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ACTION OF PROSTAGLANDINS E i AND E 2 ON THE INTERNAL 

CAROTID ARTERY 
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In exper iments  on the internal  carot id  a r t e r y  of a dog isolated f rom the r e s t  of the circulation,  
the following ef fec ts  of prostaglandins  (PG) E 1 and E 2 were  d iscovered .  PG E l caused e i ther  a 
cons t r i c to r  o r  a d i la tor  effect  with habituation during repea ted  exposures ,  whereas  PG E 2 had 
only a cons t r i c to r  effect  without any habituation. The duration of the effects  of PG E 2, espe-  
cial ly re laxat ion,  was much longer  than that  of the effects  of serotonin;  res idual  contract ion 
of the vascular  smooth musc l e s  was frequent ly  observed;  PG E 1 and PG E 2 potentiated the 
effects  of serotonin and often of noradrenal in .  

KEY WORDS: angiospasm; prostaglandins;  internal  carot id  a r te ry ;  serotonin;  smooth musc les  
of  blood ve s se l s .  

In the a r t e r i a l  sys tem of the bra in  the mos t  typical  s i tes  for  the onset  of spasm a r e  the la rge  a r t e r i e s  
and, in pa r t i cu la r ,  the internal  carot id  a r t e r i e s  [2]; for  that  r e a s o n  investigations of the pathophysiological 
mechan i sms  of development  of angiospasm are  bes t  c a r r i e d  out on these  vesse l s .  In the las t  decade the 
var ious  prostaglandins (PG) have a t t rac ted  considerable  attention of invest igators  because of the i r  possible 
r o l e  in the development  of spasm of the ce reb ra l  a r t e r i e s  [9, 12, 13]. PG may  have a d i r ec t  action on the 
smooth musc les  of a r t e r i e s ,  by penetrat ing into t h e i r  wall f rom the blood or  f rom the medium surrounding 
the vesse l ,  or  if synthesized within the vesse l  wall i tself .  

The  object  of this  invest igat ion was to study the action of PG E 1 and E 2 on the internal  carot id  a r t e r y  
of the dog, isolated f rom the r e s t  of  the circulation;  the work was a fu r the r  development  of the w r ~ e r s '  studies 
of the ro l e  of these  physiological ly active substances in the development  of pathological constr ict ion,  i .e. ,  of 
angiospasm, in the bra in  [5]. 
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Fig .  1. Magnitude of cons t r i c to r  action of PG E 2 on dog caro t id  a r t e r y  isola ted f r o m  r e -  
ma inde r  of c i rcula t ion.  Absc i s sa ,  dose  of Pg E 2 (in # g); ordinate ,  i n c r e a s e  of per fus ion  
p r e s s u r e  (in m m  Hg). 

F ig .  2. Changes  in cons t r i c to r  act ion of PG E 1 (1-6) and PG E 2 (7-12), e x p r e s s e d  as  in- 
c r e a s e  of per fus ion  p r e s s u r e  (in m m  Hg), during the i r  r epea t ed  inject ion into dog internal  
caro t id  a r t e r y  isola ted f r o m  r e s t  of c i rcula t ion.  

