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Exper imen t s  on ra t s  showed that bicucull ine (2 mg/kg) ,  which se lec t ive ly  blocks GABA-recep-  
to r s ,  does not reduce the act ivat ing effect  of d iazepam (1 mg/kg)  on the se l f - s t imula t ion  test .  
The GABA-mimet ic  m us c i m o l  (0.5 and 1 mg/kg)  did not affect  the f requency of se l f  s t imulat ion,  
but in a dose of 2 m g / kg ,  causing dis turbance of behavior ,  it sharp ly  reduced the f requency (by  
93.3~c). During combined admin is t ra t ion  of d iazepam (1 mg/kg)  and musc imo l  (0.5 mg/kg)  no 
potentiat ion of the d iazepam effect  was observed.  It is concluded that  faci l i ta t ion of the se l f  
s t imulat ion t e s t  by d iazepam is not connected with changes in act ivi ty of GABA-ergic  p r o c e s s e s .  
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Tranqu i l i ze r s  of the beazodiazepine s e r i e s ,  within a definite dose range,  have an act ivat ing action: They 
i nc r ea se  spontaneous m o t o r  act ivi ty of mice  and ra t s  in an ~open field, n faci l i ta te  operant  behavior ,  i nc rea se  
the number  of "punishable n r e sponses ,  and act ivate  the r e sponse  to s e l f - s t i m u l a t i o n [ l ,  10, 12]. Since the ac -  
t ivat ing effect  can be regarded  as the equivalent  o r  the resu l t  of the tranquil izing action, the neurochemica l  
m e c h a n i s m  of this effect  is an in teres t ing question. It has been shown [3] that bicucull ine,  which blocks GABA- 
r e c e p t o r s ,  r educes  the disinhibiting action of d iazepam in a conflict  situation. The t ranqui l iz ing effect  of the 
benzodiazepines  could thus be linked with act ivat ion of GABA-ergic  p r o c e s s e s  [2, 3]. Meanwhile elevat ion of 
the b ra in  GABA level  is not accompanied by a diminution of anxiety in a s i tuat ion of zoosocial  in terac t ion  [6]. 
GABA has been  shown to be an inhibitory m e d i a t o r  in the substant ia  n igra  [13], one of the regions which p a r -  
t ic ipates  in the organizat ion of pro jec t ions  of the pos i t ive  r e in fo rcement  sy s t em [5]. Meanwhile the question 
of the ro le  of GABA in the ~award" s y s t e m  has not been studied. 

EXPERIMENTAL METHOD 

Exper imen t s  we re  c a r r i e d  out on 15 noninbred albino ra t s  with monopola r  e lec t rodes  implanted into the 
region of the l a t e ra l  hypothalamus and media l  fo reb ra in  bundle (the coordinates  taken f rom [8]). Pedal  se l f -  
s t imulat ion act ivi ty was evaluated in a Skinner ' s  box with constant  conditions of r e in fo rcement :  a volley (0.25 
sec) of square  pulses  (1 m s e c )  of negat ive polar i ty  with a f requency of 100 p u l s e s / s e c .  The s t rength  of c u r -  
ren t  used was such that the num ber  of p r e s s e s  on the pedal was 400-700 in the cour se  of a 10-min s e l f - s t i m u -  
lat ion sess ion .  The spontaneous m o t o r  act ivi ty of the r a t s  was evaluated by the number  of squares  of the "open 
field n c ro s sed  in the cour se  of 2 min.  An ampul solution of d iazepam (Seduxen, f rom Hungary) was used.  
Muscimol  was dissolved in dist i l led wa te r  and bicuculline in 1N HCI solution (with subsequent  t i t ra t ion  with 
1N NaOH). Diazepam and m us c i m o l  were  injected 30 rain and bicuculline 5 rain before  the beginning of ex-  
pe r imen t s ;  when bicucull ine was given in combinat ion with d iazepam,  it was injected 25 min  a f t e r  the d iazepam.  
The effects  of the drugs  were  calcula ted as pe rcen tages  re la t ive  to the control  (results  obtained on the s a m e  
group of an imals  but receiving physiological  saline),  taken as 100%. The signif icance of d i f ferences  was d e t e r -  
mined by Student 's  t - t e s t  (the bicuculline and musc imo l  were  generous ly  provided by Dr.  W. Haefely,  Basel ,  
Switzerland).  

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

The exper imen ta l  r e su l t s  a r e  given in Tables  1 and 2. Diazepam (1 mg/kg)  increased  the f requency of 
b ra in  se l f - s t imula t ion  by 23.4% compared  with the control .  Bicuculline (2 and 4 mg/kg)  caused no significant  
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TABLE 1. Effect of Diazepam, Bicuculline, Muscimol, and Thei r  Combinations of the Self- 
Stimulation Response (M +m) 

Drug 

Diazepam 
Bicuculline 

Diazepam + Oicuculline 
Muscimol 

. 

M 

Diazepam + muscimol 

Dose, 
mg/kg 

1 
2 
4 

1+2 
0,5 

1 
2 

I+0,5 

Number of 
experiments 

Number of presses on pedal 

control 

512,1___29,6 
525,2___47,4 
533,3• 
535,7-t-56,4 
499,6_30,1 
494,7++.29,8 
515,8• 
672,0___34,2 

after administra- 
tion of drugs 

632,5+30,6 
536,6_32,8 
559,7___30,8 
680,4___61,6 
481,4___7t ,8 
46O ,6_+52,6 
34,4_+_26,0 

879,6+70,7 

* P< 0.05. 

