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We investigated the seasonal variation of sweating response during exercise. Four adult
healthy men repeated a moderate bicycle exercise (60 watts) in a climatic chamber of an
ambient temperature of 30°C (relative humidity, 45%) in winter, spring, summer, and fall. In
summer, sweat rate immediately increased as soon as the exercise started, whereas in winter
in a few minutes. The mean sweat rate during exercise was significantly different between
winter and summer. The transient reduction of the Ty, was observed at the beginning of the
exercise in winter. The Ty, decreased in proportion to increasing of sweat rate in each season.
Significantly negative correlations were found between sweat rate and the rate of change of
T during exercise in each season. The slope and intercept of regression line were significant-
ly different between winter and summer. The index of sweating was made available for the
relative value, changing rate against annual mean value of total sweat loss (ASR, %). The
relative value rather than the absolute value (i.e., expressed as g-m~2-h-!) corrected well with
skin temperature. It is suggested that the present results may reflect adapted changes in the
thermoregulatory mechanisms to seasonal acclimatization. Moreover, the fall in skin tempera-
ture during exercise may be not due to increased evaporative cooling, but may be the result
of vasoconstriction porbably caused by non-thermal factors.

(Ann. Physiol. Anthrop. 10(3) : 163-170, 1991)
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I TIERAE TII A SR RAERHE LIRS
1L, b N OEFEEEENZEEIZBIC BT A TR S
# (BJE 5, 1957 ; Yoshimura, 1960 ; #75, 1973)
ENTW5, Bio, BEEDRETH 5 EEAHED
EREEOEEEE, TobbERAMEIHEARAANC
BWIRBIECEFECEHEHLET 5 (Oh-
shiba, 1957 ; Yoshimura et al,, 1966 , Yurugi et al.,
1972 5 iz AR, 1977). ZFiUusHin ¢, HEAHEN%
SE RO KK IEHICE L TR NI IF R ITh i
(Ohshiba, 1957 ; Sasaki, 1966 ; < &, 1970). F 7z
FIFRLZPE (Kuno, 1956 ; Yoshimura, 1960 . #&77,
1973), #iF & (Araki et al., 1981, Yasuda &
Miyamura, 1983) 1%, £ZETIZEZEL DKW, HICHF
DEESEERZERCRBE CRREICHRELRLT.
(Ohara, 1966 ; Hori et al., 1974). Eick P DEE
FITHENFIIL, BEHCIBETCRIAL T 5. F
MR VRER ], BASRGEV0ER LR TH 577
ZEHET L REE T (BFH, 1990).

INbDZ kI, FEOEMICHEY, RERHIEAME
DB CIZIESDOREE EERKIZIT B &, RIRFAER
%ﬁ%ﬁ@ﬁgﬁﬁﬁmbfﬁm'ﬁﬁTé.Ttb
5, ZEEHBGIC & 5 EERKOBIGEEI Rl Twb Y
DEEZHLND.

AR TIE, WIS > TEEKICESZ 8470 T,
ZDEDRITF RIGHEBHB B L, FHHLEE
IC BT RIS TAIRE, BRHCRITIC & b BIREEREICE
EEHT, TREFNEAREEOBEL®E L TEEHEIL
DFFEICOWTREE ZMZ 5D TH 5.

Bz, EHEOEMBETICOWTLRTIGELD
s 5 E8T 5, ZNET, FReld, RENDRESR
#H%230°C £40°C (W3 L AEMHRELS%) I2akE L ¢,
B —1ESE5RE (60 watts) # AR % &, FIT&EII30C
ENA0TCICB W TEHELEV D, EFRITVTANE
HFTIZBCTLET L2, 2O FEImIRERBIC
BWTERL L, IHT1ICTH-72, ZHZ i, 3
FORMEIC & BMBDEIR & 2 NS DM D ERIZ
roThlaRIINBELZTREL Tb, (BFHD,
1984 ; Torii et al., 1986).

B, AREOERO—IL, FHFLITL-TTT
(SRR TR (Toriietal., 1985) LTV 545,
iz, EBREZEML TREL 2.

