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Kainic acid (KA), a s t ruc tura l  analog of glutamate,  if injected d i rec t ly  into var ious  bra in  s t ruc tu res ,  in- 
j u r e s  the neutron bodies and caus e s  the i r  degenerat ion,  while leaving axons running close to the site of injec-  
tion intact [10, 11]. Because  of i ts  abil i ty to injure neuron bodies se lect ively ,  KA is widely used in neurobio-  
logical  r e s e a r c h  [1-3, 10, 11]. It has  been suggested that les ions  caused by KA may  s imulate  changes in the 
bra in  obse rved  in Huntington's  chorea  and cer ta in  f o r m s  of epi lepsy [6, 10]. The mechan i sm of the neuro-  
toxic action of KA is not comple te ly  c lea r .  It has  been c la imed that KA exe r t s  i ts  effect  through the gluta-  
ma t e rg i c  sys tem,  by re l eas ing  glutamate,  o r  that it ac ts  d i rec t ly  on glutamate  r e c e p t o r s ,  and so causes  long- 
las t ing m e m b r a n e  depolar iza t ion of the neurons,  leading to the i r  death [3]. It was  found in 1976 that t r i t i um-  
labeled [3H]-KA binds se lec t ive ly  with bra in  m e m b r a n e s  with high affinity [12]. However,  it has  not yet  been 
absolute ly  p roved  that the binding s i tes  of [~H]-KA are  identical with g lu tamate  r e c e p t o r s .  

The a im of this investigation was to analyze binding of [3H]-KA with bra in  m e m b r a n e s  in vi t ro  and the 
effect  of var ious  neuroact ive  amino acids,  suggested an endogenous l igands for  binding s i tes  of [aH]-KA, on 
binding. 

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

Expe r imen t s  were  c a r r i e d  out on noninbred ma le  albino r a t s  weighing 220-270 g and on winter  f rogs .  
Choice of the f r o g ' s  b ra in  as an exper imenta l  object  was de te rmined  by the high dens i tyofh igh-af f in i tyb inding  
s i tes  of [3H]-KA, so that the working concentra t ion of [aH]-KA could be fixed close to the d issocia t ion constant.  
The an imals  were  decapi ta ted and the bra in  r emoved  in the cold. The bra in  was divided into pa r t s :  c e r eb e l -  
turn, f rontal  zones  of the cor tex,  s t r i a tum,  and hippocampus.  A suspension of m e m b r a n e s  was p r e p a r e d  by 
the method in [9] in the w r i t e r s '  modification.  F r e s h  bra in  t i s sue  was homogenized in a g l a s s  homogen ize r  
with Teflon pes t le  in 0.32 M sucrose  (10% homogenate)  and centr ifuged at 1000g for  10 rain. The supernatant  
was diluted with bidis t i l led water ,  and centrifuged at 48,000g for  30 rain. The coa r se  f rac t ion  of synaptic 
m e m b r a n e s  thus obtained was washed by centr i fugat ion three  t imes :  f i r s t  in bidis t i l led water ,  then in 100 
vo lumes  in 50 mM T r i s - c i t r a t e  buffer ,  pH 7.35, and the final res idue was homogenized in a "Vir t i s"  homo-  
genizer .  Binding was c a r r i e d  out on poiypropylene tubes.  The incubation medium consis ted  of 100 #1 of [3H]- 
KA (specific rad ioac t iv i ty  4 C i / m m o l e ,  A m e r s h a m  Corporat ion,  England), 100/~I of displacing subs tances  o r  
buffer ,  and 800 #l of m e m b r a n e  suspension (0.25-0.5 mg pro te in  for  ra t s ,  0.1-0.2 mg for  f rogs) .  The tubes 
were  incubated at 0~ for  60 min.  Binding was  stopped by centr i fugat ion at 10,000g for  10 rain in a Mic ro -  
centr i fuge-12 ( f rom Beckman,  USA). The res idue  was washed twice and solubil ized in anNCS t i ssue  solubi l izer  
(Amer sham Corporat ion) at 40 ~ C for 4 h, a f te r  which rad ioac t iv i ty  was de te rmined  inReady-Solv  sc int i l la tor  in an 
LS-6800 counter  (Beckman),  with counting eff iciency of 39-41%. Specif icbinding was de te rmined  as the difference 
betweenbinding inthe absence and p r e s ence  of 10 -3 ML-g lu t ama te .  The following subs tances  were  used: kainic acid 
(from Sigma, USA), quinolinic acid, kynurenine,  L - a s p a r t a t e ,  and taur ine  (generously provided by P r o f e s s o r  
L P. Lapin), glycine (from R canal,  Hungary),  L -  and D-g lu tamate ,  folic acid, andmethy l te t rahydrofo l ic  acid (from 
Sigma), and ga rnma-aminobu ty r i c  acid (GABA) (from Serva,  West  Germany).  The exper imenta l  r e su l t s  were  
analyzed by plotting cu rves  between Scatchard,  Hill, and L i n e w e a v e r - B u r k  coordinates .  

