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In expe r imen t s  on unanes thet ized rabbi t s  with e l ec t rodes  pe rmanen t ly  implanted into v a r -  
ious bra in  format ions  the effect  of ch lo rp romaz ine  was studied on the phenomenon of mu l t i -  
p l icat ion of the late slow component  of the evoked potent ia l  to f lashes  of light applied at a 
f requency of 1 Hz, some of which were  given s imul taneous ly  with e l ec t r i c  shocks to the 
hind l imb.  Ch lo rp romaz ine  was found to reduce the mul t ip l ica t ion  of the slow component  
to f lashes  applied without e l ec t r i c  shocks and to faci l i ta te  the redupl icat ion of this  compon-  
ent to f lashes  applied along with the nocicept ive s t imulat ion.  In the d iscuss ion  of the r e -  
sults  a role of ad rene rg ic  s t r u c t u r e s  is postula ted in the fo rmat ion  of the defensive action 
accep tor ,  one of the m o s t  impor tan t  and c ruc ia l  m e c h a n i s m s  of the functional sy s t em.  

KEY WORDS: evoked potential ;  convergence ;  c o r t i c a l - s u b c o r t i c a l  r e v e r b e r a t i o n  of 
exci tat ion;  ch lo rp romaz ine .  

According  to data obtained in the late P. K. Anokhin 's  l abora to ry ,  an indicator  of a mismatch ing  r e -  
sponse between the action accep to r  of a functional sy s t em of defensive c h a r a c t e r  and the act ion of r e c i p -  
roca l  af ferenta t ion  indicating nocicept ive r e in fo rcemen t  is redupl icat ion of the late slow nega t ive-pos i t ive  
component  of the evoked potent ia l  (EP) in va r ious  brain  format ions  in r e sponse  to f lashes  applied as the 
condit ioned s t imulus  evoking the defensive r e sponse .  The phenomenon of redupl icat ion of the late r e sponse  
is man i fes t ed  no less  c l ea r ly  if a combined s t imulus  consis t ing of nine f lashes  is used,  in which the 4th, 
5th and 7th f lashes  a re  applied s imul taneous ly  with an e l ec t r i c  shock to the l imb.  Nocicept ive s t imulat ion 
i n c r e a s e s  the ampli tude of the p r i m a r y  r e sponse  of the EP to light but inhibits its late slow component .  
As a r e su l t  of the repea ted  use  of this model ,  light becomes  a signal of pain, and in response  to f lashes  
if  applied without nocicept ive r e in fo rcemen t  ( f i r s t - th i rd  and, in pa r t i cu la r ,  7th-9th) redupl icat ion o r  mu l t i -  
pl icat ion of the slow wave a r i s e s .  

Special  ana lys i s  showed that  the phenomenon of repet i t ion  of the slow wave is the EEG- re f l ec t i on  of 
c o r t i c o - s u b c o r t i c a l  r e v e r b e r a t i o n  of exci ta t ion [5-7]. This  r e v e r b e r a t i o n  appea r s  during the o r ien t ing-  
inves t igat ive  r e sponse  that a r i s e s  should mi sma tch ing  occur  between the r e su l t s  p red ic ted  by the action 
accep tor ,  in the fo rm of a pain r e sponse ,  and the r e c i p r o c a l  a f ferenta t ion  in the absence  of nocicept ive 
s t imula t ion  not in ag reemen t  with that  resu l t  [5]. 

One of the f ac to r  s potentiat ing the mi sma tch ing  re sponse and faci l i ta t ing the phenomenon of mul t ip l i ca -  
t ion of the slow component  is emot ional  s t r e s s ,  which depends on the s t rength  of the re inforc ing  e l ec t r i c  
shock.  

The object  of this  invest igat ion was to study the effect  of ch lo rp romaz ine ,  abolishing the EEG s t r e s s  
r e sponse  by blocking ad rene rg ic  s t r u c t u r e s  of the r e t i cu l a r  fo rmat ion  of the b ra in  s tem and hypothalamus 
[1-4], on the p r o c e s s  of mul t ip l ica t ion  of the late component .  
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Fig. 1. Changes in respirat ion,  cardiac activity, and EP to 
photic st imulation i min af ter  injection of ehlorpromazine .  
A) Before injection of chlorpromazine  (background); increased 
respi ra t ion rate and multiplication of slow component to flashes; 
breath holding and inhibition of slow component in response to 
flash applied simultaneously with e lec t r ic  shock to limb. B) 
1 min af ter  injection of chlorpromazine,  in response to flash 
applied simultaneously with e lec t r ic  shock, respi ra t ion  rate is 
ve ry  slightly increased and multiplication of slow component of 
EP  appears .  SMC) Sensomotor  cortex;  TC) t empora l  cortex;  OC) 
occipital  cortex;  LGB) la tera l  geniculate body; RF) rec t icu la r  
formation;  HT) pos te r io r  hypothalamus; ML) medial  lemniscus;  
Resp) respira t ion.  Artefact  on respi ra t ion and ECG marks  e l ec -  
t r i c  shock. Top line: upward s t rokes  show time marker ,  in sec; 
downward s t rokes  show flashes,  one per  second. 

