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Effects of Water Intake and Body Cooling During Moderate Exercise on
Thermoregulatory Responses

Kazutaka FUJISHIMA and Tetsuro OGAKI

Summary

The purpose of this study was to examine the effects of body cooling with water intake during
moderate exercise on thermoregulatory responses. Eight healthy male subjects pedalled a cycle
ergometer at the work rate of 55% \‘702 max for 60 minutes, under the temperate condition : ambient
temperature, 24°C and room humidity, 50%.

The subjects were cooled by means of cold packs (147cm®) for 5 minutes. During exercise, the
cooling was performed every 15 minutes through the following procedures : 1) a 5-minute’s cooling
of forehead skin after the initial 16 minutes of exercise, 2) a 5-minute’s cooling of lumbodorsal skin
after 31 minutes of exercise, 3) a 5-minute’s cooling both forehead and lumbodorsal skin after 46
minutes of exercise. For the recovery period, another 5-minute cooling was given to both forehead
and lumbodorsal skin, starting from 6-minutes after the exercise was over. Each subject was given
mineral water of 1.6 ml/kg (about 100 ml) at the start of each body cooling. Rectal temperature, ear
canal temperature, skin temperature, heart rate (HR) and sweat rate were measured.

Water intake during exercise suggested the delay of the increase of body and skin temperatures.
Body cooling during exercise showed the restraint of the increase of body temperature and heat
storage. Body cooling during exercise is effective for the restraint of the increase of HR compared
with that during water intake. Total weight loss during exercise was equivalent to 1.139 before
exercise. Then, water intake and body cooling had no an effect. No noticeable relationship was
observed between water intake, body cooling and sweat rate during exercise.

These results suggested that body cooling affects the thermoregulatory responses compared with
water intake during exercise.

Key words : Water intake, Body cooling, Body temperature, Heart rate, Sweat rate.
(Journal of Health Science, Kyushu University, 18 : 45-50,1996)
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Table 1. Physical characteristics of subjects

Age Ht Wt BSA VO,max %Fat
(yrs)  (cm)  (kg) ()  (ml/kg/min) (%)

19.4 173.1 62.6 1.70 44.2 13.5
1.0 . .1 (0.1 4.9 4.4

Values are means (+SD).
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Fig. 1. Changes in body temperatures and heart rate (HR) by body cooling with water intake during
and after exercise. a; forehead cooling & water intake, b; lumbodorsal cooling & water intake,
c; forehead and lumbodorsal cooling & water intake, Tear; ear canal temp, Tre; rectal temp,
Tsk; mean skin temp, Tb; mean body temp, HR; heart rate.
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Table 2. Changes in body temperatures and heart

rate (HR) by body cooling with water
intake during exercise

. Period Tear Tre Tsk Tb HR
Phase ") Q) Q) (O €O (bpm)
Rest 0 36.51 37.09 32.48 36.16 74

(0.44) (0.22) (0.45) (0.17) (9)

Ex.  (1-5) 36.48 37.09 32.62 36.19 126
(0.45) (0.23) (0.43) (0.18) (12)

(6-10) 36.50 37.22 33.13 36.40 136
0.52) (0.26) (0.50) (0.25) (14)

(11-15)  36.66 37.52 33.99 36.81 140
(0.55) (0.43) (0.53) (0.44) (15)

(16-20)a  36.84 37.66 34.71 37.08 141
(0.54) (0.44) (0.45) (0.43)  (15)

(21-25)  36.87 37.78 35.05 37.23 144
(0.51) (0.43) (0.25) (0.38) (15)

(26-30)  36.93 37.87 35.16 37.33 145
(0.49) (0.44) (0.26) (0.38) (15)
(31-35)b  37.02 37.93 35.21 37.39 147
(0.46) (0.43) (0.39) (0.43) (16)

(36-40)  36.99 37.97 35.24 37.41 149
(0.44) (0.45) (0.29) (0.40) (14)

(41-45)  37.00 38.00 35.25 37.45 153
(0.44) (0.43) (0.27) (0.37) (17
(46-50)c  37.05 38.05 35.31 37.50 153
(0.48) (0.45) (0.30) (0.41) (14)

(51-55)  37.02 38.08 35.25 37.52 156
(0.47) (0.41) (0.28) (0.38) (15)

(56-60)  36.97 38.13 35.20 37.55 157
(0.48) (0.43) (0.35) (0.41) (15)

Rec.  (1-5) 36.98 38.08 34.97 37.46 117
0.47) (0.42) (0.30) (0.38) (14)

(6-100c  36.78 37.92 34.15 37.16 105
(0.48) (0.45) (0.30) (0.41) (12)

(11-15)  36.71 37.82 33.40 36.93 101
(0.46) (0.43) (0.50) (0.38) (13)

(16-20)  36.53 37.74 32.90 36.78 99
(0.49) (0.46) (0.62) (0.44) (11)

Values are means (+SD) for 5 minutes. EX.; exer-
cise phase, Rec.; recovery phase, a; forehead coo-
ling & water intake phase, b; lumbodorsal cooling
& water intake phase, c; forehead and lumbodorsal
cooling & water intake phase, Tear; ear canal
temp, Tre; mectal tenp, Tsk; mean skin temp, Tb;
mean body temp, HR; heart rate.
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Table 3. Weight loss, sweat rate and heat storage

during exercise for 60 minutes

TWL RWL P SR S
@h (g/mth) (g/mih) (@/nth) (@/mih) (w/m-h)
709.5  420.9 55.5 20.8 344.6 50.0
(165.2) (107.6)  (6.1) .5 @27 (1.0

Values are means (£SD). TWL; total weight loss.,
RWL; respiratory weight loss, IP; insensible perspi-

ration, SR; sweat rate, S; heat storage.
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