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ABSTRACT

The present study consists of following two experiments. 1) To con-
firm whether brain temperature is selectively cooled during hyperthermia,
we studied 8 subjects using measurements of tympanic temperature (T:y).
Hyperthermia was induced by leg water-immersion at a water temperature
of 42°C, in a climatic chamber at an ambient temperature (T.) of 35°C.

‘When facial fanning at a wind velocity of 5.5m-sec™ was applied during
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hyperthermia, forehead skin temperature (FTe) and Tiy were 2°C and
0.1°C lower than those without facial fanning. Subjects voted low rates
of thermal sensation on the face (TS) with facial fanning. Facial fan-
ning improved significantly hand-grip exercise performance (37%). 2) To
investigate whether makeup hinders selective brain cooling during hyper-
thermia, we studied 7 subjects using head-out sauna (44°C) at a T, of
25°C. Makeup significantly decreased forehead skin blood flow (31%)
and FTs (0.5°C). Subjects voted high TS with makeup. ,

These results suggest that enhanced heat loss from the head and face
induces selective cooling of the brain during hyperthermia, and hence im-
proves exercise performance. From the standpoint of prevention of heat

stroke, we advise that athletes should use face and head fanning after stop

of exercise and should not exercise with makeup.
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# 1 Pertinent subject characteristics.

. Age Height Weight HGSmax
Subject (years) (cm) (kg) (N)
(Experiment 1)
n =8 30.8+3.7 170.9+1.3 67.1%£2.8 492415
(Experiment 2)
n=7 29.6x2.2 170.44:2.2 63.4+1.7 465+13

HGSmax, maximal hand-grip strength.
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Bl5 Changes in mean skin and skin temperatures under each condition.
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NT HT-nc HT-c
min 28.66+5.28 10.09+0.73*% 11,1941, 18%
% 100 41.9 +7.4% 46.7 +9.5%

Values are means+SE. Statistical significant from the NT values:
*p<0,01. NT, normothermia; HT -nc, hyperthermia without makeup;
HT-c, hyperthermia with makeup.
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B8 Time course of typical experiments under three conditions. Showing from
top, tympanic, esophageal, skin, and sauna temperatures. Subj. KH.

2 4 Changes in cardiovascular responses at rest and during exercise under each condition.

NT NT-nc HT-c
Exercise Exercise Exercise
Rest Rest Rest
Beginning End B_eginning End Beginning End
SBP, mmHg 127.2 127.0 150.6%* 12-2.2 127.0 156.2* 127.2 132.3 154.8%
+2.6 +3.2 +2.2 +2.2 +2.4 +6.3 +2.6 +1.6 +6.4
DBP, mmHg 71.2 70.5 80.4 | 66.8 72.3 80.0%* 70.3 73.8 82.0%
-£1.7 +£1.5 +5.3 +0.7 2.4 +2.8 +1.8 +1.9 2.2
HR, bpm 66.8 75.7 85.8% 65.3 94.3% 128.3*% 67.3 95.2% 124.2%
+3.0 +3.6 7.2 +4.,2 +6.2°% +5.7% +2.9 +4.3% +4.5%

Values are means + SE. NT, normothermia ; HT -nc, hyperthermia without makeup ; HT -c,
hyperthermia with makeup; SBP, systolic blood pressure ; DBP, diastolic blood pressure; HR,
heart rate; Statistical significant from the values at rest in each condition: *p<{0.05, #p<0.05
for comparison of values for the corresponding NT condition.

BIEEE MR, NT CHESIcET O 0.05). fekrzfELicEa (HT-c), EBEy -t
IMER BRI N, TEZOFETRERNRE ICiEREs LoEa (HT-no) il ~NEFRICED
{LTREh -7, —F, BERAREG TRENHIC Ex2R LU (p<0.05). EFHBIHBRERNICIET7Z0D
#EinL, NT J0EBCBNE 2R L o< iy HT-nc T 0.9784+0.077V , HT-c T
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%5 Changes in thermal responses at rest and during exercise under each condition.

NT HT-ne HT-¢
Exercise l Exercise Exercise
Rest e Rest ’ Rest
Beginning End Beginning End Beginning End
Ty, C 36.95 36.88 36.89 36.87 37.19* 37.79% 36.87 37.17 37.84%
+0.10 +0.10 iO..13 +0.09 | £0.09* |+0.11° +0.11 +0.11 +0.12°%
Tes, C 36.87 36.81 36.82 36.73 37.28%* 37.88* 36.74 37.20% 37.91%
+0.10 +0.12 +£0.12 +0.08 | +0.09% |+0.12% +0.11 +0.11% | £0.11%
Tsk, T 31.76 31.35 31.44 31.46 36.27* 36.77* 31.30 35.86%* 36.63*
+0.43 +0.44 +0.37 +0.37 | +0.21* |[+0.23* +0.53 +0.21% | +£0.147
Tsk, T 35.04 35.01 35.01. 34.81 35.76* 36.42% 34.94 35.21 35.94*¢
(forehead) +0.25 +0.26 +0.25 +0.25 | £0.32 +0.147 +0.26 +0.26 +0.18%

Values are means = SE. NT, normothermia; HT -nc, hyperthermia without makeup; HT-c,
hyperthermia with makeup; Tty, tympanic temperature; Tes, esophageal temperature; Tax
mean skin temperature; Tsx (forehead), forehead skin temperature. Statistical significant from
the values at rest in each condition: ¥*p<{0.05, #p<(0.05 for comparison of values for the

corresponding NT condition.
condition.
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zh#h 1.010£0.053V (HT-nc) & 0.783 +
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B3 Time course of typical experiments under three conditions. Showing

from top, blood pressure, heart rate, forehead skin blood flow, ther-
mal sensation, and rating of perceived exertion. Subj. KH.

%6 Changes in local sweating rate (LSR) at the end of exercise
under each condition.

NT HT-nc HT-c

LSR (mg-min~t-cm™%) 0.05%0.02 0.34%0.07* 0.332:0.06*

Values are means &= SE. Statistical significant from the NT value.
NT, normothermia; HT -nc, hyperthermia without makeup; HT -c,
hyperthermia with makeup.
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10 Loci of human head where venous blood
was recorded to flow abundantly from
skin inward through calvaria during
hyperthermia and possibly in the opposite
direction during hypothermia. From
Cabanac (1986)%.
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