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By its clinical spectrum of action and some pharmacologic tests characterizing neuroleptic activity, car- 
bidine differs from other neuroleptics which are phenothiazine or butyrophenone derivatives. Carbidine is most 
effective when depressively delusional symptoms predominate in different forms of schizophrenia [I]. In experi- 
ments on animals carbidine, unlike other neuroleptics, potentiated amphetamine stereotypy [2]. The mechanism 
of action of earbidine has received little study. 

A characteristic feature of most neuroleptics is their inhibitory influence on the dopaminergic and sero- 
toninergic systems of the brain, and accordingly, in the investigation described below, the action of earbidine 
on dopamine and serotonin receptors of the CNS was studied. The effect of carbidine was compared with that of 
other known neuroleptics: the butyrophenone derivative haloperidol, and an a~pieal neuroleptic, a benzamide 
derivative, sulpiride. 

EXPERIMENTAL METHOD 

Experiments were carried out on noninbred male albino mice weighing 18-24 g and on male Wister rats 
weighing 200-250 g. 

The effect of the neurolepties on stereotypy induced by injection of apomorphine (I mg/kg body weight, 
subcutaneously), a stimulator of dopamine receptors, was studied in behavioral experiments on rats. The in- 
tensity of stereotypy was estimated in points [5] 30 min after injection of apomorphine. Its duration also was 
measured in minutes, To assess the effect of the neuroleptics on serotoninergie processes, the head shaldng 
syndrome in mice induced by intraperitoneal injection of the serotonin precursor 5-hydroxytryptophan (5-HTP), 
in a dose of 200 mg/kg, was used. Shaking was counted visually in the course of 1 rain, 20 rain after injection 
of 5 -KTP [3]. The neuro lep t ics  we re  injected in t raper i tonea l ly  2 h before  the exper iment .  Binding of [~I]-  
sp iperone  with m e m b r a n e s  of the corpus  s t r i a tum and c e r e b r a l  cor tex  of the r a t  in v i t ro  was c a r r i e d  out by the 
method in [10]. [3H] Spiperone (20 C i / m m o l e ,  f r o m  A m e r s h a m  Corporat ion,  England), in a concentra t ion of 
0.5 nM, was incubated with a twice washed m e m b r a n e  suspension in the p r e s e n c e  of di f ferent  cc~centra t ions  of 
the neurolept ic ,  in a total  vo lume of 1 ml  in the course  of 30 rain at  25~ The bound Iigand was separa ted  by 
f i l t ra t ion  through C F / B  f i l t e r s  (Whatman, England). Radioact ivi ty  was m e a s u r e d  by means  of the LS-7500 liquid 
scint i l la t ion counter  (Beckman, USA), with counting efficiency of 37-39%. Specific binding was de te rmined  as 
the d i f fe rence  between binding of [3H]spiperone in the absence  and in the p r e sence  of 1 ~ of tmlabeled spiperone.  
Binding of [3H]spiperone in vivo was c a r r i e d  out in expe r imen t s  on mice  by the method in [7], in the w r i t e r s '  
modificat ion.  In these exper imen t s  [3H]spiperone with specif ic  radioac t iv i ty  of 17 C i / m m o l e  was used and was 
injected in t raper i tonea l ly  i n a  dose of 6 #g/kg. The an ima l s  we re  decapi ta ted 2 h a f t e r  the injection, the corpus  
st;ciatum and f ronta l  co r t ex  were  isolated in the cold, d i sso lved  in BTS-4 t i ssue  so lubi l izer  (Beckman), and in-  
t roduced into f l asks  for  scint i l la t ion counting. 

* 3 ,6 -Dime thy l - l , 2 ,3 ,4 ,4a ,9a -hexahydro -  T -ca rbo l ine  di-HC1. 
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TABLE i. Effect of Neuroleptics on Binding of [3HI Spiperone in Vitro (rats) and in Vivo 
(mice) and on Dopamine-Sensitive Adenylate Cyclase Activity" in Rat Corpus Striatum 

DoDarQine=sensi- 
Substance Binding in vitro (ICso), nM -Binding in vivo (EDge), mg/'kg ttve aaenymte cy- 

clase (IC50), gm 

corpus striatum cortex corpus striatum cortex corpus, striatum 

Carbidine 
HaloperidoI 
Sulpiride 

1400~220 
5 , 0 •  

7 5 0 ~  120 

28,0• 
12,0• 
> I000 

18,4• 
0,7• 
120• 

0,8• 
1,0• 
>150 

ioo 
8,5• 
>IOO 

Legend. ICh0) Concentration inhibiting binding or stimulation of adenylate cyclase activity 
in the presence of 50 p3/[ dopamine by 50%; EDh~ dose inhibiting binding in rive by 50%. 
In binding experiments in vitro andre determine adenylate cyclase activity results of three 
experiments in triplicate are shown. For binding experiments in vivo results of four to five 
experiments are shown. 
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Fig. i. Effect of neuroleptics on intensity and 
duration of apomorphine (i.0 mg/kg) stereotypy 
in rats. Abscissa, dose of neuroleptics (in mg/kg); 
ordinate: I) intensity of stereotypy (in points); If) 
duration of stereotypy (in min). a) Carbidine, b) 
haloperidol, c) sulpiride. C) Control. • < 0.05, 
XXp < 0.01. 

