
of cytoplasm, Analysis of sections of the snail brain stained by Coons'  method showed that the cytoplasm of 
both nerve and glial cells and the membrane  and nucleus of the neurons were charac te r ized  by bright specific 
luminescence (Fig .  lb). A diffuse distribution of S-100, ei ther  regular  or i r regular ,  was observed in the nuclei 
of the neurons.  Bright  luminescence was observed in the nucleolus. Luminescence  of the cytoplasmic zone of 
the gliocytes was very  intense, indicating a high concentrat ion of antigen in the glial cells.  Exper iments  in 
which normal  rabbit  s e rum was used as intermediate  did not show specific luminescence of the neurons and 
glia. Luminescence of sections of other  organs  treated by the Coons'  method did not exceed the background 
level. 

The resul ts  of this investigation thus show that bra in-speci f ic  protein S-100 is located in nerve and 
glial cells  of H__. pomatia,  in which it is distributed in the cytoplasm and in the nucleus of the neurons and gl io-  
cytes,  in agreement  with data in the l i tera ture  [ 1, 3, 7, 8]. 

1, 

2. 
3. 

4. 
5. 

6. 
7. 

8. 

9. 

10. 

11. 

L I T E R A T U R E  C I T E D  

L. I. Korochkin, S. M. Sviridov, V. A. Ivanov, et al., Dokl. Akad. Nauk SSSR, 204, 468 (1972). 
M. B. Shtark, V. G. Kolpakov, and B. B. Fuks, Usp. Sovrem. Biol., 7_88, No. 1, 76 (1974). 
P. Benda et al., Science, 16.._j.1, 370 (1968). 
P. Calissano and A. D. Bangham, Biochem. Biophys. Res. Commun., 4__.33, 514 (1971). 
F. J. Cicero,  W. M. Gowan, R. W. Moore, et al., Brain Res.,  1_88, 25 (1969). 
H. Hyden and B. McEwen, Proc.  Nat. Acad. Sci. U.S.A., 5_.55, 354 (1966). 
H. Hyden and L. Ronnback, Brain Res. ,  100, 615 (1975). 
D. Levine and W. M. Moore, Neurosci .  Res. P rog ram.  Bull . ,3,  18 {1965). 
N. Miani, G. de Renzis,  F. Michetti, et al., J. Neurochem.,  1_.99, 1387 (1972). 
V. J. Pe rez  et al., J. Neurochem.,  1_~5, 971 (1968). 
K. Tabuchi and W. M. Kirsch,  J. Neuroehem.,  9_.22, 175 (1975). 

P O S T M O R T E M  E L E  C T R O N - C Y T O C H E  M I C A L  

I N V E S T I G A T I O N  OF B R A I N  A T P a s e  A C T I V I T Y  

V.  A. A g a f o n o v  a n d  Y u .  I .  S a v u l e v  UDC 612.82.015.349 

The localization of ATPase  activity in the rat  and human brains at various t imes after death 
was determined by a method using lead. This activity was discovered in the cytoplasm of the 
cel ls ,  the chromat in  and nucleolus, and also in synaptic terminals .  The react ion product in 
the blood capi l lar ies  was localized in the basal  layer  and on the endothelial cell  membranes .  
The resul ts  demons t ra te  the preserva t ion  of a high level of brain ATPase  activity after  
death. 

KEY WORDS: pos tmor tem changes; brain; ATPase  activity. 

The determinat ion of pos tmor tem s t ruc tu ra l  and chemical  changes in nerve tissue is an important  
problem in clinical and experimental  neuromorphology.  It is par t icular ly  important  in connection with r e -  
search  in the field of the u l t ras t ruc tura l  pathology of the brain, in which the methods of electron cytochemis t ry  
are  only just s tar t ing to be used. 

