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Amphetamine ,  cocaine,  caffeine,  morphine ,  and i m i p r a m i n e  were  shown to lower  the threshold 
of the se l f - s t imula t ion  r e sponse  at the hypothalamic  level .  Meprobamate ,  d iazepam,  and 
chlordiazepoxide have no effect  on the threshold of se l f - s t imula t ion  but i n c r e a s e  the number  
of se l f - s t imula t ions  in r e sponse  to threshold,  opt imal ,  and above-op t ima l  s t reng ths  of  cu r ren t .  
Benactyzine ,  DLK-25,  and phenobarbi ta l  lower  the threshold of se l f - s t imula t ion  and i n c r e a s e  
the number  of se l f - s t imula t ions  to cu r ren t s  of all p a r a m e t e r s .  It i s  concluded that the d rugs  
of the f i r s t  group have a d i r e c t  act ivat ing action on the sys t em of pos i t ive  emot ions .  T r a n -  
qu i l i ze rs  ac t iva te  this sy s t em indi rec t ly ,  through the i r  depr iming  action on the s y s t e m  of nega-  
t ive emot ions .  Benactyzine ,  DLK-25,  andphenoba rb i t a l  ac t iva te  the s y s t e m  of pos i t ive  emotions 
and d e p r e s s  the sy s t em of negat ive emot ions .  
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Emotional  changes under  the influence of different  c l a s s e s  of pyschot rop ic  drugs  di f fer  qual i ta t ively,  
because  these  subs tances  act  on different  b ra in  s t r u c t u r e s  belonging to different  functional s y s t e m s  and 
in tegra t ing  pos i t ive  and negat ive emot ions .  The  w r i t e r s  showed p rev ious ly  that neuro lep t ies ,  t r anqu i l i z e r s ,  
and an t idepressan t s  act  chiefly at points  within the s y s t e m  of s t r uc tu r e s  which in tegra te  negat ive  emot ions  
[1, 4, 5]. 

The object  of  this invest igat ion was to study the effect  of different  c l a s s e s  of psychot ropic  d r u g s  on 
b ra in  s t ruc tu r e s  fo rming  posi t ive  emot ions  at the hypothalamic level .  

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

In expe r imen t s  on 32 male  albino ra t s  weighing 250-350 g, monopola r  Nichrome e lec t rodes  250 # in 
d i ame te r  were  inser ted  b i l a t e ra l ly  into the media l  fo rebra in  bundle at  the level  of  the l a te ra l  hypothalamus,  
following the coordinates  of De G r o o t ' s  b ra in  a t las  [8]" 1.5 m m  caudally to the b r e g m a ,  1.5 m m  f r o m  the 
median suture ,  and 8.5 m m  f r o m  the sur face  of the skull .  The opera t ion  was p e r f o r m e d  u n d e r p e n t o b a r b i t a l  
anes thes ia  (40 mg/kg ,  in t raper i tonea l ly) .  Seven days  a f te r  the opera t ion  t h e r a t s  were  taught to p r e s s  on a 
pedal  in o r d e r  to obtain bra in  s t imulat ion,  produced by sinusoidal  pu l ses  0.02 sec  in durat ion and with a f r e -  
quency of 50 Hz. Each p r e s s u r e  on the pedal  was accompanied  by b ra in  s t imulat ion for  0.5 sec .  After  de-  
te rminat ion  of the subthreshold and threshold leve ls ,  the s t rength of the cur ren t  was inc reased  gradual ly  
to 10 pA. The number  of p r e s s u r e s  on the pedal  in 5 rain was de te rmined  for  four va lues  of the current -  
a) subthreshold s t rength - the maximal  cur ren t  for  which the f requency of p r e s s ing  on the pedal  did not 
exceed 100; b) threshold - the minimal  cur ren t  at wMeh the f requency of p r e s s i n g  exceeded 200 but not 300; 
c) opt imal  - the cur ren t  at which the animal  gave the l a rge s t  number  of p r e s s e s ;  d) a s t rength  of cu r r en t  
10-20 pA above opt imal .  Amphetamine ,  cocaine,  caffeine,  benactyzine ,  d iazepam,  m e p r o b a m a t e ,  ch lo rd i az -  
epoxide, i m p r a m i a e ,  phenobarbi ta l ,  morphine,  and DLK-25 were  injected in t raper i tonea l ly  30-50 min be -  
fo re  the expe r imen t s  in doses  used mos t  f requently to study the effect  of these  subs tances  on behaviora l  

