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The mechan i sm of i schemie  damage to the s t ruc tu re  and function of neurons  has r e ce ived  l i t t le  s tudy,  e s -  
pecia l ly  in the ear ly  s tages  [1, 4]. One fac to r  t r igge r ing  this p r o c e s s  may be an intensif icat ion of lipid p e r -  
oxidation (LPO) in the bra in  during i s chemia  and in the ea r ly  r e c o v e r y  per iod .  The a im of the p re sen t  inves t iga -  
tion was to t es t  this hypothesis .  

EXPERIMENTAL METHOD 

Experiments were carried out on 36 male albino rats weighing 180-220 g under ether anesthesia; nine of 
the animals were controls. The model of ischemia consisted of clinical death lasting 5 min, produced by blood 
loss through the external iliac artery, followed by resuscitation by a modified Negovskii's method. The brain 
was fixed intravitally in liquid nitrogen at the end of ischemia and after 30 rain and 24 h of the recovery period 
(six animals at each time). The antioxidant activity of lipids [9] and the concentrations of diene conjugates [1O| 
and malonic  dialdehyde (MDA) [5] were  de t e rmined  in t i s sue  f r o m  the c e r e b r a l  h e m i s p h e r e s .  F o r  e l ec t ron  
mic roscopy  the bra in  was pe r fused  in t ravi ta l ly  with a mix tu re  of 4% p a r a f o r m  and 1% glutaraldehyde in phos -  
phate buffer ,  pH 7.4 (three an imals  a t  each  t ime) .  P i eces  of co r t ex  f r o m  the s e n s o m o t o r  a r e a  were  t r e a t e d  in 
the usual way f o r  su rvey  mu l t im ic roscopy  (embedding in Araldi te ,  u l t ra thin  sec t ions  s ta ined with uranyl  ace ta te  
and lead c i t ra te) .  The numer i ca l  r e su l t s  were  subjec ted  to s ta t i s t i ca l  analys is  by Student 's  t t e s t .  

EXPERIMENTAL RESULTS 

During the period of ischemia the antioxidant activity of brain tissue lipids fell by 32.5% compared with 
the control. It remained at the same level 30 rain after the beginning of ischemia. After 24 h only a tendency 
was observed toward recovery of this parameter (Table I). The concentrations of diene conjugates and MDA 
in the bra in  t i s sue  i nc rea sed  during i s chemia  by 22.5 and 53.5% respec t ive ly .  This i nc rea se  r eached  an eve• 
higher  level  a f t e r  30 min  of the pos t i schemic  per iod .  Af te r  24 h the concentrat ions of diene conjugates r e -  
mained  high in the major i ty  of an imals ,  whe reas  the MDA concentra t ion was low. 

Mitochondria and the rough endoplasmic  re t i cu lum of the neurons  were  subjected to  u l t r a s t ruc tu r a l  an-  
a lys i s ,  as  the organe l les  m o s t  sens i t ive  to hypoxia [1]. During i schemia ,  mode ra t e  swell ing of mi tochondr ia  
with focal des t ruc t ion  of the i r  c r i s t ae ,  local  lys is  of the tubules of the rough endoplasmic  re t icu lum,  and an 
uneven widening of t he i r  lumen were  obse rved  in a sma l l  group of n e r v e  cel ls .  The n u m b e r  of ne rve  ce l l s  with 
s t ruc tu ra l ly  damaged mi tochondr ia ,  with focal  or ,  l e ss  f requent ly ,  subtotal  lys is  of the N i s s l ' s  subs tance ,  and 
with dilated tubules of the rough endoplasmic  re t i cu lum was i n c r e a s e d  30 rain a f t e r  the beginning of i s chemia .  
On the whole, however ,  these changes could be desc r ibed  as mode ra t e .  After  24 h var ious  degrees  of s e v e r i t y  
of des t ruc t ive  and metabol ic  changes in the organel les  could be seen  in mos t  c e r e b r a l  cor t ica l  neurons  (Fig. 1). 

The d e c r e a s e  in antioxidant act ivi ty  in bra in  t i s sue  at  the end of i s ehemia  is evidence of accumulat ion of 
superoxide  r ad ica l s ,  capable  of in teract ing with hydrogen peroxide  to  fo rm hydroxyl  r ad ica l s  inducing L P 0  of 
unsa tura ted  m e m b r a n e  fat ty acids [8], in the bra in .  The level  of antioxidant act ivi ty c o r r e l a t e s  negat ively  with 
the f r e e  rad ica l  concentra t ion [7]. An inc rease  in the concentra t ion of lipid hydroperoxide  in the brain  is found 
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TABLE 1, Brain Tissue LPO P a r a m e t e r s  
during Ischemia  and Pos t i schemie  Per iod  
(M ~: m) 

