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ABSTRACT

The purpose of this study was to observe the effects of body cooling
during submaximal exercise on thermoregulatory responses. Nine healthy
male subjects pedalled a bicycle ergometer at the work rate of 55%
\-/()Zmax for 60 minutes, under the temperate condition: ambient tempera-
ture, 24°C and room humidity, 50%.

The subjects were cooled by means of cold packs (147 cm®) for 5 min-
utes.  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 15 minutes of exercise, 2) a 5-minute’s cooling of lumbo-
dorsal skin after 30 minutes of exercise, 3) a 5-minute’s cooling of both
forehead and lumbodorsal skin after 45 minutes of exercise. For the re-
covery period, another 5-minute cooling was given to both forehead and
lumbodorsal skin, starting from 5 minutes after the exercise was over.

The results are summarized as follows:

1) The rate of increase in ear canal (Tear) and rectal (Tre) temper-
atures was slightly reduced by the forehead cooling during exercise. How-
ever, as for mean skin (Tsk) and mean body (Tb) temperatures and heat

storage, there were no obvious effects of the cooling.

2) The rate of increase in Tear, Tre and Tsk was reduced in the experi-
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ments for the lumbodorsal cooling and the forehead and lumbodorsal cool-

ing during exercise.

3) Loss of body weight during exercise was approximately 1.1% of

the total body weight. No noticeable relationship was observed between

body cooling and sweat rate.

4) The rising of heart rate during exercise was slightly inhibited by the

series of body cooling.

5) Both forehead and lumbodorsal cooling gave no immediate effects

on a decrease of deep temperatures during the recovery period, but elicited

a reduction of heat storage as a result of the large decreased rate of Tsk.

The above results suggest that the increases of body temperature and

heart rate were restrained by body cooling during submaximal exercise.

il

&

EEEER S OBETICHEO—ERIT 5
RBEE L RIS, COFTEICHT 5REH
BRIZESBOTHA . EriCHIc B, &
FrvEERIC [HE T cRMOBLEmn s

ANTHRLCEICE-T, BREIZRAMLUL, &

Sic TEFLVETHOBABREERRT S C
EWH 5.
EHEOKE ER B ZONAKEIEmET 3
FEE LT, KOBERSHAAHOMESHRES
NT 5. EEFOKMERDERIC K& T #
OV TIE, KEER B X U LHEENOR
A1 D PR BRIR D ZHIRSSY O O R
EhTws. %, EBFROFERIMICEALT,
Gisolfi & Copping'”’ 2, B ABRENEDT0S
ICAEM T A RET, by FIvicks 2O
HEEh, At zArTERERNILTS, EE
BOEREHECEROEHEL TV A.
AL, EBEEORIEEES S ICET RG]
DEIAR, HER, AREBIUMEEED
BEIICED LI BEELRITH%E, KRFAHHE
BOVEDPOBRRTADICT k.

vl ik

1. %t 3
WERE L, FHI2ROEERF FRFA9

C ZERGE L. BBREOZANBEMIETIOR

Utc. 123, WEEHK (SA) 1, WA 0Rb»
SEM L.

2. BEMELERFIE

1) BABFEENE (VO:max) OHIE

HigE T )L I % — & (jonas oglaend #H#,
990 #) ZMW\T, #EEIC 50rpm T R4 Y ¥
7% &4, 75kpm/min 5 243 &< 75kpm/
min FOEFEIE X ¥ T exhaution TE S+
7o. EEhrh, #fE U T Mijnhardt Oxycon Sys-
tems (Mijnhardt ##, OX-4 &) ZAVTERK
U, 30MMIC & oBERERE (VO,) ZHIEL,
Bohik VO, 0 kEE VOimax & L. VO,
max DHEHEEICIE, VO, @ levelling offV &
JUREA#EE (R) 281150 LW AR, 12
%, Oxycon Systems D ¥ iF i3, FEEOEHES
2, EEEGH X S & (Beckman (&L, OM-11
2, LB-2#) B BAEBRAIN 2 A -2 (&
JIBPERE, 1[HE#100) 2 F W T » 2. 78