MR H*

WERE  RERRIT, #BEI0FELRREATRICEEL T
B RARF 4 ZOWEHREL SR E L T 72,
VEEE O BREHE S & OB EIEIUR (VOuma)
BELICRLA, BRBIBEENNL KL —=
¥ 7T T, 1T HOE KR, Hlzis -
72 B3R LTI RET L T B, 5 D VOomald,
HIRHE T )L T 4 — F — BRI L 5 5705 2%y
7Rz CikE L 72 (Miyamura & Honda, 1972). 3%
LTICRL 2R BII AT BT AKBETH A, FHIcE
I+ B ZEENZ8007 v L1200g FLEETH 1), WO
BIIBWTHEZFCHMNL Tw 5,

Table1 Physical characteristics of the subjects
. Age Ht Wt BSA. VOsmas
Sublect (o (em) (kg)  (m)  (/-min-Y
A 28 165 63 1.70 2.75
B 30 185 86 2.11 2.72
C 28 166 63 1.77 2.62
D 22 167 55 1.62 2.83

B.S.A., body surface area. '\./'omx, maximal oxygen
uptake was determined by modified technique of
Miyamura and Honda (1972).

FIEE 20FE #BEIZ, BREHEFERETIC
EBRBICFAIS BH L S0 OMICEALZ. 20
HoREKIZA e & LERSICES S 2HHETIICHS
iz, FTHBECEIEEHIOCLRET (BFEE
AoMEy »V, EHAT v 7 R, XEZIRMNL »
VICERADE—F—H BNy N—, ZHDZ
w7 A%ER, BEEIKEGTEM vV ERXT V7
Z%#FEIER), EEGHGCL-EBIBELEETIC
30T EER B R 2RI, SBEHOBBLZD
EiEiE, XF8C, HEEIST, EZ:28C, £FEI8TCI
flEL, REFASKEORBI BRI H S L) ICER
LCEREED, TR, #HEREC [Ev] £203
[8] 2HEIRLY, BT Eidhr o7,
Z Dk, WEREIZAMEAICEEE (T #30C
e [rh], 45%)IcE L 2 ATRREICAEL 2.
EbIcERE (Te) EBR (T MEHORE
43251, bed balance (J. A. Potter # %!, Model
33B, BE1g) LICHBELAHBEEI LI A—F—
(Monark #t3!) C105 %82 R - 72, ZDETI &
EHEHEI )T A — 7 —EEF 205 HEM L, BIEL
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Fig.1 A recording example (Subject B) of whole body weight loss measured by bed scale. After 5 min
of exercise the weight loss was increased markedly. A 50g scale presented in the right a chart.
The weight losses were modified at two points. The points of a and b were complemented
because a thermocouple sensor dropped and the subject missed his foot from the pedal of a
bicycle ergometer, respectively. -

#1057 LL BT 72, EEBLGIE, ALRREAZHRD 7 TSL (eTSL) #» 54EF#)ME (mTSL) %Ko, &
¢ & L0 EEBT B Lt o, KIBTHE EEHDOFETEILROMEIME (ASR, %) 2 HHL 7.
B EENEEH ) (Ea oK, 1987) % E[E L CTHHI9 K ASR = (eTSL-mTSL)/mTSL X100 (%)
L 9ER30DICEER B L 2. wB, REBRTI, ‘@?))*@ﬁmi%‘%%‘% Y3
RLEBRI BT B IR VO DB 5 £ 230~ oI HBEREHICBE L2 RERIC & ) 5k
40% (60watts) DEAMTH o7z, 1EXBL CTAR B (EHE, 100cm-sec™?) #FF72. Tz k- T,
BII—ETH-72. ZEEICL 3B E2BET L0, HOETHENZIFF7> 7B T B EIZIZEA
1EZEL TRL BV 8 Ad), REREFASLNS Eldr oz,
2 AwA, BIcEE (AATEL» L5 Aa) HETE HEANE . EXENFEEREICIR, HEodk s
(10 A ICERE BEARTIC B W TIT- 72, BEARTO  Student’s f-test % 5\ (3, BEEIZ—TTREIC L 245
TFHSVRIRIE 2 A4.4C, 5 F1215.6C, 8 AIC27.3C AW EEVE. wWFRICEWT L P<0.052 55T

