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DIB, B. Effects of intracerebroventricular capsaicin on thermoregulatory behavior in the rat. PHARMAC. BIOCHEM.
BEHAV. 16(1) 23-27, 1982.—To clarify the action of capsaicin on the thermoregulatory system of rat, behavioral and
autonomic responses were studied following intracerebroventricular (ICV) injection. Rats were chronically implanted with
a lateral cerebral ventricular guide cannula. After the recovery period they were placed in a climatic chamber at ambient
temperature (T,) of 20, 30 or 35°C. In the first series of experiments, they had access to a lever which activated a fan that
drew cool outside air into the chamber. After ICV capsaicin (23 ug), the rats increased bar-pressing behavior for fresh air at
T, ranging from 20°C to 35°C. In the second series of experiment, the rats had no access to fanning. ICV capsaicin produced
a fall in rectal and hypothalamic temperature (T,,) and an increased in cutaneous temperature. These changes depended on
T.. AtaT, of 30°C T,, fell slightly (mean of 0.2+0.16°C). At a T, of 20°C Ty, fell to a mean of 1°C=+0.17°C. The conclusion
drawn is ICV capsaicin activated behavioral as well as autonomic thermoregulatory heat-loss responses. The effect of
capsaicin resembles the effect of local heating of the hypothalamus. However, since hypothalamic temperature decreased
the drug may have lowered the thermal set point, or excited directly hypothalamic warm-sensitive neurons.
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CAPSAICIN injected intraperitoneally or subcutaneously
into mice, rats or guinea-pigs produces an immediate fall in
body temperature [15, 16, 18, 19, 22]. The fall in rectal tem-
perature is brought about by autonomic heat loss responses
such as vasodilatation, salivation and reduction in metabolic
rate [23]. Thermoregulatory heat-loss responses can also be
induced experimentally by a temperature rise in the hypo-
thalamus [1, 2, 4, 6]. The aim of the present experiment was
therefore two-fold: (1) to explore the effect of capsaicin on
behavioral heat loss responses; (2) to investigate whether
capsaicin could act indirectly on thermoregulatory heat loss
responses by a rise in the hypothalamic temperature. To
answer these questions, hypothalamic temperature and be-
havioral thermoregulatory responses were measured follow-
ing an intracerebroventricular injection of capsaicin.

METHOD

Chronic guide cannulae of stainless steel tubing, 0.5 mm
inner diameter, were implanted in a lateral ventricle of nine-
teen wistar albino rats, 320-360 g, under pentobarbital anaes-
thesia. Stereotaxic coordinates were: 1=2 mm, V=3.5 mm,
A=6to 6.5 mm [3]. The tube was used for intracerebroven-
tricular (ICV) injection of capsaicin and saline. Polyethylene
guide tubes of 0.7 mm external diameter were implanted to
the preoptic area, 1 mm from the midline in the left side, to
measure hypothalamic temperature. After a recovery period
of at least one week, correct placement of the ventricular

cannulae was confirmed one day before the experiment by
an infusion of 1 ul of a solution containing 1 ng of human
angiotensin I (Beckman). Given intraventricularly this oc-
tapeptide induces an immadiate drinking response [10]. Thir-
teen rats with the cannulae correctly placed were used in the
experiment. Five rats showing no drinking response to an-
giotensin were excluded from the study. Histologic exam-
ination of the brain confirmed that in these cases the can-
nulae were placed outside the lateral ventricle. The rats were
placed in a controlled ambient temperature (T,) and injected
with isotonic saline (NaCl) (45 ug in 5 ul) and/or capsaicin
(23 pg in 5 wl) in the lateral ventricle. Capsaicin was dis-
solved by means of ethanol and tween 80 in physiological
saline, as described by Jancso ef al. [17). Preliminary exper-
iments had shown that higher doses of capsaicin could kill
the rats and that lower doses might have no effect on ther-
moregulation. No systematic study of the dose effect has
previously been attempted. Controlled T, was obtained by a
double wall copper cylinder. The space between the copper
walls was filled with constantly stirred water at regulated
temperatures. Hot, cool and cold wall temperatures pro-
vided air temperature around the rat of respectively 35, 30 or
20°C. In order to measure thermoregulatory behavior against
heat, the cage was equipped with a lever 5.5 cm long and 0.5
cm broad. A bar press by the rat switched on a fan placed
against a window, which the draught opened. The fresh air
reward was therefore outside air at room temperature (18-
20°C). The wind at 5 mps™' was delivered as long as the
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animal pressed the lever. Bar-pressing time in seconds (sec)
was recorded electronically on a digital counter. In order to
learn how to use the lever, the rats were placed in the climat-
ic chamber for 1 hour each day at the hot ambient tempera-
ture (35°C) two or three days before the experiments.