�9 r e sponses .  Control indices of the se l f - s t imula t ion  r e s p o n s e  and changes in thei r  va lues  under  the influence 

Labora to ry  of P h a r m a c o t h e r a p y  of Ex t r ema l  States,  Division of Pha rmaco logy ,  Insti tute of  P h a r m a -  
cology, Academy of  Medical Sciences of the USSR, Moscow. (Presented  by Academic ian  of the Academy of 
Medical Sciences of the USSR V. V. Zakusov.) T r a n s l a t e d  f r o m  Byulle ten '  t~ksper imental 'noi  Biologii  i 
Meditsiny,  Vol. 81, No. l ,  pp. 43-45 ,January ,  1976. Original  a r t i c l e  submit ted Apri l  18, 1975. 

�9 76 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N. Y. 10011. No part of  this publication may be reproduced, 
stored in a retrieva( system, or transmitted, in any form or by any means, electronic', mechanical, photocopying, microfilming, 
recording or otherwise, without written permission of  the publisher. A copy of  this article is available from the publisher for $15.00. 

51 



;,000 t A ZOO0 t 

"~ " I  . . . . .  

! I 
I 400 ! 

7o 2o ao.40 so ~o r 2o 3o 4o 5o 6'0 

Fig. 1 o Frequeney of se l f - s t imula t ion  as a 
function of cu r ren t  s trength:  A) genera l  cha r -  
ac t e r  of re la t ionship,  B) effect  of amphetamine  
(1 mg/kg) ,  C) effect  of benactyzine  (3 mg /kg ) ,  
effect  of d iazepam (1 mg /kg ) .  Broken line) con-  
t rol ,  continuous line) effect  of drugs .  Absc i s sa ,  
-s t rength of cu r r en t  (in/~A); ordinate,  number  of 
se l f - s t imula t ions .  Data obtained in exper imen t s  
on six r a t s  with s i m i l a r  va lues  of the threshold  
and f requency of se l f - s t imula t ion  a r e  shown. 

of the drugs  were  de te rmined .  Graphs  showing the re la t ionship between the f requency of se l f - s t imula t ion  
and the s t rength  of  the cu r ren t  were  plotted,  and curves  smoothed by the method of leas t  squares  we re  con- 
s t ructed  on the i r  b a s i s .  Mean va lues  we re  calculated and the signif icance of their  d i f fe rences  de te rmined  
with the aid of F i s h e r ' s  c r i t e r ion  [6]. 

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

The ra t s  t ra ined in se l f - s t imula t ion  gave up to 100 p r e s s e s  on the pedal  in the course  of 5 min,  even 
if p r e s s i n g  on the pedal  was not accompanied  by bra in  s t imulat ion.  The  frequency of p r e s s ing  on the pedal 
in r e sponse  to a cur ren t  of s u b t h r e s h o l d s t r e n g t h  thus was p rac t i ca l ly  the same  as that in the t ra ined ra t s  
without e l ec t r i ca l  s t imulat ion.  An i nc r ea se  in the cur ren t  s t rength  above threshold (5-15 pA) led to an in- 
c r ea se  in the f requency of se l f - s t imula t ion ,  to r e a c h  the max imum (900-1200 p r e s s e s  in 5 min) at 30-40 pA. 
With an i nc rea se  in the s t rength of the cur ren t  above opt imal ,  the number  of se l f - s t imula t ions  dec rea sed  
a p p r e c i a b l y .  Despi te  the ac t ive  a t tempts -of  the r a t s  to obtain b ra in  s t imulat ion in these e~per iments ,  e le -  
ments  (movement  of the head and body backward ,  s t re tching out the head,  jumping away f r o m  the pedal) 
indicating unpleasant  o r ,  poss ib ly ,  painful sensat ions  appeared.  If  the s t rength  of the cur ren t  was inc reased  
stil l  m o r e ,  these  phenomena were  aggrava ted  a n d t h e  r a t s  refused to p r e s s  on the pedal  but ran into the 
opposite corner  of the chamber .  To r e s t o r e  se l f - s t imula t ion ,  the s t rength  of the cur ren t  had to be  reduced.  
The curve  of  number  of se l f - s t imula t ions  v e r s u s  cur ren t  s t rength was shaped like a pa rabo la  with a single 
max imum (Fig. 1A). 

