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LONG, N. C., A. J. VANDER AND M. J. KLUGER. Stress-induced rise of body temperature in rats is the same in warm and cool
environments. PHYSIOL BEHAV 47(4) 773-775, 1990. —Several forms of psychological stress result in a rise in body temperature
in rats. In this study, we report that rats housed at a low ambient temperature (11.1°C) develop stress-induced rises in body temperature
that do not differ from the responses seen when the animals are kept at a temperature within their thermoneutral zone (24.7°C). These
data support the hypothesis that stress-induced *‘hyperthermia’’ is a regulated rise in temperature (i.e., a rise in thermoregulatory
“‘set-point,”’ or fever), and is not simply the result of metabolic changes associated with the stress response itself.
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PSYCHOLOGICAL stress has been shown to cause a rapid rise in
the body temperature of rats (2-4, 8, 9, 14, 16, 20, 22, 25),
rabbits (21,24), and humans (10,17). Exposure to a novel envi-
ronment, a classic stress paradigm for the rat, causes an average
increase in body temperature of about 1.4°C (20). Somewhat
milder psychological stress can be induced by simply switching
the cages of rats (14).

Previous studies in this and other laboratories have produced
data supporting the hypothesis that this elevation in temperature,
often called ‘‘stress-hyperthermia,’’ is a regulated rise (i.e., arise
in thermoregulatory ‘‘set-point’”), and hence may be considered to
be a true fever. Evidence that stress-hyperthermia is a fever is
based upon the following findings: 1) Pretreatment of rats with
prostaglandin inhibitors such as sodium salicylate or indomethacin
injected either intraperitoneally (IP) or intracerebroventricularly
(ICV) blocked more than half of the elevation in temperature due
to exposure to psychological stress (4, 14, 20). 2) The injection of
antiserum against tumor necrosis factor (TNF), which causes an
elevation in the fever due to the injection of lipopolysaccharide
(LPS) (15), also results in an increase in the stress-hyperthermia
response in rats (16). 3) Although activity increases when rats are
cage-switched, the increase that occurs when rats are cage-
switched during the day does not cormrelate with the subsequent
increase in temperature. When rats are cage-switched at night, the
temperature and activity changes are negatively correlated, sug-
gesting that the rats regulate their activity level to keep their
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temperatures from going too high (16). All these observations
suggest to us that the magnitude of LPS fever and stress hyper-
thermia are controlled by a common mechanism.

Despite the above data, it is still possible that the rise in body
temperature when rats are exposed to novel environments is
simply the result of an unregulated increase in temperature caused
by an increase in metabolic rate. If the elevation in body
temperature seen in rats after cage-switch is a regulated change,
then we would expect to see the same rise in body temperature
under warm or cool conditions, as occurs during true fever.
Alternatively, if stress hyperthermia is not a regulated elevation in
temperature, but is simply the result of metabolic changes associ-
ated with the stress response itself, then we would expect to see a
smaller rise in temperature in rats that are cage-switched while
kept at a cool ambient temperature. The rationale for this last
assumption is as follows. When rats are kept at a temperature
within their thermoneutral zone (ca. 25°C) their metabolic rate
tends to be low, their skin blood vessels are peripherally vasodi-
lated (or not tightly vasoconstricted), and they are not employing
heat-conserving behaviors. In a cool environment, however, the
metabolic rate is elevated as a result of shivering and nonshivering
thermogenesis, skin blood vessels are vasoconstricted, and pos-
tural changes are employed that decrease heat loss to the environ-
ment. An increase in heat production in the cold can be effectively
compensated for by increasing skin blood flow (peripheral vasodi-
lation), decreasing shivering and nonshivering metabolism, and
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behavioral changes. If there is no change in thermoregulatory
*‘set-point,’” then the rat exposed to cage-switch in the cold would
compensate for the increased heat production by peripheral va-
sodilation and behavioral changes, resulting in a smaller increase
in body temperature. Therefore, we would expect to see a smaller
stress-induced rise in body temperature in a rat exposed to
cage-switch while kept in a cool room compared to the response in
rats kept in a warm room.

In the current study, we switched the cages of rats while the
animals were kept at an ambient temperature within their thermo-
neutral zone (24.7°C) or at a temperature well below their
thermoneutral zone (11.1°C) (11). We then monitored and com-
pared the subsequent changes in body temperature and activity
under both conditions, and found that rats housed in a cool
environment showed stress-induced rises in body temperature of
similar magnitude to those seen when the animals were kept at a
temperature within their thermoneutral zone.

METHOD
Animals

Specific pathogen-free male Sprague-Dawley rats weighing
160 to 260 g were used in this study. The rats were housed in
individual cages measuring 33 cm (1) X 20 cm (w) X 18 cm (h)
in a room initially maintained at 24.7°C, a temperature within the
thermoneutral zone for rats, with a photoperiod consisting of 12 hr
light:12 hr dark, with lights on at 0600 hr. Tap water and rodent
chow (Purina 5001) were provided ad lib.

