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The hypothesis of a possible role of cholinergic s t ructures  in the mechanism of the action of 
bicuculline was tested by screening and electrophysiological methods. Neither muscarinic 
(M-) nor nicotinic (N-) cholinolytics (benactyzine, atropine, aprophen,* and pediphent) 
abolished convulsions produced in mice by bicuculline. Meanwhile substances inducing the 
accumulation of y-aminobutyric acid (GABA) in the brain, such as aminohydroxyacetic acid 
(AHAA) and depakine, had a well marked protective action against bicuculline convulsions. 
The electrophysiological experiments also showedthat the M-cholinolytic benactyzine does not 
abolish the effects of bicuculline. Bicuculline was shown to reduce the depression of the test  
response in the recovery cycle of the pr imary  response of the rat sensomotor cortex when 
intervals between stimuli measured 40-125 msec, whereas benactyzine reduced the late facili- 
tation of the test  response when intervals between stimuli measured 150-300 msec. No inter- 
action could be found between benactyzine and bicuculline by this test .  It was concluded from 
these resul ts  that the effects of bicuculline are  produced by blockade of postsynaptic GABA 
receptors  and are not connected with the activity of cholinergic s tructures.  KEY WORDS: 
bicuculline; cholinergic mechanisms; GABA; convulsions; recovery cycle. 

Bicuculline, which blocks postsynaptic GABA receptors  [4, 5], has been widely used in recent years  in 
neurophysiological research  to identify GABA-ergic inhibitory pathways. However, On the basis of electro-  
physiological data, some Workers have questioned the specificity of the effects of this substance [6, 8]. It has 
also been shown that bicuculline in vitro competitively inhibits acetylcholinesterase activity [9]. Although in 
the whole organism aeetylcholinesterase activity is not significantly affected by bicucultine [7], some investi- 
gators  consider that the effect of the drug is due, not to blockade of GABA-ergic receptors ,  but to potentiation 
of acetylcholine effects [10]. Since bicuculline can be used as a pharmacological indicator for detection of 
GABA-ergic inhibitory pathways, the solution to the problem of the true mechanism of action of bicuculline is 
of fundamental importance. A suitable method of studying this problem is to investigate the interaction be- 
tween bicuculline and cholinergic and GABA-ergic drugs on the basis of behavioral and electrophysiological 
tests.  

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

The action of the chosen drugs on bicuculline-induced convulsions was studied in experiments on albino 
mice weighing 18-20 g. Benactyzine and atropine were used as M-cholinolytics and aprophen and pediphen as 
N-cholinolytics. All cholinolytics were injected intraperitoneally 15 min before administration of bicuculline, 
in the following doses: benactyzine i mg/kg,  aprophen 5 mg/kg,  and pediphen 2 mg/kg,  i.e., in doses in which 
these drugs block the corresponding receptors  in the brain [3]. To analyze the role of GABA-ergic mechanisms 
in the action of bicuculline, experiments were car r ied  out to study the effects of aminohydroxyacetic acid 
(AHAA) and depakine (in doses of 15 and 25 mg/kg  and 200 and 300 mg/kg respectively), which are  inhibitors 
of c~-ketoglutarate-GABA-transaminase (GABA-T), on bicuculline-induced convulsions. Bicuculline was in- 
jected subcutaneously in a dose of 3 mg/kg.  Depakine was injected 30 min before bicuculline, AHAA 3 h be- 
fore  bicuculllne. The intensity of the convulsions was assessed on a four-point scale (+ weak clonus, ++ clonus, 
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TABLE 1. Effect  of Cholinolytics on Bi-  
cucul l ine-Induced Convulsions 

Drugs 

Bicuculline 
Benactyz. + bicucul. 
Atropine + bicucul; 
A pro phen + bic uc ul. 
P~Aiphen + bicucul. 

