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Summary. In four conscious goats with chronically implanted hypothalamie 
thermodes, forty-three experiments were carried out at environmental conditions 
between ~- 5 o C and 30 ~ C DB/18 ~ WB. The temperature of the hypothalamns 
was altered by perfusing the thcrmodes with water whose temperature, as measured 
at the inlet of the thermodes, varied between 30~ and 43~ Heat production, 
respiratory evaporative heat loss, rectal and oesophageal temperatures were 
measured. Hypothalamic cooling resulted in an elevation of rectal temperature, 
while hypothalamic heating caused a fall in temperature. The relation between the 
intensity of hypotha]amic thermal stimulation and the induced change in core 
temperature can be well described by linear regressions. No difference in sensitivity 
and no dead band between responses to cold and warm stimulation was found. The 
experiments show that hypothalamie and extra-hypothalamic sensors of core 
temperature continuously operate at high sensitivity even within the narrow range 
of physiologically occurring core temperatures. Qualitatively, this sensitivity is 
independent of air temperatures between -~ 5~ and -~ 30~ 

Key words: Temperature Regulation -- Hypothalamic Thermal Stimulation -- 
Core Temperature -- Continuous Temperature Signals -- ~eedbaek Control. 

There is general agreement in current theories about temperature 
regulation in homeothermie animals that  the stable state of internal 
body temperature is achieved by interaction of temperature signals 
generated on the body surface and within the body core. Core sensors 
of temperature are found within the hypothalamus (Hummel, 1968), 
within the spinal cord (Thauer and Simon, 1972) and at other sites, 
e.g. the abdomen (Rawson and Quick, 1969; RiedeI et al. 1973). The 
relevance of these thermosensitive structures to the temperature re- 
gulating system is usually inferred from the fact tha~ local thermal 
stimulation of a single set of these structures is able to elicit appropriate 
responses of e jector  systems which modulate the rates of heat produc- 
tion and heat loss. I t  is the major advantage of such an approach that  
the open loop gain of a selectively stimulated set of thermosensitive 
structures can be evaluated in this way (Itammel, 1968). 
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Fig. 1. Feedback control system of temperature regulation. The controller compares 
signal rates from different feedback loops. The controller action is ~o keep zero 
difference betweea rising and falling feedback elements. Adapted from Mitchell 

et al. (1970) 

However, generating specific responses like shivering or panting by  
selective stimulation of thermosens~tive s~ruetures within the body core 
in conscious animals requires intensities of thermal stimulation, which 
even in the best preparations, extend beyond the range of temperatures 
normally oceuring in living animals. --  Furthermore, inherent to present 
techniques o f  local thermal stimulation the intensity of the applied 
stimuli is usually underestimated, since for technical reasons, the ther- 
mode temperature cannot be measured correctly and is usually replaced 
by  a tissue temperature taken at  some distance from the thermodes and 
accordingly showing a level of stimulation below the maximum applied 
to the tissue (Jessen and Mayer, 1971). Therefore, if the relevance of 
core temperature sensors within the narrow range of physiologically 
occurring core temperatures is to be investigated, one has to face the 
fact tha t  the approach mentioned above deduces this relevance from 
rather abnormal experimental conditions. 

A second way of evaluating the function of thermosensitive struc- 
tures of the body core within the normal range of core temperature can 
be based on the interaction of positive and negative feedback signals, 
which is generated by  stimulating a single set of core temperature 
sensors. This can be expressed in terms of a model recently proposed 
by Mitchell et al. (1970) for temperature regulation in homeotherms 
(Fig.l). According to this model, constancy of core temperature is 
achieved by means of a controller comparing signal rates from rising 
and falling feedback elements. Within the framework of this model, 
selectively stimulating a single set of core temperature sensors out of 
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the multiple sets generates an imbalance between signal rates from 
rising and falling feedback elements of the body core. Since the con- 
troller acts to restore the balance, the signal rate from feedback elements 
outside the stimulated area must  change during sustained stimulation. 
With regard to the body core, this is achieved by  changing the core 
temperature  in a direction opposite to the pr imary  thermal stimulus. 
Tha t  this is indeed the case, was already shown as early as 1912 by  
Barbour who reported tha t  heating the corpus str iatum in rabbits caused 
the rectal ~emperature to fall, whereas cooling the same area increased 
the rectal temperature.  

