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Z OFSIIRDIFER S, REROFEFRFEREMATELDLN TN D,
Fujimoto T, Sasaki Y, Wakabayashi H, Sengoku Y, Tsubakimoto S, Nishiyasu T. (2016)

Maximal workload but not peak oxygen uptake is decreased during immersed incremental

exercise at cooler temperatures. Eur J Appl Physiol 116: 1819-27. (WFCiRE 1)

Fujimoto T, Tsuji B, Sasaki Y, Dobashi K, Sengoku Y, Fujii N, Nishiyasu T. (2019)
Low-intensity exercise delays shivering response to core cooling. Am J Physiol Regul Integr

Comp Physiol. 316: R535-R542 (WF5EiRE 2-1, 2-2)



sEER L OEE =

BMI Body Mass Index

KELEENOHEIND, & b OJEME 2R T IRSE,

BSA Body Surface Area ({KZ i) [m?]

HREBIOFENOEN SN D H RO,
DAP Diastolic Arterial Blood Pressure (Y45 ENRIMT) : [mmHg]

fr Respiratory Frequency (FFW#X) : [breaths min™']

1 53 W DAL,

HR Heart Rate (\0>1240) : [beats min™']

DS 1 43 NG 3 5 1%L,

MAP Mean Arterial Pressure (-2 @k IfiL/+) : [mmHg]

MAP = (SAP - DAP) /3 + DAP TR 615,

RER Respiratory Exchange Ratio (FFW. AZ#2LE) [units]
VCO, % VO, ThR L 7=, BERHOAZDEAIL 1.00, NFEAHM DB D

B 0703 £72 %,
SAP Systolic Arterial Blood Pressure (JWAREHAEIRINT) : [mmHg]

Tes Esophageal Temperature (R3&15) : [°C]
BREGRAZM L THIZ LA LB L, FIRDOLLE (Core) DIREE

T HEMEOEREE LTHVW LS,



TS Thermal Sensation (IEEH) : [units]
T 72 IR A BT T 5 A
T Skin Temperature (£ f&ift) : [°C]
BRBEIRS AT % LML d % FHIRDIERER (Shell) OIREDIEEE

ELTHWwWLND,

To Mean Skin Temperature (*F-¥ 2 i) : [°C]

HIROEHE T CRIE L2 FIRN S . BEREEDO R TERST

LTk D,
Tw Water Temperature (7Kifi) : [°C]
VCO, Carbon Deoxide Elimination ( _f2{bxEHEH &) : [ml min™]

AARDS 1 3N D PRS2 “IRfbiRFE D &,

Ve Minute Ventilation (734 &) : [1 min'']

| BB R, Ve= V1 < fi (Vr, /R 1Z EERBIB) 209 BIRIC AR 5,

Ve VCO; Ventilatory Equivalent for VO, (Al iR FEHA5Y ) ¢ [units]

153 0 "R bR R PR 72 D O,

Ve ! VO, Ventilatory Equivalent for VO, (P &) ¢« [units]

1 53 M O RRFRIE IR Y 72 V) ORI &,

VO, Oxygen Uptake (B33 HUE) : [ml min™']

R 1 A RNTAENIZEL Y AT RS D &,



I‘/OZmax

VOchak

Vr

Maximal Oxygen Uptake (F&32 {2 &) : [ml min!]

MR ED RN T, B DA DIRIEL 722,

Peak Oxygen Uptake (3 /5 e R HUE) : [ml min™']
EENZRE R E ORI LV B ERENEOR MEORT THITHIZ R D
BEnH Y ZHUTEDORKBEFBIUE TIIRWI &b | R RIERER

BEXNTDHDITHND,

Tidal Volume (1 [AI#5( &) : [ml]

1 [ DFERIZ 31T DR,



I. %

i)

F =TT —H AL I T (OWS) RN T A T A UNZBIT DAL L HER)NTITH
KHF LT v —IEEN T, FHICERIEOEWIC L - TIRIAVIKIRERE T TiThild, 72 & 213,
FEIBEKVKHEE (FINA) (X OWS OBEEIRANC ISV T, OWS [3/KIE (water temperature: Ty) 16-
31°C OFPAN TITONRIT TR B 2N L E R LTS, KOBYRERIIZELRDOZD
25 % & @ < (Toner & McArdle 2011), FAZEZX LT WEE N H 5728, KIEOIEWIL OWS
ZIE U & T HKFEBRFOEFICEICREREEL KT T LE X DD (McArdle et al.
1976; McArdle et al. 1984b; Nadel et al. 1973, 1974; Rennie et al. 1980), Rf(Z{K/KIEEREE FCTD
OWS OREFFITIL, RBEET ATV CELEOBBELESINTVDIZ L )b b TKE
IRIEICRE D Z & (Castro et al. 2009) CRERIEBR R DFIL (K DREERCOME (5 DOfERRMED
HHZ L, NTAT AR NZBIT AR ERELOK 8 BINAAL LIZEZ S Z ERHRESH
TH Y (Tipton & Bradford 2014), Z U5 IZITE/KIREREE T COEEBRFORIRAL T2 AU LE
> THA U 2 FFRAEBRIGZ 23 BE L TN 5 ATREME SRR S 41T % (Shattock & Tipton 2012;
Tipton & Bradford 2014), 7z, EAK FRFIZIL, B ZBELEET 2720 OfTHE) EACER &
T 5%) T DATEMEMRIRFIE SIS BB B9~ 2 72 8 0 B 18 e B R
BAEMFRET 2720052 2RHESDABEEAL Vo HAMEIRIEFES RIS EL S
(Golden & Tipton 2002; Nakamura & Morrison 2008a, b; Romanovsky 2007), L7» L7223 5, i
BRFIZAE U D 2o OERIBFAESISIC O W TIARI 72 i3 2% < EENRF O RIEFRHT OGS
ZAUTHTRE L CTAE L 2 AFUGEPMEKIREREE T TO OWS R0KH Lo v — K8 ORI
FESCII R BR R D FHUTEE L TV Db LIV, 20 2 &S (KKIEERE T To OWS
KLY —IRENC BT B REVEER T —~ A\ LTI, KRR T
BT DEEBREO AEREIERCE DB A I = X LAOfRANEZETH D,

MR T (Tw 18-20°C) IZ8B1) 2 K T AAHEIIRH X, H/KIBRE T COR—A&



FHEEIRF L LB ERENEMEE T Z 2RI TEY (McArdle et al. 1976; Nadel et
al. 1974; Rennie et al. 1980), Z OEERRBHEDOHEMIZILS D A LCHIELDIETIZ L > TAEL D
5 OBERDREOIL T ARG LT D AlREMEDVRIZ X 7T D (McArdle et al. 1976), #7KER
BRI 31T 2 EB R DR R PR A BRI E X, KR DENT K o THEB)RF O R IR R
JEIRNEELZITHILICLoTALDEBZ LN, KIRETHLKF LT Y —I5H)
ROHLHEHI B IREE D OWS D X 91T, MRV EBNTREEZ 31T 2 IEBRF DRI & FERIE BRI E O
BIRIEIC DWW TIE BTl e, 72, WKRE FICB T 2 RFAMETRICE N T, 55
2 R 2 M TEE A O B Ao AR AR EB) N 7 4 —~ U R EHIBRT 500 LiL7auy,

L LR35 /KEREE T 31T 2 B O RIR PRGBS FRARER) 7 +—~
ANZDWTIEHA L TRV,

IHET, EEAEOEKTICL > TEL D 5D IOV TOMIEIL, EICLEREORIGE
RETd 5 2 & TITh#LTE 72 (Cabanac & Massonnet 1977; Cheng et al. 1995; Mekjavic et al.
1991; Mittleman & Mekjavic 1991; Nakajima et al. 2002), ‘“ZZE#IRFIZ U CTHREMAIR OIR T ICpE
955 2 EMETT D50 FRIICEB BFBESORMEER A — VI L FERRR AT S8, %
HARE DR TICR LTS D 2K > TA L 2BFRBIECHIEE O 72 & O KOS % it
L. 525 2 E Uhhed 2 RIARRBIESC . BIELARE O [RR ELH O & TR S L2 RIEIR T I
®I D 5D ZORUGE (B2 ME) MEEl S LT E 72 (Cabanac & Massonnet 1977; Cheng et al.
1995; Mekjavic et al. 1991; Nakajima et al. 2002), =D — 5T, HERHZI S 55 XANELDH T &
DR STV 5 2Y (Hong & Nadel 1979; McArdle et al. 1976; McArdle et al. 1984b; Nadel et al.
1973, 1974), EEERFD 5 5 2 DFFEIZHOWTRHRET L72BFEIZIE & A £ 720 (Hong & Nadel
1979; Nadel et al. 1973),

b R MEKIREREE FIZBW TEEBI 21T 2 HEaI12id, EE)NC K 5BGEL L DT R
DENT | REEIRME T LTV EEF 2 6D, TREERIEDME T LT EAEITIE, 55

A 72 EOAAMERIRFE OSSO, BE 2T 5 2 & TNz RS 5 72 OTEE DK



ARG SS 21T 9 (Kanosue et al. 2010; Romanovsky 2007), 55 z. 72 £ 0 H AR FENL.

PEBIRIRSC R FIROZL & Vo o R (REWEER) 7217 T2 < MEDELERIT LD
OB E 7p & & o T BB Lo kk 4 R ERIC L > CTHREL T D AREMER & 0 |

I BT BEMEREFENC L KT T IERBAM R & FEX 5 (Kanosue et al. 2010;
Kondo et al. 2010; Shibasaki et al. 2003), FEIEEMA:ZIIX 23 F AP ARSI LT T 2B+
HAFZEIE, EICEBEREE TR 2 B QBSOS E R LIz b ORE < | B, EH)
BRI I3RR 2 7o JEIREVE R A EA MBI < 2 & T, REFREOBBHESOG & 138705 2 &
R X TCU % (Kenny et al. 2003a; Kondo et al. 1999; Shibasaki et al. 2003; Shibasaki et al. 2005;
Takamata et al. 2001; Yanagimoto et al. 2003), —J5C, FEIREVEZE R AMAIR - 7-RF OB
T B2 % 5B B3 DA SE & I BREUIT . FRIR A 22 IR 2 AT T Ry oD BB il B
ROPEESUN 5 2. 5 BT BT D WP RITFER ICIR 5 41T 5, Hong & Nadel (1979) (%, B2
BEIR 10°C OFERBREE FIZBWT 0, 30 BEL 60 W O—EA T HisHiE# 21T 7= L & D
TREEARR & AR IR L OIS FL 22 O i TG 8) & DO BIfR ) DIEBENRFD 55 2 12DV T
B L. BB TSR 2 — EAREBIRE L, EBSRE OB A ORI AR T Io x4
H5HZDORISHEMET T2 Z L 2WE L TR0, HB)E ARCHEE) CREHE U 7 JRE W
K352 2 232 L Ol < FIaEtEZ R~ LT\ D, & L, EHE) JACEE)N B L -
FEREMEDERNC L > T2 2N MKl S D7 HIF, RFFiE & ik U CGEBIRFICIZS S 2
DFFE (55 2 D3BtAT 2 B IRIR B O ARIRIR T2kt 32 5 2 2 OBJRME) #3572 2 A
REMEDRE 2 HILD M, EEIFFD .55 X OFRFEIZOW T L TldZevw, £72, AT
BOTHE SN TV DLEEHIED 52 2 OUETRIEBEIIFEHR TR L T 6T (36.2-
37.3°C) (Cabanac & Massonnet 1977; Mekjavic et al. 1991; Nakajima et al. 2002), Z U2 (328
FMEOE [IEEOEWREHIR (1 B H 720 OREOK TESY) OEWEE] N
LTV A[REMERIZ X1 CU % (Cheng et al. 1995; Mittleman & Mekjavic 1991), L7z43-5

T, ERICEERNTICERRIEME T LT BAED 55 2 ORI OWTRET 28412



L. SRS AR E TR LR 7 e hatz2HWS I ENREETHILI EEZOND, F
7o BIRDOFEATHIRIC R T 5 55 2 DREAIRREIL 36.2-37.3°C ThH 528 (Cabanac &
Massonnet 1977; Mekjavic et al. 1991; Nakajima et al. 2002), t bk Dl OEFAIE K 37°C
ThHIELEBETHE EBREZIK T IELERNLSD AR S (EIREREIKT
SHIAD DHETORFRICE O T TICREAR 2 55 2 OBIMEMSTICAIE LTV D) 2 &R
FHRIN, 52 2 OFEHIMEBEZARICHRIEH TER2WEEZbND, ZDD, 5DHZ2D
VR ARIRBENE 2 B SR L TEEh RO 55 2 OREZ R 5 72 I id, TRl IR A
LA SELIERETNVOMSLPLETHD EZEZHND, S 5T, BARPERIRFRE & sk
12, B MCBWTTEMERERE O L L THVL SN D 280/ 82 O R ERGE b i
L DB EZITH I ENTRBEIITND (Gerrett et al. 2015; Ouzzahra et al. 2012), 1
X, FEEERRRHC SE RN —EDOWHRIE (20°C) I Z 1256 O R GIRERKTR, ZF
IRp & Lo U TR EE d K OV PR B — & A AT BN R (30-50% i KER B HUEIRE) (1286 < 72
D (WS ZECICLK L 72D) ZERHME SN TS (Gerrett etal. 2015; Ouzzahra et al. 2012),
THET, EEREREREICRIETEEICOWTIFIERE F TOARF SN Tx -
7% (Gerrett et al. 2015; Ouzzahra et al. 2012), SEFSIZIRAKIREREE FICB W CEEN 217 2 551
XL ESBEIRME T L TWARREMER B 2 v, B b ORI TR AR SR X
STHESND Z EDURER STV DA (Gagge et al. 1967; Gagge et al. 1969; Mower 1976;
Schlader etal. 2011b), H7KEREE NIZI51T 2 IRGRE EB R I SRR MK T Lo 56 O EERK
FAZOWTIEARBZR AR L, b L, M/KERED T COARGREEBRFIZ 36U CIREMAIR B g
RIKTICxT 2 288 OB ORERE N LHIFL Y b, BIZWIT <R
%A ARTRESEE R I TEMERIRINE SOC A TIZK <7220 | OWS RoAKFI LT x —iF
BT DIRRIRIEDOFAITERE L TV D0 LIV, & HIC, KHHREE IEE I 500
HIZHIT DIREZ RN DANNBWDT 5 2 & TRERREOMILNEL 256, TR

FERER DAL BARDS B AVEAIR I OISR Z Ol o0 £ PRI (25

&

B RIET D d LILZRuy,



LIED Z &G AW TIE, RERZEE DM Z FIWW T MKBREE T2 1T D IEIRY ES)
FRIEIZF 1T 2 EE IR O AIE-LCFFREBR G . S B2, TREMAEME T L TWSEBARICAEL S
EBF D 5 2 2 DRE, ATEMERRFIEI OGS OFREE & 72 5 25 F6 X OB LRI 0O EH)

REOFFEIC OV TIRETT 2 2 & & LT,



Il. SCHERAFZE

1. b FOEERELEREM

RIRIZH ROIRE 2R TIHEIETH 505, HIROFAUZ L VIREIIRE S B, —KHIIC
b N OERRNEOIRE TBREHRICED 53 37°C T BRI TR Y (RIEOHE M),
FRERY &L HERER TH 5 REOEEITREEN O KE S WEBEZIT 5, BEOREN
ZELTHIZE A LRENED SRV ZBDE (core) &V, Z DIREE IR (core
temperature) & FMHEN D, )7, BREIROBMICKE SEELZ T, TORENEDLEHY
ZHNRER (shell) &, Z OIREE TSN EIR (shell temperature) & MEEIL D, FEBRIVIZIZ, ¥
DIROFRIE L U CEHBENRCEGIR, BEiR e & OEMEIESHW LI, FMEHROEE S LT
IRV H415  (Kanosue et al. 2010; Romanovsky 2007),

b hOBDRMSEREOZIZBEDL 5 TR L Z 37°C IR TV D DI, BREEDO (ISR
U THMEMICHRIRZRE T 2ENTRAZALTHDNETHY . ity BHEMEAIR R
VD, HEVERIRFESNIL, BRENRE (MR O MEDZIZIE U T, IR ER-
T 2B A I BSOS Th 2 BB 2 BB REOMAE Z IR SE L 2 ERRITTH2 LT
T, RIRDME T4 2856 IR MR RS C & 2 Bk o IR % B & # i o i 2 I S
HZETITWV, EHICIESDRBELEB L VSD XTIV ERT S, —J, Fxld “BEvY
R VY LW o TRV - RERERIC Ko THRIROENCHEEEZFIHT 5, b 0K
JMTIBREIROZELZE LD Z & TWHRIGEZ LS TH Y . BEMEERFRENITS LT
ITEMERIRNET & M5, 2006 @ BN T OMTEMEOERIRRET 217 9 2 & T~ 7RIREE
TIZBWTRIRDOEFE A% > T % (Kanosue et al. 2010; Romanovsky 2007),