This paper gives data on the u l t ras t rue tura l  localization of ATPase  in brain tissue at different t imes 
after death. A lead method was used to detect ATPase  activity [41. 
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EXPERIMENTAL METHOD 

The f r o n t a l  c o r t e x  and a n t e r i o r  h y p o t h a l a m u s  of a lb ino  r a t s  was  i n v e s t i g a t e d  O, 4, 8, 12, 24, and 48 h 
a f t e r  s a c r i f i c e  of the a n i m a l s  (3 a n i m a l s  a t  e ach  t ime) .  The  s a m e  s t r u c t u r e s  a l so  w e r e  s tud i ed  in  the human  
b r a i n  (10 a u t o p s i e s )  t aken  5, 8, 13, 15, 21, 22, 2 6 , 2 6 , 4 6 ,  and 47 h a f t e r  dea th  f r o m  p h y s i c a l  i l l n e s s e s .  F r o m  the 
t i m e  of dea th  unt i l  the  i n v e s t i g a t i o n  the b r a i n s  both of the  r a t s  and of the  h u m a n  c a d a v e r s  r e m a i n e d  in  s i tu  at  
room temperature (24~ Pieces of the corresponding parts of the brain were cut into small pieces measuring 

not more than 250-300 p in 0.08 M NaH2PO4--NaOH buffer, pH 7.3. For subsequent fixation a 470 solution of 
formaldehyde was prepared from paraformaldehyde in the same buffer [2] and filtered through a No. 4 glass 

filter. The pieces of tissue were fixed on melting ice for 5 min, then rinsed once with cold NaH2PO4-NaOH 

buffer and twice with 0.i M Tris-maleate buffer (pH 7.3), and placed in cold incubation medium of the following 

composition: 0.I M Tris-maleate buffer, pH 7.3; 2 mM ATP (disodium salt, from Reanal, Hungary); 2 mM 

magnesium acetate; 2 mM lead acetate [ 5]. Incubation was carried out in a dry air thermostat at 37~ with 

mixing for 15 min. ATPase activity was determined in the presence of Na + as well as of Mg 2+ ions. The Na + 

ions were added to the medium with Tris-maleate buffer. In this investigation, both Mg2+-aetivated and Na +- 

activated Mg2+-dependent ATPasewere thus detected. After incubation the fragments were quickly rinsed with 

p h y s i o l o g i c a l  s a l i n e  and pos t f i xed  in 2% O s Q ,  a l s o  in p h y s i o l o g i c a l  s a l i n e ,  fo r  20 min at  4~ The  m a t e r i a l  
was  then p r o c e s s e d  fo r  e l e c t r o n  m i c r o s c o p y  by the r a p i d  method  [1] wi thout  add i t i ona l  s t a in ing .  In con t ro l  
e x p e r i m e n t s  fo r  t}~e s p e c i f i c i t y  of the r e a c t i o n  the r a t  b r a i n  was  i n v e s t i g a t e d  i m m e d i a t e l y  a f t e r  s a c r i f i c e .  The 
fo l lowing  m e t h o d s  of p r o c e s s i n g  the m a t e r i a l  w e r e  u s e d :  1) i n c u b a t i o n  of the t i s s u e  f r a g m e n t s  in m e d i u m  
wi thout  ATP;  2) i ncuba t ion  of the t i s s u e  f r a g m e n t s  in m e d i u m  without  A T P  but  wi th  10 m M  Na f l - g l y c e r o p h o s -  
phate ;  3) p r o l o n g e d  hea t ing  of the t i s s u e  f r a g m e n t s  in T r i s - m a l e a t e  bu f f e r  a t  90~ fo r  5 rain; 4) p r e l i m i n a r y  
t r e a t m e n t  of the b r a i n  t i s s u e  f r a g m e n t s  with 70% e thano l  fo r  10 m i n [  5]. 

