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Several  investigations have been made of the effect  of cooling on vascular  [2-5] and skin [1, 3, 5-7] receptors. 

The object  of the present invest igat ion was to determine  the temperature  of blocking of the receptors of the 

skin and subcutaneous veins by cold. 

E X P E R I M E N T A L  METHOD 

Experiments were carried out on rabbits, cats and isolated preparations. During cooling of the tested area of 
skin or subcutaneous vein at the rate of 0.16 and 0.08 deg/sec ,  the impulses in the peripheral  end of the nerve sup- 

pl ied by the test object  were recorded on a ca thode- ray  osc i l lograpk Cooling was continued until  comple te  b lock-  
ing of the receptors took place.  The objec t  was then warmed until the e l ec t r i ca l  ac t iv i ty  was restored. For deter-  
mining the cold block of the skin receptors 80 experiments were carried out on animals and 87 on isolated prepara-  
tions. In animals anesthet ized with chloral  hydrate,  a smal l  twig of a cutaneous nerve was dissected in the thigh 
or leg and the area of skin supplied by this nerve was cooled with a thermode f i l led with a mixture of ice  and salt. 
The functional  state of the mechanoceptors  of the skin was judged by their  pulsed act iv i ty  evoked by graded rhyth-  

mic  contact  with a pin. The temperature  of the cooling surface of the vessel was measured by a thermocouple.  In 
the experiments with the isolated preparation, the skin was cooled by means of a type TOS-1 thermocooling table.  
The cooling action was dosed by an automat ic  thermoregulator  and control led by a thermocouple.  

To determine  the temperature  of the cold block of the venous receptors 10 experiments were carried out on 
rabbits and 12 on an isola ted ve in-nerve  preparation. The la te ra l  thoracic vein of a rabbit,  humoral ly isolated by 
division of a l l  its side branches, was perfused with cold Ringer-Locke solution. The impulses were recorded in the 
la te ra l  cutaneous branch of the intercostal  nerve supplying the skin and the subcutaneous vessels. Cooling of the 

vein began after denervation of the skin, when the integri ty of the impulses arriving from the venous receptors had 
been verified. 

In the series of experiments with the isolated preparation, the veing was excised together  with the nerve twig 
supplying i t  and placed in a bath of Ringer-Locke solution (18-20~ and the vein was perfused with solutions of dif-  

ferent temperatures under a pressure of 1-8 mm Hg at the outlet  of the supplying cannula. The functional state of 
the receptors was judged from their pulsed act iv i ty  recorded throughout the experiments.  The temperature  of the 
outflowing solution was measured direct ly  in the outlet  cannula by means of a thermocouple.  

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

Before cooling the area of skin, the or iginal  pulsed act iv i ty  of the mechanoceptors evoked by a standard s t im-  
ulus was recorded. Since many receptors were s t imulated,  volleys of impulses of different ampli tudes were recorded 
on the oscillograph. With a fal l  of temperature  the number of impulses in response to s t imulat ion diminished, but 
their  ampl i tude  increased.  With a further decrease in temperature ,  the ampli tude of al l  the impulses fell,  the num- 
ber of impulses in the vo l l ey  progressively diminished, and the block first appeared in the low-vol tage  impulses. 
The remaining receptors became  blocked with more intense cooling act ing for a longer t ime.  

When determining the temperature  blocking the mechanoceptors of the skin in the animal ,  the rate of coo l -  
ing had no signif icant  effect. During cooling at the rate  of 0.16 deg/sec  the cold block of the mechanoceptors ap-  

peared when the thermode temperature  was between - 8  and - 8 . 8  ~ (average -4 .8~ while in the series of exper i -  
ments when the rate of cooling was 0.03 deg/sec ,  the cold block of the receptors took p lace  at between - 3  and 
- 7 . 5  ~ (average -4~176 Simi lar  results were obtained in man by Morton and Provins [8], who observed a total  loss 
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Fig. 1, Development  of cold block of skin receptors in an animal  (A) and an 
isolated skin f lap (B). Numbers on the l e f t - t empe ra tu r e  of thermode, Ar te-  
fact def lec ted  downward-moment  of appl ica t ion  of stimulus. 

of t ac t i l e  sensation when the skin temperature  was between - 2 , 5  and - 5  ~ Although the temperature at which the 
block began in the two series Of experiments described above was the same, the t ime of action of the low tempera-  
ture necessary for obtaining the cold block differed. With a lower rate of cooling the biock developed after 8-36 

rain (average 12.07 rain), whereas at the higher rate of cooling the block of the mechanoceptors developed after 
1.5-6 rain (average 4.09 rain). This difference may be explained by the relationship between the temperature  of 
the cooled skin surface and the temperature  of the inflowing ar ter ia l  blood. During SlOw cooling of the thermode 
the arter ial  blood flowing into the skin slowed the fal l  in its temperature  in the cooled area. As a result of the re-  
peated determinat ion of the cold block of receptors in the same area of skin, no change was found in the t empera -  

ture at which the cold block appeared. 

