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Cooling of an isolated a r e a  of c a t ' s  skin is accompanied by cons iderable  cont rac t ion  of the 
skin, with re laxat ion  on a r e tu rn  to the no rma l  t e m p e r a t u r e .  The s t rength  of cont rac t ion  is 
d i rec t ly  dependent on the t e m p e r a t u r e  level. T e m p e r a t u r e  changes can be used  as a d i r ec t  
s t imulus for  the smooth musc les  of the skin. Suggestions a re  made regard ing  the role  of the 
skin collagen in the cont rac t i le  p r o c e s s ,  the d i rec t  m e c h a n i s m  of the rmoregu la t ion  of the 
cooled a r e a  of skin, and the poss ib le  role  of mechanorecep to r s  in the t r a n s m i s s i o n  of t e m -  
pe r a tu r e  st imulation.  

Invest igat ions of the effect  of lowering the skin t e m p e r a t u r e  in ca ts  on work of the mechanorecep to r s  
have revea led  a dec rease  in the f requency s p ec t rum in A6 f ibers  [1]. This  fact  may be connected with 
changes in the v i s c o - e l a s t i c  p r o p e r t i e s  of the skin during cont rac t ion  of the p i lomotor  musc les .  In man, 
cooling of the skin is accompanied  by contract ion of the p i lomotor  musc les  [12, 13], but this has  not been 
found in cats [7]. 

In the invest igat ion desc r ibed  below, the effect  of changes in t e m p e r a t u r e  on the smooth m u s c l e s  of 
the cat  skin was studied. 

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

Cats  were  anesthet ized with ure thane  and an a r ea  of skin d i ssec ted  in the region of the knee joint, 
p laced on a mois t ,  t he rmos ta t i ca l ly  control led bed, and fixed to a myograph  to m e a s u r e  the s t rength of con-  
t rac t ions .  The ne rve  supply, blood supply, and or iginal  d imensions  of the a r e a  of skin were  p r e s e r v e d .  
The t e m p e r a t u r e  of the bed was va r i ed  by means of water  f rom TS-15 t he rmos t a t s .  Changes in skin t e m -  
p e r a t u r e  were  m eas u red  with a T~SV[P-60 e l e c t r o t h e r m o m e t e r .  The s t rength  of cont rac t ion  of the p i lomotor  
musc les  of the skin was r eco rded  with a photodiode. Changes in the skin t e m p e r a t u r e  and in the s t rength of 
contract ion of the p i lomotor  musc les  were  r eco rded  on an N-102 loop osci l lograph.  In some exper iments ,  
act ivi ty was r eco rded  f r o m  the pa te l l a r  b ranch  of the saphenous ne rve  by p la t inum e lec t rodes  through a type 
UBP1-01 ampli f ier .  

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

Elec t r i ca l  activity r eco rded  f r o m  the pa te l l a r  branch  of the saphenous ne rve  and the s t rength of con-  
t rac t ion  of the piece  of skin in r e sponse  to a dec rea se  in t e m p e r a t u r e  are  shown in Fig. 1. Low-vol tage 
spikes and definite contract ion of the skin can be seen. The ra te  of change of skin t e m p e r a t u r e  was non-  
l inear .  The s t rength  of cont rac t ion  of the skin var ied  in different  expe r imen t s  f r o m  6 to 25 g r a m s  force  
(Figs. 2, 3). 

The graph in Fig. 2 (curve A) shows the re la t ionship between s t rength of cont rac t ion  of the skin and 
changes in t empera tu re .  With a dec r ea s e  in t e m p e r a t u r e  the skin developed a cont rac t ion  s t rength  of up 
to 20 g r a m s  force .  As the t e m p e r a t u r e  re tu rned  to no rmal ,  the skin re laxed  beyond i ts  or iginal  level .  
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Fig. 1. C ontr action of smooth musclc of skin and afferent act i -  
vity in cutaneous nerve on lowering skin tempera ture .  F r o m  
top to bottom: change in tempera ture ,  activity of cutaneous 
nerve,  strength of contract ion of smooth muscle of skin, t ime 
marke r  1 see. Calibration of t empera tu re  and strength of 
contract ion on right. 
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Fig. 2. Strength of contract ion and relaxation of smooth muscle of an a rea  of 
s k ~  during change in t empera tu re :  A) f i r s t  measurement ;  B) measuremen t  
taken immediately  after f irst .  

