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Responses  of the skin t h e r m o r e c e p t o r s  and m e c h a n o r e c e p t o r s ,  biopotent ia ls  of which had un- 
equal ampli tude and responded  dif ferent ly  to changes  in the ambient  t e m p e r a t u r e ,  we re  
studied s e p a r a t e l y  in 11 r abb i t s .  The combined act ivi ty  of the t h e r m o r e c e p t o r s  that  r e -  
sponded by an  inc rease  in the d i scharge  f requency to cooling of the skin, and of the mechano-  
r e c e p t o r s  whose d i scharge  f requency d e c r e a s e d  with a dec r ea se  in the ambien t  t e m p e r a t u r e ,  
evidently plays an essen t i a l  r o l e  in main tenance  of the t e m p e r a t u r e  h o m e o s t a s i s  of the 
or  ganism.  
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Most  e lec t rophys io log ica l  inves t igat ions  of skin t e m p e r a t u r e  r ecep t ion  so fa r  under taken have r e -  
sulted in the descr ip t ion  of di f ferent  p r o p e r t i e s  of single t h e r m o r e c e p t o r s .  Data on changes in the i r  d i s -  
cha rge  f requency have been obtained chiefly in r e s p o n s e  to ve ry  rap id  changes  in skin t e m p e r a t u r e  [6, 7, 9]. 
In the i r  e a r l i e r  invest igat ions ,  Dodt, Hense l ,  and Z o t t e r m a n  [4, 5, 10] desc r ibe  the p r e sence  of a r e s p o n s e  
of both t h e r m o -  and m e c h a n o r e c e p t o r s  (s t imulated by p r e s s u r e  f r o m  a t h e r m i s t o r )  in the l ingual ne rve  of 
ca t s  in r e s p o n s e  to s tepwise  changes  of t e m p e r a t u r e .  The effect  of t e m p e r a t u r e  on the change in spike a c -  
t ivi ty  of m e c h a n o r e c e p t o r s  of the wall  of the veins and the cutaneous ne rve s  has  been  demons t r a t ed  by 
Minut- Sorokhtina [ 1- 3]. 

The m o s t  comple te  c h a r a c t e r i s t i c s  of function of the cat  skin t h e r m o -  and m e c h a n o r e c e p t o r s  was g i v -  
en by Witt and Hense l  [11]. However ,  insufficient  a t tent ion has  so fa r  been paid in the l i t e r a tu r e  to the 
c o m p a r a t i v e  c h a r a c t e r i s t i c s  of opera t ion  of these  two groups  of r e c e p t o r s .  Obviously to de te rmine  the r o l e  
of these  two types  of r e c e p t o r s  in t he rmoregu l a t i on  it is n e c e s s a r y  to inves t iga te  and c o m p a r e  the i r  r e -  
sponse during continuous physiological  changes of t e m p e r a t u r e  within the range  f r o m  5 to 40~ 

EXPERIMENTAL METHOD 

Altogether  60 ne rve  b ranches  were  inves t iga ted  in 20 expe r imen t s  on 11 chinchil la  r abb i t s  weighing 
3.0-3.5 kg. In the anes the t ized  an imal  (100 m g  amobarb i t a l ,  in t raper i toneal ly)  two or th ree  b ranches  100- 
200 /~ in d i ame te r ,  innervat ing the dorsum of the nose,  we re  s epa ra t ed  f rom the in f raorb i ta l  ne rve  under the 
m i c r o s c o p e  (12.5 x 1.0). The n e r v e  was  divided. I ts  pe r iphe ra l  end was placed in a spec ia l  chamber  m e a -  
sur ing 5 • 10 m m  on plat inum e lec t rodes .  The wound was  closed.  The expe r imen t s  we re  c a r r i e d  out in a 
spec ia l  m i c r o c l i m a t i c  cham be r  in which a t e m p e r a t u r e  drop of between 5 and 40~ could be c rea ted ;  the 
skin t e m p e r a t u r e  of  the an i m a l ' s  nose  changed under  those c i r c u m s t a n c e s  f rom 22 to 35~ at  the  r a t e  of 
0 .1-0 .2~ Standard pulses  f r o m  the output of a UBP1-01  ampl i f i e r  we re  loaded to the input of a type 
ISS-3 counting r a t e  m e t e r  ( tn tens imeter ) .  T h e  output of the in tens imete r  was connected to a type ]~PP-09 
mult ichannel  po ten t iomete r .  A continuous graphic  r e c o r d  of the skin t e m p e r a t u r e  of the reg ion  invest igated,  
the t e m p e r a t u r e  in the m i c r o c l i m a t i c  chamber ,  and the spike f requency f rom the ne rve  was made  on the 
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Fig. 1. Changes in f i r ing  r a t e  of t h e r m o -  (1) and m e c h a n o r e c e p t o r s  
(2) during cooling (mean r e s u l t s  of al l  exper iments ) .  H e r e  and in 
Fig. 2: a b s c i s s a ,  skin t e m p e r a t u r e  on dorsum of r a b b i t ' s  nose (in 
deg.); ordinate ,  change in % re l a t ive  to max ima l  r i s e .  

