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Sympathetic facil i tatory influences on tactile receptors  of phasic and static type and on fatigue pro-  
cesses ,  and the dependence of the effect on stretching of the skin have been demonstrated.  It is suggested 
that a humoral  agent is concerned in the production of this sympathetic effect. 

The study of the influence of the sympathetic sys tem on cutaneous receptor  activity has a long his tory.  
Several workers  [3-6] observed permanent  changes in cutaneous sensit ivity after  sympathectomy. In the 
1930s, OrbeIi [3] postulated the adaptive-trophic influence of the sympathetic system.  However, these 
workers  presented only indirect  evidence of the existence of sympathetic influences on receptors ,  based on 
changes in reflex excitability demonst ra ted  in experiments  on animals or on verbal  responses of human 
subjects.  

A di rec t  answer to the question of the charac te r  of sympathetic influences on receptors  could be 
given by recording afferent  impulses in cutaneous nerves~ Zhirmunskaya [1] discovered that the sympathe-  
tie sys tem has a positive adaptive-trophic action principally on cutaneous pain receptors .  In 1955-56, 
Loewenstein [11, 121 made a detailed investigation of changes in the responses  of tactile receptors  of the 
f rog 's  skin during e lect r ical  st imulation of the sympathetic chain. However, these results  were obtained 
from highly s t re tched skin preparat ions  when spontaneous activity was present ,  and they were determined 
p r imar i ly  by phasic recep tors .  Stretching of the skin itself could be a factor  modifying the activity of tac-  
tile receptors  [7, 8J. 

Experiments were car r ied  out to study the effect of the sympathetic sys tem on responses  of different 
types of tactile recep tors ,  and on development of fatigue of these receptors  during the application of a suc-  
cessive ser ies  of mechanical  st imuli  to unstre tched and stretched pieces of f rog ' s  skin. 

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

Cutaneous nerves  usually contain fast-conducting sympathetic fibers (3-6 m/see) .  Experiments were 
ca r r i ed  out on a piece of skin taken from the dorsomedial  surface of the f rog ' s  (Rana temporaria)  thigh 
using pinpoint mechanical  st imulation of tactile recep tors .  Stimulating electrodes were applied to the ramus 
communicans of the sympathetic chain below the 8th sympathetic ganglion. In this way preganglionic fibers 
of the sympathetic pathways leading to the investigated piece of skin were stimulated. The SIF-3 st imulator 
was used.  Responses of the receptors  were recorded by a pair  of s i lver  electrodes from the cutaneous 
branch (medial cutaneous nerve of the thigh) of the 10th spinal nerve.  

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

In the absence of spontaneous activity in the nerve from the unstretched skin preparat ion sympathetic 
influences on responses  of phasic and static tactile receptors  were studied during pinpoint mechanical  s t im-  
ulation. Stimulation of the sympathetic chain led to changes in the cha rac te r  of the spike responses  of the 
tactile receptors .  The sympathetic influences differed in degree for different types of discharges  of the tac-  
tile receptors .  The sympathetic influences differed in degree for different types of discharges of the tac-  
tile receptors .  With unstretched skin the greates t  changes were found in the slow-adapting discharge of 

Labora tory  of Physiology of the Sense Organs,  Institute of Normal and Pathological Physiology, 
Academy of Medical Sciences of the USSR, Moscow. (Presented by Academician V. V. Parin). T rans -  
lated from Byuileten'  l~ksperimental 'noi Biotogii i Meditsiny, Vol. 67, No. 6, lap. 3-7,  June, 1969. Original 
ar t ic le  submitted July 17, 1968. 

