EFFECT OF TEMPERATURE ON FREQUENCY SPECTRUM
IN MEDULLATED A5 AFFERENT FIBERS
DURING STIMULATION OF SKIN MECHANORECEPTORS

O. S. Gladysheva UDC 591,176 +591.,484/488 +612,883

Lowering the temperature affected the frequency spectrum of afferent impulses in Ag
fibers from mechanoreceptors of the skin during its stretching. The spike frequency
(measured by the colliding impulse method) was reduced at 10-16° to 20-30 pulses/sec
compared with 50-60 pulses/sec at 32-36°, An increase in the skin temperature above
normal also shifted the frequency spectrum towards lower values,

Studies of the properties of single mechanoreceptors have shown that their response is clearly de-
pendent on the external environmental temperature [6, 8-10]. Lowering the skin temperature from 40 to
10° caused changes in the spike frequency in a single afferent fiber conveying impulses from the mechano-
receptor,.

This paper described the results of a study of the effect of temperature changes on the frequency of
afferent impulses traveling along group Ag fibers from mechanoreceptors during stretching of the skin, The
integral afferent flow of impulses in these fibers was studied inthe whole nerve trunk, using the method of
colliding impulses.

EXPERIMENTAL METHOD

Cats were anesthetized with urethane. The hair over the knee joint and anterior surface of the leg
was carefully 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 temperature of the dissected piece of skin could be
varied from 40 to 10°C by placing it on a hollow metal container inside which water circulated. The con-
tainer was connected to a thermostat to keep the temperature at the assigned level. The skin temperature
was measured by an electrothermometer.

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 stronger 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 atype UBP1-01
amplifier, and then recorded on loop and cathode-ray oscillographs, Both parts of the nerve, with the stimu-~
lating and recording electrodes, were flooded with mineral oil and kept at body temperature. The distance
between the stimulating and recording electrodes varied in different experiments from 60 to 80 mm. The
mean conduction velocity for group A fibers was determined from the time taken by the pulse to cover the
distance between the two pairs of electrodes.

The frequency of afferent impulses was measured by one modification of the colliding impulses method
{1, 21.
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Fig. 1. Changes in amplitude of As potential during stretching skin
by 1 mm at a speed of 2.5 mm/sec at skin temperatures of 10° (1),
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 mm/sec (calibration voltage 20 ¢V, time marker 100 Hz). 1)
Skin temperature 10°; 2) 16°; 3) 20°; 4) 24°; 5) 28° 6) 32°;, 7) 36°.

EXPERIMENTAL RESULTS

Changes in amplitude of the Ag potential at the time of stretching the skin during stimulation of the
nerve with volleys of impulses of different frequencies, at different skin temperatures, are shown in Fig. 1.

At a temperature of 32°, stimulation of the nerve by a volley of pulses at 10/sec (Fig. 1, 6) caused
the greatest change in amplitude of the Ag potential. In this case it was 62% of the amplitude of this po-
tential before stretching the skin. This indicates that in 62% of As fibers collisions took place in the part
of the nerve between the electrodes. With an increase in the frequency of nerve stimulation the amplitude
of the potential increased by a smaller amount, The amplitude thus reached a maximum in response to
stimulation of the nerve at 55-60/sec, This maximal amplitude also determined the maximal frequency
in the fibers during stimulation of the mechanoreceptors. Lowering the skin temperature affected the
number of active fibers. At a temperature of 28° and with the same parameters of nerve stimulation
and skin stretching, the maximal change in the Ag potential was 57%, compared with 51% at 20°, 35%
at 16°, and 10% at 10°. This decrease in the percentage of fibers in which impulses collide in the
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the zone between the electrodes is due to a decrease in the number of Ag fibers conducting
impulses at high frequencies. Whereas at 32° the maximal spike frequency during stretching 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.
Raising the skin temperature to 40-44° reduced the spike frequency to 35-40/sec. The normal skin tem-
perature, measured in the unanesthetized animal, was 33-34°, Tracings of natural activity made at differ-
ent temperatures at the time of stretching of the skin are given in Fig. 2. Stretching of the skin at the same
speed at a temperature of 10-16° caused a much smaller flow of impulses than at a skin temperatures of
28-32°.

The ability of the cutaneous mechanoreceptors to become excited by lowering of the temperature has
often been described [5, 6-8]. However, changes in discharge frequency in response to mechanical stimula-
tion at different skin temperatures have never been investigated, although the subject has been mentioned
{7, 8l.

During cooling of the skin, changes in the properties not only of the mechanoreceptors, but also of
the afferent fibers themselves are evidently possible, and this could lead to blocking of some of these fibers.
However, it is known [3] that fibers . of the Ag type (with a conduction velocity of 8-18 m/sec) can conduct
impulses with frequencies of the order of 40-50/sec if the temperature is lowered to10°,and with frequencies
of 75-80/sec at 12°,

The shift of the frequency spectrum toward lower values is evidently due to changes in the elastic
properties of the skin taking place at different temperatures.
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