. ~  

90 
90 
90 

100 
100 

5atent perio~ ~ _> [~ 

~ n ( M ~ o )  I ~ o ~  ~ 

7,1-~ 3, I 23/40 30 
5----- 1,9 29/40 40 

5,7 ~- l, 1 30/40 30 
4---*0,9 ] 30/40 50 
5~1,1 ] 24/40 30 

! 

TABLE 2. P ro tec t ive  Effect  of AHAA and 
Depakine against  Bicucull ine-Induced 
Convulsions 

Drugs ) ~  ~leffect, inl~ 
~'~ E olpomts | ~  

Bicuculline, 3 rag/ks 
AHAA + bicuculline: 

15 mg/kg 
25 mg/kg 

Deuakine + bicuculline~ 
200 mg/.kg 
30O mg/kg 

9O 

7O 
40 

65 
30 

23/40 

12/40 
8/40 

14/40 
7/40 

3o 

15 
I0 

15 
I0 

-H-+ tonus, ~-++ tonus and death). The pe rcen tage  of an imals  showing convulsions,  the latent  per iod  of the con- 
vuls ions,  and the mor ta l i ty  a lso  were  de te rmined .  Ten mice  were  used in each exper imen ta l  group. 

In the second p a r t  of the invest igat ion the effect  of bicucull ine and of the M-chol inolyt ic  benactyzine on 
the r e c o v e r y  cyc les  of the p r i m a r y  r e s p o n s e  of the r a t  s e n s o m o t o r  cor tex  to sc ia t ic  nerve  s t imula t ion  was 
studied. Benactyzine was used to t e s t  the chol inergic  s t r u c t u r e s  because  of the g r e a t e r  r ep re sen ta t i on  of r e -  
cep to r s  of musca r in i c  type in the  c e r e b r a l  cor tex  [2]. Acute expe r imen t s  we re  c a r r i e d  out on 26 male  albino 
r a t s  weighing 200-300 g. The skull  was  t rephined under e the r  anes thes ia  on the side of record ing ,  the sc ia t ic  
nerve  was  d i s sec ted  on the con t r a l a t e r a l  side,  and a ca the te r  was introduced into the jugular  vein and a cannula 
into the t r achea .  The an imal  was then a r t i f i c ia l ly  venti lated,  immobi l ized  with suxamethonium (3-5 m g / k g ,  
intravenously) ,  and the anesthet ic  was stopped. Bipolar  s t imulat ing e lec t rodes  were  applied to the sc ia t ic  nerve  
and cove red  with m i ne ra l  oil. P a i r s  of square  pulses ,  1-2 V in ampli tude and 300 ~sec  in duration, were  
applied to them f r o m  the output of a two-channel  Phys iova r  s t imula to r  (Alvar, F rance) .  The in terva ls  between 
conditioning and tes t ing pulses  va r i ed  f r o m  40 to 300 m s e c .  The Ag-AgC1 record ing  ball  e lec t rode  was 
applied to the focus of max imal  act ivi ty of the p r i m a r y  r e sponse  (the r e f e r e n c e  e lec t rode  was inser ted  into the 
neck m u s c l e s ) .  Af te r  amplif icat ion,  the biopotent ia ls  were  led to the input of a Nokia LP  4840 mult ichannel  
ana lyze r  fo r  averaging  of the r e s p o n s e s  in the cour se  of the expe r imen t s .  The r e su l t s  of p resen ta t ion  of 50 
p a i r s  of s t imul i  we re  analyzed,  the t ime  quantum At being 1 m s e c  and the epoch of analys is  200-400 msec  (de- 
pending on the number  of m e m o r y  locat ions used). Averaged p r i m a r y  r e sponses  were  pr in ted  out by an auto-  
mat ic  wr i t e r .  The ampl i tudes  of the conditioning and tes t ing  r e s p o n s e s  (from the peak  of the pos i t ive  wave to 
the peak  of the negative wave) we re  then m e a s u r e d  and the ra t io  between the ampli tude of the t e s t  r e sponse  and 
the ampli tude of the conditioning r e sponse  for  each t ime  in te rva l  was  plotted (o rd ina te )aga ins t the  i n t e r v a l s b e -  
tween s t imul i  (abscissa) .  

