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Adrenal in  and noradrena l in  (10 -6) caused depolar izat ion,  s t rengthening of spontaneous e lec t r i ca l  
act ivi ty ,  i nc rea sed  excitabil i ty,  and a dec r ea se  in the m e m b r a n e  r e s i s t ance  of smooth musc le  cel ls  of the 
por ta l  vein.  It is postulated that the exc i ta tory  action of ca techolamines  on musc le  cel ls  is connected with 
an i nc r ea se  in pe rmeab i l i t y  mainly  for  ca lc ium and sodium.  

Invest igat ions of the mechan i sm of action of med ia to r s  on e lec t rophys io logica l  p r o p e r t i e s  of smooth 
musc l e s  of the gas t ro - in t e s t ina l  t r a c t  have recen t ly  been  published [2, 5, 6, 8]. So fa r ,  however,  no such 
invest igat ions have been c a r r i e d  out on the smooth  musc l e s  of blood v e s s e l s .  In mos t  s tudies the effect  of 
ca techolamines  was invest igated pr inc ipal ly  on spontaneous e lec t r i ca l  act iv i ty  and contract i le  act ivi ty  of 
the smooth  musc l e s  of the v e s s e l s .  In many  r e s p e c t s  the r e su l t s  of these  invest igat ions a r e  cont rad ic tory  
[3, 7, 9-13]. 

It was t he re fo re  decided to study the effect  of ca techolamines  not only on the spontaneous e lec t r ica l  
act ivi ty (SEA) of musc le  cel ls ,  but also on the i r  exci tabi l i ty  and on the i r  m e m b r a n e  r e s i s t ance .  

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

The t e s t  object  consis ted  of segments  of the r a t  po r t a lve in  1.5-20 mm in length and 0.2-0.5 mm in 
d i ame te r .  The musc le  s t r ip  was s t r e t ched  by a weight of 2-3 g (its contract ions under  these  c i r cums t an ces  
were  close to i somet r i c )  and it was placed in the chamber  of a double suc rose  br idge [1, 4]. Potent ia ls  
were  r eco rded  and the object  s t imula ted  by means  of A g -  AgC1 e lec t rodes .  All e lec t rodes  were  connected 
to the cor responding  par t s  of the musc le  s t r ip  through inflowing solutions.  Before  it en te red  the chamber ,  
the Krebs '  solution was ae ra t ed  by a mix tu re  consis t ing of 95% 02 and 5% CO2, and heated to a t e m p e r a t u r e  
of 33-34~176 The record ing  e lec t rodes  were  connected to the input of a cathode fol lower ,  f rom which the 
s ignals  were  fed into the input of a VEKS-0.1M osc i l loscope .  Pa ra l l e l  record ings  were  made by means  of 
a type N-700 loop osc i l lograph  on photographic  paper  and by means  of an E P P - 0 9 - M 1  automat ic  wr i t e r  on 
osc i l lographic  p a p e r .  

The m e m b r a n e  pe rmeab i l i t y  ( res is tance)  for  ions was es t imated  f rom the magnitude of the e l e c t r o -  
tonic potent ials  (ETPs) produced by a weak polar iz ing  cur ren t .  The 0.1% solutions of adrenal in  and n o r -  
adrenal in  which were  used were  diluted with Krebs '  solution to a concentrat ion of 10 -6 before  each e x p e r i -  
ment .  The durat ion of action of the ca techolamines  was 6-7 rain. 

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

In mos t  exper imen t s  the action of noradrena l in  was accompanied  by depolar iza t ion  of the m e m b r a n e  
of the s m o o t h - m u s c l e  cells ,  which r eached  a max imum of 2-3 mV af te r  2-3 min (Fig. 1A). Fur the r  action 
of noradrena l in  did not change the level  of the m e m b r a n e  potential  (MP) of the cel ls .  The f requency of the 
SEA was i nc rea sed  about 3 t imes  during the f i r s t  2 rain of action. The durat ion of the slow waves was 
reduced under  these  c i r cum s t ances ,  and they were  gradual ly  changed into f a s t  potent ia ls .  Fu r the r  action 
of noradrena l in  did not change the f requency of cell act ivi ty.  The ampli tude of the fas t  potent ials  fell  
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Fig. 1 F ig .  2 

F ig .  1. Act ion of n o r a d r e n a l i n  (A) and ad rena l in  (B) on e l e c t r i c a l  ac t iv i ty  of smooth  m u s c l e s  
of por ta l  vein.  Nad - no radrena l in ;  Ad - adrena l in ;  Kr - no rma l  K r e b s '  solut ion.  A r r o w s  
indicate  beginning and end of act ion of ad rena l in  and norad rena l in .  In th is  and subsequent  
f igures ,  upward  deviat ion of curve denotes negat iv i ty ,  downward deviat ion pos i t iv i ty .  

