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A leading place among subs tances  which can be used to t r e a t  essen t ia l  hyper tens ion  and coronary  d i sease ,  
as  well  as ca rd iac  a r rhy thmias ,  is  occupied by ca lc ium antagonis ts ,  the pr inc ipa l  m e c h a n i s m  of act ion of which 
is the i r  abil i ty to block ca lc ium channels and to suppres s  the t r a n s m e m b r a n e  Ca ++ cur ren t .  It has been sug-  
gested that  many smooth  muscle  re laxants ,  including nea r ly  all the coronary  d i la to rs ,  exer t  the i r  act ion through 
inhibition of the Ca ++ contract i le  mechan i sm [7]. Meanwhile b lockers  of ca lc ium channels inhibit noradrena l in  
(NA) r e l ea se  f r o m  centra l  and pe r iphe ra l  no rad rene rg ic  neurons [5]. At leas t  two mechan i sms  thus par t i c ipa te  
in the i r  action: re laxa t ion  of s m oo t h -m us c l e  cel ls  and inhibition of NA secre t ion ,  both of which are highly e s -  
sent ial  for  the fo rmat ion  of vascu la r  tone.  

The a im  of this invest igat ion was to study changes in the morphological  and physiological  s ta te  of the cap i l -  
l a ry  s y s t e m  of the ce r eb ra l  cor tex  a f te r  blocking of the t r a n s m e m b r a n e  Ca ++ cur ren t  by its antagonis ts  through 
the exogenous and endogenous effect  of NA. 

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

Expe r imen t s  w e r e  ca r r i ed  out on 40 cats  anes the t ized  with pentobarbi ta l  (25 m g / k g ) .  Ve rapami l  ( f rom 
LEK, Yugoslavia) was injected into the carot id  a r t e r y  in a dose of 0.4 m g / m l .  Nifedipine (Corinfar ,  f rom G e r -  
reed, Eas t  Germany)  was injected in a dose of 5 m g / m l / m i n ,  noradrena l in  (from Leder le ,  USA) in doses  of 10 
and 1 p g / m l / m i n ,  and clonldiae (clofelin) and phenylephrine (mezaton) were  injected in doses  of 0.5 m g / m l / m i n  
into the carot id  a r t e r y  in the course  of 3 min.  Mater ia l  for  morphological  invest igat ion was taken through a 
bur r -ho le  dr i l led in the f rontal  pa r t  of the skull ,  f ixed in fo rmal in ,  then  t r ea t ed  by a noniaject ion method to d e m -  
ons t ra te  the i n t r ac e r eb ra l  m i e r o e i r e u l a t o r y  sphinc ters ,  based on d i rec t  s taining of the ves se l  wal ls .  The 
d i ame te r  of the cap i l la r ies  and  the number  of g rea t ly  const r ic ted  cap i l la r ies  (GCC) in 100 fields of v is ion were  
de te rmined  on mic roscop ic  p repa ra t ions .  The signif icance of d i f fe rences  between data for  the exper imenta l  and 
control  groups was es t imated  by the F i s h e r - S t u d e n t  t es t .  

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

In t raearo t id  inject ion of ve rapami l  led to  a definite dec rea se  in the number  of noniunctioning cap i l l a r ies  
(by 63.4%) and to  hardly  visible constr ic t ion of the capi l la ry  lumen (by 6.8%) compared  with the control .  The 
effect  of nifedrine on the number  of GCC (a dec r ea se  by 16.7T~ was much weaker  than  that  of ve rapami l .  Some 
inc rease  in the capi l la ry  lumen a lso  was obse rved  (Fig. 1). The effects  desc r ibed  above are  evidence that  the 
drugs  t es ted  exe r t  the i r  act ion mainly in the region of the p recap i l l a ry  sph inc te rs ,  for  we know that  an inc rease  
or  dec rease  in the number  of noniunctioning, cap i l la r ies  is mainly  control led by the p r ecap i l l a ry  sph inc te rs  [1]. 
The ability of ve rapami l  to increase  the number  of ac t ive ly  functiening capi l la r ies  in the c e r e b r a l  cor tex  by a 
much g r e a t e r  degree  than nifedrine also is evidence that  a more  act ive ro le  in the mechan i sms  of change of 
basal  tone of the p r ecap i l l a ry  sphinc ters  is  evidently played by the gating m e c h a n i s m s  of the Ca channels than 
by the slow inward flow of calcium, on which 1 ,3-dihydropyr idines  (nifedrine, etc.) mainly  act .  The basis  for  this 
assumpt ion  is provided by data showing that  ve rapami l  acts  en the " internal  gate" of the Ca-chaxmels of cell 
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Fig.  1. Effect  of ve rapami l  (1) and nifedrine (2) on 
number  of GCC in ce r eb ra l  cor tex.  Here  and in Fig. 
2: C) control .  