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

R a t  B r a i n  

The  l o c a l i z a t i o n  of A T P a s e  a c t i v i t y  in the c e n t r a l  p a r t  of the t i s s u e  f r a g m e n t s  i m m e d i a t e l y  a f t e r  s a c r i -  
f ice  of the a n i m a l s  c o n f o r m e d  to the fo l lowing  p a t t e r n :  The r e a c t i o n  p r o d u c t ,  a p r e c i p i t a t e  of l ead  phospha te ,  
was  d e t e c t e d  a long  the c o u r s e  of  the c e l l  m e m b r a n e  of the n e u r o n s  (but not  of the g l i a l  c e l l s ) ,  on the m e m -  
b r a n e s  of  the g r a n u l a r  c y t o p l a s m i c  r e t i c u l u m ,  and in the r i b o s o m e s  of both n e u r o n s  and g l i a l  c e l l s .  The  p r e -  
c i p i t a t e  a l so  was  d e t e c t e d  on the o u t e r  n u c l e a r  m e m b r a n e ,  in the c h r o m a t i n , ' t h e  nuc l e o lu s ,  and in the f i b r o u s  
m a t e r i a l  of the l i p o f u s c i n  g r a n u l e s .  The  r e a c t i o n  p r o d u c t  was  found in " n u c l e o l u s - l i k e  b o d i e s , "  which  w e r e  
o b s e r v e d  in the c y t o p l a s m  of s o m e  n e u r o n s  of the r a t  h y p o t h a l a m u s .  The  r e a c t i o n  was  c l e a r l y  def ined  in the  
b a s a l  l a y e r  of the c a p i l l a r y  wal l  but  was  l e s s  i n t e n s e  on the c e l l  m e m b r a n e  of the e n d o t h e l i a l  c e l l s .  

In the p e r i p h e r a l  p a r t  of the t i s s u e  f r a g m e n t s ,  a s  we l l  a s  in  the u i t r a s t r u c t u r e s  d e s c r i b e d  above ,  the  
r e a c t i o n  p r o d u c t  a l so  was  found on the o u t e r  s u r f a c e  of the s y n a p t i c  m e m b r a n e ,  on th i cken ings  of the p r e s y n a p -  
t ic  and p o s t s y n a p t i c  m e m b r a n e s ,  in the s y n a p t i c  s p a c e s ,  in the m a t r i x  of s o m e  p o s t s y n a p t i c  end ings ,  and a l s o  
on the s y n a p t i c  v e s i c l e s  of  s o m e  t e r m i n a l s .  In c o n t r o l  e x p e r i m e n t s  the  r e a c t i o n  p r o d u c t  was  not  found in any 
of the s t r u c t u r e s  men t ioned  above .  

