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Lowering the tempera ture  affected the frequency spectrum of afferent impulses in A 5 
fibers f rom mechanoreceptors  of the skin during its stretching. The spike frequency 
(measured by the colliding impulse method) was reduced at 10-16 ~ to 20-30 pu l ses / sec  
compared  with 50-60 pu l s e s / s ec  at 32-36 ~ An increase  in the skin tempera ture  above 
normal also shifted the frequency spectrum towards lower values. 

Studies of the proper t ies  of single mechanoreceptors  have shown that their  response is c lear ly  de- 
pendent on the external environmental  t empera tu re  [6, 8-10]. Lowering the skin tempera ture  f rom 40 to 
10 ~ caused changes in the spike frequency in a single afferent f iber conveying impulses from the mechano-  
receptor .  

This paper  descr ibed the results  of a study of the effect of tempera ture  changes on the frequency of 
afferent impulses traveling along group A 5 f ibers  f rom mechanoreeeptors  during stretching of the skin. The 
integral  afferent flow of impulses in these f ibers  was studied in the whole nerve trunk, using the method of 
colliding impulses.  

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

Cats were anesthetized with urethane. The hai r  over  the knee joint and anter ior  surface of the leg 
was careful ly shaved. An area  of skin supplied by the medial  cutaneous branch of the saphenous nerve was 
detached, leaving its blood and nerve supply intact. The t empera tu re  of the dissected piece of skin could be 
var ied f rom 40 to 10~ by placing it on a hollow metal  container inside which water circulated.  The con- 
ta iner  was connected to a thermosta t  to keep the tempera ture  at the assigned level. The skin tempera ture  
was measured  by an e lec t ro thermometer .  

The mechanoreceptors  of the skin were stimulated by stretching the skin by a measured  amount by 
means of a special device. The saphenous nerve,  supplying the skin on the medial aspect of the leg, was 
divided where it branches from the femoral  nerve and stimulated with volleys of square pulses (0.02-0.05 
msec ,  3-5 V), which were s t ronger  than the minimum required to excite all group A fibers.  Evoked po- 
tentials were recorded  on the medial  cutaneous branch by bipolar electrodes and amplified by a type UBP1-01 
amplifier,  and then recorded on loop and ca thode- ray  osci l lographs.  Both par ts  of the nerve, with the s t imu-  
lating and recording electrodes,  were flooded with minera l  oil and kept at body temperature .  The distance 
between the stimulating and recording electrodes varied in different experiments f rom 60 to 80 ram. The 
mean conduction velocity for group A6 fibers was determined from the t ime taken by the pulse to cover  the 
distance between the two pairs  of e lectrodes.  

The frequency of afferent impulses was measured  by one modification of the colliding impulses method 
[1, 2]. 
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Fig. 1. Changes in amplitude of A6 potential during stretching skin 
by 1 mm at a speed of 2.5 mm/sec at skin temperatures of 10 ~ (I), 
16 ~ (2), 20 ~ (3), 24 ~ (4), 28 ~ (5), 32 ~ (6), and 36 ~ (7). Abscissa, spike 
frequency per second; ordinate, ratio between amplitude of potential 
during stretching and its amplitude before stretching the skin (in %). 

Fig. 2. Effect of temperature on level of natural activity in saphenous 
nerve during stretching of an isolated area of skin by 1 mm at a speed 
of 2.5 ram/see (calibration voltage 20 #V, time marker 100 Hz). I) 
Skin temperature 10~ 2) 16~ 3) 20~ 4) 24~ 5) 28~ 6) 32~ 7) 36 ~ . 

EXPERIMENTAL RESULTS 

Changes  in a m p l i t u d e  of the  A 5 p o t e n t i a l  at  the  t i m e  of s t r e t c h i n g  the  sk in  du r ing  s t i m u l a t i o n  of the  
n e r v e  with  v o l l e y s  of i m p u l s e s  of d i f f e r e n t  f r e q u e n c i e s ,  a t  d i f f e r en t  sk in  t e m p e r a t u r e s ,  a r e  shown in F ig .  1. 