581 



I,! i!,,,,,,,,,,,,,,,I,,,,ii I I i ,  i i i ,  i i  I i  i ~ i i i ,  i t , ,  i i i i i  ! I 

B 
IJ. IllJJllJllllU,,llllll I I h ,  , 
, , -  i i a . i  l l l l l l l l  l , r l l  i i i l | i r  i ] ,  - . ( - 

" d  !II I' ,,,,,,IJ l.,.!,.,, I - l |  I I ' I ' I ]  I ~ J | I q  

~ - . i . ~ . .  i i ~ i  I I I [ ~T I I  I , * f i 

I,ILI,I, IIILJ,H~IIIHIIIJlIIIIIL I I  I 
. i i ,  , , i i i  i j i i i  l l l q l l l l l  i i i ~ i  i ~ 11  i ,  I , i i ' I  

I H J J ]  I f l l l m l , h l l l l g h l l l f l l l l l l l  _ L . _ 
~ r l  I ~ l ' l  l l l l ] l l ] ] l l l ] ~ l l l l l l  l l l l [ l  - i - 

Fig. 1. Effect of e lectr ical  stimulation (10 Hz, 5 msec ,  7 V, dur-  
ation 5 sec) of sympathetic chain on spike response of tactile r e -  
ceptors .  A: 1) initial response;  2, 3, 4, 5, and 6) responses  15, 
30, 60, 180, and 300 sec respect ively after  st imulation of sympath-  
etic chain; B: 1) initial response;  I], III, IV, V) responses  after 
stimulation of sympathetic chain. Explanation in text. 

o o 
0 0 0 0 0 

? 

24, 

. I l I I L 

1 5 io 15 25 

Fig. 2. Graph of fatigue of 
tactile receptors .  Abscissa:  
number  of repetitive stimuli; 
ordinate: number of spikes 
in d ischarge .  1) Before; 
2) af ter  st imulation of s y m -  
pathetic nerve.  

static type, which was considerably increased in duration, frequently ac-  
companied by an increase  in the number of spikes in the discharge.  Under 
these conditions the fast-adapting phasic type of discharge showed no sig-  
nificant change. 

The response of a tactile receptor  point, consist ing of impulses of 
two types,  is i l lustrated in Fig. 1A: shor t - la tency,  fast-adapting high- 
voltage spikes of phasic type (120 #V) and lower-voltage (100 /~V), slow- 
adapting spikes of static type. Stimulation of the sympathetic chain (7 V, 
10 Hz, 5 msec ,  total duration 5 sec) led to an increase  in the duration of 
the static discharge by 25% and in the  number of spikes in the discharge 
by 35%. The sympathetic effect appeared after  a relat ively long latent 
period (30 sec) and was maintained for 3-5 rain. Meanwhile the number of 
spikes in the phasic discharge not only did not increase ,  but on the con- 
t r a ry ,  decreased  slightly while the duration of the discharge remained un- 
changed. An example of a sympathetic effect of different type, cha rac t e r -  
ized mere ly  by an increase  in duration of the static discharge of the r e -  
ceptor ,  without any increase  in the number of spikes, is i l lustrated in 
Fig. lB.  The development of this effect with time was identical with the 
f i rs t  case .  

The sympathetic sys tem thus strengthens activity of the static tactile 
recep tors ,  while acting principal ly on adaptive p rocesses .  These resul ts  
suggested that the sympathetic sys tem may counteract  receptor  fatigue. 
Repetitive stimulation is known to reduce the amplitude of responses  of 

tacti le receptors  to each success ive  stimulus, the rate of dec rease  of the responses  and the t ime of their  
subsequent recovery  increas ing with an increase  in the number of preceding stimuli [10, 13]. 

In the present  experiments  a response of receptors  was established to 25 repeated touches applied 
during the period of 30 sec before and after  shor t  (5 sec) stimulation of the sympathetic chain. Stimulation 
of this type considerably slowed the decrease  in amplitude of the responses  to a success ive  ser ies  of s t im-  
uli and quickened the r ecovery  p rocess .  Whereas under normal  conditions the response  to the last  touch 
stimulus had an amplitude of only 40-50% of the initial d ischarge,  after sympathetic stimulation this r e -  
sponse was reduced by only 20-25%. Under normal  conditions r ecovery  of the original amplitude of the r e -  
sponse took place 10 rain af ter  cessa t ion of adequate st imulation of the receptor ,  and st imulation of the s y m -  
pathetic chain shortened this t ime to 4-5 rain. This effect is c lear ly  seen in Fig. 2, showing the static pat-  
te rn  of the resul ts  obtained. After stimulation of the sympathetic fibers the curve of fatigue of the tactile 
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Fig. 3. Dynamics of responses  of tacti le 
receptors  of ~recipient" skin graf t  during 
electr ical  st imulation (10 Hz, 5 msee ,  7 V, 
duration 10 see) of sympathet ic  pathways 
of "donor" graf t .  A) Scheme of exper i -  
ment; 1) "donor" skin graft;  2) " rec ipi -  
ent" skin graft; 3) apparatus  for mechan-  
ical stimulation; 4) eIectrodes  for s t imu-  
lation of sympathet ic  chain; B: 1) initial 
response of tactile r ecep to r s  of "reeipi-  
ent" graft; 2, 3, 4) 40, 120, 180, and 
300 sec respect ively  af ter  st imulation of 
sympathetic chain. 