During heating of the skin the act ivi ty  of the mechanoceptors was restored, but at a higher temperature  than 
the in i t i a l  level .  The order of restoration of the impulses corresponded to the pattern of the decrease in their  ex-  
c i tabi l i ty :  the higher impulses were restored first and the low-vol tage  impulses last. The character  of the depres- 
sion and restoration of the ac t iv i ty  of the mechanoceptors was independent  of the rate of cooling, 

In the experiments with an isolated skin flap, blocking of the receptors developed at a higher temperature  

than in the experiments on the animal ,  and the rate of cooling had a considerable influence.  In the case of rapid 
cooling of the skin (0.16 deg/sec) ,  blocking of the receptors began at 6.5-0 ~ (average 3~ Whereas at the slower 
rate of cooling (0.03 deg/sec)  it  appeared at 15-5 ~ (average 11.9~ 

When the cold block of the same skin f lap was determined a second t ime,  its l imi t  was shifted toward the 
higher temperatures (Fig. 1), The Order of development  of the block in the various receptors and the order of res- 
torat ion of their pulsed act ivi ty  were the same as in the experiments on the animal .  Blocking of the receptors g iv -  
ing high impulses developed later  and their act ivi ty  was restored sooner than the ac t iv i ty  of the remaining receptors. 

The differences in the temperature  at which the blocking of the receptors of the isolated and nonisolated 
areas of skin appeared,  with the same rate of cooling, must evident ly  be explained by the fact  that  when the t e m -  
perature of the cooling surface of the thermode was the same, the total  intensity of cooling of the whole thickness 
of skin was lower when the blood supply to the part was normal than when the skin flap was isolated,  in which case 
the temperature  of the surrounding solution was constant at the level  of 18-20 ~ 

In contrast to the mechanoceptors of the skin, react ing to an applied stimulus, the receptors of the subcutan- 
eous veins are character ized by spontaneous rhythmic act ivi ty  [5], very stable at a given temperature.  The charac-  
ter is t ic  react ion of the venous receptors to moderate  cooling was an increase ill the frequency and ampli tude of the 
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Fig. 2. Development of cold block of the receptors of the iateral thoracic 

vein of a rabbit (A) and an isolated preparation of the lateral thoracic vein 

of a rabbit (B). Numbers on the left--temperature of the outflowing solution. 

impulses, observed when the temperature fell to 20-14 ~ , followed by a decrease in the frequency and 

ampli tude of the impulses on further cooling (Fig, 2). 

In these experiments the cold block of the venous receptors appeared at 6,8-14.2 ~ , and in the vein-nerve 

preparation at 6,5 -12 ~ No significant difference in the temperature of the block was observed in these series. 

Production of a block of the venous receptors of the isolated preparation required a shorter period of action of the 

low temperature, because the preparation was in stable conditions unlike the vein lying on the rabbit's body, the 

temperature of which affected the rate of its cooling. To obtain a block of the receptors of the isolated vein, ~he 

duration of cooling in  most experiments was 8-8 rain, and only in three experiments was it as long as 18-1g rain. 
The t ime of action of the low temperature on the receptors of the nonisolated vein in most experiments was 18-88 

min, failing to 5 rain in  only 4 experiments. During heating rhythmic impulses again appeared, but at a higher 

temperature than init ial ly.  If the vein was heated to 81 ~ or more, the frequency of the impulses fell. 

The increase in the amplitude of the impulses in  the in i t ia l  phase of cooling observed in these experiments 

and also by other authors [8, 9] may be explained both by the increase in the action potential of the investigated 

afferent fibers and by the possible involvement  of new receptors in the reaction because of an increase in their ex- 
ci tabi l i ty  [2, 4]. 

S U M M A R Y  

The purpose of investigations was a study of the blocking of mechanoceptors of the skin andreceptors of the 

external thoracic vein in a whole animal  and isolated preparations. The blocking of skin mechanoeeptors in a 

whole animal  occurred at a thermodic temperature of from 3 to 7.5~ below zero. The blocking of an isolated skin 

flap with cold depended on the speed of cooling and occurred at a thermoid temperature of from 0 to 15~ 

Blocking with cold of receptors of the external thoracic vein inisolated preparation in a whole an imal  occurred 

at temperatures of 6.5 to 14.2~ 
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Atl abbreviations of periodicals in the above bibliography are letter-by-letter translitera- 
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