Fig.  2. Effect  of ca lc ium antagonists  on number  of 
nonfanctioning cap i l l a r i e s .  I: 1) NA, 2) ve rapami l  + 
NA, 3) nifedrine + NA. II: 1) Phenylephr ine ,  2) v e r a -  
pami l  + phenylephrine,  3) nifedine + phenylephrine.  
I~; 1) Clonidine, 2) v e r a p a m i l  + clonidine, 3) n i fe -  
drine + clonidine. IV: 1) SNS, 2) ve rapami l  + SNS, 
3) nifedrine + SNS. 

m e m b r a n e s ,  and the s t rength  of i ts  action, m o r e o v e r ,  l a rge ly  depends on the state of the gate i t se l f .  If it is 
open the effect  of ve rapami l  is exhibited to the full [4]. Unlike ve rapami l ,  n i fedr ine acts  mainly  o n t h e  "ex -  
t e rna l  gate" of the Ca-channels ,  where  r e c e p t o r s  binding bivalent cations and blocking the inward slow calc ium 
cu r r en t  a re  located, without involving "gating m e c h a n i s m s "  of the Ca-charmels  [4]. Under adrenerg ic  loading 
conditions the r e spo ns e  of the p recap i l l a ry  sph inc te r s  to the act ion of ca lc ium antagonis ts  is substant ia l ly  a l -  
t e r ed .  The f i r s t  point to note is tha t  under the influence of NA (an ~ l /~2-agonis t ) ,  phenytephrine (~l -agonis t ) ,  
and clonidine (~2-agonist) considerable  changes take place  in the morphologica l  and functional s ta te  o f t he  c e r e -  
b ra l  cor t ica l  cap i l l a ry  s y s t e m .  F o r  instance,  in r e sponse  to in t racaro t id  infusion of NA the number  of GCC in-  
c r e a s e d  by 108%. Under the influence of phenylephrine this effect  r eached  254%, but with clonidine the effect  
was only 66%. The d i am e t e r  of the cap i l la r ies  a lso  was reduced somewhat  (Fig. 2), more  espec ia l ly  by phenyl -  
ephrine (27.3%). According to the s t rength  of t h e i r  act ion on p recap i l l a ry  sph inc te rs ,  the t e s t  subs tances  could 
thus be a r r anged  in the following order :  phenylephrine --* NA -~ clonidine. When the obse rved  effects  a r e  e v a l -  
uated the following point mus t  be noted. Besides  p resynap t i c  o~- and postsynapt ic  ~ l - a d r e n o r e c e p t o r s ,  blood 
ves se l s  a l so  contain pos tsynapt ic  ~2 - r ecep to r s ,  located main ly  ex t rasynapt ica l ly ,  n e a r e r  to the in t ima in the in-  
ne r  l aye r s  of the media ,  by cont ras t  with a l - r e c e p t o r s ,  which a re  located mainly  on the advent i t ia l -media l  
boundary in the immedia te  vicinity of ne rve  endings [6]. It is considered that ~ l - a d r e n o r e c e p t o r s  a re  pro tec ted  
against  the influence of exogenous NA, brought by the blood s t r e a m ,  chiefly through functioning of the neuronal  
uptake mechan i sms ,  and that  v a s o c o n s t r i c t o r  r e s p o n s e s  to  sympathe t ic  ne rve  s t imulat ion a re  effected mainly  
through ~ l - r e c e p t o r s .  Effects  of exogenous NA, on the other hand, a re  r ea l i zed  through ~2-ad renorecep to r s .  
Since the d is t r ibut ion and density of the no rad re ne rg i c  innervat ion of the blood ves se l s  d i f fe rs  depending on the 
v a s c u l a r  region,  the re la t ions  between pos tsynapt ic  ~1- and ~2-adrenorecep to r s  will d i f fer  in different  regions  
of the body [6]. Consequently,  it can be tenta t ively  suggested on the basis  of the observat ions  descr ibed  above 
that  the density of ~ l - a d r e n o r e c e p t o r s  in the p r e c a p i l l a r y  sph inc te rs  is much g r e a t e r  than the density of ~2- 
ad reno rece l~o r s ,  for  effects  of the se lec t ive  ~ - a g o n i s t  phenylephrine were  cons iderably  (2.2 t imes)  s t r o n g e r  
than the effect  of the ~2-agonist  clonidine. 

Consider ing that  c~l-adrenoreceptors ,  as was pointed out above,  a r e  concentrated mainly  in the sphere  of 
the neuroef fec tor  synapse  and r eac t  mainly with endogenous NA, the effect  of s t imula t ion  of the supe r io r  c e r -  
vical  sympathe t ic  ne rve  on the morphologica l  and functional s ta te  of the ce r eb ra l  cor t ica l  cap i l la ry  s y s t e m  was 
studied in a s e r i e s  of expe r imen t s .  The r e su l t s  showed that  sympathe t ic  ne rve  s t imula t ion  (SNS) inc reased  the 
number  of GCC by 147% compared  with the control  and reduced  the i r  d i a m e t e r  by 18.7%. The effects  indicated 
above are  much g r e a t e r  than those observed  under the influence of clonidine and they conf i rm the  conclusion 
that  the density of ~ l - r e c e p t o r s  is g r e a t e r  than that  of ~2 - recep to r s  in the p r e c a p i l l a r y  sphinc ters  of the cat 
c e r e b r a l  cor tex .  