RECORDING OF TEMPERATURES.

Three body temperatures were recorded using ther-
mocouples; one in the hypothalamus (Thy), through the pol-
yethylene guide tubes; one in the colon, 6 cm from the anus
(T.); and the last on the dorsal side at the base of the tail
(T,). This last represents the cutaneous temperature. These
thermocouples were wound in a spiral, thus enabling the rats
to move freely in the climatic chamber [9].

EXPERIMENT 1

The behavioral thermoregulatory responses of seven rats
were measured, together with T, and T, for 100 minutes at
T, of 20, 30, and 35°C. Immediately on entering the climatic
chamber the rats had access to fanning. After 20 min the rats
received 5 ul of NaCl. Bar-pressing was measured after this
injection. Fifty minutes after the NaCl injection they re-
ceived 23 ug of capsaicin in 5 ul, and bar-pressing measure-
ment was continued over these 50 minutes.

EXPERIMENT 2

In six rats intracerebral injections were identical. The rats
were maintained at T, of 20 and 30°C and had no access to
fanning. This experiment allowed of recording Tyy. T, and
T, continuously with no perturbation by thermoregulatory
behavior.

During the first 15 or 20 minutes the rats adapted them-
selves to the climatic chamber. They then received 5 ul of
NaCl. Twenty or thirty minutes after NaCl they received 23
usg of capsaicin in 5 ul and temperature measurement was
continued for 30 to 40 mn.

RESULTS

Body temperatures were measured every five minutes. In
Figs. 1, 2 and 3, the exploration period (15 min), before NaCl
injection of experiment is not shown.

EFFECTS OF INTRACEREBROVENTRICULAR CAPSAICIN ON
BEHAVIORAL FANNING AND BODY TEMPERATURE

Cutaneous and Rectal Temperatures

Ambient temperature 20°C: Figure 1 presents mean results
for four rats. After the capsaicin injection T, declined as T,
increased. Mean decrease in T, was 1.2+0.20°C, and mean
increase in T, 2.1+4°C. The injection of NaCl produced little
change in T,. or T,. The effect of capsaicin was statistically
significant both on T,, (p<0.01), and T, (»p<0.05).

Ambient temperature 30°C: Figure 2 presents mean re-
sults for four rats. After the capsaicin injection, T, de-
creased as T, increased. Mean decrease in T,. was
0.5+0.3°C, and mean increase in T, 1=0.3°C. The injection
of NaCl had no effect on T or T,.. The effect of capsaicin
was not statistically significant on either T,. p>0.1, and T,
p>0.2.

Ambient temperature 35°C :Figure 3 presents mean results
for five rats. After the capsaicin injection, T, and T, de-
creased. Mean decrease in T,. was 0.5+0.3°C, and mean
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FIG. 1. T,=20°C. Evolution of mean T,, and T, following a single
ICV injection of capsaicin followed by NaCl. Underneath, mean
time (s) spent in bar-pressing after these injections. Vertical lines
indicate S.E.M..

decrease in T, 0.5+0.5°C. The injection of NaCl had no ef-
fect on T, or T,.. The effect of capsaicin was not statistically
significant p>0.20.

Fanning Behavior

Ambient temperature 20°C: Figure 1 presents mean time
(sec) spent in bar-pressing to obtain a cool wind. This was,
considerably higher in the 50 minutes following injection of
capsaicin. After NaCl injection little bar-pressing occurred.
Mean bar pressing time increased for 71.8+20 sec after
NaCl, to 335+90.3 sec after capsaicin. This difference was
statistically significant (p <0.05).

Ambient temperature 30°C: Figure 2 presents mean time
spent in bar pressing increased from 434.8+25.8 sec over 50
minutes following NaCl injection, to 945+116.2 sec over 50
minutes after capsaicin. The difference was statistically sig-
nificant (p <0.01).

Ambient temperature 35°C: Figure 3 presents mean time
spent in bar pressing increased from 667.8+90 sec over 50
minutes following NaCl injection to 1139.5+164.7 sec over
50 minutes following capsaicin injection. The difference was
statistically significant (p <0.05).

Fig. 4 compares the effect of capsaicin and NaCl on heat
loss behavior at the ambient temperature of 20, 30, and 35°C.
Some rats were used at more than one ambient temperature.