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  

Expe r imen t s  on mice  showed that none of the cholinolyt ics  tes ted  had any p ro tec t ive  act ion aga ins t  b i -  
cuculline convulsions;  on the con t ra ry ,  a tendency was obse rved  fo r  the effects  of bicucull ine to be  potent iated 
and the latent  per iod  of the convulsions to be shor tened  (Table 1). 

Meanwhile a f t e r  inject ion of the GABA deact ivat ion inhibi tors  depakine and AHAA, causing the accumula -  
t ion of GABA in the bra in ,  convuls ions developed in f ewer  animals ;  the intensity of the convulsions and the 
mor ta l i ty  among the an imals  a l s o w e r e  reduced  (Table 2). 

Cholinolytics we re  thus unable to p reven t  the convulsant  act ion of bicucull ine,  whereas  subs tances  caus -  
ing GABA to accumula te  in the b ra in  were  effect ive with r e s p e c t  to this tes t .  

E lec t rophys io log ica l  expe r imen t s  a lso  demons t r a t ed  the inability of benactyzine  to modify the effects  of 
bicucull ine.  Under no rm a l  conditions and during the r e c o v e r y  cycle  of the p r i m a r y  r e sponse  of the ra t  senso-  
m o t o r  cor tex  two phases  could be dist inguished:  a phase  of dep res s ion  of the t es t  r e sponse  when in te rva ls  be-  
tween s t imul i  m e a s u r e d  100-125 m s e c ,  and a phase  of i ts  faci l i ta t ion when in terva ls  between s t imul i  m e a s u r e d  
150-300 m s e c  (Fig. 1, cu rve  1). 

Bicuculline (0.05 m g / k g ,  intravenously)  weakened the dep res s ion  of the t es t  r e sponse  but had vir tual ly  
no effect  on its fac i l i ta t ion phase .  As the w r i t e r s  showed prev ious ly ,  the GABA deact ivat ion inhibi tor  depakine 
has  the opposi te  effect  on cor t i ca l  inhibition [1]. It potent ia tes  dep re s s ion  of the t e s t  r e sponse  in the r ecove ry  
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Fig. 1. Recovery cycles of pr imary response 
of rat  sensomotor cortex. Results of one 
typical experiment are shown. Abscissa, in- 
tervals between stimuli (msec); ordinate, ratio 
between amplitudes of testing and conditioning 
responses (in %). Significance of difference be- 
tween curves 2 and 3 (P < 0.05) marked by 
asterisk. 1) Control recovery cycle of primary 
response; 2) 20 min after injection of benacty- 
zine (1 mg/kg,  intravenously); 3) injection of 
bicuculline (0.1 mg/kg,  intravenously} 30 rain 
after injection of benaetyzine. 

cycle of the interzonal evoked potential when the testing stimulus is applied up to 100 msec after the condition- 
ing stimulus. 

Benactyzine (1 mm/kg ,  intravenously), unlike the GABA-ergic drugs, did not change the phase of de- 
pression of the test  response when intervals between stimuli measured 40-125 msec. Its activity was mani- 
fested in another phase of the recovery cycle of the primary response: It depressed the late facilitation when 
the testing stimulus was applied 150- 300 msec after the conditioning stimulus (Fig. 1, curve 2). No antagonism was 
found in the present investigation between benactyzine and bicuculline. In fact, bicuculline, ff given after ben- 
actyzine, reduced depression of the test  response for intervals of 40-100 msec between stimuli, but could not 
overcome the effect of benactyzine on the phase of latent facilitation of the test response when the interval be- 
tween stimuli was 150- 300 msec (Fig. 1, curve 3). Reciprocal antagonism (i.e., abolition of the effects of bicuculline 
by benactyzine) likewise was not observed. 

The results thus suggest that the action of bicuculline in vivo is mediated not by cholinergic structures 
but principally through blockade of specific G A B A  receptors. 
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