RIRFREI RS O b BEREENT, R E —EICHER T2 L TH Y | BEROZE(E
RIROEAL AR T 2 2 & THEMECITEMMEDRIRRE 2170, BIROE(LEZ 5 &

To, INODOELERET 51 Y —ITH RO T H D BB T 8 2 ik, EED



Wi, B 72 E120A LT % (Nakamura & Morrison 2011; Romanovsky 2007), = (2% L D
FAbzEAM L, TNEZITHBHET L OICECLIERIBRAEIE, 2 TT7 4774 —KXw 2
(Negative feedback) i & FEIXIL, BOEOZELO KX 2 X 0 @Y 2 IBRAHI 2175, L
MU, FHAT 4 77 14— K3y 7 RENI RN E L LTI TEIET 5720, Bl
RENBEBANEL D, ZHUIx LT, IO DIREE o — I3 REIROZ A
LRECIY | BOIEAZT ZANCAERET 25 S8 23, 2 O, SSEoiRE
Zlplzxt LT, BEODEOE(ERB L CEET LI NS, 74— R7+T— R
(Feedforward) F &1 & MEIXIL, 7 4 — Ay 7RG OENZM OB 23 5 (Figure 1)

(Kanosue et al. 2010),

4

feedforward =" | controlled
signal .| controller system N
egulate
(effectors) (body mass) el
(Tcme)

sensor [*

feedback signal

Figure 1. Schematic design of the negative feedback and feedforward control. T.: ambient temperature,

Teore: core temperature. (Kanosue et al. 2010)



2. (RIBAE TR OB FAEBOG
1) PRIRFAE O

b M EEOERDYIL. BAOVREIRO R CTHRIEE —EILfRko> TV D, FRZ, Zun %l
L TCWLRAT 477 4— Ry 7B T, BOEOREDEZE IS Z
& IR RS A5 & 2 29 (Kanosue et al. 2010), ZDH T, i b HE A FHK O E
ZR A DRE > TN D ODMRR FENZ BT HHRFERITE (preoptic area) T U | FAK Nl
CIXEEN EAHT25 2 & TIREAHEMNT iR = o2 — 1 B8 L ONEE O TIZ X > THHEIH
BT A =2 —1 VU NFEET % (Boulant 2011; Wechselberger et al. 2006), AJEAL FHEIZ I
BB OIREETZ VT T < WIS B F RN AFE T DIREZ Ba N REE (b2 AL, R
PEDO AN BRZRFIFICB N THRE NS Z LT, il L7eh=a—r BN EITEEL S L,
ZO—FHT=a—a OIFERIG & D LB X DL TE 28 (Bligh2006), I OHFSE
W2 X o T MRIBE FREOMRIEFAFH LSBT HIR =2 — e BN EIZEE L TV | (RIRIK
TICEVE=2—a COFEERMEI SIS Z LT, 5D20HESDZBUEE L Vo T2 UG
DHEREIND Z ENME SN TV D (Chen et al. 1998; Zhang et al. 1995), HHX D& = 7%

TIXH RN OREZEZ NS D01k L, ORI e & ORI b BRI EBE O
R E BT 22 R DT 5, ER L7z X D12, ZNOHRMOIRESRERITT 1« —
R74U— NififiL LTOE2A L TRY ., KT, BUE ORI OISR IEG R %
BT DRI THDH &SN TS (Romanovsky 2007, 2014),

bbbt FREGICERGBINGE, ROIEZ D ONIREZ ST L Z L0 LE%
5D EWVSTATEMEDRIRFEI CTh 5, £ LT, TEIMEOERIEFE CTIHEIR L MR 2 0l
RAG7eGE6, 55 2052 ZBGEA & W o T AAMERIEREI OS2 E U 5, RERERTE 2
BOHR TECIE, AR L OB DIREZ B b O AN Z#iG LT, Sadin %
HELSHDIL=a—a U b OMEFE T EDILD (Boulant 2011; Wechselberger et al. 2006),

Za—n RSB D = 2 — 1 AZIREME O BIEIE D & U | o BIER 23 A



SR Lo TR D Z LT, BRx RIEE ISR 2 IRIRAEI S 2 I i T> T\ b & &
Z H% (Kanosueetal. 2010), & B2, WL DO0DAFFEIZEB W T, BELSO TR (FEEEL
PEEIA) (2 K- T Rl U72ATEMEARRFR T B AR RS D 1 S TH D55 27
EORIBFAFE SN EEZZ T H T L bHESNTEY (Gerrett et al. 2015; Hohtola et al.
1980; Hong & Nadel 1979; Johnston et al. 1996a; Johnston et al. 1996b; Johnston et al. 1996¢;
Kemppainen et al. 1985; Kenny et al. 1998; Kenny et al. 1999; Mott 1963; Nadel et al. 1973; Nakajima
et al. 2002; Ouzzahra et al. 2012; Tattersall & Milsom 2009), ZAUIHAEAIFORE =2 —1
IRRELS DL S OFEDO A3 H D | RRR TR ORRRS OS2 EM L TW\WD 2 &

ZoRE L C % (Figure 2),

Tskin .
(Ta) —> Ry disturbance
Sweating
feed forward Lo
High Low
> Ta " Ta
Nonthermal Vasomotion”
factors — \
(pyrogen. Body mass ﬂ
exercise etc.) N / y
__' -

j \\ISh ivering
p—

negative feedback

Figure 2. Thermoregulatory system composed of multiple independently working effectors with Teore
feedback and T,/ Tsin feedforward input. Threshold in a neutral situation are shown with thick lines in
each box. The property of feedback reflects threshold distributions among effectors and the property
of feedforward reflects how each threshold changes with 7./ Tiin change (Dotted and Thin lines). Teore:
core temperature, T.: ambient temperature, Tein: skin temperature, NST: nonshivering thermogenesis.

(Kanosue et al. 2010)



2) BEEMEARR RS

FEMBREE T IRV TR EEIRAME T2 & | IREVMARIR 2 HERF - 2 72 DI & L
ST 2 B M TG SORROIES 2 A BEAE 52 25 S 2 S D, BUR ML AE IHE RO
X E~OMIRREAERT I T2 2 & TRREDOREZK T I, RBEIR L DIREEL /NS
T 52 & TEkRZ Bl 5 (Johnson et al. 2014; Pergola et al. 1996; Savage & Brengelmann
1996; Stephens et al. 2001), L2>L7228 5, FJEMEINAEIC L 2 HEREOREDKTB LD
BEAMENIZRA R H 0 | BRETIR & RIFIRO AN 2L 22D 2 Lidw, 2T, AR
ZHERFT DT DTN TORGEAENRKETH Y | ZOBGEARITIES DL ZBPEA L 5D %
WCRDBPEADRKRELS 2 DI END, S D ZBEL TG EIEN MR T 21K
H O & - TEPEAZAT 5 B\PE/LHEME TH VY (Nedergaard et al. 2007; van Marken
Lichtenbelt & Schrauwen 2011), —J7, R ME A3 K OFES D 2 BAFEAE 720 CIXEVEGHRIC
LDHWIRIE T 2/ ARG E, 50 AN K DBEENEZ 2, 52 2T B ORHEERIIX
Ml £ 2RO L > TEVEAZIT OB TH Y . 24D OUIRIR TR O RS SO

Porx OFFHEOBG 2 LICHERIIHKE T 2 Z &b, BEMERIRHNE & /FHiXh 5,

(1) R i 5 ISR I
& FORMRERICIE, BAEICRT DM RIL 30-40 mL 100 mL! min FREETH 5235, KH
ICEAET IR ARDS BN D U< R OE T 2RAT 5 & B HREE D 5 O H

ZAM T2 7o O B I IHESOG A3 A C IR S 5RO B I I B & it & 13X 012

B

72 % (Johnson et al. 2014; Kanosue et al. 2010; Nakamura & Morrison 2011), Savage &
Brengelmann (1996) 1%, 5850, BB L OHABIZBRWN T BHITIKEZREDNT D Z & CRIEIRE
T S 7256 ORI KX OHIBEA IR R I OWTRE Lz, BHITKEZKRE T
% 2 & TREMEIRA 34 05 32°C ICRBICIR F Sz & & RRROE FISARE L TrilEo

B MR B DMK T L, RIRHSERERIES DTN EH L2282 WmE L TN D, EHICZD

10



IRF, K& IR & DT 727> T ORI B MR & AR T L72 2 &b | ZERiliMis 4 2 %
SR 0D B R LA B ORI Z B FED R TH D . Z O FURDSTRES IR O AERFL BB D4

il e Vo 7o RICEB W THEREE 2> TnD Z &2 R L TW5 (Figure 3),
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Figure 3. Responses in forearm blood flow and esophageal temperature to small cycle in whole body
skin temperature. The data in the upper panel are from a forearm that was maintained at a neutral
temperature throughout (dry) and the data in the second panel are from a forearm that had the surface
temperature cycle with skin temperature (wet). The vasoconstrictor response to the approximately 2°C
reductions in skin temperature was sufficient to limit heat loss and cause internal temperature to
increase. In this range, the response was almost entirely due to reflex vasoconstriction, as the variation

in local temperature did not notably affect the response. (Savage & Brengelmann 1996)

FEM BT L > THE U 2 A HEROSIE E IS PEDORIGETH 0 | I IR R R
KL END VB2 7V (AT KLUy EHEEDE TH DT

RY NEEINEICH DT KLU AEEIES IR o 38 L OMRR T R Y B Y1 2%



RIZZENENAMEH L TA LU % (Stephens et al. 2001; Stephens et al. 2004), Stephens et al. (2001)
FA A b7 L= AE (M REREZRT 2 & CRIE NICEMEZRASE L HE) &
HAWT KTIZ o 7 FLF U UZEERERTH LI ErBROT Nt U AREw
BRI DD ) N1 7 ) VEREALET 27V F ) v LRSS 2 L CRIGIRIKT
Rl L O e x 7 U R EREOMENMIS Sl Sz L 2H|EL TS, &6
|2, Stephens et al. (2004) (X~ A 70X ATV — AL CEBRO 7 0 —7 %K FIZfAL
THEYZRGST251E) 2T, e EVBIOT LF U U LAIMA THRERTF RY
SRBILESRTH D BIBP-3226 #4575 2 & T, FBIROIK TIC £ o THA L 5 i IHE
FOGHE Bl &= L 2#®E L TEBY (Figure4), 2 HDOMENS LEGRFEICK

> THEU D MED B FIAE NG SR EIZT R U A TH D Z & B3bnd,

®)
120 140

& Ringers’ -& Yohimbine + propranolol +
BIBP-3226

=

& Ringers’
-¥ 10 umol/L BIBP-3226 - Yohimbine + propranol

S

=}
=

©
S
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i 50

40 | , . ‘ ‘ 0 : , :
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Figure 4. (A) Vasoconstrictor responses to reductions in whole body skin temperature from skin sites
treated with the Y1 NPY receptor antagonist BIBP-3226 (upper curve) or with Ringer’s solution
(lower curve), both by microdialysis. (B) Response to reduced whole body skin temperature at skin
sites treated with Ringer’s (control), Yohimbine and Propranolol (adrenergic antagonism) and
Yohimbine, Propranolol plus BIBP-3226 for adrenergic and NPY Y1 receptor blockade. Note that
either adrenergic receptor blockade or NPY receptor blockade reduced the vasoconstrictor response to

cooling. (Stephens et al. 2004; reproduced from Johnson et al. 2014)
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(2) #5202 BEA

b N OFEMRBERIE, IR U7 B U IHESOG I Ko THREVE IR 5 & L bz, R
WEBMES D Z LI Ko TENIZBW TR AT 5, BINEBIHICEL 2IE5D 2 B
AL, ISR 72 Sl oA LTV 21850 (brown adipose tissue: BAT) T O S
INZ &> TRAEFEAT D IRIRREEIES 2 2 BVEA L PRI D (Nedergaard et al. 2007; van
Marken Lichtenbelt & Schrauwen 2011), #&ENENHIIGICI1T 2 BGEAIZ OV TOMZEITEIC
NI O FLIELHT A I BV TfTHi T & 72 (Cannon & Nedergaard 2004; Lean 1989), #t4
fEiflaIE e FORANITIEEAERLNT, FET DL LTHAEANRKEITIZE A
ERNWEBZ LN TEN, IEFOME TIERANZB W T H AL DO FIED R S

LTV % (Nedergaard et al. 2007; Saito et al. 2009; van Marken Lichtenbelt et al. 2009) (Figure 5),

.

34

Figure 5. Whole-body FDG-PET images under cold or warm condition. A: A 25-year-old male subject

fasted for 12 h and was kept in an air-conditioned room at 19°C with light clothing and put his legs on
an ice block intermittently (for ~4 min at every 5 min). B: The same subject underwent FDG-PET/CT
examination as previously, but he was kept at 27°C with standard clothing and without leg icing (warm

condition) for 2 h before the examination. (Saito et al. 2009)

e ML DFEEL. BICHERBEI N a— 2 THE IV AT 4F L 7 La—2
(FDG) %5 L. ZHH S D IEN O ERNL £ 72 1Ak A 555 58 1 1 W 8 1 B 2 1

(PET) & CT A% ¥ v ZMA GO EE Tl B LOMET 52 & TR INLDL, B LD
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FRANIZEBWNT S, RIRREE T CHEVIRBEIC LV IES D 2 BEAZE Z 372D+ 72 ED
BEAE AR FE L, ZO &L BMI EHFERET 5 Z LR LR 5T D (van
Marken Lichtenbelt et al. 2009), Z ¢ FDG-PET/CT i Tl%, #BRE N BMBZE S ND Z &0
O TR, =577 7 4 — % AW RGO EOTENE 2 574 L TV S F%8 %

HR.5410% (Symonds et al. 2012), FEMHRILZAT - 726 OHE LEOKERIZ, Bl

fas & S a /i (3-8 %) 2B
THA LD & 8E BRI & E % R
L7cZ e STl Y, MY
LR M WG A U D 2 & CTHRSIR
PMETFT 5728, Z Ok B A1
R ODOENE A % BB LT B AT REME 2 /R
LTW%, LR, h—8777
€4 —IZ X DMEIXMHHTEH 52— T,
KRS AL O 771 TH I & 5
TETVENCOVWTIEFARHTHY . k&
V) (58 G L 0D i U I E V5 0D BR 8 708 4 22
TH D,

B &G O IR 52 45 2R N - I
& o TA U 218 a5l O TEEEME
RIEHRIC LY XS TWVD,
Nakamura & Morrison (2007) 1, 7 v k@
B2 FEFE R b 2 AS ARG B 35
O R AR & R CE T 5 2

ETENLOMEZBFILTEY, 7

A

40,
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Figure 6. Effects of microinjections of saline (A),
muscimol (B), glycine (C) into the rostral raphe
pallidusnucleuson skin cooling-evoked changes in
physiological variables. Microinjection was made
at the time point indicated by an arrowhead and

broken line. (Nakamura & Morrison 2007)
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N DOREIREZ SR T &2 2 & TRBEMRIEEI N TTE L, £ ORIGITEN TEtafs
PHRARIREE N HE N L7 Z & 23S LT\ 5 (Figure 6A), & B2, A5 OIS IEHNHI R D
MRMEEWE T D v 7 X/ FlE (GABA) OIFEIFETH D L E—/LR GABA (TR
HIRRIREME T 5 7 ) ¥ v & EREREME ~ 1 535 2 & THR L= Z &2 8 (Figure
6B, C). ZEMHBLIZ L - THE U 2 RIEFRE LD & OBUNHIHE I K > TR R IEBI AT
45 2 & THRENRN ML TORGELE  (Nerve

PITOND Z L a R L TWVnD, 20X
Brown fat cell
) ““:‘ me\mﬂl\\IHIIHIHIWWWMM !

D42 LT U e A2 i 5 8 o0 T (2

ATP A
FFA M_); OO O
(+

Ko TR RE RO &z 7 D

JVZERT Y R, SRR

Zo2D B 7 FLF Y 2B RICHET

g
iy g
g s

5 &, wWEEMENOI har K7
o DI & X7 1 (UCPL) &
Figure 7. The basic principles for heat production

I X B OBEIZ LV ENIEE%Z  in brown adipose tissue. NE: norepinephrine, TG:

triglycerides, FFA: free fatty acids, UCPI:
Bl iR 5o L CBEEATS , y e
uncoupling protein-1, ATP: adenosine triphosphate.