Due to the multiple sets of temperature sensors and feedback loops 
within the body core, this approach is on principle not  able to estimate 
the open loop gain of a single set of core temperature sensors (Brown and 
Brengelmann, 1970). However, the method has one basic advantage. 
The sustained change in core temperature in response to the sustained 
thermal stimulation a t  one location displays the combined effects of all 
induced modulations of heat  production and heat loss and indicates the 
mean displacement of all other core temperature sensors needed to 
counter the experimentally induced change a t  the one location. I t  can 
therefore be expected to react as a sensitive indicator even a t  small 
intensities of thermal stimulation. 

The experiments reported here were undertaken to test  whether 
this change in core temperature,  generated by  artificially changing the 
balance between rising and falling feedback elements within the body 
core, can provide more information about  the action of core sensors 
of temperature within the narrow range of physiologically oeeuring 
core temperatures.  For this purpose, selective thermal stimulation of 
the hypothalamus was performed in conscious goats by  a newly designed 
water  perfused multithermode. The intensity of stimulation was judged 
from perfusion temperature,  which excluded underestimation of stimulus 
intensity, and the response to the stimulation was evaluated in terms 
of the induced changes in core temperature.  

Methods 
1. Animals and Preparation. The experiments were performed on four female 

goats: 
19 Saanen 30 kg 2 years 
32 Toggenburg 28 kg 11/z years 
39 Saanen 50 kg 4 years 
52 Toggenburg 30 kg 2a/~ years 

Several weeks before the experiments were started, the animals were prepared 
by implanting hypothalamie thermodes (Hammel, Jackson, Stolwijk, Hardy, and 
Stromme, 1963). Twenty-five stainless steel tubes (o. d. 1.0 mm) were implanted 
stereotaxieally into the hypothalamuS. The tubes were arranged to form a square 
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of side 12 mm. Accordingly the distance between the centres of adjacent tubes was 
3 mm in both the frontal and the sagittal planes. The central tube served for the 
measurement of hypothalamic f~mperature, while the surrounding 24 tubes were 
perfused with water. The exact placement of the thermodes was performed under 
X-ray control after the 3rd ventricle had been filled with contrast medium (Hume 
and Ganong, 1956). The middle column of thermodes was positioned on the midline 
and the middle row of the thermodes was positioned in line with the posterior end 
of the recessns supraopticns. -- The ovaries were removed in order to minimize 
variations in core temperature due to the ovarial cycle. 

When the experiments were completed, the position of the hypothalamie 
thermodes in animals 32, 39 and 52 was verified histologically. The brains were 
perfused with saline and formalin. Serial paraffin sections (15 tL) were cut in frontal 
planes. One section in 10 was stained according to the method of Kliiver and 
Barrera (1953). By comparing the sections with those published by Sajonski 
( 1959/60 ) and by Tindal et aI. (1968) it was verified that the position of the thermodes 
was in accordance with that shown by the contrast filling of the 3rd ventricle in 
the living animal. 

2. Plan o/Experiments. In the 4 goats 43 experiments were performed following 
a fixed schedule: 

48 h before start of perfnsion: last feeding 

18 h before start of perfusion: animal brought into climatic chamber and exposed 
to air temperature chosen for the experiment. 

Day of experiment: 
800: 

lla0: 
1200: 
1500: 
1700: 

Attachment of perfusing system and measuring probes, 
Beginning of control period, 
Beginning of hypotha]amie thermal stimulation, 
End of hypothalamic thermal stimulation, 
End of experiment. 