F ig .  2. Depola r iza t ion ,  appea rance  of e l e c t r i c a l  ac t iv i ty ,  and d e c r e a s e  in e l ec t ro ton i c  po -  
t en t ia l s  of musc le  ce i l s  under  the influence of ad rena l in .  In the in i t ia l  s ta te  the ce l l s  p o s -  
s e s s e d  no spontaneous e l e c t r i c a l  ac t iv i ty .  Ar rows  denote switching on and off cathode of 
polarizing current before and during adrenalin action. Electrotonie potentials produced by 
current of strength 0.7 pA. 

throughout  the pe r iod  of ac t ion  of no rad rena l in ,  but  only ve ry  s l ight ly .  In some e xpe r i m e n t s ,  a t  the 4th-5th 
min  of n o r a d r e n a l i n  act ion,  i so l a t ed  slow waves  were  obse rved .  The i r  ampl i tude  was 2-2.5 rain and the i r  
dura t ion  f rom 12 to 15 sec ,  and frequent ,  fas t  potent ia ls  were  supe rposed  on them. Removal  of the n o r -  
ad rena l in  by r ins ing  with no rma l  K r e b s '  solut ion was accompanied  by gradual  r e s t o r a t i o n  of the MP and a 
d e c r e a s e  in the f requency of e l e c t r i c a l  ac t iv i ty .  It r e tu rned  to i ts int ia l  leve l  a f te r  3-4 rain. 

The act ion of ad rena l in  was qua l i ta t ive ly  s i m i l a r  to that  of no rad rena t in .  A r e c o r d i n g  of one of the 
e x p e r i m e n t s  is  shown in F ig .  lB.  Depo la r i za t ion  r eached  a max imum 1-2 rain a f te r  the beginning of 
ad rena l in  act ion,  and r eached  1-2 inV. L a t e r ,  despi te  the continued act ion of adrena l in ,  the onse t  of a d r e n a -  
l in  act ion was c h a r a c t e r i z e d  by an i n c r e a s e  in f requency of the SEA by about 3-4 t imes ,  with a g radua l  
change of the slow waves into f a s t  po ten t i a l s .  F u r t h e r  ad rena l in  action caused  the appea rance  of slow waves  
f rom 2-3 mV in ampl i tude  and up to 1! s ec  in durat ion,  with f requent  d i s c h a r g e s  in the fo rm of s ing le  f a s t  
po ten t ia l s  on the i r  peaks  and between them. Removal  of the adrena l in  with K r e b s '  solut ion caused  no change 
in the MP leve l  of the ce l l s .  Recovery  of e l e c t r i c a l  ac t iv i ty  took place  more  s lowly and was comple te  at  the 
end of the 3rd minute.  The fas t  potent ia l s  between the slow waves  d i s a p p e a r e d  f i r s t ,  and then by the end of 
1 rain the f requency of the slow waves i n c r e a s e d ,  while the i r  ampl i tude  and dura t ion  d e c r e a s e d .  

The act ion of ad rena l in  on a musc le  whose ce l l s  did not p o s s e s s  SEA is i l l u s t r a t e d  in F ig .  2. In the 
ce l l s  of this  musc le  i t  a l so  caused  depo la r iza t ion  of the membrane ,  and the appea rance  of e l e c t r i c a l  ac t iv i ty  
in the fo rm of s ingle  fas t  po ten t ia l s ,  the f requency and ampl i tude  of which i n c r e a s e d  dur ing the f i r s t  2 rain. 
Af te r  3 and 4 rain the e l e c t r i c a l  ac t iv i ty  had the fo rm of a l t e rna t ing  slow waves (duration 15-20 see) ,  up to 
2 mV in ampl i tude ,  with fas t  potent ia l s  on the i r  peaks ,  of high f requency  and ampl i tude.  Removal  of the 
ad rena l in  with K r e b s '  solut ion l ed  to d i s appea r a nc e  of the e l e c t r i c a l  ac t iv i ty .  In th is ,  as  in mos t  o ther  e x -  
pe r imen t s ,  the effect  of ca t echo lamines  on the ampl i tude  of the ETP  also was inves t iga ted .  In the musc le  
in this  expe r imen t ,  ane lec t ro tonus  was p roduced  by a c u r r e n t  of s t reng th  0.7 #A; under  n o r m a l  condit ions 
i t  r e ached  0.6 inV. 
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Fig.  3. Effect  of adrenal in  on e l ec t r i ca l  po -  
tent ials  of smooth  musc l e s  of por ta l  vein  
possess ing  spontaneous e l ec t r i ca l  activity:  
A) anelect rotonus  under  no rma l  conditions; 
B) anelect rotonus  during adrenal in  action; 
a ,b,c,d,e,f)  a f te r  40 sec  and 2, 3, 4, 5, and 
6 min of adrenal in  ac t ion , respec t ive ly ;  C) 
anelec t ro tonus  at beginning of r ins ing of 
musc le  with normal  Krebs '  solution. E l e c -  
t ro tonic  potent ials  evoked by cur ren t  of 
0.5 ~A. 