(Cannon & Nedergaard 2011) (Figure 7). (Cannon & Nedergaard 2011)

(B) 55 %

5D ZICEHEGEAITE M2 EREREMIC L > TEBREOFEA L L TEX b TEN
TCHEBLISTHY | 525 208 UT56 ORBHILFHRFOK 5 f512F THINT % (Eyolfson
etal. 2001), Golden and Tipton (2002) 1%, Ty 10°C D /K~DIRKEFT - 72 & & DIRIERL L
MAHFIEIREIC OV TR LTz & 24, MEENAMIE T T 2R KERICSD ZBET, 1
FEIRENIN L2 &, £72, BAREBOSD 21E 5-10 5 THRE L. 0%, TEERE

DR FIZEVBFOSLZABECEZ EE2RELTND (Figure7), 2D EDH, 55 ZIC
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(TR IR DI TIZ & 2 Ui & IRIR DI TIZ & 2 ISP FHET D5 2 ERBEZbILD,
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Figure 8. Changes in skin and deep body temperature with time during immersion in cold water and
associated shivering and thermal comfort responses. Ti: skin temperature, 7¢: deep body temperature,
1.702: oxygen uptake, Thermal comfort: 10 = extremely comfortable, 0 = extremely uncomfortable.
(Golden & Tipton 2002)

T4, Nakamura & Morrison (2011) (%, FEMRFEIFIZS D 2 0ME U DA 2OV T,
FMBREE PIZH O TR O MBARERI & 5 02 W e IR R (BTN 1A S
no L. TOBERITFBEOKA %R T, EOIMUBELFEZIMIRE ~Ma 2 S, IR HAX T
b OWRAEF~E AN SND Z & Eio, BERATEIZ B W TRIE IR J OVEIRIR O T 0
THMAESZITID 2 LT, 520 2 BUEADLS LIRIRRIC, BLERATER 2 D BHI OB SIC LD
ARG B O TCHE R FRE ORI . RMEEBIH A2 L TR~ LB 2L TED X

NAELDLHZ EEZH BT LT (Nakamura 2011; Nakamura & Morrison 2011) (Figure 9),
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Figure 9. Schematic model of the mechanism for shivering responses to skin cooling and infection.
In a cold environment (right), cutaneous cool receptors are activated and the cool sensory signals
ascend to the preoptic area (POA) through the dorsal horn and the external lateral part of the lateral
parabrachial nucleus (LPBel) and activate GABA neurons in the median preoptic nucleus (MnPO),
which then inhibit the GABAergic projection neurons in the median preoptic area (MPO). Resultant
disinhibition of dorsomedial hypothalamus (DMH) neurons leads to activation of neurons in the rostal
raphe pallidus nucleus (rRPa), which finally activate the somatomotor output from ventral horn
neurons leading to shivering. Filled red, filled blue and open black circles denote cell bodies of
activated excitatory neurons, activated inhibitory neurons and suppressed or resting neurons,

respectively. DRG, dorsal root ganglion. (Nakamura & Morrison 2011)

BRI X OBUEIR O 72 EDRBWEDERIC L 5 55 213, FEmREC/KIER

—Y DOFEM, WAKSOERKZECL Y TEERRZET S8, 52 2128 - TA L SRR
ROHE B O SOR A PEMAIRIC S LT m y b L. ORMECEIE LA O Rl E#R O
TRINDEZMEZ G 5 2 & TEORMED G S 41 C & 72 (Cabanac & Massonnet 1977;
Cheng et al. 1995; Hessemer & Bruck 1985; Hong & Nadel 1979; Johnston et al. 1996a; Johnston et
al. 1996b; Johnston et al. 1996¢; Kenny et al. 1998; Kenny et al. 1999; Lopez et al. 1994; Mekjavic et
al. 1991; Mittleman & Mekjavic 1991) (Figure 10), ZEATHFIEIZ IV THE S 30TV D ZFHRED
5% Z DEEBAIR B 36.2-37.3°C LWFFEM T—EH L TH H 7 (Cabanac & Massonnet 1977;

Mekjavic et al. 1991; Nakajima et al. 2002), Z AUZIZFERSEMEDE N [FEIROENLCHHIR
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(1 R H 720 DIFROETEAWV) @

Threshold
EWVEE] N L T D ATREME D R I

STV % (Cheng et al. 1995; Mittleman

\
\,
AN
\,

& Mekjavic 1991), Chengetal. (1995) 1%, PPN
Sensitivity .

Shivering response

B 2 2 BB I B b ST RBE T

(31,34,35,36 B8 L N37°C), EElR~D%
Core temperature

AEAZ L0 BB IRR 2T SETL pigyre 10, Schematic diagram of the characteristics
X DR REME IR &L OS5 25 2 OGS of shivering response.

RRBMEICOWTRES L. BFIEA 1°C BRI 5 2 & TRIGMAE IR L OS5 5 2 DTS
RIRBIEIL 0.2°C RIEMNZ 7 P L Z L 2HE L TWD, £7. Mittleman & Mekjavié
(1991) X, Tw 15°C DEHKR~OLFRKFFIR 2 ITREZ IR T &2 (WEIEMEV) &
XU 6, AT Z BRI U, — @RI ISR 5 2 & TRImIZB N Tme S V72 ik
DFRERIE S 2 Hik%E AW, AIRICIEHEIR AT S (WHERIENEV) FHCB N T
SDHRNCEDBGEABMPEMULIZZ E2WE L TEBY | EEHKEOGHEIRENFmNZ & TE
PEAEDIEZIED N T HZ L AR LT, ZhHD 2 &b EEMRIRIK RO 5 5 2 DFF
PEIZREIRSCIHEIROENC L > TREBEZZITH B bND, LIc)> T, IEHEEEKT
RFD 55 2 DFRFEZRFTT 256121, 20 REIRCHm AR Z i L7 EZEBRE 7 L% H
WAHZENEBETHDLHEEZDINLD,

Fio, FATHIRICEB W THE STV 5 55 X OVERIRMIMIT 36.2-37.3°C THH N
(Cabanac & Massonnet 1977; Mekjavic et al. 1991; Nakajima et al. 2002), t b D@ % ORI
BHI37°C THHZEaEBETHE, WHRBEZIRTSEREEZEND S ZNEL D (FD
RIRZ AR T S H4H O D ATO R RIZIB W T TICHEERIR DY 5 5 2 OBIEHTICALE LT
%) ZENTIREN, 5D 2 OFEHRRRMELZ AR TERVWARBERZE 2 bILD, £

DIz, 5% Z DTREMARBME 2 ISR T 2 7201213, IREMAR Z KT SR DA
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OTEEIRIE (FIHIRR) 2@ T SLERH D LEZ BN D, Mekjavicetal. (1991) 13X, i
BAAT9 2 & TSRV AR Z BH-SE, Z2D%, MK (Tw28°C) ~DiR/KIZ X » T
AR Z R A IR T S22 L THEDZOEMARBMMEZ IR L TS, LaLz
235, —J7C, Kennyetal. (1998, 1999) 1% 65%ix K FERETR L 2351 5 hiR i EE) 21T
92 & T, FOREERED 5D Z OWHRERES SIRANZ 7 F L Z &2 @E L TR
0| EEhE HOTREICHIIIRIR 2 B S EIT, 5D 2 ORI BE A FaiOE

LB EZ T CLE I AN BEZAOND, £ 2T, 525 DRI 2 B

¥

B2 BT iR E A0V THIIRIRZ —RFAIC LA S 2 TERATH 5 rIRetEn#
R HNDD, IRIBIC X D AR O E723Z D% OBEBKIRK NTRFIZIH T 2 520 2 DT
IR B IS KX VR MEIZ I O W T S TlEAR <, 2OHEZHWLIHEIZIE. H6
LRI 21T 9 FRET IV OAIMEDORGEL LT, FIHHARIED L7252 2 OTREAIE

B L O NEIC G 2 2B OWTIRETT 2 0ERH L L EZ B,

3) AT AR R B

ATEME AR AR S SO IE, BREGECIRIR O A2 & L, TR RIR 2N E( T DA T D
RIS TH Y, B PR AEERICB O TERICERBR INTZRICI EEEEHT D2
EREFEEZDITLRE L WS TZFEMRN D OERTEIZ 9 D TH 5 (Romanovsky 2007;
Schlader et al. 2009), Z 1T B PEIRIR & SO 1B TR ARIR O Z LI BN LT DR
FERESCBREME I X o TRABT S LT % &35 X H 4L (Cabanac etal. 1972; Mower 1976), 1.
FERGRE PN & — EICRD 2 & T, DR A0k D AERMERIRTREI UG A U
DANCAEREREEE OIRENT V AEFEZ 57291247045 (Romanovsky 2007),

ITEMEMRIRFRENZ 1 AR EIEIZ OV T, BATHFRIZBW T, 7 v MoEEREKE
HEAT DL TRBEZESOE SZEERTEI ML, ZORICHIR TEIZB T 54

RAMZICB T 2R mE->TRY, ZoWE 270y 74252 L CEEGETEIZNHES L
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2 LD ATEPEDO IR ROS IS IR ATE S BIE L T D aTREMEZ2 R L TV D
(Konishi et al. 2007), F7z, FRIZT v FEZHWWFEIZBWT, BEWEHE CTCHL = N
MR AT 2 L TRl E R I SN DB TENT., (RIEFRE T TH D L SN HH
AT OWELILE LIS EIC b ELZZ T RN L aWE L TR Y ., fTEIMEARIRFENX
AR FAET C 3 1T DA RIS & 1X R R 2R A28 L CTITh 2 rIaetEL mE L T\ 5
(Almeida et al. 2006),

b MIBIT DITEMERIRRE SOG 2 atT 2358100%, RICREEE s g5 LItk
S TH U 2B R BV E 1 D 28k 0> & [HE IS FEMT S LT & 72 (Gagge et al. 1967;
Gagge et al. 1969; Gerrett et al. 2015; Mower 1976; Ouzzahra et al. 2012; Schlader et al. 2011a),
Gagge et al. (1967, 1969) 1, BREilE A K& < 2k BRELE 12-48°C) V756 DL HRFE
K ONEBN R O R BRI & BENE 2 TN EE L TR Y . IR TRRIROK T
L > TREDREEFEITERTL W7e<EL2), stk bR (R C2) &%
WELTEBY (Figure 11), Z D K 9 72425 ORI -SCB@EME O T 2SRRI FRFOTT

BRI SOSIC DN b LB HID,

Below Above

29*  29°
ver

unpleasant ¥ - cold hot

uncomfortable

slightly b
unpleasant uncomfortable cool warm
indifferent slightly slightly
uncomfortabie coo! warm
pleasant comfortable neutral

AMBIENT AIR TEMPERATURE-*C

Figure 11. Variation of subjective estimate of Pleasantness (0), Comfort (o), and Temperature

sensation (®) with ambient air temperature. (Gagge et al. 1967)
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S 51T, Schlader et al. (2013,2016) %, IREBIOREZEHR L2 DOF ¥ 23— (RH)
WERR L EVVETR) AHBRE ICH B TE RIS E 5 2 L TITEMEMRIRAET G2 OB E)
WAL D & & OAEFRECHEE KT B L OBWGEMEIC OV TR L TR Y . EBICITEE
RIRFAEI OOV E C 2581, DT REEIROZElE ZHICfE S 25 L ORTICE
T HIREET DE (BNRENEEL D) CEPEMEDIK T (RRIZET 2) AAET T
D EEWE Llc, 2D OATIIRIL, ATEMERIRFIE & 2HCRTICR T D IRERES
B PE 2B LD Z L A7R LT D (Schlader et al. 2013; Schlader et al. 2016),

F7o, TR REROZCIET Tl <, JRHFT~OWRERRY A W 72 BE IR EERE O
e b 1T TV 5, Gerrett et al. (2015) 35 X TY Ouzzahra et al. (2012) 138 2% —EDIRLE
(20°C) (2o 7o 7 0 —7 Z SR DA EALIZ Hefih S 72556 O SRR 2 HIE L T\ b,
TS DORFFETIE, FRIREEO RIS 5 R R I L =R S L L &
WMELTWD, S0, REZHHICELESEL ZENTEHRET 1 —7% HnT, Hil
AR AR R L OIREREME B0 b L<IZEN O L& CHAD 5 B IR ERE) %
HIE L7iF%E s b5 (Takeda et al. 2016; Tochihara et al. 2011), Takeda etal. (2016) (%, FZ
JE TR S R BB 331 A REMAIR E5- (~0.6°C) OB OV TG L TR Y | HRERARIRD
FERFTLHZL T RBICBITARERMEIEZEDL VD, BREEIMET T2 2 L 28®)E L
TEY | RERIRO _EF S B R R BIEIC B 2 RIT T AetE 2 RIE LT D, LanL
ARG, ZIVE TOREEERT OREE, FITHEBEIRR S U  TXREB AR AR5 TR R
TR X ONRERRMIEZHE L THBY (Gerrett et al. 2015; Ouzzahra et al. 2012; Takeda et al.
2016), EHBAEME T L2 GA ISR D & D L 9 R85 5 2038 6Tl

AQTAN
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3. B/KIRBRIE T ICRIT 5 Kifhrk L CES R OLICE
1) KIRBREE T I51T 5 e 0D AL A
Bk ORAKBEOA B ITAR DR L > TR E 2 HEEZT 5, F1C, KRS FIC

BWTHE, KOBYRERNEL[OBRERD 25 %L IEFITHEW I LD (Pendergast et al.
2015; Toner & McArdle 2011), =/K & [ARFZ B JEIRIZIZIFEAKIR & Fl— L~ L E TR L, Fi
FED 25 FOESTENEDLN TN, LN > T e RICBIT 2{RIRERBTE T & i LT,
EAGRBREE FCTOREM A b L ZIFIEFICRE < KIROEWDRAKRFOAFSEITKE 7
HEERFTLEEZONTND,

THET, AT W TERAKIRER B T2 36 1T 2 Z§RIF O L BIGE T KT T RBIT D
WTIEHZE < A STV % (Craig & Dvorak 1966; Datta & Tipton 2006; Keatinge & Evans
1961; McArdle et al. 1984a; Tipton 1989; Tipton et al. 1991), F& % MK (T 0-15°C) (ZiRKT
Dl HERNRIMICIKT T2 2 L2 ko TRRICE 5 & 2 TR, Do, K
M AENAE R L O EO ESRAT 5 2 & HE ST\ 5 (Datta & Tipton 2006; Tipton
1989; Tipton etal. 1991), Z AL 5 DO inlE, Cold shock )i & FEIE L, EAKIEEREE TIZkIT 5
KDOFEERR DGR R DFBUZ D72 N DIERIED 8 H Z & DR STV 5 (Shattock &
Tipton 2012; Tipton & Bradford 2014), Z ¢ Cold shock il AZKT 3 /0 CTHE L (Datta
& Tipton 2006), D%, FREMARRDSIRA IR T T2 2 & TEDLZOMBENAEL, BRE

&2 IN9 5 (Craig & Dvorak 1966; Keatinge & Evans 1961; McArdle et al. 1984a),

2) E/KIRERBE T2 81T 5 JESh I o A PR
ZIVE THRATAZE TIE. BKIREREE TR 2 —CAMEIRHIB W T, REVMAIEIME

TT22ELTEDLRRHBIENAEL, BEERENHENT 52 LM E SN TS (Craig
& Dvorak 1968; Holmer & Bergh 1974; McArdle et al. 1984b), & 512, McArdleetal. (1976) 1%
AN e K T HREE (0-120 W) i HE & faf sl Bh kg D AR B S ZBNE RAFE T BRI DWW T, [R5

JE O e R B R O e SRR IR TMERAKR SR (T 18°C) THLD KIS (T 26,34°C) LV
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b AR L7 as, AREHI R 2 KSR CER R bR h o 72 2 &b | EKIR
KR T DR BEREOHIMNIEICS D ZLH OB RDORTIZ LD Z & 2Rl L
TWb, ZD5D 20 ORI O T, M/KBREE FIZB W TR R EIRAME T
L7eZ LI h o THEUZARBENREZZ DN DD, B H/KIREREE T2 5 Wik A EH)
R ORI & FERIGERIGE & OBRIZOWTIT 0 TliE 2wy, 72, R MEBIRFORERE
RENELRDITHEPD LT, MAKEE T (Tw18°C) TIL XL VIENAVIKIEEREE T (Tw 26-
34°C) CTOE#BRF LD bR RBERERENMUEL < Z E03HE S TS (Costill et al.
1967; Nadel etal. 1974), Z O35E ., H7KBREE T CI3E 57 IRI#IZ 28 2 WG A fif e dh kg oD je i /<
7 v A GEEIEG R O R R B R ) 3.5 5 2 M OB AR O T L DR
FEIEOWINZ L > TR T T 2 ATRMED & 5 25, KR O E AN 57 IR 2 2 il A faf