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

Chronic exper iments  were ca r r i ed  out on 12 unanesthetized rabbits  with implanted e lect rodes  for 
recording  e lec t r ica l  activity of the sensomotor ,  tempora l ,  and visual  a reas  of the cortex, the la teral  genicu- 
late body, the po ter ior  hypothalamus, the re t icu la r  formation of the brain stem, and the medial  lemniscus.  
The reference  electrode was inser ted into the bones over  the frontal  sinus. Global e lec t r ica l  activity was 
recorded  by a monopolar  technique on a 50-charmel "Alvar" e lect roencephalograph on which the ECG and 
respi ra t ion  also were recorded.  Flashes with a frequency of 1 Hz were applied in se r ies  of 9. Concur-  
rently with the 4th, 5th and 6th flashes,  a painful e lec t r ic  shock (10-15 V, 1 msec)  was applied to the skin 
of the hind limb, inhibiting the late negat ive-posi t ive wave of the EP to light. 

Rabbits in which the slow component of the EP to light was wide and was consistently general ized 
over  the various brain formations were chosen for the exper iments .  The effect of chlorpromazine was 
studied against the background of multiplication of the slow component of the EP appearing before and 
af ter  nociceptive stimulation. A 1% solution of chlorpromazine  was injected intravenously in a dose of 1 rag/  
kg body weight. 
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Fig. 2. Multiplication of  slow components  of  EP inde- 
pendently of s t e reo type .  A) During EEO disaet ivat ion,  
stow component  of EP  to f lashes  becomes  unstable .  Mult i-  
p l ieat ion of slow component  during convergence  of photie 
and e l e c t r o d e r m a l  s t imulat ion m a y  be confined to s t r u c t u r e s  
of one hemisphe re ,  13) Multiplieation of slow component  a r i s -  
ing also when photic s t imulat ion begins with applicat ion of 
flash s imul taneous ly  with e l ec t r i c  shock, Legend as in Fig. 1. 

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

In the course  of blocking of the ad rene rg ic  s t r u c t u r e s  of the CNS by ch lo rp romaz ine  a definite s e -  
quence and ce r t a in  spec ia l  f ea tu res  were  noted in the changes taking place in the autonomic components ,  
behav iora l  r e s p o n s e s ,  and b r a in  e l e c t r i c a l  act ivi ty .  As ea r ly  as 1 sec a f t e r  the injection of ch lo rp romaz ine ,  
r e sp i r a t i on  became s lower  and the hear t  ra te  f a s t e r .  Resp i ra t ion  became  quiet, uni form,  and deep, was 
unchanged in response  to f lashes ,  and inc reased  only ve ry  sl ightly in f requency during noeicept ive s tumu-  
lat ion (Fig. 1B). The rabbi t  r ema ined  a lmos t  mot ion less ,  its head res t ing  on the bench. During nociceptive 
s t imulat ion the an imal  did not exhibit r e s t l e s s n e s s ,  but shook the s t imula ted  l imb. Disact ivat ion of the 
potent ia ls  soon appeared  in va r ious  b ra in  fo rmat ions .  Against  this  background potentiat ion of the phen-  
omenon of mul t ip l ica t ion  of the late slow component  of  the E P  to light was found: in r e sponse  to f lashes ,  
p reced ing  the nocicept ive s t imulat ion,  the EP  had th ree  slow waves  instead of two (Fig. 1B). During s imul -  
taneous appl icat ion of the f lash and e lec t r i c  shock, the slow wave of the g P  r ema ined  in mos t  rabb i t s ,  
although in a reduced  fo rm.  

Disact ivat ion of  spontaneous act ivi ty  developed rapidly,  and 2-3 rain a f t e r  the injection of c h l o r p r o m -  
azine it was r e p r e s e n t e d  by slow high-ampl i tude potent ia ls .  At this t ime  the EP to photic s t imulat ion was 
e i the r  de formed  or  absent .  