In each experiment, one period of hypothalamic thermal stimulation lasting 
for 3 h was performed. The temperature of the water which perfused the thermodes 
varied between 30 ~ and 43~ throughout the course of the experimental series. 
However, during each single experiment the intensity of the thermal stimulation, 
as given by the temperature of the perfusing water, was kept constant. The rela- 
tion between the temperature of the perfusing water and the hypothalamie tissue 
temperature 5 rain after start of perfusion and 5 rain before end of perfnsion is 
given for all experiments by the following regressions: 

T~y~o 1205 h = 0.79 Tperf -4- 7.47 r ----- 0.97 

Thy,o 1455 h : 0.74 T~er~ ~ 9.52 r : 0.96 

From the regressions: 
Tper~ ~ 30.00 32.00 3z~.O0 36.00 38.00 40.00 ~ . 0 0  
Th~po 1205 h~ 31.28 32.86 34.45 36.04 37.63 39.21 40.80 

T~po 1455h~ 31.72 33.20 34.68 36.16 37.64 39.12 40.60 

All experiments took place in a climatic chamber at constant external condi- 
tions. The trained animals were restrained within a frame, with their heads enclosed 
in a ventilated head cage. The thermodes were perfused with water whose tempera- 
ture was kept contant within 0.1~ by means of a thermostatically controlled 
water bath. The flow ra~e through the hypothalamic thermodes was in the order 
of 400 ml/min with minor variations between the different animals. 
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3. Recordings. The intensity of the thermal stimuli applied to the hypothalamus 
was determined from the temperature of the perfusing water, measured at the inlet 
of the thermodes. This temperature, the hypothalamic tissue temperature and the 
oesophageal temperature of the animal were measured with thermoeouples and 
recorded continuously. The oesophageal thermocouple was inserted via the 
external nares and the temperature was measured at a depth of 55 era. The ac- 
em'aey of measurement was within ~: 0.1 ~ C. The rectal temperature at a depth of 
15 em was measured by a quartz thermometer probe and recorded continuously. 
The probe was calibrated to within 0.02~ absolute accuracy (Hewlett Packard). 

An open circuit respiratory system was used to calculate heat production and 
respiratory evaporative heat loss (gessen and Mayer, 1971). The air flow rate was 
measured by a dry gas meter (• 1 ~ ) and corrected to STPD. The difference in 
oxygen content between inlet and outlet air was calculated from continuous 
recordings of the oxygen partial pressure (Beckman F 3). A constant RQ of 0.85 was 
assumed. Oxygen consumption was converted to heat production by using 
20.349 kJ/1 as a caloric equivalent for oxygen. The difference in water content of 
inlet and outlet air was measured by continuous recordings from an infrared analyser 
(Uras, Hartmann, and Brain1). The increase in water content was converted to 
respiratory evaporative heat loss by using 2.411 kJ/g as the latent heat of vaporisa- 
tion of water. 

Results 

Three experiments performed in animal 39 at an air temperature of 
~-5 ~ are given in Fig. 2. The figure shows heat production and rectal 
temperature during hypothalamie heating (open circles) and hypotha- 
lamie cooling (filled circles). Additionally, the rectal temperature during 
an experiment with minimal thermal stimulation of the hypothalamus 
is shown as a control (open triangles). All parameters are plotted against 
time of day. 

Hypothalamie heating, with a perfusion temperature of 38 o C, was 
started at  1200 h. This caused the rectal temperature to fall from 
35.7~ at 1200 h to its lowest value of 35.4~ which was reached at  
1320 h. In  spite of the continuing hypothalamie heating, the rectal 
temperature started then to rise again and it reached 35.8~ by 1500 h, 
which was the end of the perfusion. Later on, rectal temperature rose 
further and reached 36.8 ~ at 1700 h. The changes in core temperature 
were accompanied by appropriate changes in heat production, which 
showed a transient decrease during the first part  of hypothalamic 
heating, but went up again while the stimulation continued. After the 
end of the perfusion, the heat production showed a further increase and 
reached a peak value of 3 watt/kg before levelling at its control value 
toward the end of the experiment. 