At the beginning of adrenal in  action the magnitude of 
the anelect rotonus fell by 0.2 mV, although the MP level  was 
unchanged at this t ime .  Switching off the polar iz ing cu r ren t  
was accompanied  by an anodic o f f - r e sponse ,  mani fes ted  as 
an i nc rea se  in the f requency of e lec t r i ca l  act iv i ty .  The de-  
c r e a s e  in anelect rotonus  r eached  its  g r e a t e s t  degree  a f te r  
7 rain of adrenal in  action. Removal  of the adrenal in  with 
normal  Krebs '  solution was accompanied,  as a rule ,  by 
r e s to ra t i on  of the anelec t ro tonus ,  for  the anodic o f f - r e sponse  
was inhibited. 

Before  the beginning of adrenal in  action, s t imulat ion 
by the cathode of the polar iz ing  cur ren t  caused a smal l  ETP,  
on which only one spike potential  appeared .  Switching off 
the cu r r en t  was accompanied  by d i sappearance  of the E T P  
and the development  of a cons iderable  a f t e r -hype rpo la r i za t ion .  
During the action of adrenal in,  the cathode of a polar iz ing 
cu r ren t  of the s ame  s t rength  caused apprec iab le  depo la r i -  
zat ion and fas t  spike potent ia ls .  Switching off the cur ren t  
was accompanied  by cessa t ion  of spike act ivi ty,  but no a f t e r -  
hyperpo la r i za t ion  developed.  Removal  of the adrenal in  with 
Krebs '  solution led to r e s t o r a t i o n  of the r e sponse  to the 
cathode of the polar iz ing  cur ren t .  Changes in anelect rotonus 
during the action of adrenal in  in an expe r imen t  in which the 
musc le  cel ls  p o s s e s s e d  SEA are  shown in Fig.  3. Wide 
scanning was used for  this record ing .  The dec rea se  in an-  
e lec t ro tonus  took place a t  the ve ry  beginning of adrenal in  
action (Fig. 3B, a). The subsequent  action of adrenal in  led 
to a fu r the r  dec r ea se  in the anelec t ro tonous ,  the ampli tude 

of which a f te r  5 min was a lmos t  reduced  to one -qua r t e r  of its initial  level .  Switching off the polar iz ing 
cu r r en t  was accompanied  by an anodic o f f - r e sponse  (Fig. 3A), the la tent  per iod of which d e c r e a s e d  during 
the f i r s t  minutes  of adrenal in  act ion (Fig. 3B, a - e L  During the fu r the r  act ion of adrenal in,  switching off 
the polar iz ing cu r ren t  did not produce an anodic o f f - r e sponse  (Fig. 3B, d-f) .  Removal  of the adrenal in  
with normal  K r e b s '  solution was accompanied  by r e s to ra t ion  of the magnitude of anelec t ro tonus  and by the 
appearance  of an anodic o f f - r e sponse  (Fig. 3C). The action of noradrena l in  caused s i m i l a r  changes i n E T P .  

Inves t igat ion of the action of the polar iz ing  cu r ren t  cathode on musc l e s  whose cells  p o s s e s s e d  SEA 
was difficult because  of the high f requency  of e l ec t r i ca l  activity during the action of ca teeholamines .  

During the f i r s t  minutes ,  the re fo re ,  adrenal in  and noradrena l in  caused depolar iza t ion of the m e m b r a n e  
and inc rea sed  the f requency  of the SEA of the musc le  ce l l s .  During the next  few minutes  of adrenal in  
action, however ,  r epo la r i za t ion  of the m e m b r a n e  took place and slow waves  appeared  with fas t  potent ia ls  
on them,  poss ib ly  as a r e s u l t  of adaptation of the cel ls  to adrenal in  action. Depolar iza t ion  and s t rengthening 
of SEA produced by noradrena l in ,  on the other  hand, p e r s i s t e d  in mos t  cases  throughout the per iod  of act ion 
of the media to r .  The dec r ea s e  in E T P  under  the influence of ca techolamines  d i scovered  in these  inves t i -  
gations is evidence of a d e c r e a s e  in the m e m b r a n e  r e s i s t a n c e  of the musc le  cel ls ,  i .e. ,  of an i nc rea se  in i ts  
ionic pe rmeab i l i ty .  This may  be the way in which ca techolamines  exe r t  the i r  exc i ta to ry  action on musc le  
ce l l s .  P r e l i m i n a r y  invest igat ions show that  ca techolamines  i nc r ea se  the pe rmeab i l i ty  of musc le  cells 
p r i m a r i l y  for  calc ium and sodium ions.  
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