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Muscle cells of the pulmonary a r t e ry  have no spontaneous activity. Elect r ical  st imulation 
of these cells leads to the format ion  of electronic potentials unaccompanied by any change 
in i sometr ic  contract ion of a s t r ip  of the ar tery .  Noradrenatin,  in a concentrat ion of 10 -8 
g/ml, causes depolarizat ion of the muscle  cell membrane  by 5-7 mV and a marked increase  
in contract ion of the muscle  strip.  Under these conditions, catelectronotonic depolar izat ion 
was accompanied by contract ion of the strip,  but anelectrotonic  hyperpolarizat ion by its r e -  
laxation. Phentolamine, an a -adrenoblocker ,  prevents  the noradrenal in effect, [ndicating a 
role of a -adrenob lockers  in the mechanism of the exci ta tory  action of noradrenalin on the 
smooth-musc le  cells of the pulmonary a r te ry .  
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Opinions differ on the mechanism of contract ions evoked by noradrenaHn (NA) in the smooth muscle  
cells of a r te r ies .  Some workers  associa te  contract ion of the muscle with the depolarizing action of NA on 
the membrane  of these cells [3, 4]. However, depolarizat ion does not always accompany NA-induced con-  
t ract ion [5, 8, 10-12], whereas  contract ion can be caused by potass ium depolarization in the absence of NA 
[5, 6, 9]. On this basis it has been suggested that depolarizat ion and NA can act ivate contract ion of muscle  
ceils independently [7]. However, experiments with potassium rule out membrane  depolarizat ion as the 
cause of muscu la r  contraction,  for  under these conditions other  proper t ies  of the membrane  also change, 
notably its permeabi l i ty  to different ions [3, 4]. 

A method was used by means of which the membrane  conductance of smooth-musc le  cells during the 
action of NA could be monitored and the effect of the res t ing potential (RP) on their  contract i le  activity 
could be investigated. 

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

Smooth-muscle  cells  of the rabbit pulmonary a r t e ry  were chosen as the test  object. The a r t e ry  was 
cut into c i r cu l a r  s t r ips  1 .5 -mm wide and up to 8-ram long. Elect r ica l  potentials were recorded  by intra-  
cel lular  glass e lectrodes  with a res i s t ance  of not less than 30 m~2. Meanwhile the contract i le  activity of 
the prepara t ion was recorded  [1]. To increase the effectiveness of the st imulating current ,  an isotonic so-  
lution of suc rose  was passed between the st imulating electrodes.  An area  of muscle  between the s t imula t -  
ing electrodes was isolated with rubber  parti t ions [2]. One of the st imulating electrodes  was immersed  in 
isotonic KC1 solution bathing the a rea  of muscle  to the left of the suc rose  bridge.  On the right side the 
muscle  s t r ip  was bathed tn Krebs '  solution, warmed to 36~ The microe lec t rode  was inserted into this 
part  of the muscle;  a second st imulating electrode was placed in the same part  of the chamber .  
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Fig. 1. Simultaneous recording of electrotonic potentials and isomet- 
ric contraction of smooth-muscle cells of pulmonary a r t e ry  in Krebs' 
solution (I) and after addition of noradrenalin in a concentration of 10 -8 
g/ml (H). a, b) Isometric contraction of strip of pulmonary ar tery and 
eatelectrotonic potentials evoked by depolarizing current  of 0.5, 0.75, 
and 1 #A respectively; c, d) anelectrotonic potentials evoked by hyper- 
polarizing current  of 0.5, 0.75, and 1 ~A and isometric contraction of 
strip of pulmonary ar tery respectively. 

Fig. 2. Vol t -ampere  characterist ic curves of smooth-muscle cells of 
pulmonary ar tery in Krebs' solution (I) and after addition of noradrenalin 
in a concentration of 10 -8 g/ml (II). 

EXPERIMENTAL RESULTS 

The RP of the smooth-muscle cells of the rabbit pulmonary artery, measured intracellularly, aver- 
aged 52:~3 inV. In Krebs' solution these cells did not generate spontaneous action potentials (APs). Spon- 

taneous contractions of the pulmonary artery also were absent. 

Electronic potentials arose in response to electrical stimulation of the smooth-muscle cells. With 
weak currents (Fig. I, I) the an- and catelectrotonic potentials were about equal in value. However, as the 
strength of stimulation increased, the amplitude of the anelectrotonic potentials rose proportionally to cur- 
rent strength, whereas the catelectrotonic potentials changed less substantially. At a certain level of cur- 
rent strength, a potential resembling a local potential appeared on the catelectrotonic potential. With an 

increase in the strength of the depolarizing current it increased slightly but did not change into an AP. 