BENIFOER) N7 3 —~ 2 A RIFTTHEIZOWTIIHA S Tld v,

4. EBhERF ORI ROS
1) PRIRFAEISIGSC R A K IE T IR B A
BB LD MU, B ORI 72 EARN T2 22 EBRE2SE T 5, Fox D

PRIR ARG TR RIR O B IR DA & W o ToiRBWE D ZER 721 T < | TEERF O A7
JRERCE OFHEIC B U7k 2 2 dERBVE O BRI L > CTH B EZZ T EE2 LT
% (Kanosue etal. 2010; Kondo etal. 2010), ZAVE T, FEIREWEZ R 2N RIR R E OS2 KIE T
IR PRI, BRI ERRFOBHGRSOSIZAE B Lo b D23 % < | R, EEIFIC
(TR 2 7R FRRBAVEER A E G I < 2 & T ZEFRF ORI SUS & 13E DR F e
5 ENIRIEIFLTUV D (Amano et al. 2016; Amano et al. 2015; Amano et al. 2014; Amano et al.
2017; Kondo et al. 1999; Kondo et al. 2000; Kondo et al. 1997; Kondo et al. 2003; Mack et al. 1995;
Nishiyasu et al. 1991; Shibasaki et al. 2003; Shibasaki et al. 2005; Takamata et al. 1998; Takamata et
al. 2001; Yanagimoto etal. 2003), FEIREWEZRIZIL, (1) B> M Iva~v s K GEEBNCED S

K72 & OO B OIEBE S & & b ISP, EBR . (REMET P~ LRI 5 LB R
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5TV 5 A TJ)) (Waldrop etal. 2010). (2) fittg 5 ds (27— 7T EI N DR
PEMRETH Y | i OFEBRAIR B AT 2 %19 %) (Mitchell & Schmidt 2011; Rowell & O'Leary
1990). (3) A=A (FEIC/V—TNVIZHESN LR TH Y | FHINICEET D
REFER D> & DAL FZ FEARIPL % 19 %) (Mitchell & Schmidt 2011; Rowell & O'Leary 1990),
4) BIRER Z OV ESZ A gy (BRI RS X O R & O 2k 2 &7 %) (Fadel et al.
2001; Keller et al. 2004), (5) {LFZ RS (LT OEEER IO " B(LRFBIRE 2 BT 5)
(Ainslie & Duffin 2009), (6) {RFHE/EZ A d (MR IE L % N3 D) (Fortney et al. 1984;
Takamata et al. 1997; Takamata et al. 2001; Tokizawa et al. 2010), X O (7) KRS N B 5
(Yamazaki etal. 2009), FHREVEZRK D 5 & BIR - DIFESZA S, P2 A S, RBLEXE
FrDOTEEF X OREHRURITEI T 228 Rl T ONERIRFIC, B R T ba~ o R s KO

KM s 25 s OTR BN I E BN O MRIE B SOS Z 2e % - 2 K TH 5 (Kondo et al. 2010),

2) FEIRBAEZER S B AEMAARIR I E SO I AT R

HEBERFZIL, KM & O 6 OEIfES (B T ra~s s R) BEL, FERTE
BRARE 74— K7+ T — REIZHHEI LT\ 5 (Waldrop etal. 2010), F 7=, Fftks a0
B IO T DBAVR FR 2B U, PRI R A 7 ¢ — Ry ZBJIZERET LT
% (Mitchell & Schmidt 2011; Rowell & O'Leary 1990), Z Ot kT /ba~ 2 R L s &~
PV TEB) OB R O AR I UG S B LTV D ATREMES R S 71TV % (Kondo et
al. 1997; Shibasaki et al. 2005; Van Beaumont & Bullard 1963), Shibasaki et al. (2005) 1%, KiEER
A=Y ZEEMLTHEBEZ 1°C EH S8, 35%#8 KEE A IHE  (Maximal Voluntary
Contraction: MVC) SREEDEFRII N R 27U 7dEE) 2 f stk Al 2 TR D38 EE 2 I L 72
W TITo/c b & (RSN EZRET 5L EITHFE LV BB NERELS RLTD, BT
Naw sy FRE<B< EBEZBND), HEAl2#& 5 LRnga & i L TREAND =2

KT 2ICbb LT RIBGMEENLE 2 X7 2 AZRBEICIE T L2 Enn, B
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&7 L7=, %72, Kondoetal. (1997) I, ; oo | -
AIEBA—Y % %A LCRBRE 37°C § o | )
4
C ERSekiETEDD (2 b g |
,
Ty B L OIS AR B < & & 1 . 1 .
ZHND) b LB (B b |
- .
avy FERELAVEEZLND) /2 § T o
3 oo | -
WA HEREESR 30 ppm B L 60 F
oo
pm) A4T o7 b & FEITRITREBINS & i s |
CEBIEDICEOTRIEL Y bl E o |
g 4, . .

i, REBHAEB)IFIC Z B HYEER L 0

pre-exercise 30 rpm 68 rpm
brEEL Lz Z2®mEL, BT

Pl b <3 e FLEY et S p Figure 12. Local sweating rate (SR) on the chest
Nawy BB LSRR SRR E g rate (SK)
and forearm at pre-exercise level, passive (PLM)

NENFITREERKEEDH T L% L and active limb movement (ALM) at 30 and 60

7 (Figure 12), & bIT. Mikiming "P <005 vs. pre-exercise level, *F = 0.05
vs. PLM at same frequency. (Kondo et al. 1997)

WIEBNRFC I, EENC X D EEDIC X

STHIE SN D HAMZAEBZOBE PNEEMREICEHEG T2 &R MESNATVDIN
(Mitchell & Schmidt 2011; Rowell & O'Leary 1990), &G _FF-FF D BSOS b A 2 o8
D E L > TREBEEZZIT 2 Z ERHMEZN TS (Amano et al. 2015; Kondo et al. 2003),
Amano et al. (2015) X, F¥HITKIEERA—> (34°C) &M LT MR (Tw 43°C) %17
9 Z L THEMAE A ER- S, 1 4 30 BEOER AN K7 U » 7ER) (40%MVC) & D&
THEAT DISEEALOMMEZ 9 /M7 H 2 & T GEBEFLMIC L > CIEBIERALICTEY

ZR O D T L THER AR 2RI S5 51E). M IS A SR S I O BSOS O Rtk
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el L CTW5, ZOMFFETIE, S

SRS R P ARIRIC RT3 2 F6i T
F OB M8 B S O B MR
W7 PLEZ EEwmE L TR, Mt
2 AR BT X OV i A AR SO
DO ERODZ L ERELTND
(Figure 13), 2D X912, B I vaw
v RO - S AR A AR LA
EDEHB ST KE TR BIZ OV TIE
W OMDOMENRH LR, —H T, £h
O DMAIRAR T RF O BE AL SOGIZ M AE T 5
BIZOVWTORETALNL,

HRE 6 & OV il 2 BRI R A
Bz L Dy 7 bRl i &, M+

DEZEM L T ZARTHD
(Fadel et al. 2001; Keller et al. 2004).
Nishiyasu et al. (1991) #5 X T Mack et al.
(1995) (ZEB FITKIRDS BH L7256
2. THHREEAR (LBNP) 2175 2 &
(2 & 2 A3 EEEN R O BEHOGIZ 52 % 5

IONWTHRFILTED,

R EREFORIT R L OBFIMLE JLREG X LBNP
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Figure 13. Relationships between SR or CVC and
Aesophageal temperature during passive heating
with (@) or without (o) postexercise muscle
occlusion. The thresholds for sweating and
cutaneous vasodilation were significantly lowered
by the postexercise forearm occlusion. (Amano et

al. 2015)

L DEX

BHAOBWATIC L > TR SN 5 2 & 2 HE L TR0 | [EZARM R 7RO BHIK

RO 8 % KT 2 L 2Rk LT\ 5,

HAEHRKZEAT D Z L THRIRZIE T S E2%6

—J7. Nakajima et al. (2002) (%
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(2B T % A SO KNS D 2 DFF
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PER, BROENMNIL - TED LS ¥
BEZ T HE L TR MEMZEY
b NENEIRFLZ 33\ TR I IR 5 s 203 1
FRLU. 52 2 OTREAIE R 2 AR
W27 b L7e (55 2ZDOBRMGBENT)
Z D, LT XD EZERSDRA
LT o TR LA AR S 1350 <
L8, SDHAXDORISHIHSND Z & &
SR L C\% (Figure 14), % 7=, Hohtola
etal. (1980) %, MJEDELN 5D 215
2 DRI ONT, ~ MafE EFEM

DHHINVZERT Y TV T

550- —o— Supine

—o— Upright

44 12 1 08 -06 04 02 0
ATc (°C)

Figure 14. The functional relationship between
I‘/Oz and change in tympanic temperature (A7)
during core cooling. The threshold temperature for
thermogenesis was downward shifted significantly
more with the upright than the supine posture (P <
0.05). (Nakajima et al. 2002)

oI (Angll), MJEER FIEROH 2= b7y KF b oLz 5352 L TR LT

BY ., —EPEOME BRI LOMERTRIZIES 2 20806l Sz 2 &b | BlRESZ AR~

DA L OBAR 5D 2 OIEE) 2 I3 2 /et 2~ LT\ % (Figure 15),

NA 500 pg/kg iv.
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Figure 15. Effects of noradrenalin (NA, left panel) and angiotensin I[I (ANG I, right panel) on blood

pressure (BP) and shivering in pigeon at an ambient temperature of 12°C. (Hohtola et al. 1980)
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b B T T OfESE RIELFZ A4 BEL O BILRBRE (THIILEZAS) &
D 2 L THEIREBRICE 2 L TR Y . W< OPDSATIFEIZ I THIR GRS
WCH L RITT 2 EAURIER XL TCW 5 (DiPasquale et al. 2002; Johnston et al. 1996b; Johnston
et al. 1996¢; Kolka et al. 1987; Mott 1963; Tattersall & Milsom 2009; Von Euler & Soderberg 1958),
Kolka et al. (1987) (L& 3000 m 35 X OV 4500 m 24 ORIEASERRERBE T2 1) 2 BTG
DR BIE I TR ERBERERERE T L OER ANV O, (KR LA D&%
PEIIERTFL7ZZ L2 E L TWD, LLARRE, OO FIIMRERRE R R T
WZBUT DAFEREOHIMMAEE G- L TV D AletEnE 2 b, F£72. DiPasquale etal. (2002) 1%
WIEREE FICR W THEEE (IR 20.9%) 6 L UMERRE (FRRIRIE 13.9%: & 3050 m
M) ZALIZGEO e h e FEREO (TR Z BRI L 2R O) BITRISIZS
WTHR L TR Y | BITRIEEERASRMF THBEERARM LY BT LI &b, K

ML A G~ DRI A RIS & > TR

50 A B 40
FHYEDFITHRRE D B AT D Z L &R é 10 - o :S\« 30 :é
Tj"’ = ‘){\”\d&( 0 3
1L T\ %, —J7, Johnstonetal. (1996b, E 20 $ .&.;E:".‘ ¢ -ai?%h“ £
g e §
‘ ) ‘ 8 1 "“‘-u*‘o"”.. Mﬁoﬁ.,,,. 10 .8
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Figure 16. Metabolic heat production values for
PMEMRIRANCY 7 FL72Z L 2#E LT hypothalamic temperature (7h). VO, and VCO; are
shown in A and B, whereas EMG responses are
split into C (21 and 7% Oz) and D (12 and 10%
%, U RICE DBRFEREOREEFZRTL  0,). Circles refer to 21%, squares refer to 12,

W5, X HIZ, Tattersall & Milsom (2009)

triangles refer to 10 and diamonds refer to 7%

inspired O;. (Tattersall & Milson 2009)

(7,10,12,21%) % 527~ X D5HZD
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TREARIR BSOS MEIZ DWW TRET L TR D . 525 2 OFRERIRBRIEIXRE R IR E MK T4
o (IERERFERIHARE L 22) ICONTRIKEMIZS 7 F 95 & & biZ, RRMETICHT 5
5D RADEZMIINSL DI E2HRE LI, ZNHDIZ &b ARERFRIHIC L v =imER
B TFICBT 2 RIBFG SIS L 720 | S5 20Mflahs EEx Hivd (Figure 16),

REIEZ ISR EE OB b & B+ 5 2 & TEA T %, Takamata et al. (2001) (%
EiREOAEBEEAKZEAT D Z & TR EEICEE G2, BKER L 72 IREED BK
BSOS - 2 5B OWTHRFT L T 0 | MEEREENEV (TKEZEE L IREE) 551
(LR L BRAR S K OSITF O RIERI I W T b @A 7 b L7z L a @it L
THEY ., REBEZFIRIINTIVOBFBEONTR LT HIHERICE < 2 &L 2R L T D,
Fo. R CORKMIA MV AAWIIEERBRBICEET L ZLARESNA TV LR
(Carter et al. 2008; Carter et al. 2005), & ZEREL T 36T 2 BUSBEUSIT R LT H 84 ME
T L E 2 5TV 5 (Machado-Moreira & Taylor 2012), Machado-Moreira & Taylor (2012) 1%
LFEINRIC &0 SR A2 A S 7288 OFITRD, iR K ORI X 2Bk
VAZRMTHZEICKORLIZZLZHELTEY, KA ML AREFEIRE TICE
T DIIT RIS B A 52 DML TR L TWD, L LRG| RIBIEZEROR A
b U APMRIRAR TREOEGE AL SUSIT ED K 5 7258 % KIET NI HOWTHIREH 522 Tl
720,

FEEROBEEIRFIZIL, R L2 IRRBWEER OERPNEERITERN T2 B2 b, 612
INHDOERHORE SITGEBREIC L 2282215 EE 25 TW5 (Kondo et al. 2000;
Yanagimoto et al. 2003), Kondo et al. (2000) (%, BRE&IE 35°C. FHXHEE 50% D FEEREE T2
BWTHRRDEIIRE TOFI N R o 7EH) (15, 30, 45, 60%MVC) % 1 3 T-7-
&2 A, RIS KO ERIZ SR TR RIS S 3000 b7 EENREE O I -
TRITENSEM LI L2845 LT, F£7-. Yanagimoto et al. (2003) 1%, EBRBZIE 35°C,

FEXHEEE 50% D & EABREE T 123V T HL 7 2 3E s8¢ o B HLESZRE (30, 50, 70%H K&
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SEEIERE) (23, £ OEBTRE OHANT RO FETT R R U720kt L, B M L3R

FOSIEREI L2 &2 LT 5,

Hong & Nadel (1979) I%. B255E 10°C oo ™ I
e A-A 30 WATTS
DOEREHIHENT 60 S OLEIRIES N #-8 c0waTTS
Q \
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HEFF L7210, B/ 2 EERE RIS {
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BERER L OWSEHAL ISR O fpisEh & DR 365 : 3519 : 3’11,3 : 3;7 -Trls
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Figure 17. Thermoregulatory VO, as a function of

MR 2B T 5 —EAMEERETIL, esophageal temperature (7es) at three different
BRI DRI (55 % DR pps  CXercise intensities. Data points are from a
representative subject. (Hong & Nadel 1979)

KT 52 LaEmBLTWD (Figure

17), ZDOZ L, EE)EARCEDNIZBEE U 72 FFREVEE R A 5 25 2 OREMEZ 32
OB WHEMERE X HND, L LAaans s, EEIRHCEIT 5 .55 2 OFIBAREIE % &
EAZHHE L7278k 2 E T EBIRFIZE 1T 5.5 2 2 ORI (RES AR B CR
M) WEFRIFICIIT 5 5D 2 ORI L AR b L <IXRZR DOV TEB B 2Tl R,
I BT, REROSEATHIE T, BT IR RIR 2R S8 5 F7E (3.6-7.2°Ch) M
MAWHTUVWS2S (Hong & Nadel 1979), “Zeis 36 K ONEENRF ORI THF D 5 % 2 DFetk
AT 272 Icid, EEIRHI I T 2R & AR IS CHERIEME T D X 9 7
RBREETEE 2 W=7 m ha v E WA RLERH H LB X Hivb, Hong & Nadel (1979)
DFATRE D . b L, EBEERDS L < ITEEIRE QI X > TRIRIE TICME S 5220

