
r e sponse  developed slowly, did not r each  i ts  initial value, and was often in ter rupted  by per iods  of marked  in-  
hibition of unit act ivi ty.  Antagonistic in teract ion between t ropane and ACh of this  kind was observed  in f ive of 
seven  neurons tes ted .  

It can be concluded f r o m  these r e su l t s  that  t ropane speci f ica l ly  ac t iva tes  musca r in ic  ACh r e c e p t o r s  in the 
c e r e b r a l  cor tex.  While it has  low int r ins ic  act ivi ty  (effect iveness) ,  by occupying ACh r e c e p t o r s  it can en te r  into 
compet i t ive re la t ionships  w i th the  na tura l  ACh of ne rve  t i s sue  and reduce the exc i ta tory  effect  of the la t t e r .  The 
musca r in i c  cholinolytic effect  of atropine is pe rhaps  based on this  s a m e  p r o p e r t y  of t ropane ,  which accounts for  
the g r e a t e r  pa r t  of its molecule .  Inhibition of act ivi ty  of some of the cel ls  studied by micro iontophore t ica l ly  ap -  
plied t ropane may  be due to i ts  competi t ion with exci ta tory  cholinergic background influences, acting on single 
neurons  f r o m  neighboring cor t ical  s t ruc tu res ,  and a lso  deep brain  format ions  and the pe r iphe ry .  

Exci tat ion of the cor tex d i scovered  by the wr i t e r s  p rev ious ly  in r e sponse  to sy s t emic  injection of t ropane  
in doses  not exceeding 10 m g / k g  was evidently due main ly  to act ivat ion of ad reno recep to r s  of s u b c o r t i c o - c o r t i -  
cal exc i ta to ry  pathways [1]. After  sys t emic  injection of t ropane in l a r g e r  doses ,  more  than 20 m g / k g ,  we ob-  
s e rved  inhibition of e lec t r i ca l  act ivi ty of c e r e b r a l  cor t ical  neurons .  The cause of this inhibition may  be the 
cholinolytic action of t ropane descr ibed  above.  This  same p rope r ty  of t ropane may  be respons ib le  fo r  the in-  
hibition of central  nervous  p r o c e s s e s  which develop in the case  of overdosage  with its de r iva t ives ,  such as 
cocaine,  atropine,  and so on. 
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Neurolept ics ,  both typical  and atypical ,  have the p rope r ty  of acce le ra t ing  dopamine (DA) tu rnover  in the 
brain,  the l imiting fac tor  in its biosynthesis  being tyros ine  hydroxylase  (TH) [4]. It is suggested that  the point 
of applicat ion of atypical  neurolept ics  may be presynapt ic  dopamine r e c e p t o r s  (autoreceptors) ,  located on t e r -  
minals  of dopaminerg ic  neurons and par t ic ipat ing  in regulat ion of the biosynthesis  and r e l e a s e  of the n e u r o -  
t r a n s m i t t e r  [13]. 

The a im of this invest igat ion was to  study the effect  of the or iginal  Soviet neurolept ic  earbidine* and to  
compare  it with that of sulpir ide on regulat ion of TH act ivi ty in synaptosomes  of the r a t  corpus s t r i a tum.  Sul- 
piride (a benzamide derivat ive)  is one of the bes t  known atypical  neurolept ics  [7]. Carbidine is  a der iva t ive  of 
y - ca rbo l i ne  and has  a unique s p e c t r u m  of action, combining fea tu res  of a neurolept ic  and an an t idepressan t  [1]. 
The neurochemica l  mechan i sms  lying at the bas is  of the psychot ropic  action of carbidine have rece ived  little 
study. Only indirect  evidence has  been obtained that  the drug can modify DA biosynthesis  [2, 3]. 

* 3 ,6 -d ime thy l - l , 2 , 3 ,4 ,4a ,9a -hexahydro -y -ca rbo l i ne  di-HC1. 
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T A B L E  1. E f fec t  of C a r b i d i n e  and S u l p i r i d e  on TH A c t i v i t y  and I ts  Inh ib i t ion  by DA du r ing  In-  
cuba t ion  of S y n a p t o s o m e s  in  Buf fe r  Conta in ing  5 m M  K + (data  g iven  in %) 

Preparation and ] 
concentration, Buffer Buffer + nomifensine Buffer + nomifensine 

Buffer + DA (10-6 M) (10 -sM)+DA(10 -6M) (1O -5M) 

} 
A. Control 1 
Carbidine I 
i0-~ 
10-~ 
10-~ 
10-8 

100-+4 (35) 

