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Activi ty of A T P a s e s  and ace ty leho l ines te rase  (ACE) in the f rac t ions  of unpurif ied m i t e -  
chondr ia  (UMF) and m i c r o s o m e s  f r o m  the co r t ex  of the bra in  and spinal  cord  of r a t s  in the 
clonic phase  of e l ec t r i ca l ly  induced se i zu re s  and in the postconvuls ive  per iod (5 min af ter  
the end of the se izures )  was invest igated.  Inhibition of Na, K - A T P a s e  act ivi ty  in UMF of the 
bra in  in the clonic phase  of convulsions and inc reased  act ivi ty  of this enzyme in all f r a c -  
tions of t i s sues  studied in the pos tconvuls ive  per iod  were  found. Activi ty of C a - A T P a s e  in 
b ra in  UMF inc reased  during se i zu res  but fell  in the postconvuls ive per iod,  whereas  act ivi ty  
of M g - A T P a s e  was unchanged. ACE act ivi ty as a rule  inc reased  during se izures ;  in the 
pos tconvuls ive  per iod  a fu r the r  i nc rease  in ACE act ivi ty was observed  in the b ra in  t i s sue  
but the act ivat ion effect  was reduced in the spinal cord  t issue.  The poss ibi l i ty  of s t ruc tu ra l  
changes in the exci table  m e m b r a n e s  of neurons  during se izure  act ivi ty is d iscussed.  

KEY WORDS: ATPase ;  ace ty lchol ines te rase ;  b ra in  and spinal  cord; se izures ;  s t ruc tu ra l  
changes in m e m b r a n e s .  

Since s e i zu re s  a re  connected with hyperac t iv i ty  of neurons  [4, 5, 9], it i s  in te res t ing  to study the s ta te  
of t r a n s p o r t  A T P a s e s  in the CNS during s e i zu re s  of different  origin.  The m e c h a n i s m  of exci tat ion is known 
[1] to be connected with the function of Na ,K-ATPase ,  which is respons ib le  for  act ive Na + and K + t r a n s p o r t  
through neuronal  (including synaptic) m e m b r a n e s .  Changes in Na, K - A T P a s e  act ivi ty  in the t i s sues  of the 
bra in  [3, 12, 15, 17] and spinal cord  [7] of animals  during s e i zu re s  have been desc r ibed  prev ious ly .  However,  
m e m b r a n e  Na, K - A T P a s e  act ivi ty of the bra in  and spinal  cord  has  not p rev ious ly  been studied in the cour se  
of the se izure  p r o c e s s .  

The object  of this invest igat ion was to study act ivi ty of Na, K - A T P a s e  and o ther  A T P a s e s  in subce l lu la r  
f rac t ions  of the bra in  and spinal cord  of r a t s  during e lec t r i ca l ly  induced se i zu re s  and in the postconvuls ive  
per iod.  Since the product ion of s e i zu re s  is  connected with the act ivi ty of chol inergic  s t r u c t u r e s  in the CNS, 
ace ty lcho l ines te rase  (ACE) act ivi ty in the m e m b r a n e  f rac t ions  also was invest igated.  

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

Noninbred albino r a t s  weighing 130-140 g were  used. Seizures we re  induced by applicat ion of a single 
e lec t r i c  shock through t r ansco rnea l  e lec t rodes  (ac, 140-150 V, 50 Hz, 0.5 sec).  The animals  we re  decapi ta ted 
in the clonic phase  of the s e i zu re s  o r  5 min a f t e r  the i r  end. T issue  f r o m  the c e r e b r a l  co r t ex  o r  spinal  cord  
was homogenized in a g lass  homogen ize r  in 0.32 M suc rose  containing 0.01 M Tris-HC1, pH 7.4. To r e m o v e  
the coa r s e  f rac t ion  of nuclei  the 4% homogenate  was centr i fuged at  2000g (10 min,  0-4~ The supernatant  
was centr i fuged at 10,000g (20 min, 0-4~ to obtain the f rac t ion  of unpurffied mi tochondr ia  (UMF), containing 
synaptic s t ruc tu res ,  which was resuspended  and washed once under  the same  conditions with the isola t ion 
medium.  The pos tmi tochondr ia l  supernatant  was centr i fuged at 18,000g (90 rain, 0-4~ in o r d e r  to obtain the 
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TABLE 1. Ac t iv i t y  of A T P a s e  (in ~ m o l e s  P i n o r g / m g  p r o t e i n / h )  and ACE (in # m o l e s  a c e t y l -  
c h o l i n e / m g  p r o t e i n / m i n )  d u r i n g  and a f t e r  Se i zu res  