FOGH N S5 72 HIX, iRy & belge U CEEBIFISI3.5 2D 2 OPREBAIE BB AR AR
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(237 b L ARIRIE TS 2 520 A DEZPEITMET L TW D AREMEN B Z DN DD, LF

ipds & OMESREEE B RE D 5 D 2 ORI A ERRGET L7 7Eid7e < Mo Tiden,

3) FEIE A ZE R DM TENPE IR A SOGIT R T R

ITEVERIRFAEI SOS X, B2 W2 EZBR T T80T 247 9 2 & (Brummermann &
Rautenberg 1989; Lin et al. 2012; Nagashima et al. 2001), t MZBWTIEEICEHECEE DR
JERETESOBMRE M I DWW TRRETT 5 2 & TRHMI S5 (Gagge et al. 1967; Gagge et al. 1969;
Gerrett et al. 2015; Mower 1976; Ouzzahra et al. 2012; Schlader et al. 2011b, a; Takeda et al. 2016;

Tochiharaetal. 2011), HEMEARIRFMEISOUG & FEEIZ, W < OO FEREMEZR A3 TEIE AR

Tl
ZH]

AT SOS I Z B % RT3 2 & 23 &4 TV % (Brummermann & Rautenberg 1989; Gerrett et
al. 2015; Lin et al. 2012; Nagashima et al. 2001; Ouzzahra et al. 2012; Takeda et al. 2016), Lin et al.
(2002) X, vV A ICEEREKE®REGT L Z L CTMERBEELS ER SEEE &I, AL L
AFZERER TR DRI - 72 2 & D MEHREED EF03~ 7 2 OB PERIR
BOGZEHIT 5 EaME LTS, LD, — 5T, Nagashimaetal. (2001) 1%, [A
BICT v MCRERIEKZHRE TS Z L TG EE B SE- L&, Bib LIIE
WEBEATEI ORI L2 2 & 2G L TR Y, mIHRELEOZ (L3 TEi AR R E T
B KT TR L TS L2 ARG 6TV, Takedaetal. (2016) 1%, E b
IZRB W CTRBEIC X DIEZFam~DORIE O AL H R IEREF X OV RIRRE (~0.6°C) @
HIRERTE B L OB E ORGSR EIEIC RITT ROV TR L TV D, ZOBFETIE,
RIS K OV IR IR O 2 B iR IR I TAMEL L 0 SR TR A R L (L0 IR <L
TWVW2), MAT, &EIREFO B H T BEITAMEL X 0 b AL TR AR L (i e
JECIZK W), 2D &G, BEADBENT L DEZHIR~OFAMIC L > T, @Rk D

5B L OB IR R 0N B2 T % etz " LT 2,
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S BT, IFETIE, Gerrett et al. (2015)
3 £ OF Ouzzahra et al. (2012) 28t FDH
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WASALT S TRt e R LT D Figure 18. Female (n=8) regional magnitude

(Figure 18), & 512, JEBIREIZ I EMED sensation to a cold stimulus (20°C) during rest and

exercise. Sensation scale ranged from 0 (no cold

AEAA R HEAER OO 20T 7357 nsation) to 10 (painfully cold). (Gerrett et al.

WENDZLITk-T, WoRALKE 2015

DR FEINRERTAA~ DR ME IR T2 2 & HtE ST 5 (Kemppainen et al. 1985),
L22L72R3 6, SIS AREAR FICAE 5 28 ORI KT T REICBE LTI 6
TRV, 72, TAVE T, EED SFIREE I RF T B OV T EITHIRE RIS
FENTERY, ki X ONEB)R O BF IR E RPN EBRE K FICL > TED L H 7
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1. 5% 2 OVREMARIRBIEZ PR T 5 72D ORI 21T 5 EBRET VO YL
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Figure 19. Schematic diagram of the research projects.
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IV. WoeiieE 1
B2 AKERETICRBIT 2 Wi AR ESE O

AR - MERBRICE R L OEEI T + —< R S RE

1. EEBLUEW

MKEREE FITHR W TR, KOFHE EMERNELRD 25 FThHZ ) Ik vfEk
D 2-5 DR S TN KON TN Z EDRMEINTEY (Toner & McArdle 2011), Z D Z
LD AKIEOEN, FRIARAKIRIZ K FEE RO A FREIC KR & R EBE RITT EB 20N
T35, McArdle etal. (1976) (%, KIRAHEA FHRE (0-120 W) OIEB)RFO A BRI KX
TR DWW, (A58 O ek N EENRE O BE R IE T KIR &M (T 18°C) Tk
ISIF (Tw26,34°C) LV bmfEZ/R L, ZAUTITEITSE D 200 ORI RO T IZ &
52 ERTFELTND, 2055 ZRHOMABIRIR O T IE, MKBRE T2V TIRER
REERPMET L7eZ S Ko TAEUTZARIENRE 2 b DA, B 2/KERE Tk T
B WAV IR EE T OEBRFORIR & PFERAEERISE & DBMRIZ OV TIEH S Tlidzpny, Fiz,
R TEBRFOBBERESE 2520 00b o T, ITHRICEBWTHAKEEET (Tw
18°C) TIX L VIEMNVVKIEEREL T (Tw 26-34°C) TOIEENFE L V) & i KSR T EE MK
L IEFRRETH D Z EDNME STV D (Costill et al. 1967; Nadel et al. 1974), Z DA
WKBREE T CUE o7 R % 2 Wi A AHESIRF OEE) /X7 4 —~ X (GEERRER 5

FROBEBFREE) DMK T2 wTRENEDN & 2 75, ZKIL O EE AN 55 [N B 28 2 W B A e p D))

3

BT o —= AT T B OWTIIH S TIE R,
2T, WRZERRE 1 ClE, B A/KIREREE TSR A i A i EE R O MR « RIS BRI

BEBIOEINT =< ACHLTHRET 2 22 AN E LTEREZIT T,
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2. ik
wE

PR I IOREE 72 BYE 10 4 OKUKBEERRBRTE 8 44) [4F-#i: 22 + 2 (Standard deviation: SD) 7.
KE: 686 5.6 kg, HK:1743+4.0cm] Tholz, #EREITITFANCEROBME R LU

BREEM b OfERRME, R A~OXR e L, ERBINOFREZ157,

ERERE

FERENOREIL, KR 22.7+£24°C, WE 494+£44% ThoTo, EH, EBRENIL
BWABINT THoICHR Li-, KERIL. EM T L —3 N AHKHE T )L 2 A — & — (Aerobike 330,
Combi, Japan) Zdu&E L7z, MBI TRE Y 73 5 KP HIRE T /L T X —Z —)3 % {E &
AT FEBRKAE (YSD-6000L, 2 HELTHT, fit:24m, £{:1.4m, RS :1.7m) IZTITo 7,
PR TR T 2 BN TORF Y o ZEEEN D 72D RKEBRORIER I H X
v 1 BLLERTIC, FRIEE & LT 10~15 5 0—EAf HisHES) (H#55% 60 rpm TEFMIX
fE&) % Tw18, 26, 34°C OKEEREE FICBWCENEN | [T o7, £z, HAlHE
RElZ, #EBRE DJE NIRRT D K 5 7o KArds K OMRBRE 73 i & 18 & 03 WO S O E & R

L7z,

EBRFIF

PRI, ERATH 6 7 b a— VEOE R Z | ERY HIX0 7 = A ORI LU
LWEBN 212 5 K DR Lic, E7o, BOKIMRIESE O S IRNEIBREE 2 #EH] 9 2 7212, #
BRFEIZILFERR Y B 0 2 FEFANIC B F 2 B, ZNURIIRELYEX S 7, FERYH,
PEREIIHEIR U, REZRIE L%, ER=EICBEI L, AL T 30 o OLERIREZ HERE L
7z, Z O, RI&IR (Esophageal temperature : Tes) JIE FH OEE X & SED B H E DK 1/4 O

RESETHALL, ZORENT 1 =718, Z£0HE F&RICAHET S EHEES D (Wenger &
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Roberts 1980), = D%, L% (HR) MIEHD T v 2 3 v X —B L OWMAEE (RS400, Polar,
Finland), FZJ&ili (Skin temperature: Tw) JHIEHOEEX (M. ArikE. AKRER, A TR 4
D), MER T ARERO~Y A7 BIOMEE A AL, vV AR—Y T 2—X (AQA %
J)—=lr ) 7y a—R 2KW-4215H), # I X 0 BRENF LELTCLE > D& T-HIC
A TRFESV N A RIS LTz, EBRT e k2L % Figure 19 10”3, BT, %
55 R 2 2 Wi A EE & Ty 18, 26 B UN34°C D 3 KIREHETTITHo b L Liz, 2
LS OKIEIZ, (1) OWS BiE 23T 4L 218K (Tw 18°C), (2) EEKKERIZ L > TED
DB KRB TOI D KR (Tw 26°C), (3) AFSENKIBIC L D2 HEEZIFIZ<\WE
SNHHNKIE (Tw34°C) TH D, HRHE T, B2 EIZRWT 3 ol OLH & ffs LI % ICR
KZzBhA LB £ TRAK LIRIET E 512 3 oM OZFk 2 kEFF LTz, T D%, 3 43 [H D Warm-
up (Bfif: 30 W, [EIE%L: 60 rpm) 247\, FEON 3 RO LE 2 -7 L=t AESh & Blth L
Too AIEENL, 60 W HBHEA L, 120 W £ TIX 2 R 20 W 372, Z2D%13 1 4012 10
W DA A BN S 7RI 3 D £ CElEB A 1T o 7o, BN O~ &)V [EIERELIE 60 rppm
E L. 50 ipm % FEIS 2R CERAK T Ln, 503070 s 2 BLLEZET, EE

X7 X AT LT To T,

140 1\,5\,0
130| W
Pedal frequency: 60 rpm 120 | W ~Exhaustion
100 | W
W-up 80 w
Rest Rest Rest 60 w
on land in water 30W in water w
0 4 7 10’ 13 15 17 19’ 21" 22" 23 24 (min)

Figure 19. Experimental protocol. Incremental exercise was performed in a semirecumbent position
and was started at 60 W. The workload was increased by 20 W every 2 min for the first 4 levels and

then by 10 W every 1 min. The subjects pedaled at 60 rpm, and volitional exhaustion was defined as
an inability to pedal at more than 50 rpm.
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FoNT A — 5 — DI EL

Toe B L OBENLD Ty [ TBAER ZHNTHEL, 7 =2 IX 1 BRICT —Fn N —2 AT A
(WE7000, Yokogawa, Japan) Z i L C = & = — & — (VersaPro J VL-F, NEC Corporation,
Japan) |ZREEK L. 30 BV U7l 2 MFAT I W 2, S REIE (Mean skin temperature :
To) IE. 4 EALCHE LN EIERD B UL F O BT [34% M, 33% KBE, 18% FHE, 15%
fAiffE (Ramanathan 1964)] (2 & - CTHEH L7z, HR I& D52 HWT S BEICHE L, 30 7
IR LTl a 7 — % & L THWEZ, BT AL, MR A 454148 (AE300S, Minato
Medical Science, Japan) % U C breath-by-breath THIE L, 5 67T —Z 0 HEEREIE
(VO2). “RLERFEHEI R (VCOy), WULAG (RER), HAAURE (Vo). 1| [EHRAURE (Vo). PRORIEIEG
(R) & 30 I FH LTEET — % & L CTHWE, E8RERRE (Rating of perceived
exertion: RPE) (X, Borg’sscale & F\ N CAEB R TEANCHIE Lz, £7o. BEAanE

NI 1T % F o RIEE L F L ONEBNk e R ] A4 ) N 7 4 —~ U A DFEE L LTV,

T — X EHT

IRIKATE L ONRK B LFRFICAS DTk 30 RO T — % OB % K LHEDT — & &
LTHWe, 7z, EBBHLAH 60-120 W F TIEEEBNTREAE ThT 30 BOT — X Z I K F
RO T — & & L THW, AEEE TR 30 W7 — & 2 HIKEBIRFO 7 — % & L THW
72,

IO T T M LD | 2 A OHEBREITBNT Ty OF — X Rigd TE RN o170, Ty

1L 10 4 8 L DWERE CIHEONT=T —X =i,
LAl ALEE

T=ZIXT R TEAE + SD T L7c, RS K ONRKELFHFRFOT —Z DEDIIE

1. KR (Tw 18,26 38 L1 34°C) B LOREE (RAKRIB X ONRAK%L) #HK T80 L
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DI B JtRES T N T T o 72, E7o. BEIFOREFT — 2 OZOREIE, Kl

(T 18,26 B LT 34°C ) I L OSEBENFRIE (60, 80, 100, 120 35 L O RGEENFRIE) 2 K &3

=1

D0 KL D& D ZIaRE S BT 2 VT T o 72, F£R E T Bonferroni 026 H i & H
WTAT o 7o, BREEN TR 35 L ONEB{kGERE [ O 22 O RUE I ITKIESE (Tw 18, 26 BE WY
34°C) Z K & 5 — Bl ot 2 O TiTo 72, W b F%M E 1T Bonferroni D%

HILEEZ AW TITo 72, T X TOREICE W TRV BEKEIL 5% A & L,

3. fEE
BAKETI L VR B L BFIFIZ I5 17 5 1 F5 L DR G BRI B¢

IRAKATE X NG ZEHIF O /3T A —H —% Table 1 lIZR" T, Teld, WTHOEREICE
WT b IRKRTE K OURKE TR B 20 o 72, Tald. Tw 18 38 KT8 26°C 4TIk &
DR TIREZ R L, Tw34°C S CIRAKRT L W RAKSG TR AR Lz, £/, BKEZED
Tald, Ty 18°C ZfFC 26 35 L U8 34°C el L 0 HARME, To 26°C 44T 34°C el L 0 b I
Bz /R L7z, HRIZ, WTNDOFREICIB W T HIRAKFIER TEIZALN T, BAKED HR T Ty
18°C 480 T 26°C 4efth £ V) bl Z 5 L=, VO, 1% T 18 35 K18 26°C S TRART L 0 12
K% TR A T L. K% D VO 1T Ty 18°C 4T 34°C 4efF £ 0 b EfliA R Lz, VeB X
O Vrld Ty 18°C kTR & VBB THEEAT L, BB Ve i L0 Vrid T, 18°C

KT 3C ML bEEE R LT,

EBIFIZR I S, B RL NEB T+ —7

Tw 26 38 J T8 34°C SRR T, BRSO To (TN L7223, Ty 18°C S
TN L7 o 72 (Figure 20), F 72, FEEIH O To1E Ty 18°C ST 26 35 & O 34°C 544
£0BIERIEE R L, DT OB TS, EBHREORIICFE VO, X L7

(Figure 21), F£72, HA FEBIRF (60-120 W) D VO, 1& Ty 18°C 1T 26 35 1 1 34°C 44
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L0 BEEER LA, RSBREERE (VO (FEMERICETL BN -7 (Figure
21), B RGEENGRIE 3 I ONEEHkE FEIE T 18°C 4T 26 B LU 34°C S:F L 0 LR &

AU, Tw26 38 KT 34°C FfETIEEFTA LN > T2 (Figure 22, 23),

EBFICE 1T BB IE

FEBIF . Ve 3 Ty 18°C 4601 26 35 108 34°C S X 0 b AR LA, Ty 26 BEO
34°C SRMETIEFEIT A B D - 7= (Figure 24A), fr [ JEBNGEEE OB LEVIN L7228, &
PERINZ T A D72 hy o 7= (Figure 24B), Vrld Ty 26 35 X OV 34°C SfFl2 BT, JEBhIREE
DIIMAENDTNNTHIN L7223, Tw 18°C FETIZ—E ThH o7z, MA T, K FEE)R;
(60-100 W) @ VriL Ty 18°C 47T 26 B L TN 34°C &k K 0 & & iz 7~ L7z (Figure 24C),
Ve VO3 1. Ty 18°C T 26°C £l & 0 e K FIEBIR (60-120 W) Imifiiz 5k L, S K
B L1\ VBT 2 L2 (Figure 25A), £72. Ve V02 1. T 18°C 4o C 34°C SefE L 0
R FHEB (100-120 W) 2B %1 L7 (Figure 25A). Ve /VCO 1%, 120 W IEBIIHZ 351

T Tw 18°C 1T 26°C &k £ 0 & mifEi A 7~ L7= (Figure 25B),
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Table 1. Comparison of thermal and cardiorespiratory responses at rest in air (pre-immersion) and

in water (immersion) at 18, 26 and 34 <C.

Tw 18°C 26°C 34C
Pre-immersion Immersion Pre-immersion Immersion Pre-immersion Immersion

Tes 369 + 02 368 + 02 370 + 03 370 + 03 369 + 02 368 + 02
0

Tu 309 + 0.6 202 + 05%% 310 =+ 05% 270 + 04% 321 + 07 343 =+ 02%
0

HR 67 + 6 72+ 127% 66 + 8 62 < 11 68 + 9 65 + 9
(bpm)

VO, 368 + 89 776 + 241*; 344 + 81 561 + 184* 349 + 90 376 <+ 108
(ml-min!)