I h C ange in number 
of presses on pedal, 

of control 

+23,5___5,9" 
+2,2• 
+4,9__+5,8 
+27,0+- I 1,5- 
~3,6+14,4 
--6,9~I0~6 

--93,3• 
+30,9+_ 1 o, 5* 

TABLE 2. Effect of Bicueulline and Muscimol 
on Spontaneous Motor Activity of Rats in an 
"Open Field" (M +m) 

Drug 

gicuculline 

Muscimol 

IDose, I IMotor activity (num0er of 
INum _ ]squares crosse'a in 2 min) 

~expen] control [tration of 
tmenrs | 

 2,G+_2,7 15,.0+-3.0 

29,8_+6,0 26,9__+4,3 
2 10 19,7• 21,9• 

change in the frequency of sel f -s t imulat ion o r  in the motor  activity of the ra t s .  No changes in general  behavior 
were  observed in mos t  of the animals.  In two of nine animals, after  injection of bicuculline in a dose of 4 rag/  
kg, elonieo-tonie convulsions were observed and lasted 4-6 min. Subsequently these animals were  withdrawn 
f rom the experiment.  With combined adminis t rat ion of diazepam (1 mg/kg) and bicucultiue (2 mg/kg)  the ac-  
tivating effect of d iazepam on the se l f -s t imulat ion response showed no significant change. 

Muscimol (0.5 and 1 mg/kg) caused no appreciable change in the general  behavior  of the animals and did 
not affect the i r  mo to r  activity in an "open field." The frequency of se l f -s t imulat ion showed no significant change 
under these c i rcumstances ,  although a tendency was observed for the number of p r e s se s  on the pedal to dimin- 
ish. Simultaneous injection of muscimol  (0.5 mg/kg)  and diazepam (1 mg/kg) did not lead to potentiation of the 
activating action of diazepam on self-s t imulat ion.  In a dose of 2 mg/kg,  muscimol  caused a disturbance of the 
adequate response  of the animals to external st imulation and the appearance of abnormal forms of behavior.  
In some rats  s tereotyped movements  in a c i rc le  were observed in the "open field." Signs of catalepsy and 
marked muscle  relaxation were observed in all the animals.  The frequency of self st imulation fell sharply 
in this case (by 93.3~c). 

It has been shown [4, 9] that diazepam binds specifically with high affinity with the receptor  protein of 
the synaptosomal membranes  of the brain.  No neuromedia tor  yet known or  suggested, including GABA, has 
affinity for  the benzodiazepine receptor  [11]. However, an important factor  in the action of benzodiazepines 
is the specific interaction of these compounds with GABA-ergic t r ansmiss ion  [2, 7]. 

The results  of the present  investigation indicate that changes in activity of central  GABA-ergic mech-  
anisms are  not essential  for  real izat ion of the activating effect of diazepam. Unlike diazepam, the GABA- 
mimet ic  muscimol  had no facilitating action on the self -s t imulat ion response,  it did not activate motor  activity, 
and did not potentiate the activating effect of the t ranqui l izer  on the self -s t imulat ion response.  Bicuculline, 
a specific blocker  of GABA-receptors ,  did not significantly change the activating effect of diazepam on the 
self -s t imulat ion response.  Hence, although GABA-ergic sys tems are  involved in the mechanism of some of 
the pharmacological  effects of the benzodiazepine t ranqui l izers  (relieving anxiety, anticonvulsive) [2], the 
activating manifestat ions (increased motor  activity in an "open field," activation of brain self-st imulation) 
are  unchanged by modulation (blocking or  activation) of the GABA-ergic sys tem of bicuculline and muscimol .  
Character is t ica l ly ,  nei ther  bicuculline nor museimoI  replaces diazepam for binding with the hypothetical "benzo- 
diazepine recep tors"  [11]. 
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The fact that the GABA-mimetic muscimol and the GABA receptor blocker bicuculline, in doses notcaus- 
ing any sharp changes in behavior, had no effect on the frequency of self-stimulation indicates that GABA- 
ergic systems do not play a decisive role in the mechanism of the faward n effect during central stimulation. 

L I T E R A T U R E  C I T E D  

I. Yu. I. Vikhlyaev and T. A. Klygul', in: Advances in Development of New Drugs [in Russian], Moscow 
(1973), p. 70. 

2. V.V.  Zakusov et al., Arch. Int. Pharmaeodyn., 229, 313 (1977). 
3. R.U.  Ostrovskaya and T. A. Voronina, ByuU. I~ksp. Biol. Med., No. 3, 293 (1977). 
4. C. Braestrup and R. F. Squires, Proc. Natl. Acad. Sci. USA, 74__, 3805 (1977). 
5. T . J .  Crow, Brain Res., 36, 265 (1972). 
6. S .E.  File and J. R. G. Hyde, J. Pharm. Pharmacol., 29_, 735 (1977). 
7. W. E, Haefely, Agents and Actions, 7, 353 (1977). 
8. J . F . R .  K~nig and R. A. Klippel, The Rat Brain: A Stereotaxic Atlas on the Forebrain and Lower Parts 

of the Brain Stem, Baltimore (1963). 
9. H. Mbhler and T. Okada, Life Sci., 20.., 2101 (1977). 

I0. M.E.  Olds, J. Comp. Physiol., 62__, 136 (1966). 
I I .  R . F .  Squires and C. Braestrup, Nature, 266, 732 (1977). 
12. A. Wauquier, in: Brain Stimulation Reward, Amsterdam (1976), p. 123. 
13. M. Yoshida and W. Precht, Brain Res., 3.22, 225 (1971). 

578 


