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Experiments were carr ied out on smooth-muscle cells of the ra t  portal vein by the double 
sucrose gap method. Verapamil  in concentrations of 1 • 10-9-1 • 10-YM was shown to block the 
tonic component of the potassium contracture selectively. Since under these circumstances 
potassium depolarization of the membrane was preserved,  this i s  evidence that verapamil has 
a specific effect on the coupling of excitation with contraction, by blocking the passive inflow of 
calcium into the muscle cells.  In higher concentrations ( I .  10-6-1 • 10-SM) verapamil inhibi ts  
the phasic component of potassium contracture~ by blocking potential-dependent calcium chan- 
nels of the membrane of the portal vein smooth-muscle cells responsible for  action potential 
generation. 
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Although verapamil is widely used as a nonionic blocker of calcium channels, according to evidence ob- 
tained by several  workers  it acts differently on different smooth muscles. In the coronary ar ter ies ,  for in- 
stance, verapamil considerably weakens contraction induced by potassium chloride [3]. In the smooth muscles 
of the stomach it selectively depresses  phasic contraction [2]. Meanwhile, in the smooth muscles of the 
u re te r  verapamil, during the f i rs t  minutes of its action, increases  the amplitude of the action potential (AP), 
but reduces the supernumerary spikes and the duration of the plateau, while at the same time gradually r e -  
ducing the amplitude of contraction also [4]. 

The object of the present investigation was to study the action of various concentrations of verapamil 
on electrical  and contractile activity of the smooth-muscle cells (SMC) of the portal vein during depolarization 
of the membrane by potassium chloride. 

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

SMC of the ra t  portal vein were used as the tes t  object. Experiments were car r ied  out on isolated seg- 
ments 5-6 mm long by the double sucrose gap method [1], with simultaneous recording of electrical  and con- 
t ract i le  activity of the SMC. Potentials were derived by Ag-AgC1 electrodes.  Contact between electrodes 
and muscle was ensured by means of agar bridges.  The initial Krebs w solution had the following composition 
(in mi l l imoles / l i t e r  bidistilled water): NaC1 134.0, NattCO~ 16.3, NaH2PO 4 1.38, KC1 5.0, CaCI~ 2.8, MgCI z 
0.1, glucose 7.8. The Krebs, solution with an increased potassium ion concentration (80 mmoles / l i t e r )  was 
made up by adding dry KC1 salt to the Krebs '  solution. Verapamfl was used in concentrations of 1 • 10-9-1 • 
10-SM. The temperature  of the testing solutions was maintained between 34 and 35°C. 

Changes in amplitude of the phasic and tonic components of potassium contracture following administra-  
tion of verapamil were expressed as percentages; the amplitude of phasic and tonic contraction of SMC during 
potassium depolarization under normal conditions was taken as 100%; each experiment was accompanied by 
a control. 
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F ig .  1. Act ion of 80 mM KC1 on e l ec t r i ca l  
and cont rac t i le  act iv i ty  of por ta l  vein SMC 
in c a l c i u m - f r e e  K r e b s '  solut ion+ 2 mM 
EDTA (A) and in p r e s e n c e  of 1 - 10-9M 
v e r a p a m i l  in no rma l  K r e b s '  solution (B). 
A: a) N o r m s ! ,  b, c) a t  5th and 10th m i n -  
u tes  r e s p e c t i v e l y  of  act ion of c a l c i u m - f r e e  
K r e b s '  so lu t ion+2 mM EDTA. B: a) Normal ,  
b, c) a t  15th and 25th minutes  r e s p e c t i v e l y  
of act ion of v e r a p a m i l  (1 • 10-9M). H e r e  
and in Fig° 2, a r r o w s  indicate beginning of 
act ion of KC1. Top cu rves  denote con t r ac -  
t i le ,  bo t tom cu rves  e l ec t r i ca l  r e s p o n s e  of 
SMC. 

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

During the f i r s t  m o m e n t  of the  act ion of 80 mM KC1 m e m b r a n e  depolar iza t ion  of SMC developed and an 
AP appeared ,  accompanied  by  phas ic  cont rac t ion .  During the subsequent  action of KC1 the AP died away and 
l a s t ing  m e m b r a n e  depola r iza t ion  was  observed ;  cor respondingly ,  the phas ic  contract ion was conver ted  into 
tonic  (Fig. 1A, B,  a)o 

Remova l  of ca lc ium ions f r o m  the K r e b s '  solution by  m e a n s  of 2 mM EDTA was followed by  sl ight de-  
po la r i za t ion  of the  SMC m e m b r a n e  by 2-3 InV. Under  the influence of KC1, 5 rain a f t e r  r e m o v a l  of ca lc ium 
f r o m  the ex te rna l  solution a sha rp  d e c r e a s e  was  obse rved  in both the  phasic  and the tonic  components  of 
p o t a s s i u m  con t rac tu re  (Fig. 1t%, b).  During depolar iza t ion  of the m e m b r a n e  by po tass ium chlor ide  10 min a f te r  
r e m o v a l  of  ex terna l  ca lc ium AP d i sappea red  and both the phas ic  and the  tonic  components  of  po tass ium con-  
t r a c t u r e  w e r e  comple te ly  supp re s sed  (Fig. 1A, c).  