Ve 118 + 3.1 216 + 78%* 1.1+ 33 146 + 57 114 + 27 115 = 19
(I'min")

R 160 =+ 45 186 =+ 7.4 142 + 8.1 140 = 7.0 150 + 34 162 + 93
(breath-min™")

Vr 738 £ 120 1102 £ 414 *} 657 + 257 955 + 489 765 + 223 582 + 138
(ml)

I-/E/I./OZ 322 £ 27 284 + 8.5 322 £ 6.6 256 + 26 328 + 29 321 £+ 74
(units)

Vel VCOs 369 = 39 336 = 51 367 £ 64 320 + 32% 371 £ 37 353 = 68
(units)

Measurements were made after 3.5-4 min at the indicated temperatures. Values are expressed as mean

+ SD; n =7 subjects. T, water temperature; 7Tcs, esophageal temperature; ik, mean skin temperature;
HR, heart rate; V'O,, oxygen uptake; Vg, minute ventilation; fg, respiratory frequency; Vr, tidal volume;

I‘/COz, carbon dioxide elimination; *P < 0.05 vs. rest during pre-immersion in a same trial; TP < 0.05

vs. 26°C trial in the same condition; £P < 0.05 vs. 34°C trial in a same condition.
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Figure 20. Esophageal temperature during each set of submaximal exercise and at the end of the

exercise at the indicated water temperatures. Ty, water temperature. TP < 0.05 vs. 26°C trial under the

same conditions; $P < 0.05 vs. 34°C trial under the same conditions.
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Figure 21. Oxygen uptake during each set of submaximal exercise and at the end of the exercise at
the indicated temperatures. Ty, water temperature. TP < 0.05 vs. 26°C trial under the same conditions;

1P <0.05 vs. 34°C trial under the same conditions.
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Figure 22. Maximal exercise workload during incremental exercise at the indicated water
temperatures. TP < 0.05 vs. 26°C trial under the same conditions; P < 0.05 vs. 34°C trial under the

same conditions.
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Figure 23. Time to exhaustion during incremental exercise at the indicated water temperatures.

TP <0.05 vs. 26°C trial under the same conditions; £P < 0.05 vs. 34°C trial under the same conditions.
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Figure 24. Minute ventilation (A), respiratory frequency (B) and tidal volume (C) during each set of
submaximal exercise and at the end of the exercise at the indicated water temperatures. Ty, water
temperature. TP < 0.05 vs. 26°C trial under the same conditions; 1P < 0.05 vs. 34°C trial under the

same conditions.
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Figure 25. I./E/ I‘/Oz (A) and I./E/ I‘/COz (B) during each set of submaximal exercise and at the end of the
exercise at the indicated water temperatures. Ty, water temperature. TP < 0.05 vs. 26°C trial under the

same conditions; § P < 0.05 vs. 34°C trial under the same conditions.
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4. BE
BRI I DKM D3 Z2FHIFE DRI I8 - ONFFIRAE IR I BN R 1% T R 2

Tw 18 35 L T8 26°C SefF T, TalZIRABT ITIEF L7223, Tl ZWPhoffFicisnT
BIRKELFRFITITE T L do 7o, T ORE R ERE O S IRREIZE b &3k (Ty 20,
24, 28°C) RAKM% 10 S RITBETIEANRKATO L -L T—EITR TN I EATHF R Ot & —
HLTWD (McArdleetal. 1984a), = D X 5 72§36 X OVRERIEO S, IR S
Bl B EIMNE B L ORMME NI L » TR TE 5, EREE FTELLIREVOBHE
PEORIR RS RS M IR RS Td 0 . 2 ORISR 2 IUiE S8, RIS M 27854
5 MK E 2z S5 2 & CRIGRE N HIMNB~OEEBZ KT S &5 (Mekjavic & Eiken
2006), =D X 2 ARRIERERGAE U2 2 L1k o T KR KBRS Tu 13T < IR T L=
WZHDDPD BT, T IXRKATOMEN R SN B2 B D,

Ty 18°C S ClE, Vi35 XUV HR IHIRAKIC & o THI L7228, Ty 26 35 £ 18 34°C e Tl
ZORNER B2 o Tm, TATHFFEIZE W T, WK (Tw5-15°C) 1ZiRAK LTZEZI T
B Ve I 5 2 L BHE SH TV (Keatinge & Evans 1961; Tipton 1989), L 7L 7243
b, KRBFFETIL. Ty 18 38 £ 18 26°C RIFICINT VO, ML TH Y . 20— J5 TLekil
D Ve/VOy ILEKRI# THITR BIARD o T, SATHZICEN T, A REIC LSRR
WICIR T4 5 2 & TRHEECSHD 2L, VO BMEM U722 & MR STV 5 (Craig &
Dvorak 1966; Wagner & Horvath 1985), L 72735 T, AREFFEIZEIT D Ty 18°C K TOIRKE
D Ve F L OVHR OHIINE, Ty ORMAEFIC L - TAELZBRERS D ZICE L LD TH

HLEEADBND,

Kk FiEBIF DIEEFIFIRE L J BB /N T 74—~
B K FOEBIHTI51F B VO & Tw 18°C T 26 35 1 T8 34°C S/E 1 0 b % m LT-,

% < OYATHFFEIZ BT (Costill et al. 1967; Craig & Dvorak 1968; Holmer & Bergh 1974;
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McArdle et al. 1976; McArdle et al. 1984b; McArdle et al. 1992; Nadel et al. 1974), %A L <1
IRKBRBE T & bl U O KBRS T CORK FIEBIFICIE VO, 28B4 7T 2 & A S
TEY ., TSI KERE T CTOREAT [T, Ta B L OFHIE (Muscle temperature; Tiy )] (Z
FoTHLD2ODAN=XLREELTNDEEZLND, 1 DB & LT, BEFHBLO
Bk TIEBIRE BRI A& (ST B 7200 U 5% 208 VO, OHINCE 5 L= ATHEMEAS %
2 HID, AIFIETIE, T lE Tw 26 33 L VY 34°C G CIEBEIE O EF L7223,
— 5T, Ty 18°C M H 1T B K FEBIERE (60-100 W) (21X Tes1X 37°C LA R TH Y (Figure
20), FEEIEA OWBRE BV TRA FESHCS D 2 BE T TV, LRS! Ty
18°C Zeftk & 26 33 L U8 34°C 40k & 0> VO, DAITHEBIE DS EINT 212N TS Ao otz
(Figure 21), JEATHFZETlE, WAKBREET (Tw 18 B LN 26°C) I2B1) % i K T EEN I 137
HURAME T L, 522 AMELH 2 LT VO M LT 2 & 2845 LT\ % (Holmer & Bergh
1974; McArdle et al. 1976), & 512, Hong & Nadel (1979) [XIESIF D 5 5 (T E BN R A3 Y
MBI THIHI SN A FREEMEZRIE L TS, ZDZ b, AFRICENTYH, Ty
18°C SePED IR FHEBIFHI I T 55 2NV LT 2 & T VO, M@z R L, EBIE o 1
MNE & »ThDZAH ST 2 & TRIMOD V0, DFENNS S ot B2 BNS,
VOLICEBERIE LT 2 SAD AN = AN E LT, WEHO Tn DK FREZOND, &
WFFEITHT 5 Ty 18°C 4ol ClETu @K BIAAH 3+ IR T L, JEBY 238 L CTu I T 18°C
ST 26 BEU 34°C o L0 BIREZ R LT, SBATHIZEICI VT, fRME T35 2 &
T (Tn29°C) ¥ DR (Tw35°C) OHFA LV bFHIHE IMET L, B@HEFIROYE & [F1%
DN EHETD72DICL 0 Z OFEBPNZERT HMLERH L LxRESNTND
(Blomstrand et al. 1986), AHFFZICIUNT, Ty 18°C ST 26 B LN 34°C b L 0 & T MK
KZgoTWe T 5L IHEf ORI RMET 52 & T, [[A—EHREZIZBNTED
2 < OFEBHEMAZEE Lz 2 ERNRBOHEINCFHFE L TR E 2 bivd, AR5

TlE. Tu DHEENMZEERTH D Z & (Lloyd et al. 2015), £7-. KPP TORENRETH 5
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ZEMMBIEEFGO Tl ZHE L TWRWA, SBOFFRICENT Tn 2 MET 5 Z & T, WK
BRBE T2 351 BIEBIIG D VO, ORIINC 55 2 MR K FIC £ 5 HOMBIH=EO & T2
EOREHBEL TCVDINERMNTEDEEZLND,

ARBFFECIE, VOspeas IR THED /RN b 2373 B3, BTEBNRES £ OE Bk
X Tw 18°C SofF7C 26 38 X UV 34°C S/ L 0 bKfEA R L7z (Figure 21-23), Z 4L % T/KIE

DIENDS VOnpea | MNETHBUC S TIE—B L 7= AR B AT 220, Nadel etal. (1974)
1%, GBI O VOpeat 1L KBRS T (T 18°C) ICBWTHLOAKIRT (1426 5 X 18 34°C) &
DHIREEA R LT Z &2 @A LT b, —J7, Dressendorfer et al. (1976) 1%, /K3 L ONE
KEREET (Tw25,30 XL 0V33°C) T H iR EBRED i/ozpeak WX ERA LN o7 2 &
Z#E LT\ 5% (Dressendorfer et al. 1976), F 7=, Gagnon et al. (2014) [FERELIR 0°C DB
FIIEANTITo 72 by RINVEICBITL2EREITSD XA ZAECIEZHIZIBWTED T
BROVHELY BRMEZRLIZZEEZMELTEY ., 522 °HOIEEZIROETNICL > TE
L% VO, DN & 5 TR— VO, B DB/ 7 4 —~ L ZNEIR SN D 2 & 2Rl LT
% (Gagnonetal. 2014), AHFZEIZINT b VOnpeak INGMEM THEM T &N 5 T21T b H3i0
DT, Tw18°C LRI 5 .52 X OTEEN A OB IR DA L o THE UK i

ERF O L 22 R O L > CTHEE) ST 4 —~ C ARHIR S NI ATREMEDREZ 2 B D,

KU D3R iy B RF DB i Bdo L DR AN — ANZ R IF T

ZHNE T, KB KPERR OBLSEICOW TR LT2FFRIZIE & A 72V (Costill et
al. 1967; McArdle et al. 1976), ABFFETIL, Fek FIEBIREOD Ve (3 T, 18°C 4T 26 1 L 8
34°C G L 0 b EfEA R L, RIS VPO, b T 18°C Z6FFC 26 45 L U8 34°C 4 L 0 b7
fliZz R L7- (Figure 24A,25A), Costill etal. (1967) 1Z/KIE (7w 17.4,26.8 35 X1 33.1°C) 75 20
Sy D RR FIEERF (HR 150 bpm FH24) OFFRAGHISE I MIETRBEIZOWTHRFI L T

D . VO KRR 22 e s 72 2 L A LT D, Ln LD, featost
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FHHR (Ve/VOy) 1E Ty 17.4 3100 33.1°C ZET 26.8°C SfE L 0 b fiiz 7 Lz 2 &
5. ZNHOKIRFEMETIER—DREEZITI T2DIC LV L DIWMAEITT->TVND Z L AR
LT B, Ve lZFELBREAEDRINNIC L - T HRMT 2720, Ve/VO, 1L IR (R LB L
BEDTREETHIN L TV Z EDREHIL TV S (Whipp etal. 1989; Wasserman etal. 1987), Ml %
T, AT DT, MAKERBE T (T 18°C) Tldde K FIEENFRFIC IS 1T 5 MEAEME = R /L X
—REHHIINA XV ARTRE CAE U D Z L ST % (Holmer & Bergh 1974; Rennie et al.
1980; Tipton & Bradford 2014), Z L5 DSEATHIIEN O ABFFEIZIIT 5 Ty 18°C S TlE 26
BN 34°C el X 0 b (KR IE OEBIFIC 35\ TR MR BIEICE L7 2 & T /O,
WEfEZ R LT[Rt E 2 bivd,

AW TIL, EEZ B LT RIISFFMICEZA DN 2oz, 2T LT, Vrldfk
TIEEIRE (60-100 W) [Z3WNT Ty 18°C §fFT 26 3LV 34°C £fE LV b EfEEZ R L, Tw
18°C S CldiESh 24 L C—EDEZHMERF L7 (Figure 24B, C), ZiLH DOFERIX, Ty 18°C
SRIFICHIT D Ve DRIMNEIC Ve OHIINC £ > TEL TV Z & &Rl LT 5, JiTHrsE
IZBNT, WA TDEEI D Ve ORINE. EEBIICIE & B LV Vi OBINOR I
THEUBM, L0 EREOEBIFHCIL Vi 37T h—ICET 5 2 & T Ve ORI RIZE -
THUDZ ENMESNTWD (Gallagher etal. 1987), 12T, AWFIEIZ IV TRER)THRE D
BONCAE D Ve ORINIE, Ty 18°C STl o DEIIMC L 5> TAEL T2 21k LT, T
26 BLOMCEBTHEABIR M OMGIZE>TAEL TN, 2O LD, T,y 18°C &
TECIHERRESEBRHZ W T TIZ 1 377 b—IZ#E L CW 2 RSN S 2 Hiv, AKIEN

WS BB IR O WP /N 2 — TR A KT T RAIREMEDN B 2 B D,
AMIEDERIR

AW L RZEEDOF—T 7 4 —H —AA I 7 TR, TROEHZT TIEAR < EikoE

b &V o TEBRAOE N BEDE, 6 L OHEEIZHE 5 il X 2 B3Rk oin
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LW T ST 78 AWFFE TIRAR~ 5 58 O g A EE) R EE 215 A 7 W A e & E) 2 )
WTWD Z EnG, ARUTFEORRITM /KBRS CHEE) 21T 5 56 O AEHISELHEE) N7 +
=V UAZOWNWTER D ETEERAMRLLRD EEBZOND, AFEORERIL, WAKEET
TH U5 55 2R OB R DI T I L - TEEIRF ORISR 23 < 72 5 ATRENE 275
L CW%, 2 T, Nakajimaetal. (2002) X, BENLZHRFD 55 Z I KIFTHEIZOWNT,

AL E D BIEMEOBAICS D ZRELRT VI L AR LTS, 2O b, EED
KKEHZIE, 52 2 X DR OB AR TH O NI EEIY b RE< DN LA

20N,

5. £&

AWFFEIZ E D | Tw26 B XU 34°C 1T T 2 M AMERIR & g LT, TW18°C IZBIT 5
W ERHEBIMC 1L, (1) SR TIEBIRED 7O, 2NHINT D75, Ve 1ZHBEZ1F 7200 2
L. Q) BAHEBIREE S L OSEBREGRIT AT 5 &L (3) T v OB X 5T Ve
BEINT 5 2 E MBS A E R otn, TALOREEMD . HAKBEE T CORK FIEBRICIE
VO, SHEM L, BB ST b — L Z BRSNS 2 & E72. AKIROENDS K PIESEOIE

W S B — AR RAE T R REMED VRIR S 1T,
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V. BFEEE2-1
55 2 OTESRERIEZBARICHRET 57200

BB ZAT O ERETNVORLH L ARMICET SR

1. ERBXUEHW

EENRFHZ I ENC K OBGEANE T D25, WFEERE 1 KV M/KEREL T Cldm K T ES)
FHZI U T b 5D 2R OMINE M R 5 2 & T Vo, S L, 837 5 —< >
ADIKTICORBDAREMENH D Z ENH BN E o7, 52D 213, WEEVRIESC R EIEME
T4%Z & TELDBEMEEIBRHTICD 1 DTHY | LERFIZIZZ OIS Z D 4hD
LU ARIEREME N H 2 = LN RIB I TS (Cabanac & Massonnet 1977; Mekjavic et
al. 1991; Mittleman & Mekjavic 1991; Nakajima et al. 2002), JCATAFIEIZBWCTHE S
TWD 5252 OWEERIEREMEIXHFZEH C—%% L THk 5 7 (Cabanac & Massonnet 1977;
Mekjavic et al. 1991; Nakajima et al. 2002), Z AUZIZFEERGAEDOE Y KGR OENLH AR
(1 Rl 72 0 OERIEOIKR TESG V) OFEWE] NEEL TWDAREEN R I N TV D
(Cheng et al. 1995; Mittleman & Mekjavic 1991), L7243-> T, IEHBAIEIK FRED 55 2 OFFME
IZOWTHRETT 25 B 10IE, BEIRSCMEIREZHE L ERET VAN WD Z ENEET
bHEEZEZLND,