The opposite effect was observed during hypothalamie cooling (filled 
circles). Perfusing the hypothalamic thermodes with an inlet water 
temperature of 35~ caused the rectal temperature to rise from its 
control value of 36.2~ at 1200 h to 37.6~ at the end of the perfusion 
at 1500 h. The rise of rectal temperature consisted of a steeper part  
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~ig.2. Heat production and rectal temperature during hypothalamie thermal 
stimulation from 1200 to 1500 h. Animal 39, air temperature -4- 5 o C. Hypothalamie 
cooling with perfusioa temperature of 35~ (filled circles) induced a persistent 
increase of rectal temperature and a transient increase of heat production. Hypo- 
thalamic heating at a perfusion temperature of 38~ (open circles) lowered the 
rectal temperature and caused a transient decrease of heat prod~ction. Perfusing 
the hypothalamie thermodes with water of 36 o C (open triangles) caused no change 

in rectal temperature 

during the first hour of the perfusion, which is reflected in the parallel 
increase of heat production, and of a slower increase during the last 
two-thirds of the cooling period. After hypothalamic cooling was over, 
rectal temperature and heat production fell at first, until later on rectal 
temperature again increased and heat production levelled at its control 
value. 

Both experiments show clearly that hypothalamic thermal stimula- 
tion generates opposite changes of rectal temperature, but illustrate 
at the same time that these induced changes of rectal temperature 
interfere with an independent trend of the rectal temperature. This 
independent trend can be clearly seen in the third experiment (open 
triangles). In this experiment, the perfusion of the hypothalamic ther- 
modes was carried out with an inlet water temperature of 36~ Since 
the rectal temperature at 1200 h was 36.2~ the perfusion was per- 
formed virtually without thermal stimulation. Accordingly, the rectal 
temperature did not show any obvious deviation from a spontaneous 
linear drift between 1200 h and 1700 h. 
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To separate experimentally induced changes from independent 
trends of rectal temperature, the effects of hypothalamie thermal 
stimulation were evaluated as the difference between the actual tem- 
perature at  1500 h (end of stimulation) and a supposed temperature for 
the same time, which was calculated from linear interpolation between 
the rectal temperature at  1200 h and 1700 h. This procedure is illustrated 
for the heating experiment by the broken line and the vertical arrow. 
The difference, calculated in this way, amounts to an increase of 0.74 ~ 
for hypothalamic cooling with a water temperature of 35 ~ and a dec- 
rease of 0.50 ~ for hypothalamie heating with a water temperature of 
38 ~ C. The control experiment (water temperature 36 ~ C) resulted in an 
increase of 0.10 ~ C. 

All changes in rectal temperature, reported later on and correlated 
to the intensity of hypothMamic thermal stimulation, are calculated 
in this way, i.e. by  the difference between the actual reetaI temperature 
at 1500 h and a supposed temperature for this time calculated from 
linear interpolation between rectal temperature at  1200 h and at  1700 h. 
In  order to compare these changes in temperature and parameters of 
heat balance with absolute levels, Table 1 shows mean values and stan- 
dard deviations for rectal temperature, oesophageal temperature, heat 
production and respiratory evaporative heat loss for selected periods 
of all experiments in all animals. 

Fig.3 represents M1 results obtained in 13 experiments in animal 
39 at  an air temperature of -}- 5 ~ C. The bottom half of the figure shows 
the change in rectM temperature plotted against the temperature of the 
perfusing water. I t  is clear that  all the points lie on a straight line. 
This line cuts the line of zero response, i.e. zero change in rectal tem- 
perature, at  a pcrfnsion temperature of approximately 37~ The open 
triangle presents the mean interpolated rectal temperature for 1500 h 
and is close to perfusion temperature for zero response. The upper par t  
of the figure shows the difference in heat production between the control 
period (1130--1200 h) and the first half hour of stimulation (1200 to 
1230 h). For perfusion temperatures between 34 ~ and 39 ~ C, the change 
in heat production is characterized by  considerable scattering of data 
around the zero line. Below perfusion temperature of 34 ~ C, hypothalamic 
cooling led to a clear increase in heat production as compared to the 
control period, whereas hypothalamic heating above 39~ decreased 
heat production by  about 1 watt/kg. 