The  study of the action of v e r a p a m t l  on por ta l  vein SMC showed that  in a concentrat ion of 1 • 10-8-1 • 
10-TM v e r a p a m i l  l eads  to sl ight depola r iza t ion  of the SMC m e m b r a n e  (by 1-2 mV) and to an i nc r ea se  in the 
spontaneous d i scha rge  frequency;  during the act ion of v e r a p a m i l  in concentra t ions  of 1- 10-6-1 • 10-SM, how- 
ever ,  the  m e m b r a n e  was  depolar ized  by 3-4 mV and spontaneous act ivi ty  was inhibited. As Fig .  1B, curve  b 
shows, a ve ry  sl ight d e c r e a s e  in phas ic  cont rac t ion  (by 8%) and a m o r e  m a r k e d  d e c r e a s e  in tonic contract ion 
(by 20%) were  obse rved  at  the 15th minute .  At the 25th minute  (Fig. 1B, c) the phasic  r e s p o n s e  was actually a 
l i t t le  i nc reased  (by 15%), whe reas  the tonic continued to decl ine (by 45%). During fu r the r  repet i t ion  of po- 
t a s s i u m  depolar iza t ion  of the m e m b r a n e  at  the 30th-40th minu tes  of  act ion of v e r a p a m i l  it was  found that  the 
r e ac t i on  r e m a i n e d  e s sen t i a l ly  the  s a m e  as  at  the 20th-25th minutes  of act ion of ve rapami l ,  i .e. ,  the r e s p o n s e  
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Fig. 2. Action of 80 mM KC1 on electrical and contractile activity of portal vein 
SMC in presence of different concentrations of verapamil in Krebs, solution, a) 
1) Normal, 2) verapamil 1" 10-9M; b: 1) normal,  2) verapamil 1 ° 10-8M; c: 1) 
normal,  2, 3) verapamil 1 '  10 -7 and 5" 10-TM respectively; d: 1) normal, 2, 3) 
verapamit 1 .10  -6 and 1" 10-SM respectively.  
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Fig. 3. Amplitude of contraction of portal 
vein SMC during potassium depolarization 
as a function of concentration of verapamil 
in Krebs' solution. I) Phasic, 2) tonic com- 
ponent of potassium contracture of portal 
vein SMC. 

of SMC during potassium depolarization and against the background of the action of verapamil became stabilized 
usually after 20-25 min. With these facts in mind, in the next experiments the effect of verapamil was usually 
tested during these t ime intervals.  As the records  in Fig. 113, 2 and 3 show, verapamil in a concentration of 
1.10-gM reduced the tonic component of the potassium contracture by 30-45%, in a concentration of 1 - 10-SM 
it reduced it by 56-78%, and in a concentration of 1" 10-?M the tonic response disappeared completely. 

The phasic response of the potassium contracture during the action of verapamil depended on the pres-  
ence of the AP. During the action of verapamtl in concentrations of 1 • 10-9-1 • 10-~M it was either slightly 
reduced (by 5-25%; Figs.  2b and 3) or,  ff the frequency of AP rose  sufficiently during potassium depolarization, 
it was actually increased (by 4-18%; Figs.  2a, c and 3). In concentrations of 5 • 10-~-1 • 10-6M verapamil 
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caused inhibition of spontaneous APs and sharply inhibited (by 80-90%) the phasic response (Figs. 2c, d and 
3). In a concentration of 1 • 10-SM verapamil completely suppressed spontaneous and evoked APs and the 
phasic component of potassium contracture (Figs. 2d and 3). 

The results  of these investigations thus indicate that verapamil in very low concentrations (1 • 10-9-1" 
10-TM) selectively blocks the tonic component of potassium contractare of SMC of the portal vein; as a blocker 
of calcium channels, verapamil acts in higher concentrations (1" 10-6-1" 10-SM). 

Since the present experiments showed that both the phasic and the tonic components of the potassium 
con/~rachtre disappeared completely in calcium-free Krebs'  solution in the presence of 2 mM EDTA, this 
could evidently indicate that both these reactions depend on the inflow of extracellular calcium into the cell. 

The fact that verapamil, in concentrations of 1 -10-9-1-10-TM, selectively inhibits the tonic components 
of potassium contracture, but that potassium membrane depolarization is preserved under these circumstances 
could indicate that verapamil has a specific effect on the coupling of excitation with contraction, by blocking 
the passive inflow of calcium into the cell. Only in higher concentrations (1 • 10-6-1 • 10-SM) does verapamil 
inhibit the phasic component of potassium contracture, by blocking the poteutinl-dependent channels of the 
portal vein SMC membrane responsible for AP generation. 
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ROLE OF YASCULAR THERMORECEPTORS IN THE MECHANISM 

OF COLD TREMOR INHIBITION BY OXOTREMORINE, DIAZEPAM, 

AND PHENTOLAMINE 
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Experiments on cats showed that intravenous injection of oxotremorine, diazepam, and phen- 
tolamine not only inhibits cold t remor,  but also reduces the flow of impulses from receptors 
of the subcutaneous veins. This decrease in the activity of the vascular thermoreceptors has 
been shown to be an additional component in the mechanism of the depriming action of oxo- 
t remorine and diazepam on cold t remor,  whereas the decrease in thermoreceptor activity after 
administration of phentolamine is primary,  and may perhaps be the dominant factor in the 
abolition of cold t remor .  

KEY WORDS: cold t remor;  thermoreceptors; neurotropic drugs. 

Inhibition of cold t remor (CT) by certain neurotropic drugs is accompanied by an increase in the cu- 
taneous blood flow, raising the skin temperature [3, 10, 11]. This fact suggests a definite role of the change 
in afferent flow from peripheral thermoreceptors in the mechanism of inhibition of CT by neurotropic drugs. 
The thermoreceptors of the subcutaneous and cutaneous vessels [4, 5], whose activity can be modified by central 
afferent influences and by the direct action of neurotropin drugs on smooth muscles, are particularly inter- 
esiing from this point of view. These receptors, together with skin cold receptors,  have been shown to par- 
ticipate in the regulation of CT [1, 2, 6]. 
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