
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. 

L I T E R A T U R E  C I T E D  

1. D . P .  Artemenko and M. F.  Shuba, Fiziol. Zh. (Ukr.), No. 10, 403 (1964). 
2. K. Boer, K. Golenhofen, and I. Lukanov, in.- Physiology of Smooth Muscle, New York (1976), pp. 203-208. 
3. U. Peiper and E. Schmidt, Pflug. Arch. Ges. Physiol., 337, 107 (1972). 
4. M . F .  Shuba, J.  Physiol. (London), 264, 837 (1977). 

ROLE OF YASCULAR THERMORECEPTORS IN THE MECHANISM 

OF COLD TREMOR INHIBITION BY OXOTREMORINE, DIAZEPAM, 

AND PHENTOLAMINE 

Y u .  V.  L u p a n d i n  UDC 612.181-06 : 612.592].014.46:[615.217.24+615.214.24 

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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TABLE 1. Effec t  of Oxotremorine,  Diazepam, and Phentolamine on Cold T r e m o r  and 
Dynamics  of SubCutaneous T e m p e r a t u r e  

Abolition of cold [ 
Number of tremor Rise of subcutaneous temperature 

Drug Dose, experimentS I 
mg/kg number of latent Inumber of latent period, amount of 

~xperimen~s period, see [experiments sec rise, "C 

I ' 
Oxotremorine 0,0~ 16 i6 35,9±2,55 12 270,0+15,81 ~2,0 
Diazepam 0,5 16 16 29,3+2,91 10 242,0___41.65 3,9__+0,74 
Phentolarnine 5,0 16 14 149,6-4-7.81 14 105,0+8,89 5.4±0.56 

TABLE 2. Effec t  of Oxotremorine,  Diazepam, and Phentolamine on Thermoreeep to r  
Activity of  Subcutaneous ve in  

D number Activity of Vascular thermoreceptors 
maximum of decrease discharge frequency Inumber of experiments discharge frequency aft°fr 

Drug ose, mg/kg of exper- before injection of drug, Iwith reduced discharge 
spikes/sec Ifrequency injection of drug. spikes/ litnents sec 

Oxotrem 0fine 0,05 i6 23,3__+1,03 i2 ] 14,5±0,91 
I 

D iaz ep am 0.5 16 24.7-+- I, 77 10 I 11,9 +0,78 
pheutolamine 5.0 16 23, i± 1,16 14 8,6+0.70 

The  object  of the presen t  investigation was to study the effect  of oxot remor ine ,  diazepam, and phentola- 
mine on the activity of the va scu l a r  t h e r m o r e c e p t o r s  and the possible ro le  of the modified af ferent  flow in 
the mechanism of inhibition of c T  by these  drugs.  

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 48 cats anesthet ized with chlora lose  and ure thane  (50 and 500 m g / k g  
respect ively)  a f te r  p r emed i t a t i on  with oxyphenonitun bromide  in a dose of 2.5 m g / k g .  The anesthet ized 
animal lay f ree ly  on its r ight  side. CT was evoked by gene ra l  cooling. Activity of the t h e r m o r e c e p t o r s  of 
the subcutaneous veins in the reg ion  of  the la te ra l  surface  of the thigh was r e c o r d e d  f ro m  the per iphera l  end 
of a divided cutaneous nerve.  F o r  this  purpose  a skin incision was made and the ne rve  isolated and its con- 
nect ions with the skin divided, leaving only vascular  af ferents .  The skin outside the boundaries  of the wound 
was r a i sed  with forceps  and the resu l t ing  hollow was fi l led with minera l  oil,  under a l aye r  of which the af-  
f e ren t  act ivi ty was der ived by bipolar  e l ec t rodes .  The e l ec t romyogram (EMG) of the sa r to r ius  muscle  and 
act ivi ty t rave l ing  along the ne rve  f ibe rs  were  r e c o r d e d  simultaneously on two channels of a Medicor  e l e c t ro -  
myograph.  Throughout  the exper iment  para l le l  r ecord ings  were  made of the r ec t a l  t e m p e r a t u r e  and the sub- 
cutaneous body t e m p e r a ~ r e  of the foot of  the lef t  hind l imb by means  of the rmocouples .  The  drugs for  tes t ing 
were  injected through a cannula into the external  jugular  vein.  

EXPERIMENTAL RESULTS 

Inject ion of oxo t remor ine  o r  diazepam into the shiver ing animal stopped the CT on average  30 sec a f t e r  
the  injection, whereas  the inhibi tory action of phentolamine on CT developed a f te r  a longer  latent  p e r i o d -  on 
average  af te r  2.5 min (Table 1). The inhibition of CT due to injection of these  drugs in mos t  exper iments  was 
accompanied by elevat ion of the subcutaneous t e m p e r a t u r e .  After  inject ion of oxo t remor ine  and diazepam the 
r i s e  of subcutaneous t e m p e r a t u r e  developed long a f te r  the CT stopped. Converse ly ,  injection of phentolamine 
led  to an initial r i s e  of subcutaneous t e m p e r a t u r e  followed by inhibition of VT (Table 1). 

