
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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Fig. 1. Changes in amplitude of EP to nonnocieeptive (a, b) and noeiceptive (e, d) st imulation in 
a rea  SII (a, c) and orbital gyrtts (b, d) af ter  EAP.  1) Control,  2) 15 rain af ter  EAP, 3) (for a and 
b) 60 rain, and (for c, d) 90 rain af ter  EAP. Stimulation ar tefact  indicated by a dot. 

Fig. 2. Changes in amplitude of EP  to normocieeptive (1, 2) and nociceptive (3, 4) stimulation 
after  EAP. 2, 3) In SII; 1, 4) in orbital gyrus .  

In the investigation descr ibed below changes in evoked potentials (EP) to noeiceptive and nonnociceptive 
st imulation were studied in the orbitofrontal  cor tex and in a rea  SII during EAP. 

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

Acute experiments  were  ca r r i ed  out on adult cats anesthetized with pentobarbital  (40 m g / k g ,  in t raper i -  
toneally), cura r ized ,  and art i f icial ly ventilated. EP  were recorded  in the cor tex of SII and the orbital gyrus  
by monopolar  s i lver  e lect rodes  with a tip 0.8 mm in d iameter .  The reference  electrode was secured  in the 
frontal  bone. Investigations began 5-6 h af ter  injection of the anesthetic.  Nociceptive responses  were evoked 
by stimulation of the pulp of the upper canine tooth with single square pulses of cur ren t  1 msec  in duration and 
up to 10 mA in strength.  Nonnociceptive responses  were obtained to st imulation of the upper lip through bipolar 
needle e lectrodes  with pulses of cur ren t  (0.1 msec ,  not more than 2 re_A). EAP stimulation was applied through 
needles introduced into the coneha auriculae,  to which cur ren t  was applied (1 Hz, 1 msec ,  not more  than 5 mA) 
for  30 rain. EP were evaluated af ter  averaging of 20 presentat ions on a special ized computer .  

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

EP aris ing in the orbitofrontal cortex and in a rea  SII in response to st imulation of the pulp differed both 
in latent period and in amplitude. Naturally the latent periods of responses  in the specific cor t ical  project ion 
a rea  SII were  shor te r ,  namely 8.7 • 2.43 msec .  The latent period in the orbitofrontal  cortex was 13.1 • 3.41 
msec.  The amplitude of EP in SI Iwas  about 150 pV, and in the orbitofrontaI cor tex about 100 pV. Great  in- 
stability of the positive and, in par t icular ,  the negative waves was observed in the orbitofrontal cortex com-  
pared with EP  recorded  in a rea  SII. Responses ar is ing in SII to nonnociceptive st imulation had a latent per iod 
of 6.2 • 1.92 msec and an amplitude of 200 pV. The latent per iod of responses  in the orbitofrontal  cortex was 
12.7 • 2.74 msec and their  amplitude was 150 pV. 

After  EAP the amplitude of EP  to nociceptive st imulation fell considerably.  Depress ion of EP was more  
marked in the orbitofrontal  cor tex than in a rea  SlI {Fig. 1) and amounted to 58 and 75%, respect ively,  of the 
control level. Investigation of the charac te r  of the changes in EP to nonnocieeptive st imulation showed that 
EAP, on the contrary ,  considerably facil i tated these responses  (Fig. 1) in the frontal  cor tex by 45% and in SII 
by 30%. It should be noted that facili tation of EP  to nonnociceptive st imulation in the orbitofrontal  cor tex not 
only was more  marked than the responses  in SII, but it was also more prolonged than in SII (Fig. 2). The mag-  
nitude mad duration of depress ion of the amplitude of the responses  to nociceptive st imulation also were g r ea t e r  
in the orbitofrontal  cor tex (Fig. 2). It will be noted that periods of maximal depress ion of responses  to nocicep-  
t ire st imulation and periods of facilitation of responses  to nonnociceptive st imulation coincided in t ime.  These 
data suggest that EAP leads to reorganizat ion of the functional state of efferent sys tems ,  by facilitating conduc- 
tion of nonnociceptive impulses,  which t ravel  mainly along the specific lemaiscal  sys tem,  and by blocking con-  
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Fig.  3. Changes in ampli tude of E P  to nonnociceptive 
(1, 2) and nocicept ive (3, 4) s t imulat ion a f t e r  i n t r a -  
venous injection of morphine .  2, 3) In SII; 1, 4) in o r -  
bital gyrus .  

duction of nocicept ive  impulses ,  t rave l ing  along the ex t r a l emni sca l  a f ferent  s y s t e m .  This hypothesis  is in good 
ag reemen t  with views on the inhibitory in teract io~ between the lemnisca l  and extralem_niscal s y s t e m s  [3, 9]. 

In other  exper iments  the action of morphine (5 m g / k g ,  intravenously)  on changes in EP  in the f ronta l  c o r -  
tex and in SII in r e sponse  to nocicept ive aad nonnocicept ive s t imulat ion was invest igated.  The c h a r a c t e r  of the 
change in EP under  the influence of morphine was found to be la rge ly  s i m i l a r  to the t ime  course  of the changes 
in EP in SII and the orbi tofrontal  cor tex  during EAP (Fig. 3). Af ter  injection of morphine an i nc r ea se  in EP 
in response  to nonnociceptive s t imulat ion was observed ,  and in the orbi tofrontal  cor tex,  m o r e o v e r ,  this in-  
c r e a s e  was m o r e  m a r k e d  than in SII. During nocicept ive  s t imulat ion the ampli tude of EP ,  just  as during EAP, 
was d e p r e s s e d  more  in the f rontal  cor tex  than in SII. 

It has been shown [4, 6, 7] that  an essen t ia l  role  in the m e c h a n i s m  of re f lex  ana lges ia  is p layed by endog-  
enous opiates  and var ious  other  n e u r o t r a n s m i t t e r s .  It is  a l so  known that the concentrat ion of opiate r e c e p t o r s  
on neurons  in the f rontal  cor tex  is much higher  than the densi ty of these  r e c e p t o r s  on SII neurons  [14]. This  
may probably  explain the fact  that  depress ion  of nocicept ive r e sponses  in the f rontal  cor tex  a f t e r  EAP is more  
m a r k e d  than in SII. This is in good ag reemen t  with our views of the role  of SII in mechan i sms  of modulat ion of 
ant inociceptive s y s t e m s  and ref lex  ana lges ia  [4]. The i nc rea se  in ampli tude of r e sponses  to nonnociceptive 
s t imula t ion  was probably  due a lso  to sec re t ion  of endogenous opiates  and of other  neu ro t r a rmmi t t e r s ,  and was 
connected with faci l i ta t ion of the t r a n s m i s s i o n  of af ferent  impulses  along the fas t -conduct ing  lemnisca l  p r o j e c -  
t ions.  The resu l t s  of the p resen t  exper imen t s  to study the action of morphine  on the ampli tude of EP to noc i -  
ceptive and noanociceptive s t imulat ion conf i rms  this hypothesis .  

It can thus be concluded that  EAP, like morphine ,  leads to an inc rease  in the flow of a f fe ren t  impulses  along 
the l emnisca l  s y s t e m  and, correspondingly ,  it d e p r e s s e s  conduction of nocicept ive  impulses  along the nonspecif ic  
mul t i synapt ic  s y s t e m ,  in the work  of which an e s sen t i a l  ro le  is p layed by endogenous opiates .  
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