Fig. 2. Change in f i r ing  r a t e  of t h e r m o -  (1) and m e c h a n o r e c e p t o r s  
(2) during warming  (mean r e s u l t s  of all  exper iments ) .  
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Fig. 3. N e u r o g r a m s  of spike ac t iv i ty  of t h e r m o -  
and m e c h a n o r e c e p t o r s  of the skin of  a r a b b i t ' s  
nose  r e c o r d e d  f rom b ranches  of the in f raorb i ta l  
ne rve  at  a low (23~ and high (34~ t e m p e r a -  
tu re .  1,3) Effect  of t e m p e r a t u r e  only; 2, 4) ef-  
fect  of t e m p e r a t u r e  + mechan ica l  s t imulat ion of 
the skin of the nose.  

tape of the ]~PP-09 potent iometero Eve ry  10 min dur-  
ing changes in the ambient  t e m p e r a t u r e  mechan ica l  
s t imulat ion of the region of the r a b b i t ' s  nose  was c a r -  
r i ed  out with a soft b r i s t l e .  Regu la r ly  eve ry  5-7 min,  
changes  in the f requency of the potent ia ls  were  r e -  
corded  photographical ly .  The r e s p o n s e  of the t h e r m o -  
r e c e p t o r s  (10-40 #V) and m e c h a n o r e c e p t o r s  (50- 
120/1 V) was analyzed s e p a r a t e l y  on motion pic ture  
f i lm.  

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

With an ambien t  t e m p e r a t u r e  in the chamber  of 
22-23~ the skin t e m p e r a t u r e  of the a n i m a l ' s  nose  
was 28-30"C. Under  these  c i r c u m s t a n c e s  the poten-  
t ia ls  r e c o r d e d  f rom the ne rve  var ied  in ampl i tude f rom 
10 to 120 #V. Depending on the d i f fe rences  in the i r  
r e s p o n s e s  to a change of t e m p e r a t u r e  they were  di- 
vided into two dist inct  groups ,  Spikes with an amp l i -  
tude of 10-40 /~V, a r i s i ng  f rom very  thin f ibe r s  of 
groups  AA and C, not responding  to mechan ica l  s t imu-  
lation, were  r e g a r d e d  as  t h e r m o r e c e p t o r s ,  Poten t ia l s  
with an ampli tude above 50 /~V re f l ec t ed  the ac t iv i ty  

of the mechanoreceptors. The spontaneous activity of these receptors was observed in the animal at rest 
and could be produced by different causes: movement of the surrounding air, microcontractions of the mas- 
seteric muscles, These receptors responded to mechanical stimulation with a volley of spikes of even 
higher amplitude (100-120 /~V). 

During cooling of the skin of the r a b b i t ' s  nose  (Fig. 1) the spike ac t iv i ty  of the skin t h e r m o r e c e p t o r s  
began to i nc r ea se  and it r eached  a m a x i m u m  at  23-22~ Spontaneous ac t iv i ty  of the m e c h a n o r e c e p t o r s  
d e c r e a s e d  during cooling, the s h a r p e s t  dec r e a se  in the i r  act iv i ty  being obse rved  at  26-22~C. 

