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Effect of Change in Environmental Air Temperature on Heart Rate in Thermally
Acclimated Rats
Katsuhiko TsucHIYA, Nobu OHWATARI and Mitsuo Kosaka (Department of Epidemiology

and Environmental Physiology, Institute for Tropical Medicine, Nagasaki University)

Abstract: Adult male Wistar rats were thermally acclimated at 30°C and 10°C for more
than 4 weeks with ad libitum food and water. During the experiment, conscious ani-
mals were kept in a small cage (5 cmx10 cmx22 c¢m) individually. Environmental air
temperature was changed from 20°C to 30°C at 1°C/3 min, and vice versa. Temperatures
of environmental air and rectum were detected by means of thermocouples of copper
and constantan. Heart rate was counted continuously from electrocardiogram. An increase
in heart rate was observed during a fall of environmental air temperature, while a
decrease in heart rate was observed during a rise of environmental air temperature. When
values of heart rate were plotted against environmental air temperature, slopes of the
regression line were —10.8+1.5 (n=6) and —5.2*1.0 (n=6) (beats/min+°C, Mean=+
S.E.) in heat-and cold-acclimated rats, respectively. These relationship vanished in rats
anesthetized with sodium pentobarbital (50 mg/kg, i.p. and 13 mg/hr., i.v.), while
heart rate increased with an increase of rectal temperature.

From these results, it is suggested that these vasomotor responses to changes in
environmental air temperature in this range seem to be a reflex action triggered by
the cutaneous thermoreception, which are affected in the process of thermal acclimation.
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Fig. 1 Changes in heart rate in a cold-acclimated
rat(solid circles) and in a heat-acclimated
rat (open circles) during change in
environmental temperature. Rats were
conscious. Environmental air temperature
was changed from 30°C to 20°C and then
to 30°C in a heat-acclimated rat, while in
a cold-acclimated rats the temperature
was changed from 20°C to 30°C and then
to 20°C. Arrows indicate the sequence
of the experiment.
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Fig. 2. Mean heart rate during change in environmental air temperature in 6 cold-(A,

solid circles) and 6 heat-(B, open circles) acclimated conscious rats. Environ-
mental air temperature was changed from 20°C to 30°C and then to 20°C in the
cold-acclimated rats, while in heat-acclimated rats the temperature was changed
from 30°C to 20°C and then to 30°C. Mean values of heart rates at temperatures
rising and declining are plotted against the environmental temperature. Asterisk
indicates no significant correlation between heart rate and air temperature.
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Table 1. Regression lines and their correlation coefficients of relationship

between heart rate (Y,/min) and environmental temperature (X,
°C). Asterisk indicates statistical significance (P<(0.05)

(A) Heat-acclimated group

Rat No

Formulae of regression line

Correlation coefficient,r

8123
8121
8119
8157
8158
7154

Y=-13.3X+750
Y=— 7.8X+563
Y =-11.6X+4664
Y=— 7.5X+4543

=— 8.1X+504
Y =-16.4X4790

—0.967
—0.722
—0.856
—0.663
—0.844
—0.775

* K K K ¥ ¥

(B) Cold-acclimated group

500
beats
——min

450

400

350

300

30°C

Rat No Formulae of regression line  Correlation coefficient,r

8120 Y=— 9.5X+704 —0.898 *

8159 Y=— 4.4X+540 —0.874 *

8116 Y=— 1.7X+4432 —0.313

8160 Y=-— 4.2X+471 —0.499 *

8063 Y=— 5.2X+454 —0.666 *

8169 Y=— 5.9X+4530 —0.654 *

(A) Cold Accl (B) Heat Accl.
i N—O—A\\‘ *
*N\M

L L | L | ]

20 30°C 20 25

Temp. Air Temp.

Fig. 3. Mean heart rate during change in environmental air temperature in the cold-
(A, solid circles) and heat—(B, open circles) acclimated rats anesthetized with
sodium pentobarbital. Environmental temperature was changed from 30°C to 20°C
and then to 30°C. Mean values of heart rates at temperatures rising and declining
are plotted against the temperature.

between heart rate and air temperature.

Asterisk indicates significant correlation
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Fig. 4. Heart rate with regression lines against rectal temperature during change in
environmental temperature in cold-(A) and heat-(B) acclimated rats anesthetized

with sodium pentobarbital.
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Fig. 5. Changes in rectal temperature during the experiment in cold-(closed circles)

and heat-(open circles) acclimated rats in conscious and anesthetized condition
with sodium pentobarbital. Arrows indicate the sequence of the experiment.
Large open or closed circles indicate mean values of rectal temperatures at
temperatures rising and declining.

A; cold-acclimated rats in conscious condition

B; heat-acclimated rats in conscious condition

C; cold-acclimated rats in anesthetized condition

D; heat-acclimated rats in anesthetized condition
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