Fig. 3. Strength of contract ion of smooth muscle of skin during change in 
t empera ture :  A) a rea  of pre l iminar i ly  denervated skin; B) sensor  of e lee -  
t r o the rmome te r  placed between thermosta t ica l ly  controlled bed and skin; 
C) slow lowering of skin tempera ture ,  at 1 deg/min.  

A second change in skin t empera tu re  immediately  af ter  the f i r s t  always led to a s t ronger  contract ion 
than the f i rs t  t ime, and on rewarming  to body tempera ture ,  the skin relaxed to its initial level (Fig. 2, 
curve B). 

This difference can be explained by the existence of a constant contract i le  tone of the skin, which was 
par t ly  lost  during contract ion of the pi lomotor  muscles  when recorded  under i somet r i c  conditions. The loss 
of this tone resul ted f rom the v i sco-e las t i e  p roper t i es  of the skin. Because of it, the strength of con t rac -  
tion of the skin in response  to the f i r s t  application of cooling was less  than to the second. After  30--40 min 
the contract i le  tone of the skin was res tored .  Similar  effects also were observed in specimens  of ca t ' s  
skin completely isolated f rom the animal. 

Rapid cooling of a nerve is known to induce impulse activity in its f ibers [4]. P resumab ly  during 
cooling of the skin the rapid change of t empera tu re  causes  excitation in efferent f ibers ,  thereby causing 
contract ion of the pi lomotor  muscles.  To test  this hypothesis the saphenous nerve was divided 13-15 day s 
beforehand, so that all its f ibers would have degenerated. Cooling the skin denervated in this manner  
showed that the curve of strength of contract ion versus  tempera ture  was indistinguishable in cha rac te r  f rom 
the curve obtained in exper iments  with innervated skin (Fig. 3A) and was convex in shape. The nonlinear 
cha rac te r  of the curve depended on other  causes.  One such cause could be delay in recording the true t e m -  
pera ture  of the l ayer  of skin containing the pi lomotor  muscles  by the e lec t ro thermometer .  To determine 
if this was the true cause of the nonlinear cha rac t e r  of the curve of contract ion strength of the skin ve r sus  
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change in t e m p e r a t u r e ,  the e l e c t r o t h e r m o m e t e r  s enso r  was placed between the the rmos ta t i ca l ly  control led 
bed and the skin. In the case ,  the skin t e m p e r a t u r e  readings  would be obtained f i r s t  and the shape of the 
curve  would co r re spond  to the m i r r o r  image  of the curve  in Fig. 2A. 

In fact,  when the t e m p e r a t u r e  was r eco rded  in this  way the curve  of s t rength  of skin cont rac t ion  
v e r s u s  dec rea se  in t e m p e r a t u r e  was concave in shape (Fig. 3B). In this case  the anticipation of the skin 
t e m p e r a t u r e  readings  was much l e s s  than the delay when t e m p e r a t u r e s  were  measu red  f r o m  the skin s u r -  
face,  since the curve  was a lmos t  a s t ra ight  line. 

To avoid any d i sc repancy  between the e l e c t r o t h e r m o m e t e r  readings  and the skin t e m p e r a t u r e ,  the 
skin was slowly cooled (at about 1 deg/min) .  It was a s sumed  that  during this t ime  all the l aye r s  of the skin 
would have reached  the t e m p e r a t u r e  of  the bed. Figure  3C shows a graph of the s t rength of skin con t rac -  
tion in r e sponse  to a slow dec rea s e  in t empe ra tu r e .  In this case  the s t rength of contract ion of the smooth 
musc les  of  the skin was d i rec t ly  dependent on t empe ra tu r e ,  

The smooth muscle  of the in ternal  organs  is known to be  v e r y  sens i t ive  to changes in t e m p e r a t u r e  
[5, 9]. The effect  of contract ion of the smooth musc l e s  of the human skin (the appearance  of "goose flesh"} 
on cooling has been obse rved  in denervated skin [12]. It can be a s sumed  that  in man coolifig of the skin 
causes  contract ion of the p i lomotor  musc les  and of the diagonal musc le  bundles whose function is  not con-  
nected with e rec t ion  of the ha i r  [10]. The ca t ' s  skin is v e r y  r ichly  supplied with smooth muscle ,  which is 
connected with the ha i r  fol l ic les  and is concerned with e rec t ion  of the ha i r  [8, 14]. 