The concent ra t ions  of subs tances  inhibiting binding [3H]-KA by 50% (ICs0) were  calculated by log i t -probi t  
analys is ,  and inhibition constants  (KI) were  calculated by the method in [5]. 
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T A B L E  1. C h a r a c t e r i s t i c s  of Bind ing  of [3H]-KA with Ra t  and F r o g  B r a i n  M e m b r a n e s  (M~m)  

Test object 

Rat brain: 
CO r t e x  
str~atum 
hippgcampus 
cerebellum 

Frog brain 

High-affinity regions Low-affinity regions : 
Bmaxa 
fmoles/mg protein 

390___24 
430• 
390• 

2400_+ 340 

K d, nM 

9,1_+3,2 
9,0_+4,0 

11,2• 

4,3• 

BiTlax �9 
ironies/rag protein 

1 560• 
I 100+__220 
I 025_+ 120 

530-- 12 
14 200• 

Kd, nM 

71• 
69_+ 8 
60+ 12 

48,2--6,0 
55,6• 

Legend .  Mean  r e s u l t s  of  3 -4  e x p e r i m e n t s  in t r i p l i c a t e  a r e  shown. Bronx) M i n i m a l  b inding,  
Kd) d i s s o c i a t i o n  cons t an t .  

TABLE 2. Ef fec t  of  S u b s t a n c e s  on Bind ing  on [3H]-KA (5 and 50 nM) wi th  Ra t  and F r o g  B r a i n  
M e m b r a n e s  

KA 
L-Glutamate 
Folate 
D--Glutamate 
Tetrahydro folate 
Quinohnic acid 
Kynnmnine 
L-Aspartate 
T an dne 
GABA 

Sub.ante 
I Hi h-afflni ~ites (fro brain) 

ICon, r im K I 

12,4+0,6 
98,4• 14,0 

12000• l 300 
> 10 000 
> 10 o00 
> 10 0oo 
> 10 000 
>10 000 
>IO 000 
>10 000 

5,7 
45,5 
5 556 

Low-affinity sites (rat cerebeltum) 

IC~o, l]]Y~ X I 

68• 12 
700• 140 
950• 
> l0 000 
> l0 000 
> 1 000 

> 1 000 
> 1 000 

33,3 
334,8 
467,9 

Legend .  Mean r e s u l t s  of  t h r e e  e x p e r i m e n t s  in t r i p l i c a t e  are shown. 

3Ol . /  2 3ol Y .;2 

-O/,-0,2 0 O,2 0.~ 0,6 0,8 1,0 -0)-O,2 0 0,2 O, zt 0,6 g8 ], 

F ig.  1. K ine t i cs  of [3H]-KA binding w i th  f rog  b ra in  
membranes in presence (1) and absence (2) of 10 #M 
L -g lu tamate  (A) and folate (B) between L i n e w e a v e r -  
Bu rk  coordinates.  Abscissa,  r ec ip roca l s  of concen- 
t ra t ion  of f ree  acid ( in mM);  ord inate,  r ec ip roca l s  of 
speci f ic  b ind ing of [3H]-KA (in [motes/ rag prote in) .  