Some d e c r e a s e  in A T P a s e  a c t i v i t y  in the r a t  b r a i n  was  found fo r  the f i r s t  t i m e  12 h a f t e r  dea th ,  when 
the amoun t  of p r e c i p i t a t e  was  r e d u c e d  in the s t r u c t u r e s  at  the edge  of the f r a g m e n t .  Synapt ic  c o n t a c t s  wi th  
p r e c i p i t a t e  l o c a t e d  in the p o s t s y n a p t i c  m a t r i x  o r  on s y n a p t i e  v e s i c l e s  w e r e  s e e n  l e s s  f r e q u e n t l y .  In s e c t i o n s  
taken  f r o m  the c e n t e r  of the t i s s u e  f r a g m e n t s  no s i g n i f i c a n t  c h a n g e s  in the  i n t e n s i t y  of p r e c i p i t a t e  d e p o s i t i o n  
w e r e  o b s e r v e d .  Howeve r ,  a t  th i s  p e r i o d  a f t e r  dea th  the m e m b r a n e s  of the c r i s t a e  of s o m e  m i t o c h o n d r i a  showed 
A T P a s e  a c t i v i t y  (Fig .  l a ) ,  e v i d e n t l y  due to p o s t m o r t e m  d e s t r u c t i o n  of the m e m b r a n e  and l i b e r a t i o n  of the m i t o -  
c h o n d r i a l  A T P a s e  [ 3].  The  d e c r e a s e  in the i n t e n s i t y  of the r e a c t i o n  in the c e l l s  was  g r e a t e r  24 h a f t e r  dea th  
a long  the c o u r s e  of the m e m b r a n e  of the c y t o p l a s m i c  r e t i c u l u m  (which w e r e  p a r t l y  d e s t r o y e d  at  th is  t ime) ,  in 
the c h r o m a t i n  of the n u c l e u s ,  and in the n u c l e o l u s .  The  r e a c t i o n  p e r s i s t e d  in the ce l l  m e m b r a n e  of s o m e  
n e u r o n s  (Fig .  lb) .  At  the edge  of the t i s s u e  f r a g m e n t  a c t i v i t y  r e m a i n e d  in s o m e  t e r m i n a l s  (F ig .  l c ) .  In the 
b a s a l  l a y e r  of the c a p i l l a r i e s  the d e c r e a s e  in a c t i v i t y  was  not  s i gn i f i can t .  The  n u m b e r  of m i t o c h o n d r i a  with 
r e a c t i o n  p r o d u c t  was  a l i t t l e  g r e a t e r  than 12 h a f t e r  dea th .  The  r e a c t i o n  p r o d u c t  in s e c t i o n s  cu t  f r o m  the 
m a r g i n a l  z o n e s  of the t i s s u e  f r a g m e n t s  48 h a f t e r  dea th  was  found in s y n a p s e s ,  but  only  in t h i c k e n i a g s  of the 
p r e s y n a p t i c  and p o s t s y n a p t i c  m e m b r a n e s  and in the s y n a p t i c  s p a c e .  The  d i s t r i b u t i o n  of the r e a c t i o n  p r o d u c t  
in s e c t i o n s  f r o m  both p e r i p h e r a l  and c e n t r a l  p a r t s  of the f r a g m e n t s  showed v i r t u a l l y  no p r e c i p i t a t e  on the 
f r a g m e n t s  of c e l l  s t r u c t u r e s  such  as  the e n d o p l a s m i c  r e t i c u l u m .  A T P a s e  a c t i v i t y  s t i l l  p e r s i s t e d  in the c h r o -  
m a t i n ,  the  f i b r i U a r y  p a r t s  o f  t he  n u c l e o l u s ,  and the " n u c l e o l u s - l i k e  b o d i e s "  (F ig .  l d ) ,  but  the r e a c t i o n  p r o d u c t s  
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F i g .  1. P o s t m o r t e m  c h a n g e s  in A T P a s e  a c t i v i t y  in r a t  b r a i n :  a) n e u r o p i l  of f r on t a l  c o r -  
tex,  12 h a f t e r  dea th .  R e a c t i o n  p r o d u c t  o b s e r v e d  in s o m e  m i t o c h o n d r i a :  MT) m i t o c h o n -  

d r i a ;  SS) s y n a p t i c  s p a c e ,  15,000x;  b) h y p o t h a l a m i c  neuron ,  24 h a f t e r  dea th .  R e a c t i o n  
p r o d u c t  o b s e r v e d  on c e l l  m e m b r a n e :  C M ) c e l l  m e m b r a n e ;  C) c y t o p l a s m ;  N) n u c l e u s ,  
14,000• c) n e u r o p i l  of h y p o t h a l a m u s ,  24 h a f t e r  dea th .  P r e c i p i t a t e  o b s e r v e d  in s y n a p t i c  
c o n t a c t s  ( a r r o w s ) ,  10,500x; d) h y p o t h a l a m i c  neuron ,  48 h a f t e r  dea th .  R e a c t i o n  p r o d u c t  
o b s e r v e d  in nuc l eus  (N) and in " n u c l e o l u s - l i k e  b o d y "  (NB), 13,000• e) b lood c a p i l l a r y  
in h y p o t h a l a m u s ,  48 h a f t e r  dea th .  P r e c i p i t a t e  m a i n l y  l o c a l i z e d  in b a s a l  l a y e r  (BL),  
7000• 

o c c u r r e d  a s  an i n f r e q u e n t  and c o a r s e - g r a i n e d  p r e c i p i t a t e .  The  i n t e n s i t y  of A T P a s e  a c t i v i t y  in the b a s a l  l a y e r  
of the c a p i l l a r i e s  was  not  l e s s  than 24 h a f t e r  dea th  (F ig .  l e ) .  I t  m u s t  be e m p h a s i z e d  that  the i n t e n s i t y  of the 
r e a c t i o n  in  the l i p o f u s c i n  did  not  fa l l  be tween  0 and 48 h a f t e r  dea th .  The  n u m b e r  of m i t o c h o n d r i a  wi th  the r e -  
a c t i o n  p r o d u c t s  was  s i g n i f i c a n t l y  g r e a t e r  than 12 and 24 h a f t e r  dea th .  