Flo, FATHIRICEB N THE STV 555 2 O RIEREIX 36.2-37.3°C THH M
(Cabanac & Massonnet 1977; Mekjavic et al. 1991; Nakajima et al. 2002), & k(i@ & O EEER AR
BHI3TC THHZ ExBET DL, EIERREZIKT SEEENO SN D (R
(RIR 2K T S0 2 ATOR RISV T TIHERIRD 5 2 2 OBMETIZALE LT
%) ZENTIREN, 50 2 OWHBIMEREZ IR TERNEB X 6ND, ZEDT2D,

5% 2 DOUEHARIRBIE 2 FIFE I 3 5 72 DI2iE, TREVMARIR 2K T S 460 S AN g1 HIHE
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BEEOTBLEND D EEZHND, Mekjavic et al. (1991) 1%, TEEBIAIR 2K T S84k
W 5 AN EE) 21T 9 THIIMRIR Z =8, RO 50 2 DBIfEZ R L Tnd, —J7,
Kenny et al. (1998) 1%, #EE AT H = & CHENVELZFHRFIZH T 552 2 OTERIRBE) &
BANCS 7 R D228 LTWES, 207, RERTIL, 525 2 OSBRI R % B
ISR T 2 7o EB 21T O TITHIIRIEZ & 2 51k L LT IRB 21T WO RIHIAR 2
EOLFERETMEH LTz, LLARRL, IR E W 9IlKREZ ERIEL 2L, £
D% DTREBAIRME TR T 5 5 5 2 DTSRRI B X OS2 M50 28 4 M AE 3 Al RErE
HEZXONDZEND, HOENUDIRBEIT ) FRET VOAIMEORHEES LT, IRFICZ K
D UIRIR O L7232 D% OGEBRRAL T RO .5 2 2 DTSR B L O rEic b2
HEBIOWTRATTDRERSH D EEZ BND,

% 2T, MR 2-1 TS 2 2 OTRERAIRLEIME 2 RS 9~ 2 72 O DI 21T 5 SEER
BT NOEEMEE M ERETT 572010, MKIRKETOIRE I X OIS S HIHTAR
O BRI X ONERIR O .5 2 2 OUEHARIRBIE R J OV I RE TR 2 5 )

W52 L AME LTHEREZITo,

2. ik
wE

LEREBRCIL R 7 BE 8 4 [£EMi: 24 + 3 (SD) %, AH: 653+53kg, HR:1740+38
cm, HREBLIOHENSRE L7-AKFHEFE (BSA): 1.79 + 0.08 m? (Du Bois & Du Bois 1916),
BML: 21.5 + 1.3], EENFERR CTITMER BN 6 44 [4F5: 24 + 3 5k, 1AH: 65.6 £ 49 kg, HE:
175.0 4.1 cm, BSA:1.80+0.08 m?>, BML: 21.4+1.1] Z#8r#& & L, # 1 [AILL Eo#ES 217
STEY, AEIIZ T —VEDORKIZIZAK L TR WEEIRE & Lo, SBREICITERN

EEROWE I L OFEREN EofEBRME, LKeam~OxREZHiH L, FREIMOFE 2157,
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ERRERLEE

FERENOBREIT, KR 25.6+£0.5°C, BE 67.5£6.1% Thol, FBH, EBRENIZ
AT CTHolc iR Uiz, AEBRIT, BT L —FNARET L 2 A — & — (Aerobike 330,
Combi, Japan) & s L7z, FIEML TREY 7 5K BHR#E T /L T A — &2 — 3R E S
AT BRI (YSD-6000L, 5 H &L LT, #E: 2.4 m, £ 1.4 m, RI: 1.7 m) (T TITo 72,
WBRF IR TSI T B ML CORE Y v 7 HEENEN D 720, REBROBIERLS A X
D 1 BLLERNC, WAKBREET (25°C) 128 W T 15 E O —E AN HiFER) (A 0 W,
[F#558: 30 rpm) & FRIHE & L TITo 7z, EBAMITIHEHEIC L 28T L —F A& R
LTHEY, ERIIIKOIEIUC X 2 AMAD- TN EEZBND, -, FATFEEKIC,

PERE DR DRAKT D K D 72KALE L OMERE 73 e & Tl &0 WIS DAL B 2 flesd L7,

EFNE

BB I, FEBRD 24 FERIRT DI L WIEEBIRS KO v a—v, U7 =4 v OB A
25 LR U, £, ERAEIC500ml O R T — 2 — AL, ERY A O
2 REFRTICBUEDRFRB LS00 ml DI R TV T 4 — X —Z4BE L, ZILLARE ORI
ATz, FEEE A, #EE TR U, REZHNE Lk, EER=ICBE L, £0%, THE
OB Z BENOFEOR 1/4 DRSS ETHALL, ZORENTT—71X, £0FE T
RICALET 5 EHEE S5 (Wenger & Roberts 1980), D%, HRIEHD F T A3 v &
—F L UER (RS400, Polar, Finland), Tu E A OBVERS (. AATKE, A KR, A FHRO
4 D), PR AREH O~ A7 BRI ZEE L, v~ UV AR—Y T 2—2X (AQA
AR )= )7y a—X 2KW-4215H) ##M Lz, EBRZ v k2L % Figure 26 |27, &
s L ONEB ERIC B O T FIIRIE 2 20 S EFICHKRAKRHCB WD TR AHER, b L
<IEMKIZ KB # 7> D KSR EE — E A B ERHER) (AR 0 W, [E#E4%: 30 rpm) %179

M (Control 5:1F), F L ONEIK (42°C) ~DIRKIZ L 0 AR 2 LA S8 THBHKIR
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KREIZBWTER A HERF, b L <IZH/KIRKBRIATE %2> HARTRE — EA M B is8ED) (&
fif: 0 W, [EI#E%5: 30 ipm) %47 9 &t (Pre-warming 5:1F) @ 2 &£hF o217 -7-, WTFho
FHCBWTH, BOCEVPERENZ ELTCLE S DESTEDIZE A B 7 HtE~ L
k& BEERICHEE L7z, Control 5cfF Tl 2 FICR\W T 5 DB OLCEERIE 21T > 7214,
7K (25°C) ~DiR/K &G L7z, —Ji. Pre-warming 5Tl 5 2y MDke EZ2H D% IZER
HAMER DO~ A7 Zoh L, F_X L — 2 —— ANICERE LT L, Pk 2 -
H X2 72 DITREN £ TORAKSDIRKE 25 4347 -> 72 (Pre-warming), = DiR/KFG{E
1X. ZKIE 40°C DIEIKIZ 25 /3 RIRZK L, #BRE O RIER23~0.8°C L5 L 72 ATAIZEIC I 1
% Pre-warming D Ji{EEBE|Z LTI2H D TH - 7= (Tsuji et al. 2012b), Pre-warming 4. % A4
NTHRERE PR E Lcth, EBRAIKIEICBE L, R AREN~ 27 B L OF A v
TRV S B AEAE U LRRRFIE 2 2 AT o 7otk KR~ OIRKZBIMG LTz, BTO%
EIZIBW T, WR~ORKITWERE O To 28 35°C % FRIZ M, BERE DR Xz Y /e
RO RTHKT Lz, ZFpB LOEBEROVTICEN TS, FRMITDR<LE D 1

HELEZET, IEFILT v # AL TYTo T,
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Control trial

Cool water immersion
Rest
©s (T,=25°C)
—
5 min
Pre-warming trial
Pre-warming Cool water immersion
Rest| ' (1,=42c) | Re! (T,=25°C)
‘5min” 25 min ”2min'
B
Control trial
Exercise (0 W, 30 rpm)
| |
Cool water immersion
Rest
= (T,=25°C)
Ay
5 min

Pre-warming trial

Exercise (0 W, 30 rpm)

Rest Pre-warming Rest Cool water immersion
(T,=42°C) (T,=25°C)
5min 25 min " 2min

Figure 26. Experimental protocol at rest (4) and during exercise (B). Tw, water temperature.
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BHoNT R — B —DPYE TV

Tes B L OKEBNLD Ty (FEERIZHWTHIEL, 7 — XX 1 EICT —4 e —v AT A
(MX100, Yokogawa, Japan) Z i L C=2 & = — & — (VersaPro J VL-F, NEC Corporation,
Japan) (ZFRERk L. 5 OIS L7 B A MRNTIC M, Tuld, 4 SPGB L= KRN S
LUFOESRLHT [34% A, 33% KER, 18% IR, 15% Hiifii (Ramanathan 1964)] & & - TH
L7, HR 1% DHGEHEZHWT 5 BEICHEL, 5 0@ FY LEE 7T —2 & LTHW
Too BT AL, W A 53 #T4s (AE300S, Minato Medical Science, Japan) % iV >C Breath-
by-breath THIE L. B 5HN7=F—4 75 VO, VCOy. RER, Ve, Vr. fu% 5 SIS L
Tz T —2 & UCTHWE, IR (TS) 1%, 0-8 (0: Bl TEXRNTEE, 4 P, 8:
FETERWZERE ) DA —/LEFWVT (Young et al. 1987), H/KIZ/KETZL IR L O

AR 5 Sy i E LTz,

T — X EHT

ZERR KL ONEB BRI\ T, Control e TIIM/KIRAKRT L 5 /3 OT — & D FH
B & ZHIE DT — 4 & L CHV, Pre-warming 4ef ClE Pre-warming #2255 2 4307 —
H w B O T — 2 L LTHWe, ZEFERTIE, T3 TO/RT A—Z— {28 T, Control
ZefE$5 KON Pre-warming S DI SAT T5 % 2D To BN R ST 6 4 OWERE DT — 4
ZIRATIC N2, T2, WKIRIK 50 43 B LARRIZ ISV T HRBREE 358 ST 2 903 By 52
BAEKT LIEZEDD, TRTONRTA—=F—ZBNT, BKSOSAETOT—FBIN
R TREDT — Z ZfRITICT Wz, 7ol &GO M T 7T &Y 1 A OHFERE BN T
HR D7 —Z RFLEKTE IR o 1o e, KR FEBRTIL 5 B OWERE DT — 57 % 7 — 2 fRHTIC
iz, EE)FEBR T, 7 TO /87 A —4 — {28 T, Control 543 X O Pre-warming 2%
HOWMEHTEDZD T BREN RGN 4 2B OWRE OT — & ZMITICHW -, Fio,

Control Z:4 Tl 7KIZZK 60 43 H LABEIZ 35T, Pre-warming 4 TldimKiZ/K 65 43 H LI
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BV THBRE NI 2 I TR ER A ST L2 L b, T RTONRT A —F—
\ZF\ T, Exercise-Control Tld¢n/KiZ7K 60 73 H | Exercise-Pre-warming {4 TIEmKiRK 65
SHETOT—ZBLONRAKKE TRHEOT — & ZfFTCHAW ., 2B, o 7 71c kv
2 4 DOPERFENZB W T HR OF — X Nk TE Ipipoloizdh | HENER TIX 2 4 OB O
T = h T = ATV, e, WTRORMIZIBW T HIRAKK TREO T — & OIFEE
BRI TRET — & & LTHWE,

55 Z ORI (REAERIME R L OREM) 12, 254 T, MKIRKFFICZRIT 5 Te
L VO, DEHRICOWT, ERIEIRATA1T 5 2 & TR Lz, VO ABIINT 5 T BRI,
I —F—HFEIZ LV ERE VRN RN 72D X DI L TRD T 2 DO RYFEHRROEL
JL& LTk 7z (Fujii et al. 2008; Hayashi et al. 2006; Tsuji et al. 2012a), F£7=., BfELARE DA
IO & T KTICHT 255 2 OREVEOREE & LCHVZ, 7235, V0, O breath-
by-breath D7 — X (XX B DX NIEFIZRKE W2, | HEOET — X 2T HND 2 &
LU, E£7. VO ERABIEHICE N Tl L7, 3-5 5 CERIRIE L /25721
KFA~DRAT v T A U REEIROK I L D588, 12K S 3 ENDIRAKKE TRETOT —
X EREIR STV, F2, BAKEED T & TS & OBRIZHOWT, /b IRIEICE

D EIREMEZRD, TOES BT ZHE T L,

T LB

T=ZTTRTEEE + SD TR LT, Ll K OEEBERICENT, £ A —2—0D
BT — X OZOREIT, FEFE L O Pre-warming DA (Control 35 £ UY Pre-warming) %
HRNET 2R L OH D " JehliEN B & AV TIT> 70, FEBIEIL Bonferroni D%
HE A W T T o 7, EEERTIZ. MARZRE W THEBRE N 4 4 Th > 721K 60 57
HETOTF = ZIZHOWTHEHMAE AT 72, £z, EBHFERICEH T 2 HR OFRELT —~

VIERE TR 2 2 T2 o Te e OB 2 AT o 72 o Tz,
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VO, BN Tos BiEES £ OVERZNME. T & TS & OBMURIC 331 2 BIREBOM X 35 L OWIF
2B DM O ZDREITIL, paired t-test 2 H N 2, T X TOREIZIB W THEHIA EK

HEIT S% AT & LT,

3. fER
BN T A — 5 —

L RERIZ I T, Tos 1 LM KIRKBTLFRFIZ 351 N T Pre-warming 214 C Control §:/4: £ ¥
HEVMEM AR L (Tes, 36.8 £0.2 vs. 37.1 £ 0.3°C, Control vs. Pre-warming; P = 0.068), Ty 135
RN EIT A DN o T, KRR . Tos 1WA IV THRERRTRRIE I ARV ME T3
LA ZTR L. WTNORRIZEN T O RIFFICEI R N h -7, 7o, MEFTED
T Tes 1FRAKKE T RFIZ IV TH/KIRKFTL E#RE L VARV 2 7R L7z (Control, P = 0.088;
Pre-warming, P=0.085) (Figure 27A), Tu |ZAKIEAKIZ K 0 WGMHCB TR T L, #HKEK
1520 43 B, 45-50 73 B 3 L ONR/K#& THREIZE U T Pre-warming 5514 "C Control 54 &L ¥ &
%~ L7- (Figure 27B),

BN EERIZIW T, Too 1 LM KIRKBTL FRFIZ 351N T Pre-warming 214 C Control §:/4: £ ¥
HE WM AR L (Tes, 36.6 = 0.1 vs. 37.0 + 0.2°C, Control vs. Pre-warming; P = 0.063) (Figure
28A). 127K 35-45 43 H1Z35U T Pre-warming £/:C Control §ef & 0 & @il 7 Lz, Tuld

FIEMICZET R b2 > 72 (Figure 28B),

A N Z X —5—

LEFERIZEB VT, VO, 134 KBTS IEIC BT Pre-warming 55 C Control e &
Db EfEZ R L, Control & TIRAK 5 75 BB L ONRKKE TRFIZ IV T KIR K FITZE FRF X
D @l %R L7 (Figure 29A), VCO, 35 X T8 RER 1ZWFHLOBE AT 35\ T b S MERIIC 351 R

Sy AWAIEESY i I'/COz IZ Control S TiR/K 5 73 BIZBW TH/KIRKFTZ §HRE L 0 EE %
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7~ L7z (Figure 29B, C),
EBEBRIC I\ T, VO 1 KR AR LRI B T Pre-warming £5fC Control /4 &
Db EfEZ R L, Pre-warming §:/FCIR7K 5 43 B35 KOV 20-55 43 BIZ B W THRKIZ KA L &
YV @l % R L7 (Figure 30A), VCO; I3 Pre-warming 4cfF Tk 5-30 4 H 35 L 0% 45-55
7 BIZEB W THKIRKATZEEHRE L VU @fE% 78 L7 (Figure 30B), RER |27k 40 43 HiZH W

C Pre-warming 54 C Control §&fF X ¥ & mfE% 7~ L7 (Figure 30C),

¢ DIREN AN B E 75 S VR

GRFERICEIT B 1 4 OREORERE DERIED T & VO, DBIUEE Figure 31A 175
I, T RTOHERE TSI T Figure 28A (28T XK 9 72 VO, BN Tes R (55
DVEESAIRBIE) 255, 64U, BIELL T O Tl To I& FISH LT VO IXE MR BIIN L 7=,
5D Z DVEEBIAIEBIEIL Control £:/:123 T 36.4+0.3°C, Pre-warming S:{4H1238 T 36.4
+04°C THY | FUMICETR LN o7z, Fo, 5D 2 DML, Control IHIZH
VN T-409.3 £ 120.4 ml min! °C!, Pre-warming $:/F1Z36V 1 T-424.6+192.6 mlmin! °C! TH Y |
MM ZEIT R e - 7= (Figure 31B, C),

