e t r o d o t o x i n  w h e r e a s  

t h e  k a i n i c  a c i d - i n d u c e d  r e l e a s e  was n o t  s e n s i t i v e  t o  

t e t r o d o t o x i n .

An a t t e m p t  was  made t o  d e p l e t e  t h e  p r e s y n a p t i c  

g l u t a m i c  a c i d  p o o l  by  p r e t r e a t m e n t  o f  t h e  t i s s u e  w i t h  

v e r a t r i d i n e .  The t i s s u e  was t h e n  e x p o s e d  t o  k a i n i c  a c i d  

t o  e x a m in e  i f  k a i n i c  a c i d - i n d u c e d  r e l e a s e  o f  g l u t a m i c -  a c i d  

was r e d u c e d ,  a n d  v i c e  v e r s a .  H o w ev e r ,  k a i n i c  a c i d  o r  

v e r a t r i d i n e  p r e t r e a t m e n t  p o t e n t i a t e d  t h e  s u b s e q u e n t  g l u t a ­

m ic  a c i d  a n d  a s p a r t i c  a c i d  r e l e a s e  c a u s e d  b y  t h e  o t h e r  

( F i g u r e s  7 a n d  8 ) .  P o s s i b l y  m e t a b o l i c  damage o r  i o n i c  

c h a n g e s  c a u s e d  by  one  e n h a n c e d  t h e  d e p o l a r i z i n g  e f f e c t  o f  

t h e  o t h e r .  D e p o l a r i z i n g  a n d  t o x i c  a c t i o n s  o f  k a i n i c  a c i d  

may s i m i l a r l y  b e  e n h a n c e d  i n  v i v o  by  e x c i t a t o r y  e v e n t s .

M i n c h i n  ( 1 9 7 7 )  r e p o r t e d  t h a t ,  f r o m  s p i n a l  c o r d  

s l i c e s ,  v e r a t r i d i n e  e l e v a t e d  t h e  e f f l u x  o f  g l u c o s e - l a b e l l e d  

g l u t a m i c  a c i d  b u t  n o t  o f  a c e t a t e - l a b e l l e d  g l u t a m i c  a c i d .  

H o w ever  50 mM K+ e l e v a t e d  t h e  e f f l u x  o f  b o t h  a c e t a t e -  a n d  

g l u c o s e - l a b e l l e d  g l u t a m i c  a c i d .  M in c h i n  c o n c l u d e d  t h a t  

v e r a t r i d i n e  a n d  50 mM K+ r e l e a s e d  g l u c o s e - l a b e l l e d  

g l u t a m i c  a c i d  f r o m  n e r v e  t e r m i n a l s  b u t  t h a t  50 mM K i n  

a d d i t i o n  r e l e a s e d  a c e t a t e - l a b e l l e d  g l u t a m i c  a c i d  f ro m  g l i a l  

p o o l s .  I n  t h e  p r e s e n t  s t u d i e s ,  k a i n i c  a c i d  t e n d e d  t o  l e a k
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new ly  s y n t h e s i z e d  a c e t a t e -  and g l u c o s e - l a b e l l e d  g lu t a m ic  

a c i d  ( T a b le  16) w hereas  v e r a t r i d i n e  p r e f e r e n t i a l l y  r e l e a s e d  

g l u c o s e - l a b e l l e d  g lu t a m ic  a c i d  ( T a b le s  15 and 1 ? ) .  The 

a c e t a t e - l a b e l l e d  g l u t a m i c  a c i d  l e a k e d  by k a i n i c  a c i d  i s  

u n l i k e l y  to  come from n e r v e  e n d in g s ,  s i n c e  v e r a t r i d i n e  d id  

n o t  enhance  r e l e a s e  o f  a c e t a t e - l a b e l l e d  g l u t a m i c  a c i d .  

I n d e e d ,  k a i n i c  a c i d  d id  n o t  r e l e a s e  ex o g en o u s ly  l o a d e d  

g l u t a m i c  a c i d  from synap tosom al  p r e p a r a t i o n s  f rom c o r t e x  

w h ereas  v e r a t r i d i n e  d id  (T a b le  1 0 ) .  K a in ic  a c i d  may r e ­

l e a s e  some g l u t a m i c  a c i d  f rom  p r e s y n a p t i c  p o o l s  i n d i r e c t l y ,  

however  t h e  b u lk  o f  t h e  r e l e a s e d  g l u t a m i c  a c i d  i s  p ro b a b ly  

f rom g l i a  and p e r h a p s  n e u r o n a l  p e r i k a r y a .

