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In acute exper iments  on anesthet ized cats  verapami i  (0.05, 0.1, and 0.5-1 mg/kg,  i n t r a -  
venously) lowered the tone of the ce r eb ra l  vesse l s  and the sys temic  a r t e r i a l  p r e s su re .  
Changes in the volume veloci ty  of the c e r e b r a l  blood flow were  phasic in ch a r ac t e r  de-  
pending on the tone of the ce r eb ra l  vesse ls  and the blood p r e s s u r e  l e v e l ; t h e  blood flow 
in the c e r e b r a l  co r t ex  increased  more  than in the re t i cu la r  formation` pO 2 in the c e r e -  
bra l  cor tex  c o r r e l a t e d  with the blood flow. The d i ame te r  of the pial a r t e r i e s  increased  
both a f te r  in t ravascu la r  injection of verapami l  and a f te r  its local application. Blockade 
of the f l -adrenorecep tors ,  muscar in ic  chol inoreeeptors ,  and his tamine r ecep to r s  and 
p re l imina ry  inject ion of a sympatholytic  did not abolish the vasodi la tor  effect  of verapamil .  
It is suggested that  the vasodilatat ion is  myotropic  in ch a r ac t e r  and possibly connected 
with e lec t ro ly te  metabol ism.  
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Among the many co rona ry  di la tors ,  verapami l  (isoptin) is of pa r t i cu la r  in te res t  because its vasodi la tor  
action is accompanied by a reduct ion in the oxygen consumption of the h ea r t  muscle  and definite changes in the 
e lec t ro ly te  balance in the myocard ium [5, 14]. The combination of these  p roper t i e s  may also be interes t ing in 
the t r ea tmen t  of i schemic  s ta tes  of the brain,  but t he re  is no information in the l i t e ra tu re  on the c h a r a c t e r  of 
the action of verapami l  on the ce r eb ra l  c i rculat ion,  and the investigation descr ibed  below was accordingly  
c a r r i e d  out to s tudy this problem.  

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

Exper iments  were  ca r r i ed  out on 116 cats weighing 2.5-4 kg, anesthet ized with ure thane (0.8-1 g/kg). 
The c h a r a c t e r  of the vascu la r  responses  of the bra in  and its blood supply was judged f rom the resu l t s  of r e -  
s is tography,  rheoencephalography,  recording the total and local  c e r eb ra l  blood flow, measu remen t  of the 
d i ame te r  of the pial a r t e r i e s ,  polarographic  de terminat ion  of pO 2 in the ce reb ra l  cor tex,  and recording the 
sys temic  blood p r e s s u r e .  The methods of invest igat ion a r e  descr ibed  i n t h e l i t e r a t u r e  [1-4, 7, 9]. Most se r i e s  
of exper iments  were  c a r r i e d  out with ar t i f ic ia l  resp i ra t ion .  Verapamil  (isoptin) was injected intravenously 
(0.05, 0.1, and 0.5-1 mg/kg)and  into the ca ro t id  a r t e r y  (0.01 mg/kg).  The exper imenta l  resul t s  were  subjected 
to s ta t i s t ica l  analysis .  

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  

Resis tography showed that intravenous injection of verapami l  in doses of 0.05, 0.1, and 0.5-1 mg/kg  
caused a s ignif icant  (P < 0.001) reduct ion in tone of the ce r eb ra l  vesse l s  on average  by 8 �9 1, 12.2 �9 1, and 
15.8 �9 1.2% respec t ive ly .  The effect  was observed  immedia te ly  a f te r  injection of the drug, reached  a maxi-  
mum a f t e r  1 rain (Fig. 1A), and las ted for  between 8 and 40 min depending on the dose. S imi lar  changes were  
found in the sys temic  blood p r e s s u r e  and the tone of the ex t racrania l  vesse l s .  

The r e su l t s  of rheoencephaiography showed that verapami l  (0.1 mg/kg,  intravenously) caused a signifi-  
cant i nc rease  in the ampli tude of the rheographic  wave by 36.1 • 8.6%, a d e c r e a s e  in the durat ion of the ana-  
c ro t ic  phase by 33.5 • a d e c r e a s e  in the index of per iphera l  r e s i s t ance  by 59.2 • 5.3 %, and an inc rease  
in the value of t by 42 • 8.1%. The effect  was observed  immediate ly  a f te r  injection of the drug, it reached a 
maximum af ter  1 min (Fig. lb) ,  and las ted fo r  10-15 min` Analysis  of the changes observed in the rheoenceph-  
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Fig.  1. Effect  of v e r a p a m i l  (0.1 m g / k g  intravenously)  on tone of c e r e b r a l  v e s s e l s .  A) Data 
of r e s i s tog raphy .  F r o m  top to bottom; s y s t e m i c  blood p r e s s u r e ,  r e s i s t o g r a m  of in t racrania[  
v e s s e l s ,  r e s i s t o g r a m  of ex t r ac r an i a l  v e s s e l s ,  m a r k e r  of inject ion of ve r apami l ,  t ime  m a r k e r  
3 sec .  1) Initial  data at  m o m e n t  of injection of drug, 2-7) 3, 5, 10, 15, 20, and 30 rain, respec.-  
t ively,  a f t e r in jec t ion  of v e r a p a m i l .  B) Data of rheoencephalography.  Top cu rve  - ECG, bottom 
cu rve  - REG. 1) Initial data, 2-4) 1, 5, and 20 rain, r e spec t ive ly ,  a f te r  injection of ve r apami l .  