Amphetamine  (1 mg/kg)  lowered the threshold of se l f - s t imula t ion  and led to an i nc r ea se  in the number  
of se l f - s t imula t ions  in r e sponse  to a cur ren t  of threshold s t rength and to a d e c r e a s e  in r e sponse  to opt imal  
or  higher s t rengths  of cur ren t  (Fig. 1B). Qualitative changes in the threshold and frequency of s e l f - s t imu la -  
tion s imi l a r  to those produced by amphetamine  also were  caused by cocaine (10 mg/kg) ,  caffeine (30 mg/kg) ,  
morphine  (3 and 6 mg/kg) ,  imip ramine  (3 mg/kg) ,  and benaetyzine (1 mg/kg) .  In a dose of 3 m g / k g  benacty-  
zine lowered the r e sponse  threshold and inc reased  the number  of p r e s s e s  on the pedal ,  whatever  the s t rength 
of the cur ren t  (Fig. 1C)o DLK-25 (0,1 mg/kg)  and phenobarbi ta l  (5 and 10 mg/kg) had a s im i l a r  action. 
Diazepam (0.5 and 1 mg/kg)  had no effect on the threshold of se l f - s t imula t ion  but caused an inc rease  in the 
number  of se l f - s t imula t ions  in r e sponse  to cu r r en t s  of threshold,  opt imal ,  or  above opt imal  s t rengths  
(Fig. 1])). Meprobamate  (10 and 20 mg/kg) ,  chlordiazepoxide (3 mg/kg) ,  and phenobarbi ta l  (20 mg/kg)  had 
a s i m i l a r  action.  Caffeine (15 mg/kg)  caused an i nc r ea se  in the number  of p r e s s e s  only to a cur ren t  of 
threshold s t rength .  Morphine (10 mg/kg)  and DLK-25 (0.5 mg/kg)  caused an inc rease  in the threshold  of the 
response  but a d e c r e a s e  in the f requency of se l f - s t imula t ion .  The r e su l t s  a re  s u m m a r i z e d  in Tab le  1. 
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T A B L E  1. Ef fec t  of  N e u r o t r o p i e  D r u g s  
on Ind i ce s  o f  S e l f - S t i m u l a t i o n  R e s p o n s e  
at  the  H y p o t h a l a m i c  L e v e l  

Drug 

Amphetamine 
Cocaine 
Caffeine 
Benactyzine 

Diazepam 

Meprobamate 

Chlordi- 
azepoxide 

Imipramme 
Phenobarbital 

Morphine 

DLK-25 

:2. 

Changes in indices of self- 
stimulation response (in % 
of initial value) 

threshold 
of response 

I ( - ) 2 5  
10 ( - ) 24 
30 ( ~} 16 

I (-..-} 15 
3 (-)  23 

0,5 No effect 

20 }> }, 

3 - }  13 
5 (--} I (} 

]() (--} 14 
20 No effect. 
3 (--) 18 
6 (--.) 2O 

1(} { } 20 
0,05 No effect 
o,1 (-} 12 
.0,5 { ) lO 

number of self- 
stimulations 

o o ~ o ~  

,e~l~o~l~ 
( ; ) 3 1  (--) 12{-} 15 

( i ) JOt(--)  1{} { ) 12 
(-!)29 - - 5  ( - - )  13 
( :131{)24( (  }21 
(-}40(* }12 ii }26 
( } 3  ( } t4(-i }24 
( ~ ) 3 0 ( - :  ) 21  : } 16 
( )25( ) 17 i}20 

{-r } 35i( }24{ [}26 
{ ~ } 25l(.- ) 10 ( - - )  J5 
(-!-} 12[(-i ) 14[ 6 
( ) 171(- } 12{  : ) 9 5  
( : )28(~ '} 10(-)22 
(-i) 35!(--) l l {'-} 18 
t ) 1 5 t ( - } l ; q {  } 1 ~  
( -I - ) 57 (--/3o -- 8 
- 8 -{  .~ ' 7 

( . }  Z4[( } J l ] (  )1-~ 
(-.-) 54i{ } _9,~[{ _)18 

Legend:  (+), (-) S t a t i s t i c a l l y s i g n i f i c a n t  
(P < 0.05) i n c r e a s e  o r  d e c r e a s e ,  +, - )  
i n c r e a s e  o r  d e c r e a s e  not  s t a t i s t i c a l l y  
s i g n i f i c a n t  (P > 0.05) 