At a t e m p e r a t u r e  of 32 ~ s t i m u l a t i o n  of the  n e r v e  by  a v o l l e y  of p u l s e s  at  1 0 / s e c  (Fig .  1, 6) c a u s e d  
the  g r e a t e s t  change  in a m p l i t u d e  of t he  A 5 po t en t i a l .  In  th i s  c a s e  i t  was 62% of the  a m p l i t u d e  of th i s  p o -  
t e n t i a l  b e f o r e  s t r e t c h i n g  the  sk in .  Th i s  i n d i c a t e s  that  in 62% of A 5 f i b e r s  c o l l i s i o n s  took  p l a c e  in the  p a r t  
of the  n e r v e  b e t w e e n  the  e l e c t r o d e s .  With  an i n c r e a s e  in the  f r e q u e n c y  of n e r v e  s t i m u l a t i o n  the  a m p l i t u d e  
of the p o t e n t i a l  i n c r e a s e d  by  a s m a l l e r  amoun t .  The  a m p l i t u d e  thus  r e a c h e d  a m a x i m u m  in r e s p o n s e  to 
s t i m u l a t i o n  of the  n e r v e  at  5 5 - 6 0 / s e c .  T h i s  m a x i m a l  a m p l i t u d e  a l s o  d e t e r m i n e d  the  m a x i m a l  f r e q u e n c y  
in the  f i b e r s  du r ing  s t i m u l a t i o n  of t he  m e c h a n o r e c e p t o r s .  L o w e r i n g  the  sk in  t e m p e r a t u r e  a f f ec t ed  the  
n u m b e r  of a c t i v e  f i b e r s .  At  a t e m p e r a t u r e  of 28 ~ and with the  s a m e  p a r a m e t e r s  of n e r v e  s t i m u l a t i o n  
and sk in  s t r e t c h i n g ,  the  m a x i m a l  change  in the  A 5 p o t e n t i a l  was  57%, c o m p a r e d  with 51% at 20 ~ 35% 
at 16 ~ and 10% at 10 ~ Th i s  d e c r e a s e  in the  p e r c e n t a g e  of f i b e r s  in w h i c h  i m p u l s e s  c o l l i d e  in the  
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the zone between the e lec t rodes  is due to a d e c r e a s e  in the number  of A 5 f ibers  conducting 
impulses  at high f requenc ies .  Whereas  at 32 ~ the max ima l  spike f requency during s t re tching of the skin 
was 50 /sec ,  at 28 ~ this was reduced to 35 / sec ,  at 20 ~ to 40,/sec, at 16 ~ to 35 /sec .  and at 10 ~ to 25/sec .  
Rais ing the skin t e m p e r a t u r e  to 40-44 ~ reduced the spike f requency to 35-40 /sec .  The normal  skin t e m -  
pe ra tu re ,  m e a s u r e d  in the unanesthet ized animal ,  was 33-34 ~ T rac ings  of na tura l  act ivi ty made at d i f fe r -  
ent t e m p e r a t u r e s  at the t ime of s t re tching of the skin a r e  given in Fig. 2. Stretching of the skin at the s ame  
speed at a t e m p e r a t u r e  of 10-16 ~ caused a much s m a l l e r  flow of impulses  than at a skin t e m p e r a t u r e s  of 
28-32 ~ 

The abili ty of the cutaneous mechano recep to r s  to become  excited by lowering of the t e m p e r a t u r e  has 
often been descr ibed  [5, 6-8].  However ,  changes in d ischarge  f requency in r esponse  to mechanica l  s t imu la -  
t ion at different skin t e m p e r a t u r e s  have neve r  been invest igated,  although the subject  has been mentioned 
[7, 8]. 

During cooling of the skin, changes in the p rope r t i e s  not only of the mechanorecep to r s ,  but also of 
the af ferent  f ibe r s  t hemse lves  a r e  evidently poss ible ,  and this could lead to blocking of some of these  f ibers .  
However ,  it is known [3] that f ibe rs  of the A 5 type (with a conduction veloci ty  of 8-18 m / s e c )  can conduct 
impulses  with f requencies  of the o rde r  of 40 -50 / sec  if the t e m p e r a t u r e  is lowered to 10~ with f requencies  
of 75-80 / sec  at 12 ~ 

The shift of the f requency spec t rum toward lower values is evidently due to changes in the elast ic  
p rope r t i e s  of the skin taking p lace  at different  t e m p e r a t u r e s .  
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