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The colliding impulse  method was used  to inves t igate  af ferent  impulsat ion in d i f ferent  types 
of f i be r s  of the cutaneous ne rves  innervat ing the ha i ry  skin on the medial  sur face  of a c a t ' s  
paw. It was  shown that  a change in the intensi ty of the acting st imulus caused a change in 
the s t ruc tu re  of the af ferent  flow. An inc rea se  in the s t rength of the je t  of a i r  caused an in-  
c r e a s e  in the number  of act ive  f ibe r s  and in the f requency of the af ferent  impulsa t ion and 
it led to the exci tat ion of other  types  of f ibe r s  also. 
KEY WORDS: cutaneous nerve;  ne rve  f ibers ;  s t imulat ion of the skin; af ferent  impulsat ion.  

The morphologica l  and physiological  p r o p e r t i e s  of single skin r e c e p t o r s  have now been studied detail  
[7-9]. The coding of informat ion  on s t imulat ion is known to take place  in them through changes in the f r e -  
quency of impulsa t ion  [10-12]. Under na tura l  conditions of excitat ion,  however ,  many  r e c e p t o r s  of different  
types  a re  exci ted s imul taneously .  Different ia t ion of the quali ty and intensi ty of the acting s t imulus  in this case  
is c a r r i e d  out through a code of nervous  impulses  t ravel l ing along the col lect ion of ne rve  f ibers  with different  
conduction veloci ty  and with d i f ferent  f requenc ies  of impulses  in the volley [18]. 

It  is difficult  to f o r m  any sufficiently t rue  i m p r e s s i o n  of the af ferent  flow f r o m  re sponses  of single r e -  
cep to r s ,  for ,  in the f i r s t  place , when single f ibe r s  a re  tes ted  the th ickes t  of them a re  involuntari ly chosen [8, 
15] and, second, when f ibe r s  a re  sepa ra ted  f r o m  the ne rve  t runk the integr i ty  of the ionic b a r r i e r  surrounding 
the exci table  m e m b r a n e  is dis turbed.  This  leads  to changes in the c h a r a c t e r i s t i c s  of the af ferent  r e sponses  
[5]. The act ivi ty of a single r ecep to r ,  m o r e o v e r ,  depends not only on the p a r a m e t e r s  of the acting s t imulus ,  
but also on the influence of neighboring exci ted r e c e p t o r s  on it [2, 13]. Ul t imately all these  f ac to r s  modify 
the c h a r a c t e r  of the global r e sponse  of the r e c e p t o r s .  To a s s e s s  the a f fe ren t  flow ca r ry ing  informat ion about 
s t imulat ion co r r ec t l y ,  i t  is essen t ia l  to do m o r e  than analyze the act ivi ty of single ne rve  f ibers .  

In the cour se  of the p r e s e n t  invest igat ion the method of record ing  f r o m  a whole ne rve  t runk was used. 
Changes in the af ferent  flow in the saphenous ne rve  were  invest igated during s t imulat ion of the ha i ry  skin by 
je t s  of a i r  of d i f ferent  in tens i t ies .  

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

Exper iments  were  c a r r i e d  out on 25 cats  anesthet ized with hexobarbi ta l  (250 mg /kg  body weight, i n t r a -  
muscular ly) .  

To de te rmine  the f requency s p e c t r u m  of a f ferent  impulsa t ion  and the dis tr ibut ion of the re la t ive  number  
of a f fe ren t  f i be r s  conducting impu l ses  of pa r t i cu l a r  f requencies ,  a modified colliding impulse  method [4] was 
used. 

Fo r  this pu rpose  s t imulat ing e lec t rodes  were  applied in the region of the groin  to a d i ssec ted  length of 
the saphenous nerve ,  the cen t ra l  end of which was divided. The ne rve  was s t imulated by square  pulses  whose 
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Fig. 1. Charac ter i s t ics  of afferent impulsation in cutaneous nerve during 
action of a jet of air with a strength of 20 m g / c m  2 on hai ry  skin. A) Com- 
bined afferent flow obtained by action of jet of air  with strength 20 m g / c m  2 
on hai ry  skin. Calibration 200 msec,  50 pV; a r row marks  beginning of a c -  
tion of jet; B) h is tograms of distribution of number of active f ibers with 
respec t  to frequency of afferent impulses and conduction velocit ies:  1) in 
Aft f ibers;  2) in A5 f ibers;  axes~ X) conduction velocity (in m/sec) ,  Y) f r e -  
quency of afferent impulses {per second), Z) number of active f ibers  (in%). 

Fig. 2. Charac ter i s t ics  of afferent impulsation in cutaneous nerve during 
action of jet  of a ir  with strength of 42 m g / c m  2 on hairy skin. B: 3) In C- 
f ibers .  Remainder  of legend as in Fig. 1. 