C r b a l c o r t e x  
UMF Microsomcs 

Enzyme 
i C CP PC C CP PC 

Na, K- 3,1----- m 14,3+-0,5 11,6~0,6 18.0-----0,8 12.7= 1,0 14.t----- 1,1 17.:?-- 1.2 
t2 16 10 l0 8 9 A TPase n 

~ 100 81 * 126 100 111 136" 

Mg-ATPase M=m 17,5+-0,6 16,3=0.3 !8.4--+0,9 2 5 , 9 ~ 0 , 9  25.5--+0,9 24.3-----1,3 
n 15 16 10 10 8 9 
~ 100 9! t 05 100 98 94 

Ca-A TPase .'vl= m 9. I= I, I 11.5+-0,5 5,9= 0,2 -- -- -- 
n 5 5 5 
~ 100 126" 65* 

ACE M+m 0,098-+0,011 0,097-+0,03 0.137--0,005 0,113-+0,004 0,130=0,04 0.141-+ 0.008 
n 8 7 8 10 7 7 
% t00 99 140* 100 115" 125" 

! Spinal cord 

[ ~ UMF h4icrosomes Enzyme ~ 

! i 
! i 

:qa, K- ] 31 +-- m 13,6=0,5 13.7=0,7 [ 16.9 + -- 1.0 14,0-+0,9 t2,3=0.8 18.0-- 1.0 
ATPase ] n .12 10 [ 9 10 10 7 

I ~176 100 I01 I 124" 100 87 128" 

~,Ig-ATPase 31-'-in 16.6=0,6 17,0=0.6 15.4-----0,7 20 .1+-0 .5  21,7-+0,8 23.7:-- o,5 
n 12 10 10 10 [2 7 
Oo 100 102 93 100 108 l!8 

=a-ATPase , l l=m 83-+0,8 11,4-'- 0,8 I 6.2= 0,4 -- -- -- 
n 5 5 ! 4 
"o' 100 131 i 71 

ACE M--m 

0~0 
0,114= 0,008 

11 
100 

0,149= 0,008 
7 

131" 

0,127=0,006 
8 

111 

0,199-+0,011 
9 

100 

0,233----- 0,01 I 
4 

112" 

0,216=0,01I 
8 

108 

Legend.  CP) Clonic  phase  of s e i z u r e s ,  PC) pos t convu l s ive  pe r iod .  Values  d i f fe r ing  s i g n i f -  
i c an t ly  {P < 0.05) f r o m  the con t ro l  (C) a re  m a r k e d  by  an a s t e r i s k .  

f r a c t i o n  of heavy  m i c r o s o m e s  [111. The f r e s h l y  ob ta ined  UMF and m i c r o s o m e  f r ac t i on  w e r e  suspended  in  
de ion ized  wa t e r  and t h e i r  p r o t e i n  con ten t  (by L o w r y ' s  method) and ACE ac t iv i ty  we re  d e t e r m i n e d  [2, 13]. 
A T P a s e  ac t iv i ty  was d e t e r m i n e d  f r o m  the r a t e  of a c c u m u l a t i o n  of i no r ga n i c  phosphate  in  the c o u r s e  of the r e -  
ac t ion  (20 min ,  37~ [16]. The c o m p o s i t i o n  of the incuba t ion  m e d i u m  (1 ml) ,  in  m i l l i m o l e s ,  was as fol lows:  
A T P - N a  2 3, NaC1 100, KC1 20, MgC12 5 (CaC12 5), T r i s - H C 1  (pH 7.4) 20, p r o t e i n  150-300 #g. Ac t iv i ty  of t r a n s -  
p o r t  Na, K - A T P a s e  was  ca l cu l a t ed  f r o m  the d i f f e r ence  be tween  the ac t iv i t i e s  of to ta l  and M g - A T P a s e .  The 
r a t e  of A T P  h y d r o l y s i s  in  the p r e s e n c e  of Mg ++ ions  of Ca ++ ions  only  was taken  as the ac t iv i ty  of Mg-  o r  
C a - A T P a s e  r e s p e c t i v e l y .  The e x p e r i m e n t a l  r e s u l t s  w e r e  sub jec ted  to s t a t i s t i c a l  a n a l y s i s  by the S t u d e n t -  
F i s h e r  c r i t e r i o n  [10]. 