104-+5 (23) 
105=I=4 (25) 
101+__3 (42) 
100+_3 (40) 

53-+2 (33) 

56-+2 (10) 
52___3 (35) 
56-+3 (19) 
56-+2 (19) 

66-+4 a** (31) 

63-+4 (33) 

11o--+5 (25) 

i06~ (241 

B. Control 
Sulpiride 
lO-.~ 
10-6 
10-7 
lO-s 

100-+4 (30) 

105-+3 (19) 
1o7-+3 (20) 
103___3 (20) 
101 +__3 (20) 

52-+2 (20) 

59___2 a* (25) 
57-+2 a* (19) 

61_+3 a* (23) 

74• b* (24) 

110-+5 (25) 

113--+5 (25) 

Legend. Enzyme activity in picomoles 3H20/mg protein/min in variant A (control) is 3.2 • 
0.2, in variant B (control) 2.6 • 0.i. a) Difference compared with DA (i0 -~ M) in control, 
b) difference compared with DA (I0 -~ M) + nomifensine (10 -5 M) in control. *P < 0.05, 
**P < 0.01. Here and in Table 2, number of measurements shown in parentheses. 

EXPERIMENTAL METHOD 

Experiments were carried out onmale Wistar rats weighing 180-220 g. The rats were decapitated, the 
brain removed, and the corpus striatum isolated. In one experiment corpora striata from four rats were 
pooled. TH activity was determined by the method in [5] with some modifications. The brain tissue was placed 
on ice, weighed, and homogenized in cold 0.32 M sucrose solution in a volume of i:i0. The homogenate was 
centrifuged for i0 rain at I000 g, after which the supernatant was centrifuged for 25 rain at 20,000 g. The re- 
sidue of P2 was twice washed with Krebs' phosphate buffer of the following composition (in raM): NaCI 124, 
KCI 5, Na2HPO 4 20, MgCI 2 1.3, KII2PO 4 1.2, glucose I0, CaCl 2 0.75, and homogenized in the same medium in the 
ratio of i:I0 (calculated per wet weight of tissue). The samples were incubated with purified [3H]tyrosine (L- 
tyrosine-3,5-31-12, Hungary) on a waterbath at 37~ for 15 rain. The composition of the incubation medium was: 
50 pl of NSD-1015, 4 �9 10 -3 M (an inhibitor of decarboxylase of aromatic L-amino acids), 50 #l of Krebs' phos- 
phate buffer, or solution of the test substance in buffer, 50 pl of the suspension of synaptosomes, and 50 pl of 
tyrosine, 8 . 10 -6 M (the quantity of label per sample was about 106 cpm). The reaction was stopped by addition 
of 400 pl of 3.5% TCA solution. After centrifugation for 5 min at 5000g, 0.5 ml of the supernatant was applied to 

column measuring 0.5 • 2 cm, filled with Dowex 50W • 4 (H +) resin, 100-200 mesh. The tritiated water formed 
during the reaction was separated on columns and collected in flasks with Bray's scintillator (7 ml). The col- 
umn were washed twice with 0.5 ml distilled water, which also was collected in the flasks. Radioactivity was 
measured with an Intertechnique SL-4221 liquid fl-counter. The results were subjected to statistical analysis 
by the t and U tests and expressed as percentages of the control. "Blind" samples were incubated at 0~ Pro- 
tein was determined by Lowry's method [6]. 