Fig.4 shows the results of another series of experiments in the same 
animal 39 at  a mild external heat stress (30~ DB, 18~ VgB). At the 
bottom half of the figure, the change in rectal temperature is plotted 
against the temperature of the perfnsing water. I t  is obvious tha t  in 
these different environmental conditions, there is ag&in a straight line 
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Fig.3. Change in rectal temperature (ATrec) after 3 h of hypothalamic thermal 
stimulation and change in heat production (AM) from the control period (1130 f~ 
1200 h) to the first half hour of stimulation (1200--1230 h) plotted against per- 
fusion temperature (Tper~). Thirteen experiments in animal 39 at an air temperature 

of + 5 ~  

relation between the temperature of the perfusing water and the resulting 
change in rectal temperature. This line shows a zero response for per- 
fusing temperatures between 38~ and 39~ The mean interpolated 
rectal temperature for 1500 h (end of perfusion) in this series was 
39.26~ The upper part  of the figure shows the differences in heat 
production and respiratory evaporative heat loss, which occurred be- 
tween the last half hour of the control period and the first half hour 
of the stimulation period. Except two values for heat production, 
which showed a definite increase at  water temperature of 31~ and 
35~ there is no clear relation between the intensity of hypothalamic 
heating or cooling and appropriate effector responses. This implies that  
even the major changes in rectal temperature at the higher levels of 
stimulation were achieved by the animal without substantial changes 
in heat production and respiratory evaporative heat loss. 

Fig. 5 shows the same data for three animals in three different environ- 
mental conditions. Again the activity of effector systems and the change 
in rectal temperature is plotted against temperature of the perfusing 

4* 
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]~ig.4. Change in rectal temperature (ATrer after 3 h of hypothalamie thermal 
stimulation and changes in hea?G production (AM) and respiratory evaporative heat 
loss (A BEH.L) from the control period (1130--1200h) to the first haft hour of 
stimulation (1200--1230 h) plotted against perfusion temperature (Tverr). Fourteen 

experiments in animal 39 at -4- 30~ DB and -{- 18~ WB 

water. Obviously, change in rectal temperature is a constant and regular 
effect of hypothalamic heating or cooling and, in a qualitative sense, is 
independent of air temperature. On the contrary, when the perfusing 
temperatures were around body core temperature, only at  ~-5~ air 
temperature does the change in heat production bear a close relation 
to the intensity of hypothalamic thermal stimulation. 

As shown above, the relation between intensity of hypothalamie 
thermal stimulation and subsequent changes in rectal temperature can 
be described by a straight line. Therefore, for all series linear regressions 
were calculated. The regression equations are presented in Table 2 
together with the calculated values for perfusion temperature giving 
zero change in rectal temperature. Additionally, the correlation coef- 
ficients, which are highly significant (P < 0.001), are shown. 

Discussion 
1. The experiments presented above have shown that  the rectal 

temperature of conscious goats altered during thermal stimulation of 
the hypothalamus. As can be concluded from simultaneous measure- 
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Fig. 5. Change in rectal 
stimulation and changes 
evaporative heat loss (A REHL, open triangles) from the control period (1130 to 
1200 h) to the first haft hour of stimulation period (1200--1230 h) plotted against 
perfusion temperature (Trerf). Five experiments in animal 52 at + 5 ~  DB, six 
experiments in animal 82 at + 25 ~ DB, + 15~ WB, five experiments in animal 