H u m a n  B r a i n  

I n v e s t i g a t i o n  of the human  b r a i n  5 h a f t e r  dea th  showed r e a c t i o n  p r o d u c t s  in  the s a m e  s t r u c t u r e s  a s  in 
the  r a t  b r a i n  5 h a f t e r  dea th .  The  i n t e n s i t y  and d i s t r i b u t i o n  of the p r e c i p i t a t e  in t h e s e  s t r u c t u r e s  c o r r e s p o n d e d  
with  that  in the r a t  b r a i n  12 h a f t e r  dea th .  In the m i d d l e  p a r t  of the f r a g m e n t s  of the human  b r a i n  s o m e  d i f f e r -  
ence  was  o b s e r v e d  in the d i s t r i b u t i o n  of the r e a c t i o n  p r o d u c t s  c o m p a r e d  with  the  r a t  b r a i n :  In the human  b r a i n  
no r e a c t i o n  was  found on the c e l l  m e m b r a n e  of the n e u r o n s .  H o w e v e r ,  j u s t  a s  in  the r a t  b r a i n ,  the m e m b r a n e  
of the c r i s t a e  of s o m e  m i t o e h o n d r i a  h e r e  a l r e a d y  gave  a p o s i t i v e  r e a c t i o n  f o r  A T P a s e .  The  a c t i v i t y  of the  
b a s a l  l a y e r  of the  c a p i l l a r i e s  in the h u m a n  b r a i n  5 h a f t e r  dea th  was a p p r e c i a b l y  l e s s  than in  the  r a t  b r a i n  even  
48 h a f t e r  dea th .  -At  the  s a m e  t i m e ,  the  c e l l  m e m b r a n e  of the c a p i l l a r y  e n d o t h e l i a l  c e i l s  of  the  h u m a n  b r a i n  
c a r r i e d  m o r e  r e a c t i o n  p r o d u c t  than  the c o r r e s p o n d i n g  m e m b r a n e  in the c a p i l l a r i e s  of the  r a t  b r a i n .  However ,  
t h e r e  w e r e  i n s u f f i c i e n t  g r o u n d s  fo r  conc lud ing  tha t  t h i s  c e l l  m e m b r a n e  in the  human  b r a i n  had g r e a t e r  A T P a s e  
a c t i v i t y  than in the r a t  b r a i n .  The  p o s s i b i l i t y  could  not  be r u l e d  out  tha t  the  b a s a l  l a y e r  in the r a t  b r a i n ,  with 
i t s  v e r y  s t r o n g  A T P a s e  r e a c t i o n ,  e x h a u s t e d  the  i ncuba t ion  m e d i u m  and so  m a s k e d  the u n d e r l y i n g  e n d o t h e l i a l  
c e l l s .  The  i n t e n s i t y  of the r e a c t i o n  was  not  s i g n i f i c a n t l y  l o w e r  in human  b r a i n  t i s s u e  8 and 13 h a f t e r  d e a t h  
than 5 h a f t e r  dea th .  The  p r e c i p i t a t e  of l ead  p h o s p h a t e  was  c o a r s e r  (c lumpy)  15 h a f t e r  dea th  and s o m e  d e -  
s t r u c t i o n  of the  c y t o p l a s m i c  m e m b r a n e  m a i n l y  of the  g l i a l  c e l l s  was  o b s e r v e d  (F ig .  2a). A v e r y  s l i gh t  d e c r e a s e  
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Fig.  2. P o s t m o r t e m  changes in A T P a s e  ac t iv i ty  in human bra in :  a) neuron and gl ia l  ce l l  f rom 
fronta l  cor tex ,  15 h af te r  death.  P r e c i p i t a t e  loca l ized  in cy top lasm (C), ch romat in  (CH), and 
nucleolus  (NO), 9000• b) blood c a p i l l a r y  in f ronta l  cor tex .  P r e c i p i t a t e  mainly  obse rved  along 
cou r se  of ce l l  m e m b r a n e  of endothel ia l  cel l  (CM) and l e s s  marked  in basa l  l a y e r  (BL), 10,000• 
c) hypothalamus.  Lipofuscin  granule  (LG) in a s t r o c y t e s  adjacent  to neuron. P r e c i p i t a t e  l oca l -  
ized in f ibrous  pa r t  of l ipofuscin;  N) nucleus of neuron, 12,000• 