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

The d i s t r i b u t i o n  of a c t i v i t i e s  of the v a r i o u s  e n z y m e s  s tudied  among the f r a c t i o n s  in t i s s u e s  of the c e r e -  
b r a l  c o r t e x  and sp ina l  co rd  of the r a t s  was v i r t u a l l y  the s a m e  with the except ion  of ACE, whose ac t iv i ty  was 
g r e a t e r  i n  m e m b r a n e  p r e p a r a t i o n s  f r o m  the sp ina l  co rd  than in the c o r r e s p o n d i n g  p r e p a r a t i o n s  f r o m  the c o r -  
tex  (Table  1). M e m b r a n e  M g - A T P a s e  ac t iv i ty  in  the co r t ex  and sp ina l  co rd  was  unchanged  both du r ing  and 
a f t e r  the s e i z u r e s .  In the c lon ic  phase  of the s e i z u r e s ,  a d e c r e a s e  in  N a , K - A T P a s e  ac t iv i ty  was o b s e r v e d  
only in  the  UMF of the  c e r e b r a l  c o r t e x  and in  the o the r  f r a c t i o n s  changes  in  i t s  ac t iv i ty  we re  s m a l l .  In the 
p o s t c o n v u l s i v e  pe r iod  in  al l  c a s e s  Na, K - A T P a s e  ac t iv i ty  was  h ighe r  than  in  the con t ro l .  In UMF f r o m  both 
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the bra in  and the spinal  cord  C a - A T P a s e  activi ty was inc reased  in the clonic phase  of the se i zu res .  In the 
posteonvuls ive  per iod C a - A T P a s e  activi ty declined (compared with the c o n t r o l ) i n  the t i s sues  of the bra in  and 
spinal cord.  

Membrane  ACE ac t iv i ty  in the c e r e b r a l  co r t ex  and spinal cord  was higher  in the m i c r o s o m e  f rac t ion  
than in UMF. In the elonic phase  of the se izu res ,  in the t i s sues  tes ted  except  UMF f r o m  the bra in  t i ssue,  ACE 
act ivi ty increased .  In the pos tconvuls ive  per iod ACE activity was inc reased  in both f rac t ions  of the b ra in  
t i ssue ,  but it was reduced in both f rac t ions  of the spinal  cord  t i s sue  compared  with i ts  act ivi ty  in the clonic 
phase.  

Act ivat ion of ACE in the elonic phase  of the convulsions is evidence of a s ta te  of hyperac t iv i ty  of the 
ehol inergic  s t r u c t u r e s  of the b ra in  and spinal  cord.  Hyperac t iv i ty  of exc i ta tory  synapses  may  be the r e su l t  
of inhibition of Na, K - A T P a s e  of the synaptic m e m b r a n e s  which, as was suggested prev ious ly  [1], is  the s t r u c -  
tu ra l - func t iona l  cause  of depolar izat ion.  This  explains the inhibition of Na ,K-ATPase  in the bra in  UMF in the 
clonic phase  of the se i zu res .  It has  been shown [12] that  a f te r  injection of inhibi tors  of Na, K - A T P a s e  (oua- 
bain, ZnC12, CuC12) into the c e r e b r a l  ven t r i c les  of r a t s ,  t hean ima l s  developed convulsions,  and under  these 
c i r cums t ances  maximal  inhibition of Na, K - A T P a s e  activi ty was obse rved  in the hypothalamus.  It has been 
postulated that  the d is turbances  during epi lept i form se i zu re s  a re  based  on a sudden dis turbance of m e m b r a n e  
pe rmeab i l i ty  fo r  cat ions [14]. Inc reased  functional act ivi ty of the contract i le  sy s t em of ne rve  endings r e -  
sponsible fo r  the m e c h a n i s m  of med ia to r  sec re t ion  may also be  a manifes ta t ion  of neuronal  hyperac t iv i ty  dur -  
ing se i zu res  [i]. Evidence i n support  of this view is given by the i nc rea se  in C a - A T P a s e  act ivi ty in UMF 
f r o m  the bra in  and spinal  cord.  Incidentally, morphologica l ly  speaking the UMF contained up to 40-50% of 
the synaptic s t ruc tu res .  

It  can be postula ted on the bas i s  of the analysis  of these  data  that  rapid s t ruc tu ra l  changes  can take p lace  
in the exci table m e m b r a n e s  of neurons .  Convulsive agents are  a fac tor  maintaining this s t ruc tu ra l  and func-  
t ional shift  which can be initiated by a t r i gge r  mechan ism.  Changes of this so r t  mus t  also take place under  
no rma l  conditions during the usual  excitat ion of neurons,  but in that case  they a re  balanced,  r eve r s ib l e ,  and 
coordinated during the a l te rnat ion  of s ta tes  of r e s t  and excitation, during the convergence  of exc i ta tory  and in-  
h ibi tory influences.  During se i zu res ,  however ,  a re la t ive ly  stable s t ruc tu ra l  shift  c h a r a c t e r i s t i c  of i nc reased  
neuronal  excitat ion may a r i s e  in the synaptic m e m b r a n e s .  Another  fea ture  dist inguishing the se i zu re  p r o c e s s  
is  that this shif t  in the synaptic m e m b r a n e s  may be initiated by a la rge  population of neurons  (for example ,  as 
a r e su l t  of a cons iderable  i nc r ea s e  in the ex t race l lu la r  concentrat ion of K + ions during s e i zu re s  [14] the m e m -  
b ranes  of neighboring neurons  a re  also depolar ized) ,  so that  the activity of a ce r ta in  r e s e r v e  of neurons  as ex-  
ci tat ion g e n e r a t o r s  is faci l i ta ted [6, 8]. 