%1 Physical chracteristics of subjects

Sub; [(\ge Ht Wt S% VOgma{(
yr) (em) (kg) (m?) (ml/kg/min)
F.M. 19 169.7° 68.17 1.74 46.4
M.M. 19 175.7 59.92 1.68 40.3
Y.T. 23 155.4 54.06 1.48 44.3
T.T. 19 174.1 65.91 1.75 44.5
S.T. 21 170.0 60.82 1.66 49.2
F.K. 19 173.0 59.66 1.66 45.3
M.K. 20 170.4 82.66 1.90 37.8
F.D. 19 175.2 70.61 1.81 54.6
W.B. 18 172.2 59.93 1.66 42.5
Mean 19.7 170.6 64.64 1.70 45.0
(£SD) (1.4) (5.8) (7.96) (0.11) (4.6)
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1 Comparison of means of body temperatures and heart rate due to body cooling during and
Yy P y

after exercise of 9 subjects. Tre (1), rectal temp.; Thl (M), mean body temp.; Tear (O),
ear canal temp.; Th2 (@), mean body temp.; Tsk (A), mean skin temp.; HR (A), heart
rate. Tbl and Tb2 were calculated from rectal and ear canal temperatures, respectively.
F-C, forehead cooling; L-C, lumbodorsal cooling; F-L-C, both forehead and lumbodorsal
cooling. on (1), cooling start; off ({), cooling end.



0.90°C @mh-7c. HERTHRTIE, BRIICT

REMENI 2R L7cds, ¥R T2040%1E37.81+0.38°C
2, BHEIELD 0.53°C @h - 1. "

FHEEREL, BEEELESSBRIOEEDO LS
Y, BT 35.48+0.59°C T, EN
Ml 32.52+0.36° CIT T 2.96°C & - 72,
ERRTHTIE, BENICTRLCH, BRET
195318 (32.94%0.59°C)  CTHREICE M > .
EEMTORERBEROS B, HiCKBEEHEDE
EAGERE L.

SEERIERE, BOMOBEERT, ARG 7
SE» S FHEDO LH 2R L, AEKTEER
37.64+0.36°C T, HTTHIME 36.3340.25°C I
HANT1.31°C @ fo. B THRTIR, B
W FREER 2R Uichs, #T20504%ME 36.824
0.38°C i3, AMAIMELD 0.49°C Eh - 1.
C2) DISEB X UBREERER

D, EBAEWHEEERP OEEOHNE
Y, 0% GREMICHhT MSBENERERL
7os, AR TRETREEEREZELL. A
IR T Bk b B Lok, BNKT20
Sr4ME 93.7£8.1 /4 12, ATTHIE 67.9+6.8

= 235 —

/i~ T25. 8/ Eb - Tt

EEBIE (VO.) 13, EBHRHRE#» OHE
DEMZRD, ZDHR DT MEERL
7o, Bk THREITRZEEFREEZE L. &
605 @ VO: 13 1.54+0.22//min T & -
y e

3) BETINES LU KRE

HEHERICL 2RTISEB KOKRBRBEORRI
R2ITWRLE.

607D EENC K 5 AERDRIT 696+172.2
g/h ThY, CHRAED 11D ITHE L
7. FRMEOERERD B L UEEN S ORBEEM
2, 20 £ h 54.7+5.8g/m*>*h B XU 20.6+
l.4g/m’**h TH -7, ZORKE, RITE (B) 1
336.7+112.9g/m*h &13-7z.

fREEIT 47.6+£11.3w/m**h Th -7, Fih
WERE C L THER U RME ERTR L ORI,
HEERD ShEh- 1.

2. BERSHICLB%

BB L O IEEHTOEERGAIC X 2 KR
BOS, DHEEESXCABRBEOEIRRI L2
RUTe.