Body Temperature and Activity Measurement

Body temperature and activity were measured using battery-
operated biotelemetry devices (Mini Mitter, Sunriver, OR) im-
planted intraperitoneally four or more days before experimentation
began. Temperature data (frequency in Hz) was monitored by a
mounted antenna placed under each animal’s cage and fed into a
peripheral processor connected to a microcomputer (IBM PC).

This receiver detects activity by recording changes in position
of the implanted biotelemetry device. As the animal moves, the
orientation of the transmitter changes with respect to the antenna
that is mounted under the board. A change in the position of the
transmitter alters the strength of the signal that is detected by the
antenna. Any change in the signal strength is recorded as a
‘‘pulse’’ of activity. Temperature and activity were monitored and
recorded at S-minute intervals during all experiments [see (19) for
a more detailed description].

Stress Paradigms

Psychological stress was induced by a paradigm called cage-
switch stress. This stress is evoked by placing a rat into an empty
cage previously occupied by another rat. Exposure to the olfactory
and visual stimuli associated with this new environment causes a
temperature elevation of about 1.0°C over about 30 minutes (16).
Care was taken not to disturb the animals before or after the stress
exposure. All animals had been conditioned to handling for at least
1 week prior to the experiments. To minimize any confounding
effects of the circadian rhythm for temperature, all stress experi-
ments were performed between 1000 hr and 1200 hr.

Experimental Design

Nine rats were used in this study. The rats were implanted with
transmitters and allowed 5 days to recover in a room maintained at
24.7+0.01°C. After the recovery period, the rats were exposed to
cage-switch stress. Temperature and activity levels were moni-
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FIG. 1. The time course of the stress-induced change in body temperature
in rats after cage-switch in a warm (24.7°C) or cool (11.1°C) room.

tored over the next 60-minute period. The temperature of the room
was then lowered to 11.1+0.02°C, and the rats were allowed 4
days to adapt to the cooler temperature. The rats were then
cage-switched again at the lower room temperature. To confirm
that the rats’ response to cage-switch had not changed, the
temperature of the room was returned to 24.7°C, and, after
allowing 4 more days for the animals to adjust to the temperature
change, the rats were cage-switched a third time.

Statistical Analysis

The data were analyzed by Student’s r-test using Statview
512+ on a Macintosh computer.

RESULTS

The stress hyperthermia response of rats exposed to cage-
switch at warm and cool room temperatures is shown in Fig. 1.
Prior to exposure to stress, the body temperatures of rats at both
ambient temperatures did not differ significantly (37.5+0.19 in
the warm room vs. 37.5+0.12 in the cool room, p =0.84). When
the rats were cage-switched at an ambient temperature within
their thermoneutral zone, they showed a peak rise of 1.13 =0.10°C
within 30 minutes. This did not differ significantly from the rise
seen when the animals were cage-switched in a cool room
(1.08+0.18°C, p=0.67). When the rats were cage-switched once
more at 24.7°C, they showed a peak change in temperature of
1.21%£0.20°C within the first 30 minutes. This was not signifi-
cantly different from the stress-induced elevation in body temper-
ature of the rats after the first cage-switch (p=0.61).

The change in activity of the rats after cage-switch at warm and
cool temperatures is shown in Fig. 2. Prior to exposure to
cage-switch, there was no significant difference in the activity of
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FIG. 2. The change in activity of rats exposed to cage-switch stress in a
warm (24.7°C) or cool (11.1°C) room.
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the rats (124 =58 in the warm vs. 74+ 19 in the cool room).
However, after the rats were cage-switched, they showed a
significantly higher change in activity in the cool (1596 +185)
than they did in the warm room (1165 + 145; p=0.04).

DISCUSSION

These data are consistent with the hypothesis that *‘stress-
hyperthermia’’ is a regulated change in temperature (i.e., a true
fever). Our finding that rats cage-switched under warm or cool
conditions show similar rises in temperature suggests that this
change is not simply the result of nonspecific metabolic changes
associated with the stress response itself, but is a change in the
thermoregulatory ‘‘set-point.”’

The physiological response to psychological stress involves
many systems of the body. Researchers in other laboratories have
shown that rats exposed to novel environments show increased
plasma levels of corticosterone, as well as other hormonal changes
(1, 5-7). 1t is possible that the vasoconstriction and increase in
metabolic rate associated with the action of these hormones could
be sufficient to cause the elevation in body temperature associated
with psychological stress. However, rats kept at 11.1°C would
already be vasoconstricted and would have metabolic rates approx-
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imately 75% higher than those of rats kept at 24.7°C (11).
Therefore, our finding that rats kept under these conditions show
a stress-induced elevation in temperature that is virtually identical
to those seen when the rats were kept at temperatures within their
thermoneutral zone suggests that other mechanisms are probably
involved.

Our data comparing the activity change after cage-switch when
the rats were kept under warm or cool conditions further supports
the hypothesis that stress-induced elevations in body temperature
are regulated rises. The fact that rats kept in a cool room showed
larger increases in activity than they did when kept in a warm room
suggests that the animals increased their activity level in order to
elevate their body temperatures.

Since there are considerable data supporting the hypothesis that
fever evolved as a host defense response (12, 13, 18), we
speculate that stress-induced fevers may also have evolved as an
adaptive mechanism that prepares the host for potential tissue
injury and infection.
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