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

I t  w i l l  be c l e a r  f r o m  T a b l e  1 t h a t  both  n e u r o l e p t i c s  ( c a r b i d i n e  and s u l p i r i d e )  had  no  a p p r e c i a b l e  e f f e c t  on 
TIt  a c t i v i t y  of s y n a p t o s o m e s  i ncuba t ed  in  buf fe r  wi th  a n o r m a l  K + con ten t .  When  a buf fe r  w i th  an  i n c r e a s e d  K + 
c o n c e n t r a t i o n  (30 raM) was  used ,  induc ing  d e p o l a r i z a t i o n  of  the  s y n a p t o s o m e s ,  s u l p i r i d e  d id  not  change  TH a c -  
t i v i t y ,  but  c a r b i d i n e ,  in  c o n c e n t r a t i o n s  of  10 -5 and  10 -G M, r e d u c e d  i t  m o d e r a t e l y  (Table  2). In  a c o n c e n t r a t i o n  
of 10 -6 M, DA c a u s e d  a de f in i t e  d e c r e a s e  ( a l m o s t  by half)  in  t he  r a t e  of h y d r o x y l a t i o n  of t y r o s i n e  in the  s y n a p t o -  
s o m e s ,  in  a g r e e m e n t  wi th  d a t a  in  the  l i t e r a t u r e  [8]. C a r b i d i n e  had  no e f f ec t  on the  i n h i b i t o r y  a c t i o n  of DA on 
TH a c t i v i t y  unde r  n o r m a l  buf fe r  cond i t ions  but d e f i n i t e l y  p o t e n t i a t e d  i t  in buf fe r  wi th  a r a i s e d  K + c o n c e n t r a t i o n .  
By c o n t r a s t  to  t h i s ,  s u l p i r i d e  s i g n i f i c a n t l y  d e p r e s s e d  the i n h i b i t o r y  ac t i on  of DA on TH a c t i v i t y  both in  buf fe r  
con ta in ing  5 m M  K + and in  bu f fe r  w i th  a r a i s e d  K + c o n c e n t r a t i o n  (T a b l e s  1 and 2); t h i s  e f fec t ,  m o r e o v e r ,  was  
m a n i f e s t e d  about  e q u a l l y  when  the  n e u r o l e p t i c  was  u sed  in c o n c e n t r a t i o n s  of 10 -5 and 10 -6 M.  A s i m i l a r  but  
s t r o n g e r  e f fec t  of a b o l i t i o n  of the  i n h i b i t o r y  i n f luence  of DA on the  r a t e  of h y d r o x y l a t i o n  of t y o r o s i n e  in  t he  s y n a p -  
t o s o m e s  was  found in  e x p e r i m e n t s  in which  DA uptake  by s y n a p t o s o m e s  was  inh ib i t ed  by n o m i f e n s i n e  (10 -5 M).  
I f  K r e b s '  p h o s p h a t e  buf fe r  wi th  5 m M  K + w a s  u s e d  n o m i f e n s i n e  w e a k e n e d  the  a c t i o n  of DA w h e t h e r  c a r b i d i n e  was  
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TABLE 2. Effect of Carbidine and Sulpiride on TH Activity and Its Inhibition by DA during 
Incubation of Synaptosomes in Buffer Containing 30 mM K + (data given in %) 

Preparation and 
its concentration, 
M 

A. Control 
Carbidine 
lO-S 
10-6 
10-7 
10-s 
B. Control 
gulpiride 
10-5 
10.-6 
10-~ 
10-6 

Buffer 

100• (30) 

92• a* (10) 
91___2 ~'* (I0) 

102• (30) 
104• (23) 
100• (15) 

107~4 (15) 
108• (15) 
106• (15) 
1044-4 (29) 

Buffer + DA (10 -6 M) 

53• (23) 

60• (8) 
46• (23) 
58• (18) 
52• (18) 
44• (15) 

53+__2 b~** (15) 
52• (15) 

Buffer + nomifensine 
(10 -5 M) + DA (10 -~ M) 

73• b*** (28) 

61• c* (22) 

62• b*** (13) 

74+4c** (15) 

l~uffer + nomifensine 
(10 -~ M) 

i 14 •  a** (15) 

105• (14) 

114• a*** (15) 

116• (14) 

Legend. Enzyme activity in picomoles 3H20/mg p r o t e i n / m i n  in variants  A and B (con- 
trols)  3.0 �9 0.2. a) Difference compared with control,  b) difference compared with DA 
(10 -6 M) in control,  c} difference compared with nomifensine (10 -5 M) +DA (10 -6 M) in 
control,  d) difference compared with nomifensine (10-SM) in control.  *P < 0.05, * * P  < 
0.01, * * * P  < 0.001. 

present  or not (Table 1). If nomifensine was added to medium with an increased  potass ium concentrat ion,  the 
inhibitory effect of DA was considerably reduced compared with the control.  Carbidine in this case had the op- 
posite action, i.e., it potentiated inhibition caused by addition of DA in the s tandard concentrat ion of 10 -6 M. In 
the presence  of nomifensine, both in buffer containing 3 mM K + and in buffer with 30 mM K +, sulpiride definitely 
reduced the inhibitory effect of DA on synaptosomal TH activity (Tables 1 and 2). 