The volt-ampere characteristic curve (Fig. 2, I) shows that the smooth-muscle cell membrane be- 
haves with respect to hyperpolarizing and weak depolarizing currents as a purely passive resistor. With 

an increase in strength of the depolarizing current the slope of the characteristic curve was sharply re- 

duced and it became almost parallel to the current axis. 

In Krebs' solution the electrotonic potentials were never accompanied by changes in isometric con- 
traction of the segment of pulmonary artery. Consequently, depolarization of their membrane alone is in- 
sufficient to cause activation of the contractile mechanism of the muscle cells. 

The addition of NA to the Krebs' solution in a concentration of 10-8-10 -7 g/ml led to depolarization 

of the smooth-muscle cell membrane by 5-7 inV. Electrotonic potentials were considerably increased 
during the action of NA (Fig. i, If). Local potentials arising on the catelectrotonic potential during the ac- 
tion of NA changed their shape (an accessory slow wave appeared), but in that case also no AP developed. 
Stopping the depolarizing and hyperpolarizing currents was followed by the appearance of after-potentials, 

which were never observed in normal Krebs' solution. 

Depolarization of smooth-muscle cells induced by NA was accompanied in all experiments by a 
marked increase in contraction of the strip of artery. Under these conditions contraction of the muscle 
became sensitive to a change in the RP level. The increase in muscle contraction produced by NA is shown 
in Fig. 3. After about 3 rain, when the contraction was stabilized, a hyperpolarizing current caused re- 
laxation and a depolarizing current caused contraction of the strip of artery. However, restoration of RP 
by the hyperpolarizing current to its initial value led to only slight relaxation of the strip. 
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Fig. 3. I nc r ea se  in i some t r i c  con-  
t rac t ion  of s t r ip  of pulmonary  a r -  
t e ry  under the influence of n o r a d r e n -  
alin (10 -s g/ml) and inhibition of nor -  
adrenal in  effect  by phentolamine 
(5.10 -6 g/ml).  Beginning of action of 
noradrenal in  (NA) and phentolamine 
(P) indicated by a r rows :  a) re laxa t ion  
of s t r i p  of a r t e r y  under  the influence 
of hyperpola r iz ing  cur ren t ;  b) c o n t r a c -  
tion of s t r ip  of a r t e r y  under the influ- 
ence of depolar iz ing  cur ren t .  Strength 
of cu r r en t  1.25 pA. Top line r eco rds  
s t imulat ing cur ren t .  Broken line in- 
dicates d i sp lacement  of r eco rd  in di-  
rect ion of a r row.  

Judging f r o m  m e a s u r e m e n t  of the s lope of the v o l t - a m -  
p e r e  c h a r a c t e r i s t i c  cu rve  in Fig. 2, the r e s i s t a n c e  of the s m o o t h -  
musc le  cel l  m e m b r a n e  is inc reased  by NA. Depolar iza t ion of 
the m e m b r a n e  was e x p r e s s e d  as a shift  of the v o l t - a m p e r e  
c h a r a c t e r i s t i c  cu rve  along the voltage axis by an amount of de-  
po la r iza t ion  equal to 5 mV. 

The effect of NA was comple te ly  blocked by the ~ - a d r e n o -  
b locke r  phentolamine in a concentra t ion of 5" 10 -6 g/ml (Fig. 3); 
the initial vol tage and the values of RP  and the e lec t rotonic  po-  
tent ials  were  r e s to red .  This effect was not accompanied  by a 
change in the cont rac t ion  of the s t r ip  of a r t e ry .  

The resu l t s  indicate that NA s t imula tes  the s m o o t h - m u s -  
cle  cel ls  of the pu lmonary  a r t e r y  through a - a d r e n o b l o c k e r s .  The 
inc rease  in r e s i s t a n c e  of the cell  m e m b r a n e  produced by the 
action of NA indicates that  the cause  of depolar iza t ion  was evi -  
dently a d e c r e a s e  ia the pe rmeab i l i t y  of the musc le  cell  m e m -  
b rane  to po tass ium ions. Although contract ion of the s t r i p  of 
pulmonary  a r t e r y  in the p r e s e n c e  of NA became  sens i t ive  to a 
change in the RP level ,  the contr ibut ion of noradrena l in  depol-  
a r iza t ion  to the ensuing cont rac t ion  of the s t r i p  of a r t e r y  was 
negligible, for  r e s to ra t i on  of the initial RP of the cel l  by a hy-  
pe rpo la r i z ing  cu r r en t  s imply  led to slight re laxat ion of the 
s t r ip .  
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