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After  a single e l ec t r i c  shock, the act ivi ty of t r a n s f e r  ATPase  in the r a t  b ra in  was in- 
c r ea sed  in the f rac t ions  of m i c r o s o m e s  and heavy synaptosomes ,  but reduced in the 1 ight 
synaptosomes  and in the synaptic m e m b r a n e s .  Monoamine oxidase activity under  these  
conditions was reduced mainly in the mi tochondr ia .  

E lec t r ica l ly  induced convulsions a re  a model  of hyperexci ta t ion  s ta tes  of the cent ra l  nervous  sys tem.  
In e lec t r i c  shock the energy  m e t a b o l i s m  of the bra in  is  s eve re ly  d is turbed and the content of high-energy 
compounds in the b ra in  is reduced  [7]. After epileptogenic injury to the ce r eb ra l  cor tex  in r a t s  by f reezing 
with ethyl chloride the t r a n s f e r  ATP as e  act ivi ty of the homogenate is inc reased  [10]. 

The object  of the p re sen t  invest igat ion was to examine changes taking place at.the subcel lu lar  level  
a f te r  a single e l ec t r i c  shock in the ac t iv i t ies  of the var ious  A T P a s e s  and of monoamine  oxidase (MAO), 
which plays an impor tan t  role  in ca techolamine me tabo l i sm,  for  these  enzymes  are  cons idered  to par t i c i -  
pate in the format ion  of ep i lep t i fo rm fits [4]. 

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

Sabcellular  f ract ionat ion of a homogenate  of the sensomotor  a r e a  of g ray  ma t t e r  f rom the r a t  (Wis- 
t a r ,  weight 120-140 g) b ra in  was c a r r i e d  out by the method of de Rober t i s  [5] modified by the authors .  
Prote in  was de te rmined  by L o w r y ' s  method.  ActiviW of the A T P a s e s  was de te rmined  f r o m  the accumula-  
tion of inorganic phosphorus  [11], using an incubation (10 rain, 37~ medium of the following composi t ion:  
100 mM NaC1, 20 mM KC1, 5 mM MgC12 [1]. MAO was de te rmined  co lo r ime t r i ca l ly  with p-nitrophenyl-- 
e thylamine as the subs t ra te  [2]. The activity of the enzyme was studied a f te r  a single f reez ing  and thawing 
of the f rac t ions ,  which were  kept for  3-5 days at -30~ Convulsions were  induced by applying an a l t e rna t -  
ing cu r r en t  (50 Hz, 90-110 V} to e lec t rodes  applied to the an ima l ' s  head (duration of s t imulat ion 0.5 sec) .  
The r a t s  were  decapi ta ted in the clonic phase of e l ec t r i c  shock. 

EXPERIMENTAL RESULTS 

The dis tr ibut ion of the enzymes  invest igated among the subcel lu lar  f rac t ions  agreed  with that pub-  
l ished in the l i t e ra tu re  [5, 6]. T r ans f e r  ATPase  (Na, K-ATPase) ,  for instance,  was mainly local ized in 
the synaptic m e m b r a n e  f rac t ions ,  and l e s s  was found in the m i c r o s o m e s ;  Mg-ATPase was mainly  detected 
in the m i c r o s o m e s  and mitochondr ia ,  while MAO was found mainly in the mi tochondr ia  (Table 1). 

After a single e l ec t r i c  shock the activity of the ATPase  s y s t e m s  changed sharply  (Table 1). The 
specif ic  act ivi ty of t r a n s f e r  ATPase  was inc reased  in the f rac t ions  of m i c r o s o m e s  and heavy synaptosomes  
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T A B L E  1. Ac t iv i ty  of  A T P a s e s  and MAO in S u b c e l l u l a r  F r a c t i o n s  
of Gray  M a t t e r  of Rat  B r a i n  u n d e r  N o r m a l  Cond i t ions  and a f t e r  Sin- 
g le  E l e c t r i c  Shock (M ~: m) 