Inhibition of TH activity can take place both by activation of postsynaptic receptors  of DA by its agonists 
[8-10] and through the action of the t r ansmi t t e r  on so-ca l led  autoreceptors ,  located presynapt ical ly  [13, 14]. 
According to another point of view, however,  the inhibitory action of DA on TH activity is effected without the 
part icipation of a receptor  mechanism,  by int racel lular  inhibition of the enzyme by DA, ei ther  ass imilated by the 
presynapt ic  te rminal  or newly synthesized [11, 12]. In this investigation nomifensine, an inhibitor of DA uptake, 
which appreciably weakens the effect of DA [11], was used. Conversion of dopa formed in the course of the r e a c -  
tion into endogenous DA was prevented in these experiments  by addition of the dopadeearboxylase inhibitor NSD- 
1015 to the incubation mixture .  Under these conditions, sulpiride significantly weakened the inhibitory effect of 
DA. Nomifensine itself had a direct ly  opposite action: The inhibitory effect of DA was considerably reduced 
both when buffer with 5 mM K + or  buffer with a ra i sed  potass ium concentrat ion was used. This may indicate 
that TH activity is regulated in two ways: by int racel lular  inhibition by DA and by the action of DA or its agonist 
through presynapt ic  autoreceptors .  The effect of sulpiride can be explained in this case as the resul t  of inhibi- 
t ion of the lat ter .  The other neuroleptic,  carbidine, had an effect d iametr ical ly  opposite to that observed in the 
case of sulpiride.  Reduction of TH activity by carbidine in buffer with K + in a concentrat ion of 30 mM can be 
explained on the grounds that carbidine, in the p resence  of depolarization of the neuronal membrane ,  la rgely  
penetra tes  into synaptosomes and can interact  direct ly  with TH. F r o m  this same point of view we can explain 
the effects of carbidine observed in experiments  with K+-stimulated synaptosomes in the case of addition of DA 
or DA and nomifensine. It can be postulated that presynapt ic  autoreceptors  of DA are pharmacological ly  s i re-  
l i a r  to type D 2 recep tors ,  for  we know that sulpiride,  a D2-receptor  antagonist, weakens the inhibitory action of 
the i r  agonist lysuride on TH activity [15]. 

It can thus be concluded f rom these resul ts  that significant differences exist in the mechanism of action 
of carbidine and sulpiride.  Carbidine can exert  a definite inhibitory action on TH activity; th i s  effect, m o r e -  
over ,  is manifested only on depolarizat ion of l~e synaptosomes and is unconnected with any involvement of DA 
autoreceptors .  These observations agree with those published previously [3]. The action of sulpiride is inde- 
pendent of a change in the K + concentration in the medium, and it is evidently mediated through presynapt ie  DA 
autoreceptors .  In experiments in vi t ro  on ra t  s t r ia ta l  synaptosomes carbidine and sulpiride had opposite ef-  
fects on the rate of tyros ine  hydroxylation: Sulpiride depressed  the regula tory  inhibitory effect of DA whereas  
carbidine potentiated it. 
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EFFECT OF A TETRAPEPTIDAMIDE NITRO ANALOG AND 
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Enkephalins performthe function of neurotransmitters or modulators in the CNS. Their interaction with 
mediator systems of the brain has been demonstrated. It has also been found that central adrenergic and GABA- 
ergic mechanisms participate both in regulation of the cerebral circulation [3, 5, 6] and in realization of the 
analgesic effect of morphine [i0]. It is therefore important to study the effect of a synthetic analog of the en- 
kephalins, namely a tetrapeptidamide nitro analog, which has an analgesic action on the cerebral circulation, 
and to compare its effects with those of morphine. No information on the effect of enkephalins and their analog 
on the cerebral circulation could be found in the literature. As regards morphine, according to observations 
made by most investigators, the drug increases the cerebral blood flow and lowers the tone of the cerebral ves- 
sels [2, 7-9]. 

The invest igat ion desc r ibed  below was devoted to a study of the effect  of the t e t rapep t idamide  ni t ro  analog 
(TNA), compared  with that of morphine ,  on the ce r eb ra l  c i rcula t ion  and i ts  nervous control .  The c e r e b r o v a s -  
cular  ef fec ts  of these  compounds were  studied a lso  a f te r  blockade of GABA-recep to r s  by bicuculline.  

EXPERIMENTAL METHOD 

Experiments were carried out on 69 cats weighing 3-4 kg under general anesthesia (urethane, chloralose) 
with artificial ventillation of the lungs. 

The flow of blood into the brain through the carotid artery was determined, after careful ligation of the 
extracranial branches by means of an electromagnetic flowmeter (Nihon Kohden). The EEG from the parietal 
region, the ECG in lead II, and the blood pressure in the femoral artery (BP) were recorded simultaneously. 
Tonic activity and reflex discharges were recorded in the sympathetic nerves of the renal plexus [i]. The vas- 
cular component of the action of the substances on the cerebral hemodynamics was differentiated by separate 
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