EXPERIMENT 2: EFFECT OF INTRACEREBROVENTRICULAR
CAPSAICIN ON HYPOTHALAMIC TEMPERATURE

In this experiment, Ty, as well as T,. and T, were re-
corded at T, of 20 and 30°C in the absence of thermoregula-
tory behavior.

Ambient temperature 20°C: Figure 5 presents mean re-
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FIG. 2. T,=30°C (legend identical to Fig. 1).
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FIG. 3. T,=35°C (legend identical to Fig. 1).

sults for two rats. After NaCl injection, mean T, was
38.6+0.06°C, mean T\, 37.2+0.06°C, mean T, 27.05+0.17°C.
After capsaicin mean T, fell to 37.1+0.14°C, mean T, fell to
36.2+0.1°C and mean T, rose to 28.3+0.4°C.

The changes in T,, and T,, were statistically significant:
p<0.2. However, the variation in T; was not statistically
significant: p>0.2.
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FIG. 4. Mean time (s) spent in bar-pressing at T, of 20, 30, and 35°C.
Each set of 2 columns represents a sequence of 100 mn experiment:
50 mn after NaCl (grey) 50 mn after capsaicin (white). ‘‘n’’ indicates
the numbers of rats and experiments, asterisks indicate statistical
level of significance (*p<0.05, **p<0.01, -test).

Ambient temperature 30°C: Figure 6 presents mean re-
sults for four rats. After NaCl injection, mean T,  was
39+0.06°C, mean T, 32.5+0.8°C, and mean T,, 37.8+0.2°C.
After capsaicin mean Ty, fell slightly to 37.6+0.2°C, mean
T,. fell to 38.4+0.1°C and mean T, rose to 34.9+0.34°C. The
variations in T, and T, were statistically significant p<0.01.
However, changes in T, were not statistically significant
p>0.2.

In this study, after capsaicin injection a fall in T, associ-
ated with a rise in T, was observed. The rise in T, was prob-
ably due to vasodilatation. This would increase cutaneous
heat loss and may account for the decrease in T,.. This also
confirms the activation of heat-loss mechanisms after cap-
saicin injection. A dose-dependant hypothermia associated
with skin vasodilatation has also been reported [16, 18, 19,
22] after capsaicin was injected subcutaneously intraperito-
neally or intrahypothalamically. At T, of 20, 30 and 35°C, T,.
and T, changed rapidly after capsaicin injection. But when
the rats pressed the lever to obtain a cool wind their body
temperature returned to normal pre-injection values. After
capsaicin injection significant differences in T,. and T, were
observed at 20°C only. This shows that at T, of 20°C the rats
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FIG. 5. T,=20°C. Evolution of mean T, T, and Ty, following a
single ICV injection of capsaicin followed by NaCl. Vertical lines
indicate S.E.M..

were regulating their body temperature essentially by au-
tonomic thermoregulatory heat-loss responses.

At T, of 30 or 35°C autonomic responses existed since T,
increased rapidly after capsaicin. However T, returned to
pre-injection level, due to the intense fanning activity. The
efficacy of the heat-loss behavior explains why the mean
changes in T.. and T, are not statistically significant. It may
be concluded that after capsaicin at this high T, rats regu-
lated their body temperature essentially by behavioral
means. A similar pattern of heat-loss responses has been ob-
tained by local heating of the hypothalamus [1,2,4,5,6,7, 8,
11, 12]. The present work shows that capsaicin does not raise
Thy. On the contrary Th, fell by 0.2 and 1.0°C at T, of 30 and
20°C respectively. It may therefore be concluded that ICV
capsaicin did not raise Ty, but rather excited central neurons
that activated behavioral as well as autonomic heat-loss re-
sponses. This led to a fall in T,. and activation of fanning
behavior. It must may be hypothesized that excitation of
central neurons may result either from a falling thermal set
point [5] or from a sensitization of warm sensitive neurons in
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FIG. 6. T,=30°C (legend identical to Fig. 5).

the hypothalamus. This second hypothesis is suggested by
the electrophysiological studies of Nakayama et al. [21] who
observed that warm-sensitive neurons in the hypothalamus
were sensitized in their response to local hypothalamic heat
after a subcutaneous injection of capsaicin. However, in
their experiment the action of capsaicin on hypothalamic
neurons resulted perhaps indirectly from a modification of
subcutaenous afferents to hypothalamus. The capsaicin
sensitive-neurons in the central nervous system might corre-
spond to the heat sensitive neurons found in the hypothala-
mus in different species by the other authors (13, 14, 20].
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