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The effect  of carbidine on conditioned defensive re f lexes  during st imulat ion of the m e s e n c e -  
phalic r e t i cu la r  format ion was invest igated in chronic exper imen t s  on r a t s  and rabbi t s .  
Carbidine was shown to prevent  the inhibition of defensive conditioned re f l exes  caused by 
st imulation of the mesencephal ie  r e t i cu la r  formation.  This points to i ts  inhibitory action on 
these s t ruc tu res .  This conclusion was conf i rmed by exper iments  conducted on rabbi t s  in 
which changes in e lec t r ica l  act ivi ty were  r eco rded  during st imulation of the mesencepha l ic  
r e t i cu la r  format ion.  
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One of the m o s t  cha rac t e r i s t i c  p rope r t i e s  of carbidine is i ts  inhibitory effect  on conditioned re f lexes  
and, in par t i cu la r ,  on negatively mot iva ted  r e sponses .  This quality, meanwhile,  is to some degn-ee c h a r a c -  
t e r i s t i c  of all the neurolept ics  and it is the exper imenta l  equivalent of thei r  ant ipsychotic  action [3]. The 
re t i cu la r  format ion  of the brain  s t em is known to play an impor tan t  role  in the m e c h a n i s m  of defensive 
conditioned re f lexes .  Stimulation of the r e t i cu la r  format ion  may  r e su l t  both in faci l i tat ion of conditioned- 
re f lex  r e sponses  (to weak stimuli)  and, converse ly ,  in their  inhibition (with s t imulat ion of higher p a r a m -  
e ters)  [9]. According to an exist ing concept,  schizophrenia  is connected with a s tate  of excitat ion of the 
cent ra l  nervous  s y s t e m  that is manifes ted ,  in pa r t i cu la r ,  as dis turbance of abil i ty to concentra te  attention 
[7, 14]. These  d is turbances  a re  linked with dysfunction of the midbra in  or the b r a i n - s t e m  re t i cu la r  fo r -  
mation [10]. Such patients  p e r f o r m  badly in tes t s  requi r ing  the concentrat ion of attention; a close re la t ion-  
ship has been demons t ra ted  between the sever i ty  of schizophrenia  and the degree  of d is turbance of a t ten-  
tion as a manifes ta t ion of the state of excitat ion [7]. 

Under exper imenta l  conditions s t imulat ion of the mesencephal ic  r e t i cu la r  format ion  can be used as 
a model  of excitation of this type [9]. 

I t  has a lso  been shown that d is turbance of defensive conditioned re f lexes  in r a t s  as a r e su l t  of s t i m -  
ulation of the mesencepha l ic  r e t i cu la r  format ion  can be prevented  by ch lo rp romaz ine  [9]. These findings 
justif ied an invest igat ion of carbidine,  a substance in whose spec t rum of therapeut ic  action antipsychotic 
p rope r t i e s  a re  pa r t i cu la r ly  pronounced, in this direction.  

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

Exper iments  were  c a r r i e d  out on ma le  r a t s  and rabbi ts .  In s e r i e s  I the pe r fo rmance  of conditioned 
defensive re f lexes  by ra t s  was studied. 

The exper imen t s  were  c a r r i e d  out in the following order .  

1. Defensive conditioned re f lexes  of cl imbing onto a rod  were  produced [5]. 

2. E lec t rodes  were  implanted into the mesencepha l ic  re t i cu la r  format ion [6]. Before  the operat ion 
the an imals  were  anesthet ized with pentobarbi ta l  (2.5% solution, dose 51.3 m g / k g ,  in t raper i toneal ly) .  
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T A B L E  1. E f fec t  of Carb id ine  and E l e c t r i c a l  Stimulation 
of Reticular Formation on Defensive Conditioned 
Reflexes 

Mean time of per- } Chan~e in time Of - 
formance of con- [ perfor~rnance of con- 

Character of stimulat.ion ditioned reflexes [ ditioned reflexes (tel- 
(see) [ative to control) 

Control 2,7 (2,4--3,0) ] 1 

Electrical stimulation 
Carbidine 
Carbidine + electrical 

stimulation 

13,3 (12,5--14,1) 
9, I (8,4--9,2) 

2,8 (2,1--3,5) 

4,9 (4,5--5,3) 
3,4 (3,1--3,~ 

1,0 (0,9--2,1) 

Legend.  Confidence l imi t s  s h o ~  in p a r e n t h e s e s .  
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Fig. i. Effect of carbidine on arousal reaction evoked by electrical 
stimulation of reticular formation in rabbit with implanted electrodes: 
A) control, stimulation of mesencephalic reticular formation, inten- 
sity 3 V; B) 15 rain after injection of carbidine 7 mg/kg, intensity of 
stimulation 4.25 V; C) 30 rain after injection of carbidine, intensity" 
of stimulation 4.5 V; D) 120 rain after injection of carbidine, stimu- 
lation 3.25 V. From top to bottom: sensory motor, visual, and as- 
sociation areas of cortex, ventrolateral thalamie nucleus, dorsal 
hippocampus (left, right), marker of stimulation. Calibration: 50 
#V and 1 sec. 

