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The use  of opiate peptides,  pos se s s ing  analges ic  p rope r t i e s  [5], is accompanied  by changes in in te rneu-  
tona l  t r a n s m i s s i o n  of exci tat ion at  different  l eve l s  of  the CNS [2, 3]. It  has been suggested [15] that  these  
pept ides  play a role  in some mani fes ta t ions  of psychotic  d i s tu rbances ,  Neve r the l e s s  the use  of narco t ic  anal -  
ge s i c s  m a y  also lead to d is turbances  of behavior  in exper imenta l  an imals  [8, 16]. The analgesic  effect  of 
morph ine - l i ke  compounds and the i r  effect  on behav ior  a r e  known to take place  through the par t ic ipat ion of 
the c e r e b r a l  cortex;  hence the in t e re s t  in the study of the action of opiate peptides and narcot ic  ana lges ics  
on the c e r e b r a l  co r t ex  of an imals  under  conditions of  f ree  behavior .  

The object  of this invest igat ion was to study p r i m a r y  r e s p o n s e s  (PR) of the ce r eb ra l  co r t ex  in ca ts  to 
single and pa i red  s t imulat ion of f ibers  of  the tha lamocor t i ca l  radia t ion (TCR), applied with different  in te rva ls  
between st imuli .  St imulat ion of the f ibe r s  of  TCR enables  the influence of deep brain s t ruc tu re s  on the con-  
duction of the af ferent  volley to the c e r e b r a l  co r t ex  to be excluded [6]. 

The effects  of  two opiate peptides,  obtained synthet ical ly  - FK 33-824 ( T y r - D - A l a - G l y - M e P h e - M e t ( 0 ) -  
01)* and the te t rapept ide  (Tyr -D-Ala -Gly-Phe-NH2)~  -- which induce ana lges ia  in expe r imen ta l  an imals  when 
admin i s t e r ed  sys t emica l ly  [10, 12], were  invest igated.  S imi la r  expe r imen t s  were  c a r r i e d  out with the narcot ic  
ana lges ics  morph ine ,  fentanyl,  and pentazocine.  

E X P E R I M E N T A L  METHOD 

E x p e r i m e n t s  we re  c a r r i e d  out on cats  of  both sexes  weighing 3-3.5 kg. The animals  were  anesthet ized 
with pentobarbi ta l  sodium (40-50 m g / k g ,  in t raper i toneal ly) ,  and bipolar  n ichrome e lec t rodes  ( in te re lec t rode  
dis tance 50 p) were  inse r ted  s t e reo tax ica l ly  into f ibers  of TCR at a depth of 5-7 m m  f rom the sur face  of the 
2nd s o m a t o s e n s o r y  a r e a  of the co r t ex .  Monopolar  r ecord ing  niclrcome e lec t rodes  were  applied to the su r face  
of  the 2rid s o m a t o s e n s o r y  (gyr. ec tosylv ,  ant.) and assoc ia t ion  (gyr.  suprasy lv ,  ant.) a r e a s  of the cor tex ,  and 
the r e f e r e n c e  e lec t rode  was s ecu red  in the frontal  bone. The animals  were  used in the chronic  expe r imen t s  
not e a r l i e r  than 6-8 days a f t e r  the opera t ion .  Threshold ,  above- th resho ld ,  and sup ramax ima l  square  s t imul i  
with a durat ion ~f 0.1 m s e c  and with different  in terva ls  between s t imul i  (20-500 msec )  we re  applied to the 
f ibe r s  of TCR.  To plot the g raph  of the r e c o v e r y  cycle of PR, the ampli tude of the second (testing) r e sponse  
as  a pe rcen tage  of  the ampli tude of the  f i r s t  (conditioning) r e sponse ,  taken as  100%, was calcula ted.  The opiate 
pept ides  and narco t ic  ana lges ics  we re  admin i s t e r ed  in c lose  to o r  above the analges ic  doses  (Table 1). Nalox-  
one, an antagonist  of the opiate pept ides  and narco t ic  ana lges ics ,  was used in a dose of 1 m g / k g .  All the 
drugs wore injected h~traperi toneal ly.  