BELUI0AIZI7.5CTH - 72, HEKEEE AL,

BIEIEER | L5 bed balance 12 & 1) ZefibE, SEH)

B L UEEFORTICE 2 ERERD & L TRk L w R

7z, BT T L&y 77 (% b, T &, 2, &% kﬁé@SRTﬁbiUI@@&ﬁmT

ThE, KEEEB L OEE) O T2 BENEREMNERE b2l 10TH L. FOSULEREIZ, BZIC

(KEERHE, AM-300) ic k- T, EBRMMETD 14 EEIELG & RICT 2000 BAT 258, K2 IZTFD
EICFT R L CHREER L 72, PRI EIE (Ta) O STUE TOBR»ET L KL TR, E#Hnikt

Hardy and DuBois (1938) 2%t~ 72. 1557 LAME IS SR DS A Bk 232l & N 5. FEIFHTE
FORERD & L CERERSRL 2 RITHIMD 5, % OWERAZENC AT L LTI TS » ik | (e

B, EIREDL L CEEBORITRIZ, TNENLT Th-o7k, WTAOBEBREICBWT L XENERGT
KD, STEEOFEFEE (SR, g-min™!) & L7 (K ¥JSRZ, HZELHBELTCHEECETL .

1), FARERMA]L m* L7200 1 BEEE2ERLEA ¥7z, ¥FEFR (TSL, g-m2-h!) L FEHSR &

FF& (TSL, g-m™-h™') %RKH7z, X 5ICKEZER AR I SIS ED - 72, RITROETFHL5
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Fig.2 The comparison of time course in sweat rate, rectal temperature (7re) and mean skin tempera-
ture (T, in summer (dotted lines) with that in winter (closed lines) during rest, exercise and
recovery. The sweat rate is shown by open column in summer and shaded column in winter.
Subject=D. Environmental conditions, an ambient temperature (T.) 30C and a relative
humidity (rh) 45% are identical in each season.

Table 2 Seasonal variation of sweating response of bicycle exercising men

Seating Response®

Subject Season mean SR TSL ASR AR ASR
(g-min~?) (g-m~2h™") (%) (%)
A. Winter 4.2+2.3 148 -16.3
Spring 4.6+2.8 162 — 8.4 8.5
Summer 6.0+4. 3** 234 +32.2 ’
Fall 4.6+2.0 164 - 7.3
B. Winter 3.0x1.4 36 -22.5
Spring 3.9+1.8* . 111 + 0 34 2
Summer 4.3+1.3** 124 +11.7 :
Fall 4.3+2.0** 124 +11.7
C. Winter 2.3x1.5 80 —36.5
Spring 4,2+2.7** 144 +14.2 50 7
Summer 4.3+1.8** 144 +14.2 ;
Fall 4.0+£2.0%* 139 +10.3
D. Winter 3.1+£2.0 118 —28.0 }56 0
Summer 5.7x£2.5** 210 +28.0 :
Mean Winter 3.15 108 —25.8
Spring 4.32 139 + 1.9 4.0
Summer 5.08** 178** +21.5** :
Fall 4.30 144 + 4.9
p? <.05 NS <.001

@ mean SR=Mean sweat rate in 20 min exercise. The data on mean SR represent
mean+SD. Significant difference from Winter,*P <0.05,**P <0.01 (by paired
Student’s ¢- test). TSL=Total sweat loss; ASR=Change against annual mean
value of TSL; AR ASR =Annual range of ASR.

b Significant differences among season were determined by the method of one-way
. of variance analysis. NS, No significance.
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ai O RIS E T b KBIHATT BB, £ R AT

20t .‘;//4:/ . LEFIBATT RO LS ISl A £ BRI A

N 0 b O o] Fo Tl - ORI EZNT b &, RN EFEO

> s Joo B, BHCREREHEL CEBT R, S0k %

< -20 F /OA ® r<oos - ERICEET 2 RRIEMIIL L TN, RITEEH

A ! GO, ERCEACH BN TETT

40y —— B #HTKIC £ 3 BB (natural heat acclimatiza-

32 33 34
Mean Skin Temp.,C

Fig.3 Correlations between TSL and 7 (upper
panel) and ASR and T.. (lower panel). Subject,
A=0, B=e, C=4, D=a, Broken lines indi-
cate average value.