Myelin 

Electrical 
Fraction Enzyme Normal shock 

Na, K, Mg-ATPase 
Mg-ATPase 
N~g-ATPase 

36,3- + 0,4 
26,6• 0,3 
9,7• 

0 

25,2+- 0,3 
I6,5- 0,2 
8,7• 

Synaptic membranes 

Light synaptosomes 

Na, K, Mg-ATPase 
Mg-ATPase 
Na, K-ATPase 
MAO 

Na, K, Mg-ATPase 
Mg - A T Pase 
Na, K-ATPase 
MAO 

57,4--+ 1,7 
30,0----- 2,0 
27,4_+ 1,7 

0 

63,t+-3,2 
43,3• 2,1 
19,8+-- 1,4 
15,0-+- 2, t 

30,7--+ 2,7 
23,5+ 2,1 
7,2_+ 1,3 

44,0+--- 3,6 
31,0+--2,5 
13,0-- + 1,0 
8,8----- 1,1 

Heavy synaptosomes 

Mitochondria 

Heavy microsomes 

Na, K, Mg-ATPase 
Mg-ATPase 
Na, K-ATPase 
MAO 

Na, K, Mg-ATPase 
Mg-ATPase 
Na, K-ATPase 
MAO 

Na, K, Mg-ATPase 
Mg-ATPase 
Na, K-ATPa~e 
MAO 

58,0_ 3,0 
48,4--- 2,0 
9,6+- 1,0 

21,0-+2,2 

55,3+_2,8 
49,7.+ 1,8 
5,6 + 0,3 

59,7+- 8,7 

55,3-- + 5,8 
47,0 + - 2,0 
8,3- 1,1 

10,4• 1,5 

52,8----- 2,2 
38,4.+ 1,8 
14,4-- 1,3 
12,0- + 0,9 

45,4+- 2,4 
39,7--- 1,1 
5,7- 0,4 

2i,1.+2,0 

62,6 + -- 2,0 
51,0+- 2,1 
11,6-+0,8 
6,5----- 1,2 

--31 
--38 
--11 

--47 
--22 
--74 

--70 
--28 
--34 
--42 

--10 
--21 
+5O 
--43 

--18 
--20 
--11 
--65 

-~13 
+9 
+4O 
--38 

Note .  Spec i f ic  a c t i v i t y  of A T P a s e  shown in # m o l e s  P i n / r a g  p r o t e i n  
p e r  h, MAO a c t i v i t y  in n m o l e s  s u b s t r a t e / m g  p r o t e i n  p e r  ra in .  F i g -  
u r e s  in " n o r m a l "  co lumn r e p r e s e n t  r e s u l t s  of  4 e x p e r i m e n t s ,  in 
" e l e c t r i c  s h o c k "  co lumn  r e s u l t s  of  6 e x p e r i m e n t s ,  e ach  c o n s i s t i n g  of  
3 r e p e t i t i o n s .  T i s s u e  ob ta ined  f r o m  3 r a t s  u s e d  in 1 e x p e r i m e n t .  
Heavy m i c r o s o m e s  ob ta ined  by  c e n t r i f u g i n g  a t  18,000 g fo r  60 ra in .  
% deno t e s  p e r c e n t a g e  d e c r e a s e  (--) o r  i n c r e a s e  (+) in  e n z y m e  a c t i v i t y  
a f t e r  e l e c t r i c  shock  c o m p a r e d  with n o r m a l .  Ac t iv i t y  of Na,  K - A T P a s e  
c a l c u l a t e d  f r o m  d i f f e r e n c e  b e t w e e n  a c t i v i t i e s  of Na,  K, Mg- and Mg-  
A T P a s e s .  

(noncho l ine rg i e  in de R o b e r t i s '  t e r m i n o l o g y ) ,  r e d u c e d  in the f r a c t i o n s  of s y n a p t i c  m e m b r a n e s  and l igh t  
s y n a p t o s o m e s  ( d e s c r i b e d  b y  de R o b e r t i s  a s  c h o l i n e r g i c ) ,  and showed l i t t l e  change  in the f r a c t i o n s  of m i t o -  
c h o n d r i a  and m y e l i n .  On the o t h e r  hand,  the M g - A T P a s e  a c t i v i t y  a f t e r  e l e c t r i c  shock  showed much  s m a l l e r  
changes  in the m e m b r a n e  s t r u c t u r e s :  no change  in the m i c r o s o m e s ,  whi le  a c t i v i t y  was  r e d u c e d  in the  r e -  
m a i n i n g  f r a c t i o n s  s tud i ed .  The m e m b r a n e  A T P a s e s  of the  d i f f e r e n t  s y n a p t i c  s t r u c t u r e s  and m i c r o s o m e s  
thus  showed d i f f e r e n t  c h a n g e s  in a c t i v i t y  in r e s p o n s e  to the ac t i on  of e l e c t r i c  shock .  Th i s  fac t  s u g g e s t s  
t ha t  the  I i p o p r o t e i n  c o m p l e x  of  A T P a s e  h a s  s p e c i f i c  f e a t u r e s  which  depend  on the m e m b r a n e s  of the  s u b -  

c e l l u l a r  s t r u c t u r e s  to which  they  be long .  

I t  a l s o  f e l l ows  f r o m  the r e s u l t s  g iven  in Tab le  1 tha t  MAO a c t i v i t y  w a s  r e d u c e d  a f t e r  a s ing Ie  e l e c t r i c  
shock  in the synap t i c  s t r u c t u r e s ,  m i c r o s o m e s  and,  in p a r t i c u l a r ,  in the m i t o c h o n d r i a  (by 65%). This  c o r -  
r e l a t e s  c o m p l e t e l y  wi th  the f ac t  t ha t  MAO i s  a t y p i c a l  m i t o c h o n d r i a l  e n z y m e .  A d e c r e a s e  in the c a t e c h o l a -  
mine  conten t  [4, 9] and in the i n c o r p o r a t i o n  of n o r a d r e n a l i n . H  3 into h o m o g e n a t e s  of  the r a t  c e r e b r a l  c o r t e x  
have b e e n  d e s c r i b e d  dur ing  e p f l e p t i f o r m  c o n v u l s i o n s .  L a d i s i c h  e t  a l . ,  [8] found no c ha nge s  in MAO a c t i v -  
i ty in r a t  b r a i n  t i s s u e s  a f t e r  r e p e a t e d  e l e c t r i c a l  c o n v u l s i o n s .  M o r p h o l o g i c a l  c h a n g e s  in the  e p i l e p t o g e n i c  
loc i  of the c o r t e x  a r e  e v i d e n t l y  among  the c a u s e s  of the s h a r p  c h a n g e s  in A T P a s e  and MAO a c t i v i t y  in the  

1142 



subcellular structures after electrical convulsions. These changes include swelling of the mitochondria, 
an increase in the size of the nerve endings, a decrease in the size of the synaptic vesicles, and changes 
in the size of the capillary membranes [3]~ 
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