19 at + 30~ DB, + 18~ WB 

Table 2. Five series of hypothalamie thermal stimulation in four animals. Air 
temperature, number of experiments, and linear regressions for change in rectal 
temperature (y) following hypothalamic thermal stimulation (x = perfusion ~em- 
perature). Calculated perfusion temperatures for zero change in reetal fcmperature 

and correlation coefficients 

Animal Tatr n Regression X(y = o) r 
1 2 3 4 5 6 

39 -4- 5~ 13 y = 12.457--0.343 x 36.28 --  0.99 
39 -J- 30~ 14 y = 6.908--0.179 x 38.65 --  0.98 
52 + 5~ 5 y ---- 25.006--0.644 x 38.93 --  0.99 
32 -[- 25~ 6 y = 20.939--0.539 x 38.81 --  0.98 
19 -]- 30~ 5 y ---- 25.006--0.662 x 38.67 -- 0.99 

merits of oesophageal tempera ture ,  similar changes took place also in  
other par ts  of the  body  core. W h i t i n  the scope of these experiments ,  
rectal  t empera ture  can therefore be considered to be representat ive  of 
the body  core temperature .  

The quest ion t hen  arises to what  ex ten t  can the observed changes 
in  core t empera ture  be causally a t t r ibu ted  to the thermal  s t imula t ion  
of the hypo tha lamus  ? I t  is general ly known  t h a t  the  core t empera ture  
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of conscious animals under experimental conditions undergoes some 
erratic fluctuations, which are not correlated to any controlled stimula- 
tion. In order to minimisc these spontaneous fluctuations, all experiments 
were carried out according to a rigid time table. The scattering of single 
values around the calculated regression lines represents these spontaneous 
fluctuations of rectal temperature. The magnitude of the scattering can 
be evaluated from the correlation coefficients, which vary between 
0.98 and 0.99. 

Apart from the erratic fluctuations of core temperature, it has to 
be checked what bias is introduced by calculating the change in rectal 
temperature from the difference between real rectal temperature at the 
end of the stimulation period and a supposed, interpolated rectal tem- 
perature for the same time. This procedure was undertaken in order 
to separate experimentally induced changes of rectal temperature from 
independent trends, which may have been caused by the diurnal rhythm 
of core temperature. The magnitude of the involved error can be esti- 
mated by comparing the mean interpolated rectal temperature at the 
end of the hypothalamic stimulation (column 6 of Table 1) to the per- 
fusion temperature giving zero change in rectal temperature as cal- 
culated from the regressions (columu 5 of Table 2). The averaged dif- 
ference is 0.46 ~ C, the maximum being 0.63 ~ This deduction from the 
regression lines is supported by the results of those single experiments 
of each series, in which the perfusion temperature was closest to the 
rectal temperature. In these experiments, the perfusion of the hypo- 
thalamic thermodes was performed virtually without thermal stimula- 
tion and the mean deviation of the real rectal temperature from the 
interpolated rectal temperature at the end of the perfusion was 0.06 ~ 
the maximum being 0.14~ 

Assessment of hypothalamic and extra-hypothalamie thermosen- 
sitivity by feedback signals requires stable balance between hypotha- 
lamic and extra-hypothalamic core signals of temperature. To what 
extent this was achieved, can be deduced from the stability of rectal 
temperature during the last half hour of the stimulation period. Fig. 6 
shows for all experiments in animal 39 the change in rectal temperature 
during the last half hour of hypothalamic thermal stimulation. Except 
for the highest levels of hypothalamic heating, there was a constant 
upward trend of rectal temperature for this period of time. This is in 
agreement with the general upward trend of core temperature during 
the course of the experiments, as can be seen in Table 1. Thus, for the 
majority of experiments the change in core temperature at the end of 
the hypothalamie stimulation period balanced the artificially altered 
hypothalamie temperature. The persistent change in core temperature 
with high levels of hypothalamic heating shows that for these experi- 
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Fig. 6. Change in rectal temperature (ATrec) during the last half hour of hypotha- 
lamie thermal stimulation plotted against perfusion temperature (~perf). Twenty- 
seven experiments in animal 39 at an air temperature of + 5~ (filled symbols) and 

at -]- 30~ air temperature (open symbols) 

ments the stimulation period of 3 h was not sufficient to achieve stable 
balance between hypothalamic and extra-hypothalamie core signals of 
temperature. 