T 5%21bE (ASR, %) 13, FHHETRS LT3~
25.8% (—16.3~—36.5%), E =23 +21.5% (+
11.7~ +32.2%) TH N FHEE I3 #44% (34.2~
56.0%) TH-o7 (F2).

Treld BEFICIFIZ LA LR L kb o lahy, &ZC
T BB L Z0.5CER L -HBE L W2, EHERK
T, EETRESZICEHLV~VCEIET 55, &
FETRBICERBEmMERL2ED W2, £FD Tyl
F DS WHFERICE L 5 RTOEBIBIGE%IC—&KEIC
KTL, BBREBICL>TELRL LD, EBBES 7
WLI0G#E S BERTLL, EFETR, 20k %
RS ST, EEBAM & 2z TolET L2, =
NLNJMARIT, EFEBHEICETHBICRKBAL 2.
FHITBWTY, SROBMICE L L WEBEMMET
bkE%->T, ADHE BB S L N7z,

B33, MEERTED Tylottd 5 TSL & ASR »
BiRic oW TELTWA, Tala s+ 5 TSL (r=
0.320, P>0.05) £ D& LA ASR(r=0.645, P<0.01)
& DHEBEE .

tion) NEL L BAIG B TH b (Ogawa et al., 1982).
AIFFETIE T D & 9 % natural heat acclimatiza-
tion TICHEWTRIHTLARBTFRELBEEL T, FMIc
b2 5 RnARAEEREN ER L RET 2 2o, &FH
ELBNMICZNEMICHE L L T REZ MR- 2
E, VCHOF x> "—IZBEL TERZIT-72. 0D
R, BB OFESERETEE (Mean SR), #%
P& (TSL), REITFENENLE (ASR) DWTFhoR
FIEEIC BT L EAMMENEEHEE 2R L 72, ek
DRFEEFRROFEE LT, —BENCIEEERER
1 mPhe)o 1l HEE (g m™2-h™Y) 2%%L Eu,
LALUTIRERT 2L IcEMF TR 283 L
WEEDLNE, Thbb, RFBENEELNZCH
72 5885 E (eTSL) 2 54EF#E (mTSL) 2 & H
L, BFHORITRZELHICHT 2 HENHELE
(ASR) L LTELZ, ZOFHELRATS L, 47l
ELEEOWMEEFORAIC L 2BELEHII LA
BExdL)THE (K2).

INFE TEBRORTICENEEHLENICRET 5 4
I3 ZHA LN 5, Araki et al. (1981) 388E:E + 3k
BEBENDLFEMRE LT, Ta30Crh60%lcs T
RIFRZEXFLETCREL T 5, SBEEE & IEHE
BICBWIERZRONDZ LD, EEORTRIIL
ZLN40%LEBML T3, Yasuda & Miyamura
13, BABMES6 A&xd5 & LT Ta30C rh 70%ic 35\
T360kpm - min~ 'O HiEE T )L 2 2 — 7 —EE) % 305
MAZE, FFE, HERUOKZBCAT L. EE0FT
HEAXELKFENZN LB L TEY, I T
ELDADPLIBEHEN TV B RITREENEL 2
(Kuno, 1956 ; Yoshimura, 1960 ; #75, 1973), ¥ 7%
bbb, RSB TAEICEBMTHLI LY, Liko
HREE & EERICAIFFRICB T LR TE 72,