Stable disact ivat ion of the EEG continued for  8-10 rain and then began to a l t e rna te  with per iods  of 
b r i e f  act ivat ion.  In this s tage of the action of ch lo rp romaz ine  the late slow wave was r e s t o r e d  and the phen-  
omenon of mukip l i ca t ion  of the EP in response  to photic s t imulat ion became  less  s table and frequent ly  
absent .  Meanwhile mul t ip l icat ion of the late r e sponse  appeared  to f lashes  applied toge ther  with nocicept ive 
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s t imulat ion.  It was r eco rded  consis tent ly  for  15-18 rain a f t e r  the injection of ch lorpromaz[ne .  The mul t i -  
pl icat ion phenomenon could be genera l ized  in all  s t r u c t u r e s  r eco rded  f rom both hemisphe re s  (Fig. 1B) o r  
it could be local ized to one hemisphere  (Fig. 2A). 

Since e l e c t r o d e r m a l  s t imulat ion was a lways applied in conjunction with the 4th, 5th and 6th f lashes  
it was natura l  to suggest  that  the mul t ip icat ion of the slow wave a r i s ing  at this  point was connected with 
reproduct ion  of a s te reo type .  As a resu l t  of blockade of the adrenerg ic  s t ruc tu re s ,  when the f lash was 
applied s imul taneous ly  with the e l ec t r i c  shock a r e sponse  of misma tch ing  appeared  between the model  of 
nocicept ive exci ta t ion p r o g r a m e d  in the action accep to r  and the absence  of r ec ip roca l  afferentat ion in-  
dicat ing pain r e in fo rcemen t .  To shed light on this p rob lem control  t e s t s  were  c a r r i e d  out in which noci-  
ceptive s t imulat ion was applied s imul taneous ly  with f lashes  differing in the i r  posi t ion in the s e r i e s .  These  
t e s t s  showed that  mul t ip l icat ion of the slow component  in r e sponse  to nocicept ive s t imulat ion a r i s e s  in-  
dependently of whether  this  s t imulat ion was combined with the f i r s t  o r  subsequent  f lashes  (Fig. 2B). These  
expe r imen t s  showed that  blockade of the ad rene rg ic  s t r u c t u r e s  of the b ra in  by ch lorpromazine  did not 
comple te ly  abolish the conduction of noiceptive exci tat ion.  This was shown by the admit tedly slight inc rease  
in the r e sp i r a t i on  ra te ,  shaking of the s t imula ted  l imb and, m o r e  especia l ly ,  by mult ipl icat ion of the slow 
component  of the E P  to light when applied s imul taneous ly  with the painful e l ec t r i c  shock. 

On the bas i s  of  these  data a dual nature  and two genet ical ly  linked components  of nociceptive exc i t a -  
t ion can be postula ted.  One component  is not blocked by ch lo rp romaz ine  and spreads  along the tha lamic  r e -  
lay pathways (the sp ino- tha lamie  tract} as fa r  as the c e r e b r a l  cor tex .  The second component,  with more  
d i spe r sed  conduction pathways,  is connected with the adrenerg ic  s t r u c t u r e s  of the r e t i cu la r  format ion  of 
the bra in  s tem and hypothalamus,  which are  blocked by ch lo rp romaz ine .  On account of this component  the 
emot iona l  background of nocicept ive exci ta t ion and the EEG s t r e s s  response ,  genera l ized  among var ious  
b r a in  fo rmat ions ,  is  fo rmed .  Simultaneous appl icat ion of the f lash and nociceptive s t imulat ion at a t ime  
when the genera l ized  emot ional  component  was blocked by ch lo rp romaz ine  evoked an EEG response  of 
mismatch ing ,  and this  was mani fes ted  by mul t ip l ica t ion of the late slow component  of the EP  to light. If  
the emot ional  component  of noeicept ive s t imulat ion was signalled by s t imulat ion of a different modal i ty  on 
the bas i s  of t he i r  t e m p o r a r y  connection, the admin is t ra t ion  of ch lo rp romaz ine  abolished the EP mul t ip l i -  
cat ion phenomenon to this warning s t imulus ,  i .e. ,  to light~ Relat ionships  of this sor t  a f t e r  admin is t ra t ion  
of ch lo rp romaz ine  a re  r evea led  during conditioned and unconditioned defensive excitat ion.  In r esponse  to 
a conditioned defensive s t imulus  the spontaneous act ivi ty  of the bra in  potentials  is unchanged, whereas  an 
EEG act ivat ion response  a r i s e s  to the e l ec t r i c  shock r e in fo rcemen t .  
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