The s i t e  of  r e l e a s e  m igh t  be f u r t h e r  c l a r i f i e d  by 

m e a s u r in g  t h e  l a b e l l i n g  o f  g l u t a m i c  a c i d  r e l e a s e d  from 

g l i a l  c e l l s  by d e p o l a r i z i n g  s t i m u l i  such a s  h ig h  K+ when 

u s i n g  r a d i o a c t i v e  a c e t a t e ,  g l u c o s e  and g lu t a m in e  as  p r e c u r ­

s o r s .  3 r a d f o r d  e t  a l .  (1978) fo u n d  t h a t  g l u t a m i c  a c i d  

r e l e a s e d  f rom synaptosom.es was more h i g h l y  l a b e l l e d  by 

g l u t a m i n e  th an  by g l u c o s e ,  and t h a t  a c e t a t e  d id  n o t  l a b e l  

amino a c i d s  i n  synaptosom es  w e l l  enough t o  m ea su re .  T h is  

i s  c o n s i s t e n t  w i th  t h e  p r e s e n t  i n t e r p r e t a t i o n .

These  s t u d i e s  i n d i c a t e  t h a t  k a i n i c  a c i d  p r o b a b l y  

c a u s e d  a good d e a l  o f  g l i a l  r e l e a s e  o f  g l u t a m i c  a c i d  

f rom  c e r e b e l l a r  s l i c e s ,  w hereas  l e s i o n  s t u d i e s  i n  t h e  

s t r i a t u m  have  p r e v i o u s l y  i n d i c a t e d  t h a t  a p r e s y n a p t i c  

g l u t a m e r g i c  i n p u t  was i n v o l v e d .  P o s s i b l y  t h e  s o u rc e  o f  

r e l e a s e d  g l u t a m i c  a c i d  in d u c e d  by k a i n i c  a c i d  d i f f e r s  i n
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t h e  c e r e b e l l u m  a n d  t h e  s t r i a t u m .  I n  t h e  m o u se ,  S e l l  an d  

Woodward ( 1 9 8 0 ) f o u n d  t h a t  g r a n u l o p r i v a l  c e r e b e l l a r  

c u l t u r e s  w e r e  s t i l l  s e n s i t i v e  t o  t h e  t o x i c  a c t i o n s  o f  

k a i n i c  a c i d .  Our  d a t a  d e m o n s t r a t i n g  t h a t  k a i n i c  a c i d  

d e c r e a s e d  ATP l e v e l s  i n  c e r e b e l l a r  s l i c e s  f r o m  w e a v e r  m ic e  

w h i c h  a r e  d e p l e t e d  o f  g r a n u l e  c e l l s  i s  c o n s i s t e n t  w i t h  

t h a t  o f  S e i l  a n d  Woodward ( 1 9 8 0 ) .  S i m i l a r  s t u d i e s  on t h e  

r a t  c e r e b e l l u m  d e p l e t e d  o f  g r a n u l e  c e l l s  w o u ld  b e  u s e f u l  

b e c a u s e  t h e  s e n s i t i v i t y  o f  v a r i o u s  n e u r o n s  t o  k a i n i c  a c i d  

t o x i c i t y  may b e  d i f f e r e n t  i n  t h e  m ouse  ( L o v e l l  a n d  J o n e s ,  

1 9 7 9 )  a n d  t h e  r a t  (H e rn d o n  a n d  C o y l e ,  1 9 7 8 ) .

DL—h o m o c y s t e i c  a c i d  b u t  n o t  N - m e t h y l - D - a s p a r t i c  

a c i d  a l s o  i n c r e a s e d  t h e  r e l e a s e  o f  g l u t a m i c  a c i d  a n d  

a s p a r t i c  a c i d  f r o m  c e r e b e l l a r  s l i c e s  ( T a b l e  7 )*  N - m e t h y l -  

D - a s p a r t i c  a c i d  a l s o  d i d  n o t  m im ic  t h e  a c t i o n s  o f  k a i n i c  

a c i d  on ATP o r  g l u t a m i n e  l e v e l s  i n  c e r e b e l l a r  s l i c e s .  