When the r e su l t s  of this  s tudy of re la t ions  between the adrenerg ie  component  and ca lc ium antagonists  a r e  
examined at the capi l la ry  s y s t e m  level ,  it mus t  be pointed out that  v e r a p a m i l  exhibits its act ion mainly  when ~ l -  
r e c e p t o r s  are  exci ted by phenylephrine.  For  ins tance,  under the influence of ve rapami l  the effect  of phenyl-  
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ephrine on the p reeap i l l a ry  sphincters  was reduced  by 47.1% and that  of NA by 20%; however ,  i t  will  be noted 
tha t  the number  of nonfunctioning cap i l la r ies  s t i l l  r ema ined  g r e a t e r  than in the control .  Verapami l  had hardly  
any influence on the effects  of clonidine. It is an in teres t ing  fact  that  ve rapami l  a l so  reduced the influence on 
SNS on the number  of nonfunctioning capi l la r ies  (Fig. 2), but in this case also aboli t ion of the effect  was p a r -  
t ia l  in cha rac t e r  (31.1%). The effects  of nifedrine were  s t ronge r  than those  of ve r apami l .  Fo r  ins tance,  during 
s imul taneous excitat ion of ~1- and ~2- recep to r s  by NA, nifedrine reduced the number  of nonfunctioning capi l -  
l a r i e s  by 20% and inc reased  t he i r  d i ame te r  a l i t t le.  If ~ l - r e c e p t o r s  were  se lec t ive ly  exci ted by phenylephrine,  
nifedrine reduced the number  of nonfunctioning cap i l la r ies  by 8.5 t imes  compared  with the effect  of ve rapami l ,  
and by 2.4 t imes  compared  with the control .  The effect  of exci tat ion of ~ z - r e c e p t o r s  by clonidine was reduced 
by half by nifedrine.  It mus t  a lso  be noted that  nifedrine d e p r e s s e d  the effect  of SI~S on the number  of non-  
functioning capi l la r ies  by 2.3 t imes  (Fig. 1). 

When the r e su l t s  a re  a s s e s s e d  the following point must  be t aken  into accoun t :  Fo r  cont rac t ionof  the smooth 
musc l e  of blood v e s s e l s  a definite th resho ld  concentra t ion of in t race l lu la r  ca lc ium is n e c e s s a r y .  Since the i n t r a -  
ce l lu lar  ca lc ium r e s e r v e s  a re  compara t ive ly  sma l l  in smooth  musc l e s ,  the threshold  ca lc ium level  is mainta ined 
chiefly by ex t race l lu l a r  Ca ++ through channels in the cell m e m b r a n e s  [3]. When ~1- and ~2-adrenorecep to r s  
a r e  excited,  pass ive  Ca ++ t r a n s p o r t  is intensif ied.  Exci tat ion of ~z - r ecep to r s  opens the r ecep to r - con t ro l l ed  
channels ,  which a r e  vol tage-dependent ,  whereas  the ~ l - r e c e p t o r  opens vol tage-independent  Ca-channels  [6]. 
Under the influence of NA both channels function, whereas  phenylephrine acts  chiefly through vol tage- indepen-  
dent, and clonidine through dependent chamlels .  Hence it  follows that  during act ivat ion of ~ - a d r e n o r e c e p t o r s  of 
p r ecap i l l a ry  sph inc te rs ,  espec ia l ly  of ~ l - r e c e p t o r s ,  the "externa l  gates"  of the  Ca-channels  play an impor tant  
ro le ,  for  nifedr ine,  which blocks the "ex terna l  ga tes"  gives r i s e  to a m a r k e d  degree  of inhibition of the effect  
of both phenylephrine and SNS. The abil i ty of nifedrine to inhibit effects  of clonidine a lso  is evidence of the i m -  
por tan t  role  of the "externa l  ga tes"  of Ca++ in functioning of the ~2- recep to r s  of the p recap i l l a ry  sphinc te rs ,  
whose density,  as was pointed out above, is evidently less  than the densi ty of ~ l - r e c e p t o r s .  Par t ic ipa t ion  of the 
" in te rna l  ga tes"  of Ca M in the mechan i sm of the adrenerg ic  r e sponse  of the p r e c a p i l l a r y  sph inc te rs  a l so  will 
be evident,  although less  c lear ly  manifes ted .  

The Ca-channels  thus play an important  role  in function of the p r ecap i l l a ry  sph inc te rs ,  whose act ivi ty  is 
l a rge ly  dependent on activi ty of ~ - a d r e n o r e c e p t o r s ,  in pa r t i cu la r ,  of ~ l - r e c e p t o r s .  A m o r e  impor tan t  ro le  in 
the changes in basal  tone of the p recap i l l a ry  sph inc te rs  under the influence of calc ium antagonists  is  evidently 
p layed by the "gating mechan i sm"  of t h e C a - c h a n n e l s ,  whereas  vol tage-confro l  and r e c e p t o r - o p e r a t e d  Ca-chan-  
nels  play the leading ro le  in the maintenance of ad rene rg ic  tone. 
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