receptors was marked by a smaller decline and a higher posi- 
tion of the end points than that of the intact animal. 

The slow development and considerable duration of the 
sympathetic effect in these experiments, coupled with data 
published in the literature [9, 121, suggest that this effect 
takes place through the intervention of a special sympathetic 
mediator. This hypothesis was tested in experiments in 
which skin grafts cut from symmetrical dorsal and ventral 
surfaces of the frog's thighs were placed in contact by their 
inner surfaces. One such graft preserved its sympathetic 
nervous connection with the animal intact and acted as "donor," 
while the other, the "recipient," was completely isolated and 

the cutaneous nerve supplying it was placed on reeording 
electrodes. The "recipient" graft was placed with its recep- 
tor side externally (Fig. 3A). 

The experiments showed that activity of the tactile re- 

ceptors of the recipient graft was modified after stimulation 
of the sympathetic nerves to the donor graft. The effect was 
seen most clearly in slightly stretched skin preparations, 
when spontaneous activity was present in the cutaneous nerve. 
Just as in the case of the unstretched preparation, the sym- 

pathetic effect varied in degree for different types of tactile 
receptors. One such experiment is illustrated in Fig. 3B. 
The initial response, as the tracings show, consisted of a dis- 
charge of two types of receptors: phasic and static. The 
first was characterized by high-amplitude spikes (120 tiV), 

continuing throughout the period of action of the stimulus. 
Under the i~ffluence of stretching of the skin graft, a low- 
amplitude (20-30 #V) spontaneous spike activity appeared, 

independent of action of the adequate st imulus.  The grea tes t  sympathetic effects were shown by spontane- 
ous spike d ischarges ,  increasing in number by 50%. The discharge of static type also underwent cons ider-  
able changes:  the number of spikes increased by 35% and the duration of the discharge by 20%. The phasic 
discharge showed definite, though t rans ient  effects.  The duration of the phasic discharge was doubled, 
while the number of spikes was trebled.  Sympathetic influences on the recipient graft  appeared after a 
longer period (40-60 sec) and they were longer (up to 5 rain) for static and spontaneous discharges  than for 
phasic (up to 2 rain). 

Facilitation of responses  of the tactile receptors  of the recipient graft  was the resul t  of humoral  
t r ansmiss ion  of the sympathet ic  effect. The neurohumoral  nature of the effect was also confirmed by the 
fact that the cardiac  contract ions of the isolated f rog 's  hear t  were strengthened by the action of per~dsion 
fluid taken f rom the donor graft  af ter  st imulation of its sympathetic nerve supply. Application of adrenalin 
(1 �9 10 -8) to the skin led to an increase in the responses  of the skin receptors  s imi lar  to the sympathetic 
effect. This suggests that the humoral  agent of the sympathetic influences may be adrenal  in nature. Spec- 
ial investigations are  neces sa ry  to identify it precise ly .  

The sympathet ic  sys tem thus exerc i ses  efferent  control over the activity of both types of cutaneous 
tactile receptors ;  in the manifestat ion of this control over phasic receptors ,  pre l iminary  s tretching of the 
skin is important.  Sympathetic influences constitute one of the mechanisms determining the immunity of 
the receptors  to fatigue during percept ion of repetit ive stimuli.  

The sympathet ic  action is expressed as an increase  in the extent and duration of the afferent  flow 
f rom one of the largest  of the receptor  sur faces ,  the an imal ' s  skin. 
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