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The perfusion p re s su re  in the internal carot id  a r te ry ,  isolated in situ, was recorded  in ex- 
per iments  on dogs during perfusion of the a r t e ry  with Ringer ' s  solution by means of a con- 
stant output pump. The res t ing  tone of the a r te r ia l  wall rose  with an increase  in the Ca ++ 
concentrat ion in the perfusion fluid, and vice versa .  The decrease  in res t ing tone was pa r -  
t icular ly  marked  after  elimination of Ca ++ f rom the vesse l  wall by addition of EDTA to the 
perfusion fluid. The cons t r ic tor  effect of serotonin on the internal carot id a r t e ry  was con- 
s iderably weakened if Ca ++ was removed  f rom the perfusion fluid and EDTA added to it. 

The important  role of the major  a r t e r i e s  of the brain  (internal carot id and vertebral) in the regula-  
tion of the blood supply to the brain  and in the genesis  of d is turbances  of blood supply due to spasm of these 
a r t e r i e s  [2], d iscovered  in the last  decade, compels detailed investigations to be made of the origin of the 
tone of these a r t e r i e s  in general  and of their  spasm in par t icular .  Two modifications of the method using 
the internal  carot id a r t e ry  of a dog, isolated in situ [4, 5], provide excellent opportunities for r e s e a r c h  of 
this type. 

Serotonin has been shown to be a specific endogenous cons t r ic tor  agent in re lat ion to the internal 
carot id  a r t e ry  [3, 5, 6], but the mechanism of its action has not yet  been studied. This applies, in par t icu-  
lar ,  to its role  in the development of spasm (a sharp and pers is tent  constriction) of these vesse l s .  The 
need for a more  detailed study of the effect of serotonin on the wall of the internal carot id  a r t e ry  will thus 
be understood.  

Because of the important  role  of Ca ++ ions in the manifestat ion of the serotonin effect on smooth- 
muscle  elements  [1, 7-10], the investigation descr ibed  below was ca r r i ed  out to study the role  of Ca ++ in 
the format ion of tone of the wall of the internal carot id  a r t e ry  and in the cons t r ic tor  effect of serotonin on it. 

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 15 mongrel  dogs weighing 15-25 kg, anesthetized with nembutal 
(about 0.04 g/kg, intraperi toneally) .  A prepara t ion of the isolated internal carot id  a r t e ry  in situ [4] was 
used. All branches  of the common carot id a r t e ry  except the internal were  ligated in the neck, after  which 
the anas tomoses  between the internal carot id  a r t e ry  and the external  orbital  and infer ior  meningeal a r t e r -  
ies were  ligated. After wide trephining of the skull in the temporal  region, the anter ior  ce rebra l  and pos- 
t e r io r  communicat ing a r t e r i e s  were  divided on the same side close to their  origin f rom the internal caro t -  
id a r te ry .  One catheter  was introduced into the common carot id a r t e ry  in the direction towards the skull, 
and another (thin, polyethylene) was inser ted  in the r e t rog rade  direct ion inside the skull into the initial 
port ion of the middle ce reb ra l  a r t e ry  and passed along it to the internal carot id a r t e ry  as far  as the point 
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where  it en te r s  the skull. The in ternal  caro t id  a r t e ry ,  with all  i ts  nervous  communica t ions  intact,  was  
thus hemodynamica l ly  isolated" the perfusion fluid injected by a pump f r o m  the common caro t id  a r t e r y  
pa s sed  only along the in terna l  caro t id  a r t e r y  and escaped  without flowing through the other  c e r e b r a l  v e s s e l s .  

The perfusion fluid consis ted  o f  R inge r ' s  solution of the following composi t ion,  w a r m e d  to 37~ 
NaC1 0.69%, KC1 0.035%, CaC12 0.028%, KH2PO 4 0.016%, MgSO 4 �9 7H20 0.029%, NaHCO 3 0.21%, glucose 0.05%; 
pH 7.4. 

A constant  output pump was  used  and the per fus ion  p r e s s u r e ,  re f lec t ing  the hydraul ic  r e s i s t a n c e  of 
the in ternal  caro t id  a r t e ry ,  was  recorded .  The inves t igated a r t e r y  re ta ined  its sensi t iv i ty  to physiologi-  
cal ly act ive subs tances  during s eve ra l  hours  of the acute exper iment .  

