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ABSTRACT

To examine the effect of work intensity on the regional distribution of sweating and
cutaneous vasodilation in relation to aging, 9 young (20-25 yr) and 6 older (65-77 yr) men
cycled at 35, 50, and 65 % of their maximal oxygen uptake (VO,,,.) for 30 min in a
controlled climate at 28 “C and 40 % rh. During the exercise, there was a significant increase in
the heart rate (% HR) relative to the baseline value and rectal temperature (Trc) with
increases of work intensity, regardless of group. There were no group differences in the % HR
and T,, (except for the exercise at 35 % VO,,,). The percentage in local sweating rate ()
at each site relative to the sum of Ii]sw for all 5 sites (forehead, chest, back, forearm and thigh)
increased significantly on the forehead and decreased on the thigh with increases of work
intensity, regardless of the group. However, the percentage my,, on the thigh was significantly

lower in the older men than in the young men for all work intensities, although the percentage
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my,, on the forehead was similar in both groups (except for the exercise at 35 %
\;'Oz,max). The lower percentage my,, on the thigh observed in the older men was due to a lower
sweat output per gland and not to a lower active sweat gland density. In general, m,, was
significantly lower in the older men, especially on the thigh. The percentage change in LDF
(% LDF) relative to the baseline value increased significantly between the exercises at 35 and
50 % \}Om, but it did not change between 50 and 65 % \}02111310 regardless of age and body
site. There were no regional differences in the % LDF in the older men at any exercise
intensity. On the other hand, in the young men the % LDF was significantly greater on the
forearm than on the forehead and chest in the exercises at 35 and 50 % VO, and was
significantly greater on the forearm and chest than on the forehead at 65 % \}Ozmax. The older
men had a significantly lower % LDF at every work intensity, regardless of body site. These
results suggest that there are regional differences in the magnitude of the increase in sweating

and cutaneous vasodilation with increasing work intensity in both young and older men.

Furthermore, aging affects the magnitude.

L |

ARG T, EBIEREOMAKICHE ) FH - ¥
L B D FAREAL 22 D EALICEL DB A S
NBEDPBEDPHLPICT S0, IBDEFERA
B (20-258%) L 6&DOEMERME (65-77/%)
XL, BABERRE (VO,,,) P35, 50,
65% YT 5 HECHLES) 2 H 22 2 T304 H
Bm L7z, EHRTEO.GHE (HR) &EBEBR
(T,,) X, FiEE& b EBEEOHKITIHE L TH
MU7z. 50% & 65% VO, BED T, 5 X U F
TOEBNEEEREIC BT 5 LHHE I T 5 HR O3
M, Wb FELFIRHEIRO L
Moz, HiEE - K- E - Al - KBROBRETE
(mg,) &, TWHOWTNOIL T EB)HED
HRIZPEWEREICEM L, SEAZD mg, DEEF
fEICAT B BEALO m, DI, WL HEF)
BREE DRI - TRIEIABICKE R Y, K
RAPEEI/NEL holz. TORER, RIFTIX
ERMZENRA LN o 7zhS, KBRTIEWwTFhoi
BRI E A BN E o . T OER

Zik, BEREOKBRTHE-TRH-Y OFHD
(SGO) AWML &d-o7Z LIZEE L7z, mg,
X, EWMFEEOARLNLR Do IZEA S FE LA,
WENOEBIEE OB E b B E VA RIS E, o
7z, mg, KBRS NEREED, LTKRBRT
FHEE o7 BEMETALNE VM, 1, EE
FREOET Tl % L, SCONETISER L 7.
LRI 2 AR TR S 7z E B R B I
Wik (%LDF) &, A% - M - WiliTd 35%
VO B B 50 % VO, BB CA FIZHIM L
7225, 50 % & 65 % VO e 1213 E E R ELIZ &
Shidholz. %BLDFIX, HEMATIHIS% L
50 % VOpmax CHIBIASRIZE L HI L D, 65% VOpmax
THIBEE DRI L D, ARICKEDo22DS, B
BE TRV ORERCL A B L IMEL 2D
dolz. %YLDFIE, WTFHhOBM T Bk
PEEBAL D BEIELo 7. ThboDRRIE,
TEBYSREE DRERIHE S ST - B IMEIROZAL
AXILED AL, BT OWMECHET
BT LERET S,

T4 Y b AR—-VEF Vol. 20



Jll]