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

The  r e c o v e r y  cycle  of PR in the 2nd s oma tosenso ry  a r e a  of  the co r t ex  obtained during s t imulat ion of 
f ibe r s  of  TCR cons is ted  of a per iod of an i nc rea se  in PR to the second (testing) s t imulus ,  las t ing 200 m s e c ,  
followed by a dec r ea s e  in ampli tude of PR below 100% when the in terval  between s t imul i  was 300-350 msec ,  
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TABLE 1. Comparative Characteristics of Opiate Peptides and Narcotic Analgesics 

Substance 

FK 33-824 
(Tyr-D-Ala-Gly- 

MePhe-Net{O)d) 

Tetrapeptid e 
{Tyr-D-hla-Gly-Phe- 

NHz) 
Morphine 

Fenmnyl 

Pentazocine 

Dose of sub- 
szance, mg/ 
kg 

0>4--0,5 
0,7--1 

2 
3--5 

10--12 
15--20 
25--35 

1--1,5 
2--4 
5--8 

10--15 

0,05--0,1 
0,11--0,15 
0,2 

7--10 
12--15 
17--20 
22--30 
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Legend.  #) Inc rea se  by 7-12%;  4) dec rea se  by 20-30%; ~ ~) d e c r e a s e b y  30-45%; +) effect p resen t ;  
-) effect  absent;  sII) 2nd s om a t os ens o ry  a r e a  of cortex;  assoc. )  assoc ia t ion  a r ea  of cortex;  X) 
data of O. N. Chichenkov; Al) ampli tude of 1st (conditioning) response ;  A2/A1) rat io  of ampl i -  
tude of 2nd (testing) r e sponse  to ampli tude of 1st (conditioning). 
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Fig. 1, Effec t  of FK 33-824 on PR ar i s ing  in 2rid soma tosenso ry  a r e a  of ca t  co r t ex  during 
above- th resho ld  (5-7 V) s t imulat ion of f ibers  of TCR. A) Recovery  cyc les  of  PR before  (a) 
and a f t e r  applicat ion of FK 33-824 in doses of 0.8 m g / k g  (b) and 2 m g / k g  (c). Absc i s sa ,  
in te rva l s  between conditioning and tes t ing  s t imul i  (in msec) ;  ordinate ,  ampli tude of tes t ing  
PR (in % of ampli tude of conditioning PR); B) ampli tude of ave raged  (in pV) PR of 2nd so-  
m a t o s e n s o r y  a r e a  of co r t ex  to single above- th resho ld  s t imulat ion of f ibe r s  of TCR before  
(a) and a f t e r  admin is t ra t ion  of FK 33-824 in doses  of 0.8 m g / k g  (b) and 2 m g / k g  (c). Re -  
suits  indicated by dots a re  not s ta t i s t ica l ly  significant  (P > 0.05). 

Fig.  2. Ef fec t  of FK 33-824 on PR ar i s ing  in assoc ia t ion  a r e a  of cat  co r t ex  during above -  
th resho ld  (5-7 V) s t imulat ion of f ibe r s  of  TCR. Legend as in Fig .  1, 

and gradual recovery of the amplitude of PR with an increase in the interval between stimuli to 500 msec. This 
pattern of change in the recovery cycle in the control was maintained whatever the strength of stimulation 
applied to the fibers of TC R. 

The recovery cycle of PR in the association cortex was characterized by a longer (300-350 msec) but 
less marked phase of increase of PR to the second (testing) stimulus. 

Substance FK 33-824 reduced the amplitude of the testing PR in the 2nd somatosensory area of the cortex 
to stimuli separated by an interval of 20-150 msec. This effect appeared particularly clearly in response to 
above-threshold stimulation of the fibers of TCR. This action of FK 33-824 occurred when the substance was 
given in doses of 0.7-1 mg/kg. Meanwhile, the amplitude of PR arising in response to conditioning stimulation 
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of the f ibe r s  of  TCR r em a i ned  v i r tua l ly  unchanged (Fig. 1). Naloxone abolished the effect  of  FK 33-824 on 
the r e c o v e r y  cycle  of PR. 

In the assoc ia t ion  a r e a  of the co r t ex  FK 33-824 evoked s i m i l a r  changes  in the r ecove ry  cycle of PR 
(in the in terva l  20-300 msec ) ,  but they a r o s e  when this  opiate peptide was given in s m a l l e r  doses  (0.4-0.5 
mg /kg} .  Under these  c i r c u m s t a n c e s  the ampli tude of PR to conditioning s t imulat ion of TCR l ikewise  was un- 
changed (Fig. 2). 