Fig. 2. Effect  of v e r a p a m i l  (0.1 mg/kg ,  intravenously)  on volume veloci ty  of c e r e b r a l  blood 
flow with per fus ion  p r e s s u r e  (PP) unstabi l ized (A) and s tabi l ized (B). F r o m  top to bottom: 
s y s t e m i c  blood p r e s s u r e ;  c e r e b r a l  blood flow (distance between m a r k e r s  3 ml); m a r k e r  of in-  
ject ion of ve r apami l ;  t ime  m a r k e r  5 sec .  1) Initial  data at  moment  of injection; 2-6) 3, 5, 10, 
20, and 30 rain, r e spec t ive ly ,  a f t e r  inject ion of v e r a p a m i l .  

a log ram (REG) [6, 8] showedtha t  v e r a p a m i l  reduces  the e l a s t i e - t o n i c p r o p e r ~ i e s o f  the c e r e b r a l  ve s se l s ,  
including the main  t runks ,  and i n c r e a s e s  pulse  f luctuat ions in the i r  blood volume.  

Intravenous injection of v e r a p a m i l  (0.1 mg/kg)  under  conditions of an unstabi l ized a r t e r i a l  p r e s s u r e  
caused  biphasic  changes in the volume veloci ty  of the total  c e r e b r a l  blood flow in mos t  (five of eight) e x p e r i -  
ments .  Immedia te ly  a f t e r  injection of the drug the blood flow was br ie f ly  reduced by 11-31%, a f t e r  which it 
r o s e  again quickly,  and a f t e r  3 min it was a l r eady  6-14% g r e a t e r  than init ially {Fig. 2A). In two exper imen t s  
the blood flow inc reased  without any previous  d e c r e a s e ,  and in one expe r imen t  the re  we re  no apprec iab le  
changes in the blood flow. Sta t is t ical  ana lys i s  of the r e su l t s  of m e a s u r e m e n t  of the blood flow showed that  the 

in i t i a l  d e c r e a s e ,  on a v e r a g e  by 11.6 • 5%, and the subsequent  i nc r ea se  by 8 • 3% were  signif icant  (P < 0.05). 
The c h a r a c t e r  of the changes in pO 2 in the bra in  t i s sue  co r responded  on the whole to the blood flow. The blood 
p r e s s u r e  in all  the expe r imen t s  of this s e r i e s  fell  b r ie f ly  (3-5 rain) on a v e r a g e  by 10%. In s o m e  expe r imen t s  
the c e r e b r a l  blood flow thus inc reased ,  despi te  the genera l  hypotension. 

A pa r t i cu l a r l y  c l e a r  i nc r ea s e  in the c e r e b r a l  blood flow (on ave rage  by 33.1 • 9.3%) a f t e r  intravenous 
injection of v e r a p a m i l  (0.1 mg/kg)was  obse rved  when the per fus ion  p r e s s u r e  was s tabi l ized (Fig. 2B). In this 
s e r i e s  of expe r imen t s  the re  was no initial phase  of d e c r e a s e  in the blood flow. 

Invest igat ion of the local  c e r e b r a l  blood flow by the hydrogen c l ea rance  method revea led  an i nc rea se  in 
the blood flow under  the influence of v e r a p a m i l  (0.1 mg/kg ,  intravenously) in the ce r eb ra l  cor tex  on av e rag e  
by 37 .7•  % and in the r e t i c u l a r  fo rmat ion  by 21.2 • 5%. In this s e r i e s  of expe r imen t s  no initial phase  of a 
d e c r e a s e  in blood flow was observed ,  poss ib ly  on account  of the iner t ia  of the method. 

The r e su l t s  of s e r i a l  photography of the v e s s e l s  on the su r face  of the brain ,  taken through a "window" 
in the skull, showed a mean  i n c r e a s e  in the d i a m e t e r  of the pial a r t e r i e s  of 14% a f t e r  inject ion of v e r a p a m i l  
(0.01 mg/kg) into t h e  caro t id  a r t e r y  and by 22% a f t e r  local  appl icat ion of a 0.02% solution of ve rapami l .  
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The mechanism of the vasodilator action of verapamil has not been finally elucidated. The problem of 
its antiadrenergic propert ies  remains disputed [10-12]. Previous statements on the fl-adrenoblocking action 
of verapamil have not been confirmed by subsequent investigations. The definite vasodilator response to 
verapamil cannot be reconciled at all with fl-adrenoblocking activity. 

In some ser ies  it was found that denervation of the carotid sinuses, or  prel iminary injection of ana- 
pril in (propranolol), atropine, reserpine,  and dimedrol (diphenhydramine), in doses blocking the correspond-  
ing synaptic s t ructures  and receptors ,  did not abolish the cerebrovascular  effect of verapamil; moreover,  
af ter  anaprilin and atropine the vasodilator action of verapamil was potentiated somewhat. 

The dilator response of the cerebra l  vessels  is evidently manifested after their direct contact with 
verapamil and it is evidently myotropic in character .  However, the myotropism of verapamil differs from 
that of papaverine and euphylline. For  instance, there  is evidence [13] that verapamil, unlike papaverine and 
euphylline, does not lower the phosphodiesterase activity of the smooth muscles of the isolated guinea pig in- 
testine and does not cause accumulation of cyclic AMP, characterist ic  features of papaverine and euphylline. 
Meanwhile high concentrations of calcium did not inhibit the spasmolytic effect of papaverine and euphylline, 
but abolished only that of verapamil .  

The role of electrolyte (especially calcium) metabolism in the mechanism of the antiarrhythmic action 
of verapamil  has frequently been discussed in the l i terature [5]. Verapamil, as a calcium antagonist, evidently 
lowers the excitability not only of the myocardium, but also of the smooth muscles of the blood vesse ls .  To 
elucidate the complex mechanism of action of verapamil on electrolyte metabolism further investigations must 
be car r ied  out in o rde r  to study many problems concerned with the function of the CNS, including the mechan- 
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isms of regulation of vascular tone. 
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