&

IhETEAIZ, BERBEIIN T 5 BBEIS
WAL ) AT A 2 L 2B
LEMCLTER. T4bb, BREBIED 5 A7
EACHEEE, B2 I — R ) S BT 2
LIEXRET L, ZO—EOIMRIE T THE 4K
BRE—REE I T AH T L T
B - KRR - 5 A SR LTV A ), ERE
BT ARSI R B & UBTEOREE, R
BPEFER (REDSORIECT R E M= 2 5T R
BT AHRT) OBSICE Y BRTRHREER
HAHIERHLNTWS Y, L, FFERBMER
DG EFEICIENEILT 22618, BHRERE
KRR THIZE & N7 HilhE O 5T B R M RE O
SREA AR DS, RHEEFGRERICRRAILED
Exzbhb.

b M ORFRIITMAENFEL, TOHPNE
ORREIHMOBITEIT A I EBMOA T
%. Kimura et al. ® X, 8% 5E8)EEICBNT
FHREEIORAETFREZEE L, EERREOR
KPR Z ORI R EIR TR X 2D, 20

RGN EINECRDILZHEL TS,

VI4E, Takano etal.” %> Kondo et al. 8 (&, JEB)i#
FEDRERITHE ) FHEOHEIMATHIZEE T & I8
ECTHAZLEHRELTWS, —F, EEIMLTE
WZowWTiE, EHELoMED S WE AL &
HEARME (Wi E) KR TBY, ThITHE
BB D B I BUG DB & B U7
X, BEAERDLHLWY, WFRICLTHIE
Bl B ORI AR IAE D EBALOZETT - B2 MLk & RS
DEALE ZILOBLE D HBES L2Blid % v,

- ZTAHBAETIE, HERA LSS KRR
FEIUE (V0,0 P35%, 50%, 65%I2HE
L-EREEHZ FhEFNEL L HICERES ¢,
SARREICBIT B HEL IO - B8 IR
FIEB & UEBTRE O KIZHES £ 6 D%
A C IR L 7.

1.5 &

1. 1 #HEREDSHREE

BeBRE L, | A AR A 55
%9FBDBTRFE (20255) L 6 BDHEEES
% (65-77/8%) THholz. HHEEARVTIOHK
B b MR E THEBATUND A AR - iEH)
ISIML TV BWIER 2 E ThH o7z, BilE
WWEBBETY a ¥ vy, REEILL EOEERE
R BT LWERBETH o2, BHERE \ZITHEIC
EEROHM, £UHBLPHNENEFEZFHBEL, £
EREIMOAFE 21572,

1. 2 RBREFEGHFHIUFIRE

BAEERE L, VO, D 35%, 50%, 65 %38k
ICAES T 5 305 MO BiEEER 2 R 5 HICE
L7 T4bb, BBREEX a— VYDA
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1 Subject characteristics

n Age " Ht Mass Ap/mass MSF VOx

(yr) (cm) (kg) (cm*-kg ™) (mm)  (ml'kg'*min?)
Young 9 23&£1 17221 67 t2 279+ 6 9+ 1 49 2
Older 6 70 £ 2% 163 + 3% 56 &+ 3% 261 & 3* 1002 39 + 2%

Values are means * SEM. *P<0.05 from young men. Ap/mass, surface area-to-mass ratio ; MSF, mean values of skinfolds
thickness at 7 sites (chest, abdomen, back, flank, triceps, forearm and thigh) ; VOy,,,,, estimated maximal oxygen uptake
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2 Valuables of young and older men at the end of 30-min exercise at 35, 50 and 65 % ‘.IOZmax

L o Rest 35 % VO,a 50 % VO30 65 % VO
HR, bt min’!
Young 75+1 100 =3 125+3 155+ 4
Older 62+ 2% 86+ 4% 10213 * 129 = 3 *
T C
Young 37.09 + 0.07 37.43 +0.08 37.56 + 0.05 37.80 + 0.08
Older 37.14 £ 0.10 3714 £ 0.11% 37.40 = 0.10 37724 0.08
Ty, C
Young 34.20 + 0.14 33914021 34.40 + 0.18 3470 £ 0.17
Older 33.77 £ 0.16 3318 £ 0.17 * 32,75+ 0.18 * 32,75+ 0.19 *

Values are means = SEM. ¥P<0.05 from young men. HR, heart rate ; Ty, rectal temperature ; T, mean skin temperature

30pm Forehead 15 ge Chest
20p=
anl
1.0p=
0.0 |
1.5p= Back 1.5 p= Forearm
T oF
15
£
1%}
. 0.5 =
an
E
&
- B
0.0 ]
1.5p= Thigh 1.5 g FAIm B Young, 35 % VO,
® Young, 50 % VO,
& Young, 65 % VOpq,,
@ Older, 35 % VOjmax
1.0k= 1.0 b= 0 Older, 50%\:’02,,,“
& Older, 65 % VO,
0.5 =
] 0.0 1 I 1 ] 1 1 1 ]
0 10 20 30
Time (min)