The p r e s e n t  expe r imen t s  demons t ra ted  contract ion of the smooth musc le  of the c a t ' s  skin in r e sponse  
to cooling. Chronic denervat ion expe r imen t s  have shown that  cont rac t ion  of the p i lomotor  musc les  of the 
skin takes  p lace  in r e sponse  to the d i rec t  action of cold on the smooth musc les .  It is  poss ib le  that  collagen 
p lays  a role  in the cont rac t i le  r e sponse  of the a r e a  of skin to local cooling. The s t ruc tu re  of the collagen 
molecule  is  known to be e x t r e m e l y  sensi t ive  to t e m p e r a t u r e  changes [3, 15]. The cause  of d i f fe rences  in 
the s t rength  of contract ion of the skin in this expe r imen t  was not invest igated.  

The hypothesis  that the smooth musc le  of the skin p lays  a definite role  in t e m p e r a t u r e  sensa t ions  was 
put fo rward  by tt~[ggquist [6]. In his his tological  inves t igat ions  of "cold" spots of the human skin, instead 
of the hypothet ical  specif ic  encapsula ted  cold r ecep to r s  he found a l a rge  col lect ion of smooth musc le  f ibers .  
Conceivably the mechano recep to r s  located {n these  points become  exci ted as the surrounding t i s sue s  a r e  
displaced in r e sponse  to contract ion of the smooth musc l e s  dur ing  exposure  to cold. The hypothes is  has 
been put fo rward  that smooth musc les  of the cutaneous muscu la r  s y s t e m  play a role  in t e m p e r a t u r e  r e c e p -  
tion [11], which is based  on the g rea t  sens i t iv i ty  of the smooth musc l e s  of venules  and a r t e r i o l e s  of the 
skin to t e m p e r a t u r e  changes.  The p r o p o s e r s  of this hypothesis  cons idered  that  there  is one adequate s t im-  
ulus fo r  the r e c e p t o r s  of Lhe skin, namely  movement .  In r e sponse  to cooling the smooth musc l e s  of the 
v e s s e l  walls  contract ,  causing movement  of the surrounding t i s sues  and thus excit ing the r ecep to r s .  

Invest igat ions  of cold r e c e p t o r s  of cutaneous v e s s e l s  [2] revea led  a connection between contract ion of 
the smooth musc les  of the v e s s e l  wall and excitat ion of the r ecep to r s .  I t w a s  cons idered  that these  r e c e p -  
t o r s  a re  r e c e p t o r s  of tone of the cutaneous ves se l s .  The resul t ing vasocons t r i c t ion  a r r e s t s  the c i rcula t ion 
in that  p a r t  of  the skin and r educes  the hea t  loss .  

It can be concluded f r o m  the p re sen t  expe r imen t s  that  not only the smooth musc l e s  of the v e s s e l  walls  
can produce  vasocons t r ic t ion ,  but also the smooth musc l e s  and, poss ib ly ,  the col lagen of the skin i t se l f ,  
which, by the i r  contract ion,  make  the skin tight and c lose  i t s  c a p i l l a r i e s s o o n e r  than the smooth musc l e s  
of the cutaneous v e s s e l s  can do so themse lves .  Under  these  conditions impu l se s  a re  genera ted  by the skin 
mechanorecep to r s ,  and subsequently by  mechanoreeep to r s  of the blood vesse l s .  This  a rgument  concerning 
the o rde r  of contract ion of the smooth musc l e s  is  supported by expe r imen t s  in which the t e m p e r a t u r e  of the 
skin was changed f r o m  its su r face  and f rom below. The delay in t e m p e r a t u r e  m e a s u r e m e n t  depended on 
the poor  t h e r m a l  conductivity of the skin. This shows that  during exposure  to low externa l  envi ronmenta l  
t e m p e r a t u r e s ,  cooling of all l aye r s  of the skin takes  place  with a high gradient .  

It can thus be postula ted that  the t h e r m o r e c e p t o r s  of the skin can act  as i ts  mechanorecep to r s ,  and 
that  the initial component  of the t a e r m o r e c e p t o r  is  the smooth muscle .  
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