EXPERIMENTAL METHOD 

E x p e r i m e n t s  we re  c a r r i e d  out on the i~ternal  carot id  a r t e ry ,  i sola ted f r o m  the r e s t  of  the circulat ion,  
of 28 mongre l  dogs of both se~es  weighing 15-25 kg, anes the t ized  with pentobarbi ta l  (40 m g / k g ,  i n t r ape r i -  
toneaUy).  The technique of c i r cu la to ry  isola t ion of the internal  caro t id  a r t e r y  was desc r ibed  in detail  p r e -  
viously [3, 4]. The a r t e r y  studied was continuously per fused  under  s tandard conditions (37°C) by means  of a 
constant  de l ivery  pump with oxygenated R i n g e r - K r e b s  b icarbonate  solution with g lucose .  F r o m  the perfus ion 
p r e s s u r e  r e c o r d e d  it  was  poss ib le  to judge changes in the tone of the wall  of th is  a r t e r y  while in situ, with i ts  
innervat ion intact .  PG E 1 and PG E 2 ( f rom Upjohn, USA), l ike the  o the r  physiological ly  act ive substances ,  
were  injected under  s tandard conditions (in a vo lume of 2 ml ,  ove r  a per iod  of 10 sec) into the perfus ion fluid 
enter ing  the t e s t  a r t e r y ,  and they were  then collected and thus had no act ion on the o ther  pa r t  of the vascu la r  
sy s t em.  The  exper imenta l  r e s u l t s  were  subjected to s ta t i s t ica l  ana lys i s .  

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

PG E 1 and PG E 2 differed in the i r  act ion on the in ternal  carot id  a r t e r y .  F i r s t ,  PG E 2 in all ca ses  caused 
an i n c r e a s e  in tone of the va s cu l a r  smooth  musc le s ;  no definite re la t ionsh ip  could be found between the magn i -  
tude of the effect  and the dose of PG E 2 (Fig. 1). PG E 1 in mos t  expe r imen t s  (in a r a n d o m  sample  in 42.5% of 
141 tes ts )  caused an i nc r ea s e  in tone of the smooth m u s c l e s  of the a r t e ry ,  and in the r e s t  of the expe r imen t s  
i t  caused a d e c r e a s e  in tone, in genera l  a g r e e m e n t  with data in the l i t e r a t u r e  [6-8]. Second, during repea ted  
exposure  to PG E 1 "habituation n of the v a s c u l a r  smooth m u s c l e s  was usual ly  obse rved  to it; the magnitude of 
the  e f fec ts  gradual ly  diminished,  whe rea s  during repea ted  exposure  to PGE 2 this  was not obse rved  (Fig. 2). 

Af te r  b lockade of the ~ - a d r e n o r e c e p t o r s  in the a r t e r i a l  wall the cons t r i c to r  ef fec ts  of  PG E 1 and PG E 2 
not only were  not abolished,  but were  usual ly  i nc reased .  Af t e r  admin i s t r a t ion  of d ihydroergotoxin  (0.1 rag) 
t he i r  magni tude i nc rea sed  on ave rage  by 54 • 18%, whereas  a f te r  admin i s t r a t ion  of phenoxybenzamine (1 mg) 
it i nc reased  by 43.5 ± 29.6% of the initial value.  Th i s  is  evidence that  these  PG exer t  the i r  cons t r i c to r  action 
on the  internal  ca ro t id  a r t e r y  in o the r  ways  than through a d r e n o r e c e p t o r s .  Rese rp ine  cons iderably  weakened 
the  cons t r i c to r  e f fec ts  of Pg  E 1 and PG E 2 - b y  about 73.2 ± 9.8%, the s a m e  as  those  of PG A 1 and PG B i [5]. 
The  ef fec ts  of these  PG were  thus somehow connected with the m e c h a n i s m s  through which serotonin and 
ca techolamine  ac t  on smooth m u s c l e s .  