The scheme desc r ibed  above can s e rve  to explain the inc rease  in Na, K - A T P a s e  activi ty (and the d ec r ea se  
in C a - A T P a s e  activity) obse rved  in the p r e s en t  exper iment  in ce r ta in  bra in  s t ruc tu re s  in the postconvuls ive  
per iod,  i .e. ,  during disinhibit ion of pa r t i cu l a r  neurons  and during a load dec r ea se  in hyperac t iv i ty  of the exc i -  
table  neurons.  Invest igat ion of s t ruc tu ra l  and functional changes in exci table m e m b r a n e s  of neurons  (and of 
the i r  regulation) under  no rm a l  conditions and during and af ter  s e i zu res  may thus be a p romis ing  approach to 
the study of the m e c h a n i s m s  of se izure  act ivi ty in the CNS. 
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M E C H A N I S M  O F  I N H I B I T I O N  O F  M Y O C A R D I A L ' G L Y C O L Y T I C  

ACTIVITY IN THE EARLY POSTNATAL PERIOD 

N. P .  L a r i o n o v  UDC 612.65'173.015.16 

The reduct ion in the activity of glycolysis  and glycogenolysis that is regu la r ly  observed in 
developing hear t  muscle  is  unconnected with reduction of the glycolytic sys tem but is due 
to inhibition of the phosphofructokinase stage of the glycolytic chain by its regulator .  This 
is shown by an inc rease  in the ra t io  between the active masses  of the phosphofructokinase 
by 4.5 t imes  in the ra t  hea r t  during the f i r s t  2 weeks  of postnatal  development.  

KEY WORDS: hear t ;  ontogeny; glycolysis;  phosphofructokinase.  

High glycolyt ic  activity is found in the myocardium of newborn ra ts  [3] and puppies [4] but it falls 
sharply soon af ter  bir th.  This dynamics  may be due to an increase  in the power of the oxidative phosphoryla-  
tion sys tem in the developing hea r t  [3]. 

In this investigation the dynamics of the activity of phosphofructokinase (PFK), the main regula tor  of the 
glycolytic chain, and the rat io between the active masses  of the PFK react ion (GPFK), charac te r iz ing  the state 
of the enzyme,  were  de te rmined  in ea r ly  ontogeny. 

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

Albino ra t s  were  used immedia te ly  a f te r  b i r th  and at the age of 5, 10, and 15 days. The gtycolytic ac-  
t ivity of hea r t  homogenates was de termined  in re la t ion to the convers ion  of glucose, glycogen, and f ruc tose -  
1,6-diphosphate (F1,6DP) in concentrat ions of 10 mM [2]. PFK was ext rac ted  f rom the hea r t  muscle  homog- 
enate by a solution containing 0.05 M Tr i s ,  pH 8.2, 0.005 M MgC12, 0.001 M EDTA, and 0.002 M mercap to -  
ethanol. The incubation medium included (in mM): Tr i s  (pH 8.0) 50, MgC12 4, ATP 2, NADH 0.17, and f ruc -  
tose-6-phosphate  (F6P) 0.6; o ther  consti tuents were  aldolase, 0.2 i .e. ,  t r iose  phosphate i s o m e r a s e  0.3 i .e. ,  
and glycerophosphate  dehydrogenase 0.3 i .e. , ;  PFK activity was judged f rom the dec rease  in NADH. To de-  
t e rmine  the concentra t ion of the metaboli tes  the hear t  was f rozen  in liquid nitrogen. Adenine nucleotides were  
de termined with the aid of special  kits ,  F6P and F1,6DP by the method descr ibed  by Kochetov [1]. 

TABLE 1. Increase  in Lactate (in # m o l e s /  
mg prote in/h)  on Incubation of Hear t  Homo- 
genates (M �9 m) 

Substrate 1-stDay after births, th 15-th PI-~5 

Glucose 1,7~-0,2 
Glycogen 1,9---+0,2 
F1, 6DP 4,2"+'0,5 

1,2+---0,2 
1,7--+0,2 
3,9~0,4 

0,8+0,1 
1,2~-0,1 
3,8--0,4 

<0,01 
<0__01 
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