Monopola r  e l e c t r o d e s  0.34 m m  in d i a m e t e r  were  used;  the r e f e r e n c e  e l ec t rode  was  appl ied to the a n i m a l ' s  
i p s i l a t e r a l  ea r .  Af te r  r e s t o r a t i o n  of  the condi t ioned re f l exes  the magni tude  of s t imula t ion  (with pulses  2 
m s e c  in dura t ion ,  f r equency  100 Hz) a t  which p e r f o r m a n c e  of  the condi t ioned r e f l exes  was d i s tu rbed  (the 
a n i m a l s '  behavior  under  these  c i r c u m s t a n c e s  was  h ighly  c h a r a c t e r i s t i c :  they tu rned  the head or  shook it) 
was  d e t e r m i n e d  as  the i r  ampl i tude .  Cont ro l  p rovoca t i on  of  the condi t ioned re f l exes  was c a r r i e d  out i m -  
m e d i a t e l y  a f t e r  s t imula t ion  (Table 1). 

3. The act ion of ca rb id ine  was  t e s t ed  in doses  inducing inhibit ion of  the condi t ioned re f l exes .  

4. P e r f o r m a n c e  of  the condi t ioned r e f l exes  was  t e s t ed  dur ing  s t imula t ion  of  the r e t i c u l a r  fo rma t ion  
and a f te r  p r e l i m i n a r y  (30 rain beforehand)  in jec t ion of the drug.  

In the e x p e r i m e n t s  of s e r i e s  II  changes  in c o r t i c a l  po ten t ia l s  a r i s i n g  dur ing  s t imula t ion  of  the m e s e n -  
cephal ic  r e t i c u l a r  f o rma t ion  w e r e  r e c o r d e d  in r abb i t s .  Bipola r  e l ec t rodes ,  ~dth an i n t e r e l e c t r o d e  d is tance  
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of 1 m m ,  made  of n ichrome wi re  100-125/% in d i ame te r  were  used for  s t imulat ion [12]. Repet i t ive s t imu-  
lat ion for  5-7 s e c w i t h p u l s e s  2 m s e c  in duration and with a frequency of 250 Hz was  applied. The threshold 
voltage was usually 2-4 V. A s t imula tor  with radiof requency output s tage was used. The e l ec t roco r t i co -  
g r a m  was r eco rd ed  by monopolar  s i lve r  e l ec t rodes  in se r t ed  epidm-ally in the reg ion  of the s enso r imo te r ,  
visual ,  and assoc ia t ive  cor tex ,  whereas  to r e c o r d  potent ials  f rom the do r sa l  h ippocampus  and ven t r e l a t e ra l  
thalamic nucleus bipolar n ichrome wire  e lec t rodes  were  used. 

In both s e r i e s  of exper imen t s  the location of the e lec t rodes  was ver i f ied  his tological ly  [8]. 

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

Ser ies  I. 1. As the r e su l t s  showed, a s table  conditioned re f lex  with a la tent  per iod of 1-3 sec was 
fo rmed in m o s t  an imals  af ter  2 weeks of training.  

2. The conditioned re f lexes  were  r e s t o r e d  on the third day a f te r  the operat ion,  when the la tent  per iod 
of the response  was 2.7 (2.4-3,0) sec.  The individual sensi t iv i ty  of the an imals  to e l ec t r i ca l  s t imulat ion 
differed significantly and the ampli tude of the pulses  inducing inhibition of the conditioned re f l exes  var ied  
in different  an imals  f r o m  7 to 25 V. Both a f te r  injection of carbidine and a f te r  e l ec t r i ca l  s t imulat ion,  i f  
no r e sponse  was p r e s en t  for  15 sec~ i t  did not appea r  l a t e r  in the  overwhelming ma jo r i t y  of animals ;  this  
t ime thus se rved  as the c r i t e r ion  of total  inhibition of the ref lex.  