in the reac t ion  in ch romat in  and an app rec i ab l e  d e c r e a s e  in the cy top lasm were  observed  in the human bra in  
21 and 22 h a f te r  death. Neve r the l e s s ,  the re  was s t i l l  a suff ic ient ly  l a rge  number  of ce l l s  in which the in tensi ty  
of the r eac t ion  co r r e sponded  to that in the bra in  8 and 13 h af te r  death.  By 26 h a f te r  death there  was a fur ther  
d e c r e a s e  in A T P a s e  ac t iv i ty  in the chromat in  and nucleolus  and an even g r e a t e r  d e c r e a s e  in the cy top lasm of 
the human bra in .  

In the o ther  s t r u c t u r e s  ac t iv i ty  r ema ined  at the c h a r a c t e r i s t i c  level  of the e a r l i e r  s tages  af te r  death. 
In sec t ions  taken f rom the p e r i p h e r y  of the t i s sue  f r agment s ,  46 and 47 h a f te r  death the synapses  no longer  
showed ATPase  act ivi ty .  In the cy top lasm of the ce l l s ,  as  a r e s u l t  of e x t r e m e  des t ruc t ion  of the g ranu la r  
cy top la smic  re t i cu lum,  the reac t ion  p e r s i s t e d  only on i ts  f ragments .  The reac t ion  in the ch romat in  and 
nucleolus  s t i l l  r emained  f a i r ly  c l e a r .  In the l ipofuscin and blood c a p i l l a r i e s  A T P a s e  ac t iv i ty  was v i r tua l ly  
unchanged compared  with the e a r l i e r  pe r iods  a f te r  death. 

No d i f f e rences  we re  found in the p o s t m o r t e m  d e c r e a s e  in ATPase  ac t iv i ty  in the f rontal  co r t ex  and 
hypothalamus in e i the r  the r a t  o r  the human bra in .  On the whole, c om pa r i s on  of the dynamics  of the pos t -  
m o r t e m  changes in ATPase  ac t iv i ty  in the r a t  and human bra in  shows that the d e c r e a s e  in enzyme act iv i ty  
took p lace  r a the r  f a s t e r  in the human than in the r a t  bra in .  The impor t an t  point is that the bas ic  pa t t e rns  of 
d i s t r ibu t ion  and in tens i ty  of the A T P a s e  reac t ion  in the human bra in  were  p r e s e r v e d  until  15-20 h af ter  death, 
which means  that autopsy m a t e r i a l  can be used for  the co r r e spond ing  t e s t s .  As r e g a r d s  the individual  u l t r a -  
s t r u c t u r e s ,  inves t iga t ions  of A T P a s e s  in the c a p i l l a r y  wall  ( F i g .  2b) and l ipofuscin  (Fig.  2c) can be under taken 
even l a t e r ,  until  48 h a f te r  death.  The r e l a t i ve  p o s t m o r t e m  s tab i l i ty  of A T P a s e  ac t iv i ty  in the b ra in  t i s sue  r e -  
vealed by these  e x p e r i m e n t s  is  in harmony with the r e s u l t s  of b iochemica l  and k i s tochemica l  inves t iga t ions  
published p rev ious ly  [6, 7]. 
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