EXPERIMENTAL RESULTS 

During continuous perfusion Of the dog' s internal carotid artery, isolated in situ, the volume velocity 
(output) of flow of the R i n g e r ' s  solution (Vperf} along the v e s s e l  was  13.5• ml /min  (here mid below, 
M• whi le the  per fus ion  p r e s s u r e  (Pper~ averaged  100 m m  Hg, i .e . ,  the r e s i s t a n c e  in the v e s s e l  (R) was  
8.5• m m  Hg/ml/min.  This  r e s i s t a n c e  was  due to the " res t ing  tone" of the smoo th -musc l e  f ibe r s  of the 
in ternal  ca ro t id  a r t e r i a l  wal l .  

In the expe r imen t s  of s e r i e s  I, a f t e r  a stable background of per fus ion  p r e s s u r e  had been es tabl i shed 
during work  with no rm a l  R i n g e r ' s  solution, a R i n g e r ' s  solution in which the Ca ++ concentra t ion was  2-4 
t i m e s  g r e a t e r  was  pas sed  through the a r t e r y  (in all  the expe r imen t s  the per fus ion  fluid was  isotonic;  the 
sa l t  composi t ion  was changed by reducing the concentra t ion of Na + ions). The value of Ppe r f  ro se  r egu-  
l a r ly  (to 29.5• m m  Hg), indicating an i nc rea se  in tone of the v e s s e l  wall;  the r e s i s t a n c e  inc reased  
under  these  conditions by 2.6• m m  Hg/ml/min.  

In the expe r imen t s  of s e r i e s  II, a f te r  a per iod  of per fus ion  of the v e s s e l  with no rma l  R inge r ' s  solu- 
tion, the a r t e r y  was  per fused  with Ca++-free R i n g e r ' s  solution. In this  case  as a ru le  the value of P p e r f  
fel l  ion the average  by 13.2• m m  Hg} and R fell  by 2.2• m m  I-Ig/ml/min, indicating a dec rea se  in tone 
of the smoo th -musc l e  f i be r s  of the a r t e r i a l  wall .  

In the expe r imen t s  of s e r i e s  III the a r t e r y  was  per fused  (af ter  es tab l i shment  of the background) with 
Ca++-free  R inge r ' s  solution with the addition of EDTA (ethylenediamine t e t r aace t a t e ,  a compound binding 
Ca +~) in a p ropor t ion  of 40 m g  to 100 ml  per fus ion  fluid. Under these  conditions the level  of Ppe r f  fell  by 
a much g r e a t e r  degree  than the expe r imen t s  of s e r i e s  II (by 50.8• m m  Hg~, while R fell  by 4.8•  
m m  Hg/ml/min.  

In all  the s e r i e s  of expe r imen t s  desc r ibed  above, a f ter  r e sumpt ion  of per fus ion  of t h e ' a r t e r y  with 
no rma l  R inge r ' s  solution, the value of Ppe r f  a lways had a tendency to r e t u rn  to its or iginal  level .  

In the e x p e r i m e n t s  of s e r i e s  IV the cons t r i c to r  ef fec ts  of serotonin  during per fus ion  of the v e s s e l  
with no rma l  R i n g e r ' s  solution Cin t ra -ar te r ia l  inject ion of serotonin under  s tandard conditions in a dose of 
0.4 pg in a volume of 2 ml) we re  compared  with the effects  of serotonin during the per fus ion  of the in ternal  
ca ro t id  a r t e r y  with Ca++-free  R i n g e r ' s  solution containing EDTA (40 mg/100 ml  per fus ion  fluid). Whereas  
under  the control  conditions serotonin inc reased  Ppe r f  by 22.1• m m  Hg and R by 3.4• m m  Hg/ml/  
min,  with Ca ++ e l iminated or  i ts  concentra t ion significantly lowered in the v e s s e l  wall,  the effect  of s e ro -  
tinin was  reduced  on the ave rage  by 89%. 

This  weakening of the cons t r i c to r  effect  was  specif ic  for  serotonin,  for  when v a s o p r e s s i n  (0.1-0.01 
unit) was  injected into the a r t e r y  or  when R inge r ' s  solution in which the K + concentra t ion  was  inc reased  
4-5 t i m e s  was  used  to per fuse  the vesse l ,  cons t r ic t ion  of the wall  of the in ternal  caro t id  a r t e r y  a lways de- 
veloped in about the same intensity as in the control .  

The p resence  of Ca ++ thus plays  an impor tan t  ro le  in the fo rmat ion  of tone of the wall  of the in ternal  
ca ro t id  a r t e r y .  It is  e s sen t i a l  for  the appearance  of the va socons t r i c t o r  effect  of serotonin,  the mos t  ac-  
t ive endogenous va socons t r i c to r  agent for  this a r t e r y .  
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