AEBRBEEICBWTL, EFEHORTELANEER
TRICHLbST, FHRFENETIZ, HEBRER
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CBWIEFRLNZ LD, FEHENERII L, -
72 (£2). ELIZFINEER (Torii et al,, 1986) (2
BWT, H2IZIBEREL30TC E40CITHREL, AHF
% b Fl—EBN EH (40% VOumax) 1< & BRI R AT > 72,
ZDEA, BREFENFWOCICBWTHEEICKRTHSIZDY
b b, FHEEBETICZEESRMFICLEER
ALNT, WTNOBEEZFHFICBVTLHIZITICT
Hotz, 2N EiE, BFICL EREBRICL S
EHFOIER & I3RS T, MOFAGRFOEFTLIZ L
LW N5,

% 72, Christensen & Nielsen (1942) (%, EFIKHE
PR EN T AEEFICIIEFLREIHEMT 5
75, EEIEIMAE I3 E MENHEC & > TRE M
B —BMECEST I 2HEL A, L2h-
T, REOESHHEEZRO—BEDFE L FIENET
i, EELREORAICLEBEL TWE EHEZ LMD,
F72, BEEDEEH D VIZRXEOESHERFICB TR
FoERIC L 58D EFRETIZESL T3 Y
DEEZ LIS, |

AEBRICBWCIEFEOE T (dripping) 2 T& 572
FHERT B 2o IC BB I RIS & ) AR =T 72,
T ELEFICREETRICEEL T s WREED
» 3. Tbb, Nadel & Stolwijk (1973) %, K&K
Wi fHE L 2P 0ERIZERT (0.1m-sec'BAT) &
D2.2m - sec ! DERTOFBEICBWTERHIIENZ
FERLTAH, Lh-o TRBEERMEKENREIC
Lo THREEIHHL LD EEELNS.

—%, EHROEFIE T2 &0 2 RIRRATGEERS
L, Nakayamaetal. (1977) 3 EERLRELRE
RLTW 5, b IREEF O K B IR REBMKRIENZ
Ba Bl T, EHRoKERERECET 2R E
RIEL T3, Tib bLEBIREO K R T IZ/EER
B HE L CTIETT 5., ZOBRRIIETEEDLWE
e BWTLBEINTWDE I L b, ERPHNRD
BRI (, EBENCHE S B E DM R E
BETOELERTH L. L2d’->T, EBRFDKIE
FRIE, ESE 0L OHKIETEEG & 13 EBIRIC RN
B A INHE R G 2 B 2§ DI BIER 2 T 5115 2
ICEREL TV EHRBL T3, e 120CI2BIT
LHEREI LT A—FEBICEWT, EEEEIC LG
LCEREBENMETIARTHEZ L2 MHRL TD
(B35, 1987).

INHLNDT &b, EEIREOD R IR TR AT
W L > THEI N LR ST, Nakayama et al,
(1977) »ffET 5 & 5 12 IRIREAME O RIH ) LB NUHERA
HHRENBE L Tnwd I L FEZ L5,

AREBR T, EERFOEARITEEL Thinal,
INETORATIHRICE 5 &, EHFOERRIC OV
TiE, LT LLELEICBIT 2 ERRABOBEHERD
&0 hHBELZEHESIBEEI AT W, 2R
(1977) 13, ZEHERCHE D L O relative metabolic
rate (RMR) 1.2-2.9FE &g 20 X—Rit&
13, ERERBOBIm &L L XARERKOFHEE %
ET3rHmEL TS, #ME (1967) 2 Liud, %
EL EoEEOSEERIY, EHICLBEERIND
EEREICKEL Th2EmICH 5, FReFRFAMN
BAIOREEEETH 2 R AKBRFRIMEIIZFITHN
(EZ=r gl ¢) (Matsui et al, 1978.), EZE(|IH
fin (Ingeman-Hansen & Halkjaee-Kristensen, 1984),
HHWVIFEERS L LI12F—E (ET &40, 1984) &
HRERNO—EE AT AW, Lh->T, FIFRIC
Bl BB oBEERE, EEEEINELZHEL T
—ETHo b L TRBETH -2 EIRET S
L BMERINEES 2 R/EL T HDEELLNS.

