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EFFECT OF A TETRAPEPTIDAMIDE NITRO ANALOG AND 

OF MORPHINE ON THE CEREBRAL CIRCULATION 
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and Zh. D. Bespalova 
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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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Fig. 1. Effect of TNA (1 m g / k g ,  intravenously) on cerebra l  blood flow in cat under general  an-  
es thesia .  F r o m  top to bottom: time marke r  1 see,  tonic activity in sympathetic nerve to kidney, 
ECG in lead II, EEG f rom parietal  region, BP in femora l  a r t e ry  (in mm Hg), blood flow in carotid 
a r t e ry  (in ml /min ) ,  ma rke r  of injection of preparat ion.  

bilateral  perfusion of the carotid and ver tebral  a r t e r ies  [4]. The part ia l  p r e s su re  of carbon dioxide (pCO 2) was 
determined in samples of a r te r ia l  blood of the cats by the mic ro -As t rup  method and maintained between limits 
of the control values (30-35 mm Hg). 

The tes t  substances were injected intravenously:  TNA in a dose of 1 m g / k g ,  morphine in a dose of 1 mg/kg,  
and bicuculline in a dose of 0.15-0.2 m g / k g .  The animals were killed with a mixture of urethane and chloralose.  

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

The experiments showed that TNA (1 mg/kg)  increased  the cerebra l  blood flow on average by 25 �9 6% in 
the course of 2-5 rain. The blood supply to the brain then fell below its initial level (Fig. 1). Under the influence 
of the drug, in most  experiments a t ransient  r i se  of BP was observed, followed by prolonged hypotension. TNA 
reduced vascular  tone equally in the sys tems of the carotid~and ver tebrobas i la r  a r t e r ies  by 16 �9 1 and 17 • 2% 
re spec t ive ly .  BP fell under these c i rcumstances  by 48 ~ 3%. 

Similar  changes in the cerebra l  hemodynamics were observed under the influence of morphine, which in- 
c reased  the cerebra l  blood flow by 17 =L 3%. Morphine caused a long decrease  of BP. In some experiments ,  
however,  this was preceded by a brief hypertensive react ion.  Under the influence of morphine cerebra l  vascular  
tone was reduced in both the carotid (by 17 �9 2%) and the ver tebrobas i la r  (by 13 :~ 1%) a r te r ia l  sys tems  of the 
brain.  Under these conditions morphine depressed  BY by 31 ~ 4%. These resul ts  are  in agreement  with data 
in the l i terature [2, 7-9] on the ability of morphine to increase  the blood flow into the brain as a resul t  of a de-  
c rease  in res i s tance  of the cerebra l  vessels  to the blood flow. 

The effect of TNA and morphine on nervous regulation of fake cerebra l  circulation was next studied. The 
experiment showed that under the influence of TNA cerebrovascu la r  reflexes in the carot id and ver tebrobas i la r  
sys tems  were inhibited by 90 �9 6 and 89 �9 9% respect ively .  At the same t ime the p r e s s o r  react ion of BP was 
reduced on average by 75 �9 6%. In most experiments  the prepara t ion weakened tonic and ref lex activity in the 
sympathetic nerves .  Morphine weakened ref lex cons t r ic tor  react ions  of the vesse ls  in the carotid sys tem by 
74 -~ 7% and in the ver tebrobas i la r  sys tem by 72 • 11%. T h e p r e s s o r r e a c t i o n  of BP was inhibited under these 
c i rcumstances  by 66 =~ 8%. 

To analyze the mechanism of the ce rebrovascu la r  effect of TNA and morphine a se r ies  of experiments 
was undertaken in which these compounds were tes ted af ter  blockade of GABA-receptors  by bicuculline. Against 
the background of the action of bicuculline TNA was found to lower vascular  tone of the carotid and ve r t eb ro -  
bas i lar  sys tems by 18 • 2 and 20 =~ 5% respect ively .  BP was lowered under these c i rcumstances  by 44 :~ 6%. 
Under analogous conditions morphine reduced the res i s tance  to the blood flow in the carot id sys t em by 12 -~ 2% 
and in the ver tebrobas i la r  sys tem by 17 • 4%. Against the background of the action of bicuculline, morphine r e -  
duced BP by 37 • 4%. 

TNA administered af ter  bicucullinc had a depressant  effect on reflex constr ic tor  responses  of vessels  of 
the carot id (by 72 =~ 9~c) and ver tebrobas i la r  (by 81 �9 11~c) sys t ems .  The p r e s s o r  response  of BP under these 
conditions was inhibited by TNA by 76 �9 8%. 

The cerebrovascu la r  reflexes in the carot id and ver tebrobas i la r  sys tems  were inhibited by morphine during 
blockade of GABA-receptors  by 74 =~ 7 and 57 :~ 11% respect ively .  Aginst the background of the  action of bicu- 
culline, morphine inhibited reflex responses  of BP by 5 ~- 8% (Fig. 2). 
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Fig.  2. Effect of morphine (1 m g / k g ,  intravenously) 
on cons t r ic tor  responses  of cerebra l  vessels  after  
p re l iminary  injection of bicuculline (0.2 m g / k g ,  in- 
t ravenously) .  Control react ions shown in top par t  
of figure.  Below - 15 rain after  morphine.  F rom 
top to bottom: perfusion p ressu re  in carot id s y s -  
tem,  in ver tebrobas i la r  sys tem,  BP (in mm Hg), 
m a r k e r  of st imulation (20 V, 40 s t imu l i / s ec ,  2 msec ,  
15 sec).  

The resul ts  are thus evidence of the ability of TNA and morphine to induce a small  and t ransient  increase  
in the cerebra l  blood flow, by lowering vascular  tone in both a r te r ia l  sys t ems  of the brain. It was found that TNA 
and morphine have a marked depressant  effect on nervous regulat ion of the cerebra l  circulation, inhibiting r e -  
flex cons t r ic tor  react ions of the cerebra l  vesse ls .  The effects of these prepara t ions  revealed in these exper i -  
ments are  manifested also after  blockdage of GABA-receptors ,  evidence that these proper t ies  of TNA and m o r -  
phine are  independent of bicucull ine-sensi t ive GABA-ergic  p roces ses .  
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