The se lec ted  e lec t r i ca l  s t imulat ion evoked m a r k e d  inhibition of the conditioned re f lexes :  the mean 
reac t ion  t ime inc reased  by 4.9 (4.5-5.3) t imes ,  i .e . ,  to 12-14 sec; c lear ly ,  the re fore ,  in many  cases  the 
conditioned re f l exes  were  comple te ly  inhibited (Table 1). 

3. l~Iarked inhibition of the conditioned re f lexes  was produced by ea rb id ine  given in a dose of 4 
m g / k g  by in t r amuscu la r  injection; the reac t ion  t ime was inc reased  by 2-3 t imes  (Table 1). In sma l l e r  
doses  earbidine had no c l ea r ly  defined inhibi tory effect.  

4. With a combination of e l ec t r i ca l  s t imulation and adminis t ra t ion  of earbidine no significant inhibi-  
tion of the conditioned re f lexes  took place.  Fo r  instance,  a f ter  the combined action of carbidine and e l ec -  
t r i ca l  s t imulat ion a s ta t i s t ica l ly  significant inhibition of the r e sponse  took place in only two of the six ani-  
ma l s ,  but even so the inhibition was loss  than that  produced by the sepa ra t e  action of the e lec t r ic  cu r r en t  
or  carbidine.  On the whole, with a combination of these two fac tors  the p e r f o r m a n c e  of the conditioned r e -  
f lexes was undisturbed.  As Table 1 shows, the difference in the reac t ion  t ime of the control  and expe r i -  
mental  an imals  was not significant.  

Ser ies  II. High-f requency s t imulat ion of the mesencepha l ic  r e t i cu la r  fo rmat ion  potent ia tes  i ts  a s -  
cending act ivat ing effects  and in the p r e s en t  exper iments  this was e x p r e s s e d  as  the appearance  of low- 
ampli tude (20-30 ~V), h igh-f requency (20-30/see)  rhy thms  in the an te r io r  cor t ica l  zones and a lso  of r e g -  
ular  waves  with a f requency of 4 - 6 / s e e  and an ampli tude of up to 40-50 ~V in the pos t e r io r  zones of the 
cor tex,  the mesencepha l ic  r e t i cu la r  format ion,  the nonspecific thalamic s t ruc tu res ,  and the hippocampus;  
these  changes las ted  longer than the per iod of s t imulat ion (Fig. 1). 

After  adminis t ra t ion  of carbidine in doses  of 2-3 m g / k g  this " a f t e r - e f f ec t  TT disappeared ,  but the in i -  
tial activation reac t ion  was not blocked by carbidine in these doses .  In la rge  doses  (5-10 m g / k g )  carbidine 
i nc rea sed  the threshold  of the act ivat ion r e sponse  by 30-50% compared  with the control .  This inc rease ,  i t  
m u s t  be emphasized ,  was not the r e s u l t  of habituation to the st imulat ion,  for at the end of the exper imen t  
definite r e s to ra t i on  of the or iginal  value of the s t imulat ion threshold  was observed.  

In some invest igat ions cor re la t ion  was es tab l i shed  between abil i ty to inhibit defensive conditioned 
re f lexes  and the ef fec t iveness  of phenothiazine der iva t ives  in the t r ea tmen t  of menta l  d i seases  [10-12], 
and the impor tance  of this p rope r ty  in the spec t rum of pharmacolog ica l  act ivi ty  of neurolept ics  will thus 
be evident.  

The r e su l t s  indicate that the abil i ty of carbidine to weaken defensive conditioned r e f l exes  depends on 
the functional s tate  of the re t i cu la r  format ion and that  carbidine d e p r e s s e s  the mesencepha l ic  pa r t  of this 
formation.  

The therapeut ic  action of ch l o rp rom az ine  in schizophrenia  is cons idered  to be connected with inhibi-  
tion of the mesencepha l ic  r e t i cu la r  format ion  [9]. Since the r e su l t s  of the p r e sen t  exper iments  indicate 
that  carbidino,  i n w h o s e  action the ant ipsychotic  component  is  pa r t i cu l a r ly  well  m a r k e d  [1, ~.], also p o s -  
s e s se s  an inhibi tory effect  on that  same s t ruc tu re ,  there  is  r e a son  to suppose that i ts  e f f icacy in the t r e a t -  
ment  of Schizophrenia depends on i ts  abi l i ty to depress  functional act ivi ty of the r e t i cu l a r  formation.  
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