During w a r m i n g  (Fig. 2) the f requency of the t h e r m o r e c e p t o r  potent ia ls  r e c o r d e d  f r o m  the ne rve  
began to dec r ea s e  and r eached  a min imum at  31-35~ The f i r ing r a t e  of the m e c h a n o r e c e p t o r s  r o s e  dur-  
ing w a r m i n g  and r eached  a m a x i m u m  at  34-31"C. 

Reco rds  of spike ac t iv i ty  of the skin t h e r m o -  and m e c h a n o r e c e p t o r s  when the skin t e m p e r a t u r e  of the 
r a b b i t ' s  nose  was 23 and 34~ a r e  shown in Fig. 3. At the lower skin t e m p e r a t u r e  t he r e  we re  v e r y  many  
low-ampl i tude  potent ia ls ,  whe reas  potent ia ls  of h igher  ampli tude were  hard ly  vis ible .  During warming  the 
number  of potent ia ls  of the m e c h a n o r e c e p t o r s  i nc reased  whereas  the number  f rom the t h e r m o r e c e p t o r s  
fe l l  cons iderably .  The number  of m e c h a n o r e c e p t o r  potent ia ls  evoked by s t imulat ion also was s m a l l e r  a t  a 
low skin t e m p e r a t u r e  than at  a high t e m p e r a t u r e .  
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Two groups of receptors  responding to temperature  and mechanical stimulation were examined. Skin 
thermoreceptors  of the dorsum of the rabbit ' s  nose evidently are  of the cold receptor  type, for their firing 
ra te  decreased during warming of the skin and increased during cooling. Having investigated 60 branches 
of the infraorbital nerve in the rabbit, no increase in firing ra te  of the thermoreceptors  could be found at a 
comparatively high nasal skin tempera ture  (32-35~ This, however, by no means implies that heat fibers 
are absent in the skin of the dorsum of the rabbit 's  nose. According to data in the l i terature,  the tempera-  
ture  of the static maximum of heat fibers averages 46~ [8]. In the temperature  limits studied the response 
evidently took place mainly on account of the activity of cold thermoreceptors .  

Comparison of the response of the skin thermo- and mechanoreceptors to changes in temperature  
showed that they differed. Whereas the thermoreceptors  increased their activity during cooling of the nasal 
skin, the mechanoreceptors,  by contrast,  reduced their  activity during cooling of the skin, and vice versa.  

In their paper [11], Witt and Hensel also point out that the spontaneous firing ra te  of the mechanore- 
ceptors,  unlike that of the thermoreceptors ,  never decreased between 40 and 30~ 

In the present experiments an attempt was made to study the response of the thermo- and mechano- 
receptors  during comparatively slow changes in skin temperature,  such as are  much more typical of the 
life of animals than stepwise temperature  drops. The interval chosen (22-35~ in which changes in the 
skin temperature  of the dorsum of the nose took place, is also more physiological for animals than the tem- 
perature  range of 20-15~ Moreover,  not only the response of the skin mechanoreceptors evoked by spec- 
ific stimulation, but also changes in their spontaneous activity in response to changes of temperature,  were 
studied in these experiments.  

Cold cutaneous sensation, according to Minut-Sorokhtina, is a function of mechanoreceptors located 
directly in the skin i t se l faadofmechaaoreceptors  of the cutaneous and subcutaneous vessels.  In her own in- 
vestigations she also observed an increase in the spike activity of the mechanoreceptors to correspond to 
the higher level of stable skin temperature  and a decrease  in impulse activity during cooling of the skin [2]. 

It can be postulated on the basis of the resul ts  of the present experiments that thermoreceptors  r e -  
sponding specifically by an increase in firing ra te  to cooling of the skin and mechanoreceptors responding 
nonspeeifically to changes in temperature  exist in the skin. 

An important and undisputed fact is that the mechanoreceptors participate in thermoregulatton, in 
which they are  an important source of temperature  information. 

During a change in the ambient temperature  the spike activity of the skin thermo- and mechanorecep- 
to t s  thus changed in opposite directions: activity of the thermoreceptors  was reduced whereas activity of 
the mechanoreceptors was increased as the skin temperature rose;  the combined activity of the skin thermo- 
and mechanoreceptors,  producing a continuous flow of sensory information into the central nervous system, 
plays an important role  in the maintenance of the temperature  homeostasis of the organism. 
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