# 2 Weight loss, sweat rate and heat storage during exercise of each subject

Subj. LWL RWL 1P SR s
(g/h) (g/m*h) | (g/m*h) | (g/m*h) | (g/m*h) | (w/m?-h)

F.M. 590 339.1 54.1 20.1 264.9 37.7
M.M. 490 291.7 48.5 20.8 222.4 37.7
Y.T: 1000 675.7 54.3 23.6 597.8 42.1
T.T. 630 361.0 57.1 20.1 282.8 47.3
s.T. 560 337.3 50.0 21.1 266.2 49.5
F.K. 760 457.8 56.3 21.1 380.4 38.0
M.K. 710 373.7 50.2 18.4 305.1 41.8
F.D. 970 535.9 69.1 19.4 447.4 71.5
W.B 560 337.3 52.8 21.1 263.4 62.6
Mean 696.7 412.1 54.7 20.6 336.7 47.6

(+SD)| (72.2) | (1165 | (5.8) a9 | 29 | 1.3

TWL, total weight loss; RWL, respiratory weight loss; IP, insensible perspiration;
SR, sweat rate; S, heat storage.
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%3 Changes in body temperatures, heat storage (S) and heart rate (HR) due
to body cooling during exercise
Cooling : : Tear Tre Tsk Th S HR
Phase aFeR Period (tlme) (°C) °C) (°C) (°C) (w/m?) | (beats/min)
Ex | Forehead Bef (10—15) 36.56 36.64 | 34.22 36.96 21.7 141.6
(0.25) | (0.25) | (0.54) 0.17) (6.0) (11.1)
Dur (15—20) 35.71 37.76 | 34.90%* | 37.19% 30.3%* | 141.7
(0.27) (0.24) | (0.43) (0.18) (5.0) (10.7)
Aft  (20—25) 36.77 37.83 | 35.20%%* | 37 30%kK  34.3FF% 143.3
(0.24) (0.27) | (0.39) (0.23) (6.2) (11.8)
Lumbo- Bef (25—30) 36.81 37.91 | 35.32 37.38 37.6 144.2
dorsal (0.22) (0.25) | (0.36) (0.24) (6.4) a1.7)
Dur (30—35) 36.86 37.98 | 35.43 37.48 40.9 146.2
(0.24) | (0.25) | (0.31) (0.24) (6.8) (12.2)
Aft  (35—40) 36.86 38.03 | 35.45 37.51 42.4 147.6
0.23) | (0.28) | (0.29) (0.28) (8.1) (11.2)
Forehead | Bef (40—45) 36.86 | 38.06 | 35.49 37.54 43.4 147.0
and (0.25) (0.27) | (0.32) (0.27) (8.2) (12.3)
) Dur (45—50) 36.89 38.11 | 35.54 37.60 45.5 147.3
Lumlzi‘f)rsal 0.27) | (0.30) | (0.39) (0.31) 8.7 (11.5)
Aft  (50—55) 36.87 38.15 | 35.50 37.62 46.7 150.7
(0.29) (0.32) | (0.54) (0.34) (9.6) 1.7
Rec | Forehead Bef (0—5) 36.85 38.11 | 35.09 37.22 40.6 113.6
and (0.35) (0.33) | (0.56) (0.33) (9.6) (9.8)
) Dur (5—10) 36.62 37.98 | 34.19%* | 37.03 31.9% 101.9%
Luml?i% o (0.33) | (0.37) | (0.55) (0.36) (8.4) (8.1)
Aft  (10—15) 36.45% | 37.90 | 33.55%* | 36.87 25, %k 98. 0**

Values are means (+SD).

Ex, exercise phase; Rec, recovery phase; Bef, before cooling; Dur, during

cooling; Aft, after cooling; Tear, ear canal temp.; Tre, rectal temp.; Tsk, mean skin temp.; Tb, mean
body temp. *p<0.05, #*p<(0.01, *#xp< 0.001 significantly different from before value. Sp<0.05 signi-
ficantly different from during value.

40

30

S (w/m?)

(S~}
<
T

sk

*p<[0.05, *kp<0.01, #+kp<0.001 significantly different from before value.

E-P
F=C

B D A
E-P
L-C

B D A

E—F
F:L=C

B2 Comparison of means of heat storage (S) due to body cooling for 5 min. B, before cooling;
D, during cooling; A, after cooling. E-P, exercise period; R-P, recovery period. F-C, fore-
head cooling; L-C, lumbodorsal cooling; F+L-C, both forehead and lumbodorsal cooling.

B
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F-L-C
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