S t r u c t u r e s  fo r  p o s i t i v e  e m o t i o n s  in the h y p o t h a l a m u s  a r e  known to be  s i t u a t e d  i m m e d i a t e l y  nex t  to 
s t r u c t u r e s  fo r  n e g a t i v e  e m o t i o n s  [9, 10, 12]. A c c o r d i n g l y ,  i t  i s  p o s s i b l e  f o r  s t r u c t u r e s  f o r  p o s i t i v e  and 
n e g a t i v e  e m o t i o n s  to be  e x c i t e d  s i m u l t a n e o u s l y  t h rough  the s a m e  e l e c t r o d e .  I n t r a c e r e b r a l  n e g a t i v e  s t i m u l a -  
tion a p p l i e d  at the m o m e n t  of  s e l f - s t i m u l a t i o n  i s  known to r e d u c e  the n u m b e r  of  s e l f - s t i m u l a t i o n s  [7, 11]. 
The  i n c r e a s e  in the  n u m b e r  of  p r e s s e s  on the p e d a l  ob ta ined  in the  p r e s e n t  e x p e r i m e n t s  in  the  i n t e r v a l  b e -  
tween s u b t h r e s h o l d  and o p t i m a l  v a l u e s  of the c u r r e n t  s t r e n g t h  can thus  be i n t e r p r e t e d  as  the r e s u l t  of e x c i -  
t a t ion  of the p o s i t i v e  r e i n f o r c e m e n t  s y s t e m .  T h e  s u b s e q u e n t  d e c r e a s e  in  the  n u m b e r  of  p r e s s e s  wi th  an 
i n c r e a s e  in the c u r ? e n t  s t r e n g t h  was due  to e n l a r g e m e n t  of  the focus  of  e x c i t a t i o n  and to a c t i v a t i o n  of  the 
n e g a t i v e  r e i n f o r c e m e n t  s y s t e m  of  the  h y p o t h a l a m u s ~  A n e g a t i v e  e m o t i o n a l  s t a t e  f o r m e d  in a n i m a l s  in  
r e s p o n s e  to h y p o t h a l a m i c  s t i m u l a t i o n  has  b e e n  shown to be  b locked  by  t r a n q u i l i z e r s  [2, 3].  T h e  a b i l i t y  of  
t r a n q u i l i z e r s  - b e n a c t y z i n e ,  d i a z e p a m ,  m e p r o b a m a t e  , c h l o r d i a z e p o x i d e  - to  f a c i l i t a t e  s e l f - s t i m u l a t i o n  m a y  
t h e r e f o r e  be  the  c o n s e q u e n c e  of t h e i r  b l o c k i n g  e f fec t  on the  h y p o t h a l a m i c  s y s t e m  f o r  n e g a t i v e  e m o t i o n s .  
The  e f fec t  of  d r u g s  which  l o w e r  the  t h r e s h o l d  of s e l f - s t i n m l a t i o n  and i n c r e a s e  the n u m b e r  of s e l f - s t i m u l a t i o n s  
in r e s p o n s e  to a c u r r e n t  of t h r e s h o l d  s t r e n g t h ,  bu t  which r e d u c e  the  i n t e n s i t y  of the r e s p o n s e  to c u r r e n t s  of 
o p t i m a l  o r  a b o v e - o p t i m a l  s t r e n g t h ,  can be  i n t e r p r e t e d  as  the  c o n s e q u e n c e  of  t h e i r  d i r e c t  a c t i va t i ng  e f fec t  on 
the p o s i t i v e  r e i n f o r c e m e n t  s y s t e m .  N e u r o t r o p i c  d r u g s  which ,  b e s i d e s  l o w e r i n g  the t h r e s h o l d ,  f a c i l i t a t e  s e l f -  
s t i m u l a t i o n  to a c u r r e n t  of a b o v e - o p t i m a l  s t r e n g t h  ev iden t ly  have  a d i r e c t  a c t i va t i ng  e f f ec t  on the p o s i t i v e  
r e i n f o r c e m e n t  s y s t e m  and a l so  a d e p r i m i n g  e f fec t  on the s t r u c t u r e s  of the  n e g a t i v e  r e i n f o r c e m e n t  s y s t e m s ~  
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