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It is generally recognized that the hypothalamic 
thermoregulatory center contains neurons with spe- 
cific temperature sensitivity (thermosensitive neu- 
rons) [1,2,6-8]. In addition, this center accommo- 
dates neurons that do not possess direct tempera- 
ture sensitivity. These latter neurons are referred to 
as "thermoresponsive", for they perceive signals 
from peripheral and central thermosensors. The 
purpose of the present study was to see how such 
neurons respond to specific stimulation of cutane- 
ous thermoreceptors. 

MATERIALS AND METHODS 

The experiments were conducted on anesthetized 
Chinchilla rabbits weighing 3.0-3.5 kg. For anes- 
thesia, urethan (1 g/q~g) and chloratose (40 mg/kg) 
were used. Neuronal activity in the anterior and 
posterior hypothalamus was recorded by means of 
tungsten microelectrodes with a tip diameter of 1 
to 3 bt introduced into the brain using a stereo- 
taxic apparatus without fixing the head, as de- 
scribed in detail elsewhere [3]. The fn-ing rate of 
each neuron was automatically measured by an 
electronic frequency meter and continuously (every 
second) recorded on the paper ribbon of a self- 
recording potentiometer. Thermal stimuli were ap- 
plied to the skin of the dorsum of the rabbit's 
nose via a thin-walled copper thermode with a 
working area of about 40 cm ~ peffused with water 
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heated or cooled to various temperatures. The 
thermode was so stamped out as to fit the shape 
of the nose and was in close contact with its skin. 
Skin temperature was measured directly beneath 
the thermode at two points (under the epithelium 
and at a depth of 1.5-2.0 m m  from the skin sur- 
face) and near the hypothalamus with 0.2 mm- 
thick copper-constantan thermocouples to an accu- 
racy of 0.1~ and 0.01~ per  mm of  paper  
ribbon in the skin and the hypothalamus, respec- 
tively. The temperature in the chamber where 
measurements were made was constantly maintained 
at 22-24~ 

In control tests run to provide baseline data, 
the thermode was perfused with water having a 
temperature of 30-31~ In these tests the skin 
temperature under the thermode was 33.4_+0.5~ at 
the surface and 35.6+0.6~ at a depth of 1.5-2.0 
mm. In tests designed to evaluate responses to 
cold, the thermode was perfused with water cooled 
to 7-10~ The wails of the thermode acquired 
such temperatures 3 to 5 sec after the start of 
perfusion. In these tests, the skin surface had a 
temperature of 26.3_+0.5~ In tests evaluating re- 
sponses to heat, the thermode was perfused with 
water heated to 42-45~ and the skin surface had 
a temperature of 37.5_+0.4~ The initial rate of 
change in skin temperature ranged from 0.15 to 
0.25~ per second. 

RESULTS 

A total of 190 individual neurons were tested in 
the anterior and posterior hypothalami of 30 rab- 
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Fig. 1. Cyclic t empera tu re  var ia t ion  at  skin surface {I) and  in deep skin layers (2) and  increased f i r ing rate  (3} by  a "heat" 
neuron  in response  to skin tempera ture  elevation. 

bits. Of these neurons,  22 exhibited well-defined 
alterations in f~ing rate in response to thermal 
stimulation of the skin, al though the nature and 
patterns of their reactions varied. Thus, one neu-  
ron in the medial preoptic area ("heat" neuron)  
and one in a dorsomedial  nucleus of the poste- 
rior hypothalamus ("cold" neuron)  virtually re- 
peated the response of cutaneous thermoreceptors 
to rapid tempera ture  stimulation. The response 
consisted in a sharp rise of the firing rate at the 
moment  when the skin temperature  was rapidly 
changed (dynamic componen t  of  the response). 
Once a new constant level of skin temperature was 
achieved, the firing rate fell but remained some- 
what higher than the baseline rate (static compo-  
nent of the response). When the skin temperature 
returned to its baseline level, so did (immediately) 
the firing rate. This type of response is well il- 
lustrated in Fig. 1, which shows the variation in 
the firing rate of the above-mentioned neuron in 
the medial preoptic area: this neuron responded to 
a temperature  elevation at the skin surface by 
greatly and consistently increasing the frequency of 
its discharges, which indicates that the neuron in 

question may be linked up with thermoreceptors 
present at the skin surface [9]. 

The responses of the other 20 anterior and 
posterior hypothalamic neurons were devoid of a 
dynamic componen t  and varied widely. Some of 
them responded to a rapid change in skin tempera- 
ture by very rapidly increasing the  firing rate, 
wh ich  t h e n  r e m a i n e d  at the  inc reased  level 
throughout the period of temperature stimulation of 
the skin. Other neurons responded by a slow rise 
of the firing rate, while the firing rate of still 
other neurons declined at a relatively slow pace so 
that it remained increased even when  the skin 
temperature had returned to its baseline level. It 
is important to stress that the same neuron could 
respond in a different way to two or three sequen- 
tial skin stimulations, as is illustrated in Fig. 2. 

In evaluating the present results, it should be 
noted  that while neurons whose reactions were 
similar to those of  cutaneous thermoreceptors have 
also been identified in nuclei of the spinal cord 
and m e d u l l a  ob longa ta  and  in the  tha lamus  
[4,5,11,12], the presence of such cells in the hy- 
pothalamic thermoregulatory center has not been 
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Fig. 2. Responses of two "cold" neurons  (a and b} to r educ t ion  of skin temperature .  Same designat ions  as in  Fig. 1 
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reported.  Al though Japanese  scientists [10] de-  
scribed dynamic responses of  preoptic neurons in 
response to thermost imulat ion of the scrota/ skin 
in rats, they suggested that the thermal input from 
this particular skin area was highly specific. In 
this study we have been  able to show that indi- 
vidual neurons of  the thermoregulatory center  in 
both the anterior and posterior  hypothalamus re- 
spond to thermostimulation of  other receptive skin 
areas in much  the same way  as do the respective 
cutaneous thermoreceptors .  In fact, the complete  
reproduct ion  by  some such neurons of  the re-  
sponses typically displayed by  thermoreceptors in- 
dicates that at least a propor t ion  of  temperature  
signals from the skin pass through the various lev- 
els of  the central  nervous system to the hypotha-  
lamus without undergoing any specific processing. 
That this is indeed so can hardly be doubted. The 
neuron illustrated in Fig. 1 displayed an almost 
"machine-like" precision in responding in an iden- 
tical manner  to all four  sequential  tempera ture  
stimulations of  the skin. The other  20 neurons  
that responded to cutaneous stimulation appear to 
belong to that type of  thermoresponsive nerve cells 
which perform integrating functions as they receive 
tempera ture  signals f rom central  or per ipheral  
thermosensors .  This m a y  explain why their re- 
sponses were so varied and why the same neuron  
could change its response from one type to an- 
other within the 4 to 8 minutes  that elapsed be-  

tween two successive temperature stimulations. The 
temperature  situation varies cont inuous ly  even in 
thermally neutral  zones in various parts of the 
body. The diversity of  responses shown by neurons 
of  the thermoregulatory center probably reflects the 
latter's intensive work in maintaining the tempera- 
ture homeostasis in the body.  
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