I n t e r e s t i n g l y ,  k a i n i c  a c i d ' a n d  N - m e t h y l - D - a s p a r t i c  a c i d  

p r o b a b l y  a c t  on d i f f e r e n t  r e c e p t o r s  ( D a v i e s  e t  a l . ,  1 9 7 9 ) .  

a n d  p o s s i b l y  t h e  b i o c h e m i c a l  a l t e r a t i o n s  t h a t  k a i n i c  a c i d  

h a s  c a u s e d  a r e  r e c e p t o r  m e d i a t e d .

E . SUMMARY

T h u s ,  t o  s u m m a r i z e  t h e  d a t a ,  a  h y p o t h e t i c a l  m o d e l  

o f  t h e  a c t i o n s  o f  k a i n i c  a c i d  i n  t h e  c e r e b e l l u m  i s  p r e s e n t e d  

i n  F i g u r e  1 1 .  I n f o r m a t i o n  on t h e  s i t e  o f  t h e  ATP r e d u c t i o n ,  

l o c a t i o n  o f  k a i n i c  a c i d  r e c e p t o r s ,  t h e  r e l a t i o n s h i p  o f
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g l u t a m i c  a c i d  r e l e a s e  t o  t h e  d e c r e a s e  o f  g lu ta m in e  i n  t h e

t i s s u e ,  t h e  b i o c h e m ic a l  e f f e c t s  caused  by g l i a l  s w e l l i n g ,

and on t h e  manner i n  which k a i n i c  a c i d  can a f f e c t  g l i a  a r e

needed  t o  r e f i n e  t h i s  model.

The s u g g e s t e d  sequence  o f  e v e n t s  f o l l o w s :

1) K a i n i c  a c i d  d e p o l a r i z e s  n e u r o n s  p o s t s y n a p t i c a l l y  v i a  a 

s p e c i f i c  r e c e p t o r ,  c a u s in g  an e f f l u x  of  K+ and an 

i n f l u x  o f  Na + .

2) These a l t e r a t i o n s  l e a d  t o  a c t i v a t i o n  of Na+-K+ ATPase 

p o s t s y n a p t i c a l l y  and t o  d e c r e a s e s  i n  t h e  l e v e l s  of 

c r e a t i n e  p h o s p h a te  and ATP and t o  i n c r e a s e s  i n  

g l y c o l y s i s  i n  t h e  n e u r o n a l  p e r i k a r y a .

3) G l i a  a r e  a l s o  d e p o l a r i z e d ,  a l t h o u g h  i n d i r e c t l y ,  p e r h a p s  

by t h e  e f f l u x  of  K+ and o t h e r  i o n s  i n t o  t h e  medium from 

n e u r o n s .

4) G l i a l  i o n  pumps a r e  a c t i v a t e d  and ATP l e v e l s  d e c r e a s e ,  

and g l i a  s w e l l  w i th  t h e  u p t a k e  o f  w a te r  and i o n s .

5) The l o s s  o f  ATP, r e q u i r e d  f o r  g lu ta m in e  s y n t h e s i s ,  

i n h i b i t s  t h e  s y n t h e s i s  of  g lu t a m in e  i n  g l i a  and p e r h a p s  

t h e  i n c o r p o r a t i o n  o f  a c e t a t e  i n t o  amino a c i d s .

6) I n h i b i t i o n  o f  g lu t a m in e  s y n t h e s i s  may l e a d  t o  an 

a c c u m u l a t i o n  and l e a k a g e  of  g lu t a m i c  a c i d ,  o r  d e p o l a r i ­

z a t i o n  o f  g l i a  and n e u ro n s  may l e a d  t o  an e f f l u x  of  

g l u t a m i c  a c i d  i n t o  t h e  medium.

7) G lu tam ic  a c i d  i n  t h e  medium t h e n  a c t s  t o  p o t e n t i a t e  

t h e  a c t i o n s  o f  k a i n i c  a c i d  t o  d e p o l a r i z e  n e u ro n s  

v i a  a p o s t s y n a p t i c  r e c e p t o r .
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