Invest igat ion of f h e r m o r e c e p t o r  activity of the subcutaneous veins showed cor re la t ion  between the d is-  
charge  f requency and the change in subcutaneous t em p e ra tu r e .  The gradual fall  in the subcutaneous t e m p e r a -  
~ r e  caused by cooling was accompanied by a gradual  i nc rease  in ac t i v i~  of the vascu la r  t h e r m o r e c e p t o r s  
which, by the t ime  of appearance of CT (subcutaneous t e m p e r a t u r e  of the d o r su m o f  the foot 26.6 • 0.58°C), was 
about 23-25 s p i k e s / s e c .  Injection of the var ious  neurotropio drugs led in mos t  exper iments  to a d ec r ea se  in 
vascu la r  r e c e p t o r  act ivi ty if under  these  c i rcumstances  the subcutaneous t e m p e r a t u r e  r o s e  (Table 2). The  
abolition of CT by oxo t remor ine  and diazepam o ccu r r ed  when r ecep to r  activity of the subcutaneous veins had 
not  ye t  changed (Figs. 1 and 2). The  dec rease  in d ischarge  f requency of the r e c e p t o r s  began la ter ,  when these 
drugs  were  injected, and coincided in t ime  with the r i s e  of subcutaneous t empera tu re .  After  injection of 
phentolamine the d e c r e a s e  in vascu la r  t h e r m o r e c e p t o r  activity (coinciding in t ime with the r i s e  of subcutaneous 
t empera tu re )  on the other  hand, p receded  the inhibition of CT (Fig. 3). 
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Fig. 1. Effect of oxotremorine on vascular receptor  activity and EMG of 
sartorius muscle during CT. 1) Before injection of oxotremorine; 2 and 3) 1 
and 6 rain respect ively after injection of oxotremorine; 4 and 5) 30 sec and 3 
rain respect ively after injection of scopolamine. Top beam records  thermo-  
receptor  discharge, bottom beam EMG of sartorins muscle. Numbers on 
right denote rects l  and subcutaneous temperature  (in °C) at t imes of recording. 

Fig. 2. Effect of diazepam on vascular receptor  activity and EMG of sartorius 
muscle during CT. 1) Before appearance of CT; 2) During CT and before in- 
jection of diazepan; 3, 4, 5, 6) 1, 5, 30, and 45 rain respectively after injection 
of diazepam. Remainder of legend as in Fig. 1. 
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Fig. 3. Effect of phentolamine on 
vascular receptor  activity and EMG 
of sartorins muscle during CT. 1) 
Before injection of phentolamine; 2, 
3, 4, 5) 2, 7, 25, and 40 rain respec-  
tively after injection of phentolamine. 
Remainder of legend as in Fig. 1. 
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The effect of oxotremorine after abolition of CT and elevation of the subcutaneous temperature (and the 
decrease in receptor activity) was not studied for a long time, but was terminated by injection of its central 
antagonist, scopolamine hydrobromide (0.5 mg/kg).  Immediately after injection of the scopolamine marked 
thermoreceptor activity appeared, at a level higher than initially, and after 40-60 sec the t remor was re-  
sumed, whereas the skin temperature began to fall later  - after 3-5 min. 

Restoration of vascular thermoreceptor activity, when depressed by injection of diazepam and phentola- 
mine (the greatest decrease was observed after 5-8 min) began gradually, after 12-18 min, and usually pre- 
ceded or coincided with a gradual fall of subcutaneous temperature. Resumption of CT after injection of 
these drugs began later,  after 30-50 min, in most experiments before the vascular thermoreceptor activity 
and subcutaneous temperature had returned to their initial level. This can evidently be explained on the 
grounds that at the moment of resumption of CT the body temperature was substantially reduced, and this 
most probably determined the new thresholds for onset of CT. 

The results  suggest that the decrease in discharge frequency of the vascular thermoreceptors may play 
a definite role in the mechani~n of the inhibitory action of these neurotropic drugs on CT. The abolition of 
CT after injection of oxotremorine and diazepam must be assumed to be due to the direct action of these drugs 
on the central mechanism of regulation of CT; the subsequent decrease in vascular receptor activity is only 
an additional contributory factor. Changes in vascular thermoreceptor activity may be due to the exclusively 
inhibitory influence of oxytremorine on the central mechanisms controlling the cutaneous blood flow, for its 
peripheral effects were blocked by the p r e l i m ~ r y  injection of oxyphenonium. The effect of diazepam on the 
receptors, however, may depend not only on the central action of this drug, but also on its spasmolytic action 
on the vascular smooth muscle [7]. 

The effect of phentolamine, on the other hand, began with a reduction in vascular receptor activity on 
account of the marked peripheral a-adrenolytic action of this drug; for that reason the abolition of CT after 
injection of phentolamine is evidently the result  of a reduction in the flow of information from the vascular 
thermoreceptors.  

The depriming action of the neurotropic hypothermic drugs on CT may therefore be due both to t h e i r  
direct effect on the central mechanisms regulating this process and also to an indirect effect, through a de- 
crease in the activity of the  thermoreceptors conveying information about cold. It must  be remembered that 
the decrease in vascular receptor activity after administration of neurotropic drugs does not arise in isolation, 
for it is connected in its causation with the tone of the subcutaneous and cutaneous vessels, and an increase 
in the cutaneous blood flow, raising the skin temperature, must inevitably lead to a decrease in the tonic ac- 
tivity of the specific cold receptors of the skin which, in their  functional characteristics,  correspond com- 
pletely to the thermoreceptors of the subcutaneous veins [5, 8, 9], 
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