Shapiro et al. (1981) (3:E#%10 HH DS EEREEIC L
% heat acclimation EE % HZE X LZFICIT- 72, ER
TR0 T DEHEE & Z D505 b Loy F Ik
TEAMLZ., RTERELELLHI08 L EFC
BHEICEC(5~14%), GREBEED LAEIR, £
K Th-ot, 250z, Horietal, (1974) i3, 39%D
BRAFEENRE L CEFELAFIIWNBEAREZIT-
Tw3b, T%bb, 30°C, thf0%BNIRETICEWT,
Ki842°C 12905 P DR T KR AT L 72 g 0 A BT 7R
G ZREL T 5, BIFEEITES (740 140g-
90min~!, Mean+SD) (3% (580+130g - 90min~")
I NAEBICTHV. BEMKIED EREIRHICZZ=(0.621
0.15C - 90min~!) (FEZE (0.48+0.15C - 90min~")
LN HEIE.

INSDEERIL, 1HEIChz» TARERIERE G
FHRL T—ETRZ L EEHIELTEHL L2
ERIRLTWA, iz, £FLEFETIE, FogWwx
TOWEE, RITEE, KREOEUBHEE L URTFREL
HWBOBHEICHARNERNRONS, Licd->T, &
=2, KRB TEESI N BOREEZE L
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TIEIGL Twd L5 Th 5.

fee K (1983) (ZAAGEATIEBMAIL, MBLHICIZER
IROBACIZEREL, ZTEHRBTH L0 T, M
FEHAIC IS MERRAYICIE S (T - BB EEZ Tnb k)
THBELTWD, ZDZ EITEKRIIEEHDIBER
BICIEIGL T, KT &0 ss], EECIRTE
DD 12 BERENEZEZTRBLTWELDEE
Z6Nnb, 251, EEHOFEMEEORELEE
BRBA L TETWS, £DER HZERIZEREYIC
B IREDERENEITH S EHEL TW5, &
25 TEBRM O EMEBIRIZ, BEGED v g—p
WEE DRI E D H OIBRI20ERIC B VT L 20% 8 E
ThdH, RFFETREL ZRTRENDLEHE (AR
ASR) 1335~50%TH Y, BETNEMI T3 (E
2). L7z T, BKIZ B W T BB D Z B iR L 24
EENDENLDIRTHLEVZ LY.

AWFRICB W THR L 2B REHEEIC DA D
L, FTICEEL ZRAPEIFENEECKZICEZYD
IGT 5 ERLFEMOR G2 2T 5 BICKF 15,
ZHZ LR, INFE TEIHEHICET AR TIE, &
FEEFICEMLHRIREE DT 55, B
FBHICIHL TBITEEHICOWTLEETNETHL 2
LETRLTWS,

s PR KIBFREBEENEEEEIE, bHAHA
ZH (BREHE) DEERANOEBWBETHL L E 2
LNBH, fEak (1977) DIEREICH B L 5 ICEFER
B ENFHENEI L OB L EL NEZNE
ZEZITTwBENnZ L),

BE & UER

AL, EBRORBTLENEEHEH 2 HEL,
IR FRERBE D IR I DWW TRET L 72, BB o
SFHFTFREL, WTNOBBREICBWTLERCH
BioEm(, EREESIN TS L) KRITRIBIIES
KEEFRCFEHEES 2275 2 L MR L2,
BHERE DR ICE ZRRBTFEDEFHICNT 521
® (ASR) TRT &, ZOFEMHEENI L) ARE 43,
ASR DEMZEEINRIZ35-55% Td 5. EEC & 1) FHy
BEREIZMET L, T TEREAICL 2E2RIZ LV,
P IR DR T B 3§ 2 T EEICIIANEE L
AERRS &G L LD LN S, L DEBEER,
SEEIRF ORIE TSI BT BB IICEA L TX

FIIIRFEABESE 2 B T3 [Zops
I ARIEZL T BHEEREL Tnb, X 5ICRTFIE
ENEEMICB TN RL DI L b s, BF
W, FEICL 2RI, ERakiET
B IZIERMEBBERENAHESI NS L IZB ST, #o
FEIRDEEGELEZ b b,
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