Activity of dopamine-sensitive adenylate cyclase in homogenates of the rat corpus striatum was deter- 
mined by tile method in [8]. The cAMP content was determined by the method in [6], using standard kits from 
Amersham Corporation. 

Protein was determined by the method in [9]. The numerical results were subjected to statistical analysis 
by the Mann-Whitney U and Student's t tests. Inhibiting concentrations (ICh0) and doses (EDh0) were calculated 
by logit-probit analysis. The following substances were used in the experiments: haloperidol (from Gedeon 
Richter, Htmgary), sulpiride (from De Lagrange, France), apomorphine hydrochloride and 5-HTP (from Sigma, 
USA). 

The carbidine dihydrochloride was generously provided by Professor K. S. Raevskii and the spiperone by 
Janssen Pharmaceutica (Belgium), to whom the authors are grateful. 

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

Unl ike  ha lope r ido l ,  c a r b i d i n e  did n o t  a f fec t  the i n t e n s i t y  of a p o m o r p h i n e  s t e r eo typy  and ac tua l ly  i n c r e a s e d  
i t s  d u r a t i o n  (Fig.  i ) .  Su lp i r ide  inh ib i ted  s t e r eo typy  only in  r e l a t i v e l y  high doses  (100-150 m g / k g ) .  Ca rb id ine ,  
l ike  ha lope r ido l ,  i nh ib i t ed  the h e a d - s h a k i n g  s y n d r o m e  induced  by i n j e c t i o n  of 5 - H T P  ove r  the whole r a nge  of 
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Fig. 2. Effect of neuroleptics on head-shaking 
syndrome induced in mice by injection of 5-HTP 
(200 mg/kg). Ordinate, number of shakings. 
Remainder of legend as to Fig. i. 

doses  tes ted  (1.25-20 m g / k g )  (Fig. 2). The inhibi tory act ion of sulpir ide  was weaker  and was exhibited s ta r t ing  
f r o m  a dose of 25 m g / k g .  Definite d i f fe rences  in the act ion of earbidine on dopamine and serotonin  r e c e p t o r s  
we re  obse rved  in expe r imen t s  with radiol igand binding. In expe r imen t s  in v i t ro  carbidine displaced [3H]spiperone 
in the corpus  s t r i a tum only in m i c r o m o l a r  concentra t ions ,  whe reas  in the c e r e b r a l  cor tex  marked  d i sp lacement  
of the radiol igand was obse rved  under the influence of carbidine in concentra t ions  as low as nanomola r  (Table 1). 

A s i m i l a r  pa t t e rn  was obse rved  in the binding expe r imen t s  in vi t ro ,  in which carbidine a lso  displaced [3H]- 
sp iperone  only in the c e r e b r a l  cor tex .  Haloper idol  d isplaced [3H]spiperone f rom binding s i tes  in the corpus  
s tx ia tum and cor tex  by about equal deg rees ,  whe rea s  sulpir ide  exhibited low affinity for  binding s i tes  of [~rI]- 
sp iperone  in the corpus  s t r i a tum and had vi r tual ly  no effect  on binding in the cor tex  (Table 1). 

Unlike haloperidol ,  carbidine had l i t t le  effect  on dopamine- sens i t ive  adenylate cyc lase  act ivi ty in homo-  
genates  of the r a t  corpus  s t r i a tum (Table 1). 

inves t igat ions  in r ecen t  y e a r s  have shown that  [3H]spiperone is  bound in the corpus  s t r i a tum main ly  with 
dopamine (D-2) r e c e p t o r s ,  but in the c e r e b r a l  cor tex  mainly  with sero tonin  (S-2) r e c e p t o r s  [11]. 

On this basis  it can be postulated that  carbidine,  unlike the c lass ica l  neuro lep t ics ,  does not affect  pos t -  
synaptic  D-2 r e c e p t o r s  or  D-1 r e c e p t o r s  bound with adenylate  cyc lase .  The r e su l t s  of the p r e s e n t  exper imen t s  
show that  i ts  act ion is evidently r ea l i zed  by se lec t ive  inhibition of cor t i ca l  sero tonin  (S-2) r e c e p t o r s .  The 
atypical  na ture  of carbidine in pha rmaco log ic  t e s t s  and clinical  p r ac t i c e  may  pe rhaps  be explained by i ts  s e r o -  
tonin-blocking action. However ,  the poss ib i l i ty  cannot  be ruled out that  carbidine may have some influence on 
p resynap t i c  dopamine r e c e p t o r s .  Evidence in suppor t  of the poss ib i l i ty  of such an action is  given by r e s u l t s  
obtained by other  w o r k e r s  [4], who found a ve ry  sma l l  i nc r ea se  in the concentra t ion of the dopamine metabol i t es ,  
homovani l l ic  acid,  in the r a t  corpus  s t r i a tum a f t e r  inject ion of carbidine.  
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