11 Changes in the local sweating rate (m,,) on the forehead, chest, back, forearm, thigh and palm in the young and older men

during exercise at 35, 50 and 65 % of the maximal O, uptake (\'zozm) . Values are means and SEM
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BICBWTHFEOm, \LEBRBERICEHEL,
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LD My, 13D 2HRFE S o TRHML, CORE
FD LB r iz R L. FEERLS
AL B BT E R My, O 50 % 25 2 B
i3, WEEBIET @Rk, FoMmmkE
CICKBRCHEE 75 572 (35% VOypay & 13.6 £0.7
vs 10.4 £ 0.5%", 50% VOyppax & 11.8 %+ 1.0 vs
75+ 0.5%, 65% VO, - 9.6+ 1.4 vs 6.9 + 0.2
4y, P<0.05). FEOm I, WThOEEHE
BT b 30 5 O FHETIREREAE B
572 (35% VO, & 0.267 = 0.015 vs 0.446 +
0.045 mg-em2-min!, 50 % VO, & 0.324 £ 0.029
vs 0.498 + 0.059 mg-cm2-min!, 65 % VO,
0.335 + 0.032 vs 0.564 + 0.053 mg:cm2+min’};
P<0.05).

#3113, HHESWMEL 5RO Zm,,, ASG,
SOG OF¥¥EEZRT. FHmg, B X UFHSGO
(X, TR EBTREORKICHEVERICHEML
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EEEECTHEICHMLAZDDD, 50%2565%

VOymax EBIEETIIZAL L 220 72, FHASG i
TV O EEIREER D A B R ERFEIAONR
Ao leds, FHmy, B L UFHSGO i EiE
PEEIK P o 7z,

B2k, RiEB L UTEERADOEBRTHS
%%tﬁﬁ&%ﬁs%ﬁmmw,mm,&m%%
NENWEFREFNR Y. mg, ix, MHEOWTR
DEALT & EBNEEE O RIPE VA RIS L 72,
L2 L, 20OMMOBEIIEMICE W RE 572272
O, EENEE ORISR EP R o 72,
ThbBEEBRAD ML, 35% VO BB
TIRIDHIBEL U, 50 % VO, BN TIIRI4E
DRI E KBRX 1, 65 % VO, EBIEETIXAT4E
PREOTXTOHALLY, SHICHAIRERLY,
WTFRLABCE P72, BEEIIBVWTY,
35 % VO,may TEBIER CIIBTAAHIB & KRR L D,
50 % & 65 % VO SEBIEE T BTAEAMBO$ R T
DIRLED, & 5I265% VO, Tkl Fh Kk
BRED, WFRIERICEP-72. STLOmg,
DAFHEIZN T % FHALD mg, DI, WEEL
bESFREOWHRI - TR KE 2D (&
B D 30%VO0,,, ; 32.2+3.5%, 50%
VOpmax 5 35.2+3.8%, 65% VOymay 5 41.9 %
3.2%, HEHRAN: 2241+3.3%, 29.8+3.1%,
36.7+1.8%), KBAVNE Lo/ (HEE
30 % VO,max 5 13.84£2.9%, 50% VO, 5
108+ 1.4%, 65% VOyp. 5 8.7 +0.8%, EAEH

%3 Mean values of local sweating rate (Mean m sw), activated sweat gland density (Mean ASG) and
sweat output per gland (Mean SGO) for five body sites for 5 min before the end of each 30-min exercise

35 % VOsmax 50 % VOymax 65 % VO,

Mean, Mg, mg*cm 2 min’!

Young 0.430 = 0.028 0.774 % 0.063 * 1.150 + 0.064 = &

Older 0256 £0.030 ¥ 0.489 £0.033 % ¥ 0.739 £ 0.050 % &Y
Mean ASG, glands * cm™ :

Young 85+4 109 + 6 * 115+5%

Older 91+8 118+ 6* 124+ 4%
Mean SGO, g, gland™? * min’!

Young 5.80 + 0.62 7.97 +0.60 * 10.48 £ 0.62 % &

Older : 301+£027Y 427+£033%Y 590 +0.51 =&Y
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AN:204+£19%, 165£1.5%, 125+0.8%). ASG (3, FRHE DIFHI35 % VOyma, FEIH L
ZORBOLRIL, HEEIFABINI N7, BrolbDd, WTFNOEEHERDVTIO
My 1, 35% VO, EEIEEORIEE, 50 % \'fozm HALICBWTIEELRERBEERIAL N B, o7z,
BB ORI & BB, 65 % VO, EIEE DT FVTHOEBREICBWTS, WERTEEL D
BRELEWMBEEDLALN L7205, wWFho M D ASG b FAL &L ) HREIZE» o 72,
Bk OB & b oI TIEEEE A BB, ASGiE, EFERAICBWTHZE - % - gilici
o7z, EHE D 50 % & 65 % VO, EBIED M, 35 %D 50 % VO, BB CHY ﬁﬂ L7b0o,
% AT B E B R EE AT IDE L VA ERAD 35 % 50 %721 & 65 % VO, TH B2 HIMAT I & ALk
¥ 50 % VO, BB O m, & # N ENILET 5 o7z, [FROZEALA Sl E ORI - Wik - KBRT
L, BEMENIKBRTOAEREIKDLI 7. A HNTz. BERANOKIR, wEikE O - o
ASG T, EHREDOEBIZED LN Ld o7,
B Older - Young *
E
g
o
Z
£
3
2