Time of investi- 
gation 

Ischemia 

Postischemic 
period 

30min 
P 

1 day 
P 

Control 

Antioxidant 
activity 

meq/ 

0,285• 
<0,05 

0,278~0,059 
<0,05 

0,363• 
0,06 

0,422-t-0,021 

Diene con- ] MDA 
iugates I 
wet weight of tissue 

38,5• 0,624:t=0,040 
<0,01 <0,001 

40,3d=2,80 0,832+_0,155 
<0,05 <0,01 

38,8• r),368• 
>0,05 >0,05 

31,5• 0,406~0,021 

Fig. 1. Lysis  and vacuolation of rough endo- 
plasmic ret iculum in cytoplasm of neuron in pos t -  
ischematie  period: a) control,  12,000x; b) after  
24 h, 14,000x. 

6.5 min after  mechanical  asphyxia [2]. The harmful  action of free radicals  on membranous s t ruc tures  of nerve 
cells at the end of i schemia  is demonst ra ted  by the sharply increased  concentration of diene conjugates and 
MDA in the brain. The mildness and l imited spread  of changes in neuron organelle ul t ras t rue ture  at this time 
point to the development of fine injuries to the membranes  at the molecular  level. Lipid peroxidation in the 
brain in the early pos t i sehemieper iod  is facil i tated by the hypercatecholaminemia,  lactacidosis ,  hyperoxygena-  
tion of the nerve  t issue,  and low activity of enzymes of ant i radical  and antiperoxide defense [2, 4]. The intensity 
of the u l t ras t ruc tura l  dis turbances of the neuronal  organelles increases  under these c i rcumstances .  

The smal l  increase  in antioxidant activity of brain t issue and the decrease  in MDA concentration 24 h af ter  
i schemia  ref lect  activation of compensatory  mechanisms of defense of the lipid component of the membranes ,  
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However,  marked  genera l ized  les ions of neuronal  m e m b r a n e  format ions  are  evidence of p r o g r e s s i v e  d e s t r u c -  
t ive p r o c e s s e s  in the cel ls .  Profound dis turbance of membrane  u l t r a s t ruc tu re  mainly in neurons in the late 
s tages  of exposure  to hypoxia has been r e p o r t e d  in s eve ra l  publicat ions [1, 6]. At this t ime  the harmful  action 
of other  fac to rs ,  and, in pa r t i cu la r ,  of a b road  s p e c t r u m  of lysosomal  enzymes ,  is mani fes ted  [3]. Exces s ive  
act ivat ion of LPO in the neurons  during i s chemia  and in the ea r ly  s tages  of rec i reu la t ion  evidently plays a 
leading role  in the i nc rea sed  lysosomal  m e m b r a n e  pe rmeab i l i ty  and in the solubil izat ion and decompar tmen ta l i -  
cation of acid hydro lases ,  and through peroxidat ion of membrane  s t ruc tu re s  it c r ea t e s  optimal  conditions fo r  
rea l iza t ion  of the hydrolyt ic  effect  of the ly sosomal  enzymes .  

The sharp ly  intensif ied p r o c e s s e s  of LPO in bra in  t i s sue  during i s chemia  and in the ea r ly  pos t i sehemic  
per iod  thus cause damage to m e m b r a n e  s t r u c t u r e s  at the molecu la r  level  and lysosome format ion ,  which ag-  
g r ava t e s  subsequent  des t ruc t ion  of the n e r v e  ce l l s .  
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Considerable  attention has been paid to the study of the m e c h a n i s m s  of pain [2, 8, 9, 12, 13]. At the s ame  
t ime ,  the mechan i sms  of fo rmat ion  of re f lex  ana lges ia  a r e  being studied, as one of the m o s t  p romis ing  methods 
of t r e a t m e n t  of acute and chronic  pain syndromes  [4, 5]. The p r e sen t  w r i t e r s  have shown [11] tha t  e l e c t r o -  
acupuncture (EAP) cons iderably  d e p r e s s e s  the conduction of nocicept ive impulses  at the level  of the p r i m a r y  
re lay  nuclei without affecting t r a n s m i s s i o n  of nonnociceptive tact i le  a f ferent  impulses .  It has been shown that  
EAP blocks noeicept ive impulses  in the specif ic  and nonspecif ic  tha lamic  nuclei .  In pa r t i cu l a r ,  depress ion  of 
nocicept ive impulses  is s t ronge r  in the p a r a f a s c i c u l a r  complex than in the specif ic  projec t ion  nuclei ,  in the 
ven t romedia l  nucleus fo r  example  [10]. An essen t ia l  role  in the mechan i sms  of pain percept ion  is p layed  by the 
orbi tofrontal  and second s o m a t o s e n s o r y  (SID a r e a s  of the cor tex  [2, 4]. 
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