According to the model presented in the introduction, the stability 
of core temperature near the end of the stimulation period was achieved 
by a restored balance of core temperature signals from inside and out- 
side the hypothalamus. However, two other possibilities may have to 
be considered. Firstly, the arterial blood, the temperature of which can 
be assumed to undergo similar changes as rectal temperature, may have 
locally acted upon the hypothalamus to cancel the effect of the ther- 
modes. This possibility can be excluded on the evidence of measure- 
ments of hypothalamie temperature (see Methods), which indicates 
a negligible reduction of stimulus intensity during the experiment. 
Secondly, the stability of core temperature during continuous stimula- 
tion may be thought to occur not  by balance of signals but  by balance 
of heat loss and heat production at a new and higher level: e.g. hypo- 
thalamic cooling stimulates heat production and so core temperature 
rises. By the greater thermal gradient to the environment, heat loss 
then increases to balance heat production. Apart from the fact that  this 
would require excessively high core temperatures, this possibility can 
be discarded on the fact tha t  the primarily activated effector (e. g, heat 
production in the case of cooling, panting in ~he ease of warming) 
regularly returned towards its control level in spite of the continuing 
stimulation (see Fig. 2). This is in accordance with an abundant number 
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of reports dealing with the effects of hypothalamic thermal stimulation 
(v. Euler, 1964; Hammel, 1968; Brown and Brengelmann, 1970). 

2. I f  it  then seems justified to assume that  the change in core tem- 
perature shown above can be causally at t r ibuted to the hyloothalamie 
thermal stimulation, it  has to be asked, by what means is the change 
achieved ? In  terms of the model shown in Fig. 1, hypothalamie thermal 
stimulation initially causes an imbalance between rising and falling 
feedback elements within the body core. 

For sake of clarity, hypothalamic and extra-hypothalamic sensors of tempera- 
ture in Fig.1 axe shown as independent and paralIel loops (Bligh, 1972). This is not 
meant to exclude serial or other organisation of extra-hypothalamie and hypo- 
tha]amie feedback elements, which cannot be inferred from these experiments. 
Likewise, the role of skin feedback elements in this context remains open, since 
due to effector activity, skin sensors of temperature may have to be regarded as 
generating positive feedback signals. 

This imbalance can exist on its own, or it  can be superimposed on 
any imbalance already existing before start  of hypothalamic thermal 
stimulation. The imbalance constitutes a load error proportional to the 
overall magnitude of ~he difference between rising and falling feedback 
elements. The load error proportionally drives appropriate effector 
systems, which, in the case of goats, are shivering, panting, sweating 
and variations in skin blood flow. Only two of these effector systems, 
i.e. shivering and panting, were quantitatively evaluated in these 
experiments by measuring heat production and respiratory evaporative 
heat loss. Apart from the experiments performed on animal 52 at an air 
temperature of -k 5 o C, these effeotor systems showed changes in activity 
only at  higher levels of stimulation. I t  has therefore to be assumed that  
the lower levels of stimulation, which caused definite changes in core 
temperature, primarily influenced cutaneous blood flow, thereby ad- 
justing the total  heat loss in an appropriate manner. Consequently, 
direct calorimetric measm'ements of total heat  loss would presumably 
show better agreement between change in core temperature and activity 
of effeetor systems. However, results reported by  Calvert et al. (1972) 
and concerned with changes in total  heat loss and meatal temperature 
during hypothalamie thermal stimulation in conscious oxen might 
suggest tha t  even in such a comparison change in core temperature is 
the most sensitive indicator for effects of hypothalamie thermal stimula- 
tion, since the threshold for change in meatal temperature was lower 
than for change in heat loss. 