% V‘102 max

2 Local sweating rate (my,,), the density of active sweat gland (ASG) and sweat output per gland (SGO) in the interval between
25 and 30 min after starting exercise at 35, 50 and 65 % of the maximal O, uptake (VOE,W) in the young and older men. Values are means
and SEM. *P<0.05 from 35 % VOzm\ ** P<(.05 from 35 and 65 % Voz,w, #P<0.05 from65 % VOZ,M, YP<0.05 from young men
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AEICHML 7.

SGO X, HHEMAOFHE - ¥ - KR THEE R
EOBRIHEVERELZENIASR, WTI
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A B Ko 7.

13 (TR - 19 - WIS 351 2 3B % LDF
DAERFEAL % EBFREF IC/R . % LDFIZ, W
FTNOEFALIZ BT H EBIBIGEHR —ERM %2 B W
THMS %45, EORNIZ50% & 65 % VOype T
T SUE & RIS E S AR 2 RS &R L7z,
TR % LDF D 50 % 123§ 5 WX, #2iE
RIBEIZ B VT, 50 % VOy0 TiE14.1 £ 1.9 vs
8.3 0453, 65% VO, Tid 13.0 £ 2.2 vs 7.4 +
0443725 72 (P<0.05).

X 4 (35O BIT 2 BB T ERTS D%
LDF Z & B R ICR§ . EBISRE OB AT
9 % LDF OZ1bik, MEOWTHOEMTDH
50 %, 65 % VOymax 7535 % VO,a & D HEICH

WMo T2, WEEORBEERNTS0% & 65%
VOymax B ISR E B A EBLE A SN Dot &
i D % LDF TR A B2 B ET T h o
THAOLNLHP oD%, HEKRAL35%E50%
VO pmax THIBEASMOEAL L D, 65 % VO, Tt
HiBE & MaSRIZR & ) T ZRAEICK S R ilie R
L7z, ZD%LDFIE, 35% VO, B L 65%
VO HEORIAEZ IR X, BIESEERALY

400 = Forehead = Young, 35%\:ng
e ® Young, 50 % VO,
& Young, 65 % VOyy,,
300 = D Older, 35%\"02,““
= 0 Older, 50 % VO 5
§ L a Older, 65 % VO,
(&4
3 200 =
R
p—
100 p=
L 1 1 1 1 1 1
40 Chest
300 p=
% -
g 20}
s
BQ e
lm p—
400 p=
—~ 300 f=
&
LL._ Sk
2|
) 200 p=
100 =

Time (min)

X3 Time-course of the percentage change in skin blood flow by
laser Doppler flowmetry relative to the baseline value (% LDF) on
the forehead, chest and forearm in the young and older men during
exercise at 35, 50 and 65 % of the maximal O, uptake (VO,pqy).
Values are means and SEM
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HEIEDP o7, BRED65% V0,0, B0 %
LDF & EEBAD 50 % VO, B DA % SRALEEIC
HBELTY, TXRTOFMTHHZEIEEIEDL

27z,
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T OEMAIRIE, FXTATEB)RE I L
THEBOIZHEMT 5 Z EFMbh T2 5, FiF
RIIBITHEHRTROT, b, WEL HESH
BEDBEARITE N EF L7z, F 72, 35% VO, B
TIXEREVEERALVENT,, 2R L7,
50 % & 65 % VO, CTlIEERERBEEIAON
Aotz HRTRWTROEBHREOHETH
EERENEEICEY o 728, TEHMEICH T A HR
OHIFEB X U4ERD b HEE Lo OaEucsd

B . forehead
300 Older [_j chest
&
FL
5
*®
%
=
[a]
|
®

35 50 65
% VOpma

B44  Percentage change in skin blood flow by laser Doppler
flowmetry relative to the baseline value (% LDF) on the forehead,
chest and forearm in the interval between 25 and 30 min after starting
exercise at 35, 50 and 65 % of the maximal O, uptake ( VO,p,,) in
the young and older men. Values are means and SEM. * P<(.05 from
359% VOqpuy ** P<0.05 from 35 and 65 % VO,pay, ¥ P<0.05 from
young men
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