TABLE 1. Charac ter i s t ics  of Afferent  Im-  
pulsation during Stimulation bY Jets  of Air  

Frequency of impulses 
in volley (per second) 

:minimal maximal 

15--90 160--230 
25--60 80--140 
20--120 240--300 
40--80 100--160 

5--11 

of Different Intensity 

Number of o ~ .~... ] 
"~ ~'~ I~ lactive fibers I ~ . ~ l  v o 

16--20 A[~ 15--41 
A(~ 13--60 
A 13 20--80 

37--42 cA8 40--68 
7--20 

amplitude and duration were chosen to be optimal for  excitation of Aft, A6, and C f ibers .  The recording elec-  
t rodes  were placed on a branch of the saphenous nerve innervating the skin of the medial surface of the paw. 

To analyze the afferent flow in the Aft f ibers  the distance between the stimulating and recording electrodes  
was maximal  and ranged in different experiments  f rom 140 to 176 mm; to analyze the afferent flow in the A5 
and C fibers the distance ranged f rom 44 to 100 ram. 

A jet  of a i r  f rom a turbo-fan was used to stimulate the receptors .  By means of a special  shutter  me-  
chanism the jet of air  could be applied for 1 sec to the entire receptive field. The strength of the jet of a ir  on 
the hairy  skin var ied  f rom 20-16 m g / c m  ~ (weak action) to 40-37 m g / c m  2 (strong action) and its direction r e l -  
ative to the surface of the ha i ry  skin was the same in all the experiments.  

Stimulation of the nerve was synchronized with stimulation of the receptive field. The interval  between 
receptor  stimulations was f rom 3 to 5 rain. Combined activity of the nerve f ibers  and action potentials of the 
nerve were recorded  f rom the sc reen  of an oscil loscope.  The afferent frequency spec t rum in the Aft, AS, and 
C f ibers  was judged f rom changes in the amplitude of evoked potentials af ter  collision of or thodromic and 
antidromic impulses [4i. 
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E X P E R I M E N T A L  R E S U L T S  

The action of the je t  of a i r  on the skin of the medial  surface  of the paw evoked activity in the saphenous 
nerve  f ibers .  The total  af ferent  flow differed depending on the intensity of the st imulus (Figs. 1A and 2A). To 
de te rmine  the nature  of this d i f ference the colliding impulse method was used.  His tograms plotted f rom the 
exper imenta l  resu l t s  showed the cha rac te r i s t i c s  of the afferent  flow with r e spec t  to the number  and type of 
active f ibers  and the f requencies  of impulses  in the volley. 

A je t  of a i r  with a s trength of 16-20 m g / c m  2 evoked activity in Aft f ibers  with a veloci ty  of 50-96 m / s e e  
and in A6 f ibers  with a veloci ty  of 16-33 m / s e e  (Fig. 1B). 

An increase  in the s trength of the je t  of a i r  to 37-42 m g /cm  2 changed the cha rac t e r  of the afferent  i ra-  
pulsation. During st imulation of this kind not only myelinated A f ibers  but also unmyelinated C f ibers  with a 
conduction veloci ty  of 1-1.3 m / s e c  were  active (Fig. 2B); the number  of active Aft and A6 f ibers  and the f r e -  
quency of impulses  t ravel l ing along them were  both increased  (Table 1). A change in the intensity of the s t im-  
ulus applied thus led to a change in the global p ic ture  of the afferent  impulsation. 

Unfortunately the resu l t s  do not re f lec t  all the changes taking place in the nerve  trunk, fo r  the m e a s u r e -  
ments were  made only fo r  the modal group of nerve  f ibers .  The whole spec t rum of excited f ibers  par t ic ipated 
in the format ion  of the s t ruc tu re  of the afferent  flow [6], but changes taking place in the modal groups descr ibe  
the general  p ic ture  sufficiently c lear ly .  

The resu l t s  axe in agreement  with those obtained by workers  who used other  methods. A change in the 
f requency of the flow of impulses with a change in the intensity of st imulation was shown previously  in exper i -  
ments on single r e cep to r  units [8, 14, 15, 17]. During mechanical  st imulation of the skin, depending on the 
intensity of s t imulat ion the f requency of impulses  in the Aft f ibers  var ied f rom 300-400 to 600-700 per  second 
and in A5 f ibers  f rom 200-250 to 400-500 per  second [8, 15]. The f requencies  of activity obtained in the p r e -  
sent exper iments  we renumer i ca l l y  sma l l e r  (Table 1). The di f ferences  in the values of the f requencies  can be 
explained both by cer ta in  l imitat ions of the method used in the presen t  case  [1, 3] and by dif ferences  in the 
method of st imulation of the r ecep to r s .  

Some workers  consider  that with a change in the intensity of a stimulus the number  and type of active 
f ibers  must  also change [15, 16]. The p resen t  exper iments  showed that with an increase  in the strength of the 
jet  of a i r  the number  of active f ibers  increased  and the spec t rum of conduction veloci t ies  was broadened through 
the spread of excitation to f ibers  of other  types. 

It can accordingly be concluded f rom these resu l t s  that the coding of information on the intensi ty of 
st imulation takes place through changes in the s t ruc ture  of the afferent  volley. 
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