F r o m  the point of view of development  of pathological  cons t r ic t ion  of the internal  carot id  a r t e ry ,  the 
c h a r a c t e r  of r e l axa t ion  of the v a s c u l a r  smooth m u s c l e s  during the cons t r i c to r  ef fec ts  of  PG is pa r t i cu l a r l y  
in te res t ing .  Since a r e s t r i c t o r  r e s p o n s e  of the in ternal  caro t id  a r t e r y  was constantly evoked by PG E 2, the 
following indices of i ts  e~ec t  we re  de te rmined:  1) The  re la t ive  duration of the cons t r i c to r  effect  (independent 
of i ts  magnitude) was  calcula ted p e r  m m  Hg i n c r e a s e  of  pe r fus ion  p r e s s u r e .  I t  amounted to 15 ± 2 sec ,  com-  
p a r e d  with only 3.0 ± 0.3 sec  for  serotonin .  2) The  re laxa t ion  index, showing the durat ion of r e l axa t ion  as a 
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Fig .  3. Effec t  of  PG E 1 and PG E 2 on con-  
s t r i c t o r  act ion of serotonin  (I), n o r a d r e n -  
al in 01), and an i nc rea se  in K + concen t ra -  
t ion in per fus ion  fluid (HI) on dog i n t e r n a l  
ca ro t id  a r t e r y  i so la ted  f r o m  r e s t  of c i r cu -  
la t ion.  Data  given as pe rcen tages  of init ial  
e f fec t  (before act ion of PG).  

pe r cen t age  of the dura t ion  of const r ic t ion ,  t aken  as  100, was  372 • 29 sec fo r  PG E~  whe rea s  for  serotonin it 
was  much  lower ,  ~nmely 295 • 21 sec .  3) The  f requency of con t rac tu re ,  i .e. ,  of res idua l  contract ion of the 
s m o o t h - m u s c l e  m e m b r a n e  a f t e r  the  re laxa t ion  p r o c e s s  had ended, in a r a n d o m  sample  in 43 t e s t s  of the act ion 
of PG E 2 amounted to 58% of cases ;  the  deg ree  of i nc rea se  of va scu l a r  tone compa red  with the initial back-  
ground ave raged  12.0 • 2.2 m m  t tg .  

The  c h a r a c t e r i s t i c s  of the cons t r i c to r  act ion of PG E~ on the in ternal  caro t id  a r t e r y  thus indicate that  
if th is  PG pa r t i c ipa t e s  in the p r o c e s s  of cons t r ic t ion  of th is  a r t e r y  under  natural  conditions,  i t  is  much m o r e  
capable  than sero tonin  of caus ing the development  of s p a s m  in the ves se l  [2], although the  actual magnitude 
of the cons t r i c to r  e f fec t  of  PG E~ is  l e s s  than half  of the e f fec ts  of cor responding  doses  of serotonin.  

F r o m  the standpoint of the r o l e  of PG of the E group in the development  of  s p a s m  of the ce r eb ra l  a r t e r i e s  
the  r e s u l t  of t he i r  act ion on the cons t r i c to r  e f fec ts  of  o the r  physiological ly  ac t ive  subs tances  and, in pa r t i cu la r ,  
of sero tonin  and ca techo lamines  i s  a lso  of cons iderab le  i n t e re s t .  The  p r e sen t  e~per imen t s  showed that  a f t e r  
the end of the action of PG E 1 ( i r r e spec t ive  of whether  i ts  effect  was cons t r i c to r  o r  di lator)  and of  PG E 2 (whose 
e f fec t  is  a lways  cons t r ic to r )  the con t rac t i l e  act ion of se ro tonin  on the smooth m u s c l e s  of the  a r t e r y  was  con- 
s ide rab ly  i n c r e a s e d  (by 269 • 133%), but the effect  of  noradrena t in  was changed l e s s  considerably ,  and f r e -  
quently in an inconstant  direct ion-  in some e x p e r i m e n t s  it  was  inc reased ,  in o the r s  reduced;  meanwhile  the  
PG E 1 and E 2 had no defini te effect  on cont rac t ion  of the a r t e r i a l  wall caused by depolar iza t ion  of the p l a s m a  
m e m b r a n e s  of the  smooth  m u s c l e s  in r e s p o n s e  to an i nc r ea se  in the K + concentra t ion  in the per fus ion  fluid 
(Fig.  3). The act ion of PG E 1 and PG E~ thus d i f fers  f r o m  the e f fec ts  of PG A 1 and PG B2, which had a pe r fec t ly  
definite potent iat ing act ion on the  e f fec t s  of both sero tonin  and noradrena l in .  
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