EXPERIMENTAL RESULTS 

Spec i f ic  b ind ing  of  [3H]-KA in the  r a t  and f r o g  b r a i n  was  s a t u r a t i n g ,  and r e a c h e d  a p l a t e a u  in c o n c e n t r a -  
t i o n s  of 100 nM. Sa tu ra t i on  i s o t h e r m s  w e r e  found in a l l  p a r t s  of  r a t  b r a i n  e x c e p t  the  c e r e b e l l u m ,  and in the 
f rog  b r a i n  t h e r e  w e r e  two b ind ing  s i t e s :  with high and low a f f in i ty  (Tab le  1). In the  r a t  b r a i n  t h e r e  w e r e  c l e a r  
r e g i o n a l  d i f f e r e n c e s  in the  d i s t r i b u t i o n  of  t h e s e  b ind ing  s i t e s .  F o r  i n s t a n c e ,  the  g r e a t e s t  d e n s i t y  of  h i g h - a f f i n -  
i ty  b ind ing  s i t e s  was  o b s e r v e d  in the  s t r i a t u m ,  and of l o w - a f f i n i t y  s i t e s  in the  c o r t e x .  In the  
c e r e b e l l u m ,  h i g h - a f f i n i t y  b ind ing  s i t e s  w e r e  v i r t u a l l y  absen t ,  and for  tha t  r e a s o n ,  to a n a l y z e  the  
ac t ion  of the  s u b s t a n c e s  on l o w - a f f i n i t y  b i n d i n g  s i t e s  on ly ,  the  c e r e b e l l u m  was  s u b s e q u e n t l y  u s e d .  
The n u m b e r  of b ind ing  s i t e s  in the  f r o g  b r a i n  yeas f ive  to 10 t i m e s  g r e a t e r  than  in the r a t  b r a i n ,  so t ha t  i t  was  
p o s s i b l e  to u s e  c o n c e n t r a t i o n s  of  [3H]-KA c l o s e  to the  d i s s o c i a t i o n  c o n s t a n t  of the  h i g h - a f f i n i t y  s i t e s ,  n a m e l y  
5 nM (Tab le  1) .Among the s u b s t a n c e s  s tud ied ,  KA, L - g l u t a m a t e ,  and fo l ic  a c id  d i s p l a c e d  [3H]-KA m o s t  a c t i v e l y  
f r o m  the b ind ing  s i t e s  (Tab le  2). L - G l u t a m a t e  w a s  m o r e  ac t i ve  a g a i n s t  h i g h - a f f i n i t y  b ind ing  s i t e s ,  fo l io  ac id  
a g a i n s t  l o w - a f f i n i t y  s i t e s .  D - G l u t a m a t e  and the  a c t i v e  for te  a c id  m e t a b o l i t e  m e t h y l t e t r a h y d r o f o l i c  ac id ,  which  
h a s  a n e u r o t o x i e  ac t i on  [14], and a l so  c o n v u l s a n t s  of  e n d o g e n o u s  o r i g i n  [7], n a m e l y  qu ino l in i e  ac id  and k y n u r -  
en ine ,  d id  not  a f f ec t  b ind ing  of  [3H]-KA (Tab le  2). A n a l y s i s  of  d i s p l a c e m e n t  of  [3H]-KA f r o m  b ind ing  s i t e s  b y  
L - g l u t a m a t e  and fo l i c  ac id ,  in H i l l ' s  c o o r d i n a t e s ,  showed g e n t l y  s lop ing  l i n e s  with H i l l ' s  c o e f f i c i e n t s  of  0.5 fo r  
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L-glu tamate  and 0.6 for  folic acid, evidence of negative coopera t iveness .  However, the gentle slope of the 
lines in Hi l l ' s  coordinates  does not enable the cha rac t e r  of displacement  to be judged accurately,  because such 
a slope may be observed  when severa l  binding si tes  with different  affinity are  present .  Accordingly, for  more  
accurate  analysis  of the cha r ac t e r  of inhibition of [3H]-KA binding by L-glutamate  and folic acid, the kinet ics  
of binding was studied with frog brain membranes  in the p resence  and in the absence of these substances.  
The exper imenta l  r e su l t s  are  shown between L i n e w e a v e r - B u r k  coordinates  in Fig. 1. The resu l t s  show that 
both L-glutamate  and folic acid inhibited binding of [3H]-KA noncompeti t ively.  

The exper imenta l  r e su l t s  thus show that although L-glutamate  and folic acid inhibit binding of [3H]-KA, 
they do not sat isfy the c r i t e r i a  to be met  by endogenous ligands, and this inhibition of binding is noncompeti-  
tive in charac te r .  This suggests  that KA binding si tes  and glutamate r ecep to r s  are  not identical, although 
they may perhaps  be subunits of a single complex. This hypothesis  is supported by the fact  that KA has been 
shown exper imenta l ly  to be a very  weak antagonist of [3H]giutamate binding [9]. 
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