With an inc rease  in the dose of the compound to 2 m g / k g  the intensi ty of changes in the r e c o v e r y  cyc les  
of  PR in both zones of the co r t ex  inc reased .  F K  33-824 (3-5 rag/k4") evoked some inc rease  in ampli tude of 
single PR both in the 2nd s o m a t o s e n s o r y  a r ea  and in the assoc ia t ion  a r e a  of the cor tex .  At the s a m e  t ime  
p a r o x y s m a l  d i scharges  were  found on the EEG and unmot ivated m o t o r  excitat ion of the an imals  developed. 
The p a r o x y s m a l  d i scharges  on the E E G  and the m o t o r  excitat ion were  abolished by naloxone. 

The te t rapept ide ,  l ike FK 33-824, had the power  of inhibiting the cour se  of r e c o v e r y  cycles  of PR in the 
2rid s o m a t o s e n s o r y  and assoc ia t ion  a r e a s  of  the cor tex .  This  compound, in doses  of 10 to 20 m g / k g ,  reduced 
the amplitude of the testing PR in both areas of the cortex but had no effect on the amplitude of PR obtained 
in response to single stimulation of TCR. An increase in the dose of the tetrapeptide to 25-35 mg/kg led to 
some increase in single PR and to the appearance of paroxysmal discharges on the EEG and motor excitation 
of the animals. Naloxone abolished the effect of the tetrapeptide on recovery cycles of PR and on the ampli- 
tude of single PR and returned the EE G and the animals' behavior to normal. 

Morphine (I-4 mg/kg), fentanyl (0.05-0.2 rng/kg), and pentazocine (7-15 rng/kg) evoked changes in the 
recovery cycles of PR similar to those produced by the Opiate peptides studied; in this case also PR of the 
assoc ia t ion  a r e a  of the co r t ex  obtained up0ntes t ing s t imu la t ionof the  f ibe r s  of TCR were  highly sens i t ive  to the 
act ion of  these  narco t ic  ana lges i c s .  Morphine in a dose of 5-8 m g / k g  and pentazocine in a dose of 17-20 
m g / k g  evoked a pa roxysma l  r e s pons e  in the ca t s .  The use  of naloxone against  the background of the m a x i m a l  
intensi ty of  the above-ment ioned  effects  of morph ine  and the o the r  narco t ic  ana lges ics  studied led to n o r m a l i -  
zation both of the cour se  of  the r e c o v e r y  cyc les  of  PR in both cor t ica l  a r ea s  and of the ampli tude of single 
PR, EEG,  and the a n i m a l s '  behavior .  

This  invest igat ion thus r evea led  the ability of opiate peptides FK 33-824 and te t rapept ide ,  and also of 
narcot ic  ana lges ics  morphine ,  fentanyl,  and pentazocine,  in n e a r - a n a l g e s i c  doses ,  to weaken the phase  of 
exal tat ion of the tes t ing  PR in the in terva l  of 20-150 rnsec in the 2nd s o m a t o s e n s o r y  a r e a  and in the interval  
20-300 m s e c  in the assoc ia t ion  a r e a  of  the cor tex .  

Since changes in the tes t ing  r e s p o n s e  compared  with the conditioning can s e rve  as a c r i t e r ion  of the 
relations between excitation and inhibition [4, 7] in the cortex, it can be tentatively suggested that the com- 
pounds tested have a marked inhibitory effect on depolarization processes. Evidence in support of this view 
is given by the data of Satoh et al. [13], who showed the presence of antagonism between morphine and the 
excitatory mediators acetylcholine and L-glutamate on cortical neurons in a microiontophoretic study. The 
predominant influence of morphine on depolarization processes in the cortex is connected with a reduction 
in the slow negative potential following both PR and the direct cortical response, during local and systemic 
administration of the drug if]. A direct inhibitory action of encephalins and morphine has also been observed 
on cortical unit activity [14]. However, the possibility of weakening of depolarization processes connected 
with the ability of compounds of the morphine group to raise the GABA level in different parts of the CNS like- 
wise cannot be ruled out [9]. 

The substances tested, in above-analgesic doses, caused an increase in PR in response to single stimu- 
lation of the fibers of TCR, together with the appearance of paroxysmal discharges on the EEG and motor 
excitation of the animals. These effects can evidently be regarded as specific for the substances tested, for 
they were completely abolished by naloxone, which blocks opiate receptors. Furthermore, certain other opiate 
peptides have a similar effect to that of FK 33-824, tetrapeptide, morphine, and pentazocine on the EEG and 
behavior of animals. 
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