The relation between intensity of hypothalamic thermaI stimulation 
and induced change in core temperature can be well described by 
a linear regression. The regression line cuts the line of zero response at  
a perfusion temperature which is considerably less than one degree 
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different from the core temperature. There appears to be no difference 
in sensitivity and no dead band between responses to cold and warm 
stimulation. Apparently, the hypothalamic sensor of temperature 
provides a continuous temperature signal within the temperature range 
given by perfusion temperatures between 30 ~ and 43 ~ C. This extends 
earlier findings by Andersson et al. (1963) concerned with effects of 
highly intensive hypothalamie thermal stimulation, to the narrow range 
of physiologically oeeuring core temperatures. Recently, similar experi- 
ments were performed by Lipton (1973) in conscious rats. Hypothalamic 
thermal stimulation led to opposite changes of rectal temperature, which 
were linearly correlated to the intensity of the thermal stimulation. 
Furthermore, the results presented above agree well with neurophy- 
siological findings reported by lqakayama and Hardy (1969), Eisenman 
(1972), Guieu and Hardy (1970), Cabanae et al. (1968) and Hellon (1972) 
showing continuous function thermal response curves of hypothalamic 
neurons between 32 ~ and 42 ~ hypothalamie temperature. 

However, a linear relationship between the intensity of hypothalamic 
thermal stimulation and the change in core temperature which balances 
it also implies that the extra-hypothalamie core sensors of temperature 
provide continuously operating temperature signals within • 2~ 
around the level of core temperature. Thus, both hypothalamic and 
extra-hypothalamic core sensors of temperature appear to operate 
continuously and at full sensitivity around the level of core temperature 
kept by the animal. Furthermore, if one regards hypothalamie and 
extra-hypothalamie sensors of temperature as providing parallel inputs 
to the controller, then linearity of interaction between both sets of 
sensors requires an identical type of continuous temperature response 
function for the entirety of hypothalamie sensors on one hand and of 
extra-hypothalamic sensors on the other hand. Within these limits, all 
types of response functions appear possible, the only condition being 
complete reciprocity of temperature response functions between hypo- 
thalamic and extra-hypothalamie sensors of temperature. 

The slope of linear regression between intensity of hypothalamie 
thermal stimulation and subsequent change in core temperature des- 
cribes the relative sensitivity of the hypothalamic sensor of temperature 
compared to the extra-hypothalamie temperature sensors. However, it 
has to be taken into account that specifying the intensity of the stimula- 
tion by the perfusion temperature describes the most unfavourable limit 
for the intensity of the stimulation. The true deviation of hypothalamic 
temperature must have been less than the difference between perfusion 
temperature and hypothalamic temperature before stimulation. The 
unknown relation between perfnsion temperature and induced change 
of hypothalamie temperature may also account for the fact that the 
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slope of the regression lines for different animals a t  identical external 
conditions varied between 0.2 and 0.7. This is not regarded as indicative 
of between animal variation, but  rather  as a consequence of differences 
between thermode positions. 

Even in the same animal different slopes were found for two series 
and this difference is highly significant (P ~ 0.001). At  an air tempera- 
ture of -}-5 o C, animal 39 displayed much greater change of core tem- 
perature per unit  of hypothalamic stimulation as compared to the series 
performed at  an air temperature  of -~ 30~ However, it has to be taken 
into account tha t  a t  Jr 5 ~ the temperature  around which the body 
core was regulated was about  21/~~ below tha t  a t  ~-30~ air tem- 
perature.  I f  this does not  indicate impairment  of hypothalamie function 
by  the thermodes, then different slopes a t  different air temperatures 
suggest tha t  the sensitivity of hypothalamie temperature  sensors rela- 
t ive to extra-hypothalamie sensors is not  fixed but  subject to change 
in changing conditions. 

On ~he other hand, while the relative importance of hypothalamie 
and extra-hypothalamie sensors m a y  vary,  temperature  sensitivity was 
shown to be, in a qualitative sense, independent of air temperature.  At  
any  condition between -}-5~ and -~ 30~ air temperature,  core sensors 
of temperature  inside and outside the hypothalamus are capable of 
providing continuous signals of core temperature  above and below its 
regulated level. 
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