EENERICI T D 1 4 ORBOLPERE O/ LEIED T & V0, DEHE % Figure 32A 127
T, FRCOPERE THIZIEICISNT Figure 20A (R & 5 72 VO MO T, B (5% %
DVEEBREBIE) 73R 540, BIELLUT O Tl T OB FICK LT VO, FEEHIIC RN L
oo 55 X OBEEIAIRFIEIX Control F:F123V T 36.0 £ 0.3°C, Pre-warming S:/4:1231 T
35.9+£02°C TH Y, FIUEMICEIIA NIRRT, Fio, 52D 2 DEZMEIL, Control £
I\ZHU N T-428.1 £ 164.9 ml min' °C!, Pre-warming Zcf1245\ > C-367.5 £ 333.5 ml min! °C"! C

b FEMICEITR SR n 572 (Figure 32B, C),
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HS/NT A — 5 —

G ERICIBN T, Ve, VB L0l WP OB AICEB N T b RERICEITR b
57= (Figure 33A, B, C), Ve 1 Control S CHKIEAK 5 53 B ICH U THKIZ AT L L 0
% 7k L7z (Figure 33A),

EEERIZE VT, Ve B LU A EWPR OB IS T b AR EIT R SR M- 7
2% (Figure 34A, B), fr 1ZiZ7K 40-45 43 HIZF T Control Z5fFC Pre-warming {44 L 0 &
fii% 7% L 7= (Figure 34C), Vi I Pre-warming £/ ik 5 45 B . 15-20 4 B 45 L T8 30-50 43
E IR W TR KA L @iz 7~ L7z (Figure 34A), fk 1% Control £ Ti27K 20-25
57 BIZBWTImAKIRKETZ §F &L 0 mfEZ R L, Pre-warming Se{FTiR/K 5 43 BB LT 15-

20 77 BB W TWKIZZKATZ #RE L U @i % 7~ L7 (Figure 34C),

DFHEI L O TR

TFFFEBRIZB VT, HR IV T RO SIZEBWTH KM EIZR 52~ 7= (Figure
35A), TS IEm7KIRAK 547 HEB LT50 43 HIZH W T Pre-warming 54 C Control 541 0 %
mifEZ 7~ L, Control &/ TH7KiRZK 30-50 47 H 36 & MK THFIZISUV T, Pre-warming 5
T CHKIEAK 35 43 H ., 45-50 43 H 3 JONRAME TRHZ B W THRZKRKRTZ R L 0 HIKH
%% L7z (Figure 35B),

EENFEBRIC BT, TS (XA /KIRKBTZ #2381 T Pre-warming 551 C Control 5cF 5 0
HEfE%A 7R L, Pre-warming S51FCIR/K 45-60 43 B IZEB W THKIRKATLERRF L U HIKEE
7R L7- (Figure 36B),

LR L ONEENEBR D T & TS OREFR % Figure 26 38 LN 27 1R T, ZHkE L ONHEE)HE
BROMERRIZBNT, T & TS & OBMRIZEIT 5 [BIFEAROME X 35 J OWI 13 Control 414

& Pre-warming SO MIZ AT R 472 5> 7= (Figure 37B,C, 38B, C),
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Figure 27. Time-dependent changes in esophageal (A) and mean skin (B) temperature before and
during cool water immersion in the control and pre-warming trials at rest. R is defined as rest on land
before the cool water immersion. *P < 0.05 vs. pre-warming trial; P < 0.05 vs. R in the control trial;

1P < 0.05 vs. R in the pre-warming trial.
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Figure 28. Time-dependent changes in esophageal (A) and mean skin (B) temperature before and

during cool water immersion in the control and pre-warming trials during exercise. R is defined as rest

on land before the cool water immersion. *P < 0.05 vs. pre-warming trial.

63



>

800 - ¥
£
£ 600 - . &H
c 1
e *
X
§ 400 - \ @5
S o) A {2 é @ % %
> 200 - O Control
5 A Pre-warming
0
B
800 -
5
e 600 -
2
=
'g £ 400 -
Q€ : %] T
[
O
0 4
C
1.3 1

09 A f % #C;%)?T WF

0.7 -

Respiratory Exchange Ratio
(units)

Immersion

0.5 -

R 0 10 20 30 40 50 60 70 80 90
Time (min)
Figure 29. Time-dependent changes in oxygen uptake (A), carbon dioxide output (B) and respiratory
exchange ratio (C) before and during cool water immersion in the control and pre-warming trials at
rest. R is defined as rest on land before the cool water immersion. *P < 0.05 vs. pre-warming trial; TP

< 0.05 vs. R in the control trial.
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Figure 30. Time-dependent changes in oxygen uptake (A), carbon dioxide output (B) and respiratory
exchange ratio (C) before and during cool water immersion in the control and pre-warming trials at
rest. R is defined as rest on land before the cool water immersion. *P < 0.05 vs. pre-warming trial; $P

< 0.05 vs. R in the pre-warming trial.
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Figure 31. Representative data showing oxygen uptake plotted against esophageal temperature during cool water immersion in the control and pre-warming

trials at rest (A). Averaged core temperature threshold for shivering (B) and shivering sensitivity (C) are also presented.
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Figure 32. Representative data showing oxygen uptake plotted against esophageal temperature during cool water immersion in the control and pre-warming

trials during exercise (A). Averaged core temperature threshold for shivering (B) and shivering sensitivity (C) are also presented.
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Figure 33. Time-dependent changes in minute ventilation (A), tidal volume (B) and respiratory
frequency (C) before and during cool water immersion in the control and pre-warming trials at rest. R

is defined as rest on land before the cool water immersion. TP < 0.05 vs. R in the control trial.
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Figure 34. Time-dependent changes in minute ventilation (A), tidal volume (B) and respiratory
frequency (C) before and during cool water immersion in the control and pre-warming trials during
exercise. R is defined as rest on land before the cool water immersion. *P < 0.05 vs. pre-warming trial;

1P < 0.05 vs. R in the control trial; $P < 0.05 vs. R in the pre-warming trial.
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Figure 35. Time-dependent changes in heart rate (A) and thermal sensation (B) before and during cool
water immersion in the control and pre-warming trials at rest. R is defined as rest on land before the
cool water immersion. *P < 0.05 vs. pre-warming trial; TP < 0.05 vs. R in the control trial; P < 0.05

vs. R in the pre-warming trial.
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Figure 36. Time-dependent changes in heart rate (A) and thermal sensation (B) before and during
cool water immersion in the control and pre-warming trials during exercise. R is defined as rest on

land before the cool water immersion. *P < 0.05 vs. pre-warming trial; $P < 0.05 vs. R in the pre-

warming trial.
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Figure 37. Representative data showing thermal sensation plotted against esophageal temperature during cool water immersion in the control and pre-warming

trials at rest (A). Averaged slope (B) and intercept (C) of the regression lines fitted to the relation.
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Figure 38. Representative data showing thermal sensation plotted against esophageal temperature during cool water immersion in the control and pre-warming

trials during exercise (A). Averaged slope (B) and intercept (C) of the regression lines fitted to the relation.



4. EE

RIEBR T, FRNTRBEAT O 2 & T U D IIRIRO ER2 52 2 OReE (AR R
it LU M) ICKIETREBAFIOMNCT LI L2 AME L TEREIT 72, TORR,
LHERFEBRICI 1T D Control 44Tl 8 4 H 6 4 DBIERA IZIVT, Pre-warming 5/ Tl
RCOPEHREITINT VO, BHINT 5 T AR S 72, E72, EENFERICI IS S Control
ST 6 46 4 4 DBERE 1T T, Pre-warming 5o Tl T OHBREIC BT VO,
PBINT 5 To BUEAS DT, WTRORIFCENT b, BIELIEEE T DK FIZHEN VO,

EARAITIEIN LTz, ZREBRIZIBN T, MR TS0 2D T BRI S 172 6 4 O
BRE 1IN TIL, Control SAFICIIT D Tes BIfEIL 36.4+0.3°C, Pre-warming §FIZHI1T 5 Te
BIMEIX 36.4 £0.4°C THY . FHRMIZEITR O -7 (Figure 31B), £72. 55 2 DK
Z 1%, Control SEIZ35 ) T-409.3 + 120.4 ml min™! °C™!, Pre-warming 12360 T-424.6 +
192.6 mlmin! °C!' TH Y | FIEMIZZEITA SN /eh o7z (Figure 310), & B2, EEHEBRIC
BT, MR THD 2O T BUEDSHH ST 4 4 OHEEREIZHV Tk, Control 14H12H
\7 % Tes BfEIE 36.0 £0.3°C, Pre-warming S/ 3651F 5 Tes B 35.9£0.2°C TH Y |, G4
M ZE X R b 7e o 7= (Figure 32B), E72. 55 X DM, Control SFIZEVNT-428.1
+ 164.9 ml min™' °C”', Pre-warming Z&{4 28V T-367.5+333.5 ml min °C' TH Y . FMARHIC
TR BN o7 (Figure 32C), ZiAVH OFERNE | M/KIRKANCIRB 21T 9 Z & TAET
B AERIR O EFITE D% OVEBIRIRIK TR D 55 X OFFHEICHE L2 & £, MK
RAENTEB 2 AW TR Z EH S22 ERET VTS D 2 OBMERHG O 72 DI H %)
ThHIENRBIND,

FATHIIRIC IV T, 52 2 OVEBIRIRBIEIX 36.2-37.3°C THHZ LpRENTNDHZ &
(Cabanac & Massonnet 1977; Mekjavic et al. 1991; Nakajima et al. 2002), E£7-. & kO OB
R 37°C THDHZ L 2BETDH &, 5D X OWEHRIRBEZAfE IR 572912
X, FANAHIRIEZ SO TEB ZENMETH D EEX LILD, FERIT, AR CIIZH
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Rfds L ONEBNRFO Control IR WT, M7KIRKEZ DD 5D 2 NAE U2 Z & CTRIED R
SIVRWRERE 2N 2 40\ 2, SEATHFZEICE VT, Mekjavié et al. (1991) X428 D 5%
X DUERIRERME Z 3 2 72012, BB 2 AW THIREZ s T D, L LR G,
Kenny et al. (1998) 1%, EE& 21T 9 Z & THEENR LRI T 552 2 OTREMRIRBIE 5
BANZY 7 M52 52E LTS, 207D, RIFFETIX, 525 2 OEEHIRIRBIE 2 B
IR T 2722, IRIRZ1T ) 2 & THIIRIEZ D 2 ERET VICER L, 60008

B 21T O EBRE T VOAMEORGEEL LT, YRR EF2 5% 2 OTREBARIR

=~

FOREELMEIT - 2 2 BT HOW TR Lo, ZRFFEBRICEN T, Te (TMKRIKATZFHIFIC
F T Pre-warming {4 C Control §:f & 0 & @M A2 7R L (Tes, 36.8 0.2 vs. 37.1 £0.3°C,
Control vs. Pre-warming; P = 0.068) (Figure 27A), E#E)FZERIZIB VT H | Pre-warming 54 T
Control £ X 0 L EVWVMEE 2R L7722 £ D (Tes, 36.6£0.1 vs. 37.0 £ 0.2°C, Control-Exercise
vs. Pre-warming-Exercise; P = 0.063) (Figure 28A), {RIFIC KL 0 AR AZ EASHEHZ LN T
XL EIOLND, T2, TN L > TITRTOHEREICEONTHENAONL I D,
ARG L72IRIR 217 9 FZBRET VO MERGEH SN/ LB b D,

ARFEFRIZBN T, RIS X D HHRIRZ EA S22 b0 0b b3 RKREOMAIRITZ
¥rEBRIZH 1T D Control 44T 1.10+ 0.40°C h!, Pre-warming /4 C 1.29+£0.54°Ch!, % 7=,
EE)FEERIZI 1T 5 Control 5514 T 1.06 £0.19°C !, Pre-warming 54T 1.29 £ 0.40°C h'! TH
0. KEEMICEIT R B0 - 72, Mittleman & Mekjavié (1991) 1 EIRNEmL 25 (LD
BEEREMETT2) 2L TEDZICEDMHMOEMPRES RD L EZFRBRLTND, K
FFEICBN T, WEIRN RN EZDN o 72 2 LW To BSOS EIZ ZEN B b e o
T EDHERND 1 DThHDHEEBEZLND,

— 07, TEREBRICB T, TalTAKIEK 15-20 2 B 45-50 43 B 35 L O TREIZ B0
“C Pre-warming 54 C Control &4 L ¥ @fE% 7~ L7= (Figure 27B), Cheng et al. (1995) %

FRERICE\bE B % (31, 34, 35, 36 BXLN37°C), ER~DMHKEAIZ L0 TREBIATR 2 K
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TS L EOREMIEINER X OS5 2 2 OVREBIEBIEIZ SV TR L BEIRAY 1°C K
T2 Z & CTREMEFINE X OS5 2 O RIRREE X 0.2°C &iRMAIIC> 7 L2 &
WS LTWD, RERTIHE, ZHERICEBT 254 OTy DT 0.10.5°C Th Y . AR
ZEIZBW T Control 5T Pre-warming Sefh LV ©.52 2D To BIEAMRIRMANZ 7 B L
TOWDHHEEMEDEZ DD, LinLRns, KEBROTw DI L - TEL S MRS
BID T BfED Y7 MM 0.1°C LINO DT> 7 b THDH EBEZ DI, 5D 2D T Bl
DFHEIC IR E R BITENEEBEZ B D, EHIT, KEBRICEBWT, TulIxT 2 TS 135
HRICEN AN R o2 b FHEMTREROEBA L AZE L TNZEEZD
N5, £70. KEBRTILS D 2 DFED 772 63 AR L OEER /ST A —Z —IZoWn
THBRFT L, O OMEIIEFMAMICEITI R bR o7, L EDZ &6 IRIBEITH 2
& TH U DRI OBF O T L ER R X ONEBIRF O 5 5 2 ORFE (RERARIR B F X OV

=) BLOZOMDAEIINRT A —2 =T BEE B W2 LRI I N D,

5. £&¥

AREBRTIZ, 52D 2 ORI 2 IS 2 72D ORBEAT 5 ERET VOX
WPE L EE BT D 7 0Is, W KIRKETOIRIBF L O AUk 2 FIIARIR O R 28 %
R 3 KL ONEENRF 0.5 2 2 OTREMRIRBIE R X VAR RIETRELZH ONCT 52 L
ZHE L TERZITo 72, REBRIZEBIT D ERFERIT. ZiFFERIZIB VT, Control
TIX 8 4 6 & DPBRHZ T3 T, Pre-warming S TIET T OB IZI5U T VO, 231
T2 Tes BN R S A1, HEBEBRIZI VT, Control 5 TIE 6 44 4 4 OBERFE IZE
T, Pre-warming Zeff CIET R TOUBRE BT VO, BENT 5 Ty BB R BT,
2T, 52D RD Te BfEF KOS MEITZH R I X ONEEIRFO W12V TH Control 5t
& Pre-warming SE ORI EIT RO o722 & TH D,

INHDFRERNE . HKIRKRTOMRIE R X OFEIULE D FIHIRIE O EF-13E D% DTS
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AR RO 52 2 DRI LW 2 & £z, m/KRZKAETOIIR LS 2 2 O BIEFHh

1

DDA TH D Z LRSI,
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VI. #FeaiE 2 -2
BKBRE TIZRIT 21K EERRHICB VT
EEAREIMET L2805 5 2 ORI T 2 HE)

1. ERBXUEHW

EBINFICILEENC K D BVEADR A U DD, L WEMBREE T ClIfok TEBIRFIZ BT
BIRRME T T 52 L TS ANEE, ZORR, FiREE T X0 b R—AMEDRFIZS T
LMFENMENEMEZRT 2 EIRB I TS (McArdle et al. 1976; Nadel et al. 1973,
1974; Rennie et al. 1980), 52 TRRIE THRAZAE U 2 BEMERRFERIGTH Y . 2y
ICBW TS LT V0, RfiEBIE 70y 8952 LT, 5520 LI DI
AR, 36X OBIELEOWRIE FICH L T2 ZIC k> TAEL S VO, RfFTEBI 08
IMEEGWNTH 2R (REARIRBRIECARE O[ERER OB &) & W o Tt 2 7 i T 5,
Lor L2y 6 EERHGFARIEME T3 556 0.5 2 2 OFetE (REMATR EIME RS 1)
WAL TOMGHIZRETIZLALITOATE LT, BEIRICHIT 5525 2 DFHEIZ DN
TIXHH 5 TlE7Z2vy, Hong & Nadel (1979) %, BRI 1T 55D 2 DS ME ) HB)5H E
DOEIMZ LV /NS RBZLERLTND, ZOZ 0D, EEIFHIS W THRENME T3
LSRN KDBGEANET L5, EEEKIZSD 2 2325 X 5@ < aTREMER S
2B, b LE D THIUL, 52 2 OEEIRIEBIEIXZ R L 0 bES)RHI W TERIRMNZ
7 ML (KRR THRFIC 5D 2 OB EN D), BT/ S <72 s (IREAE T ORI
KT D50 ZDKISENRTED) ZENBZBND,

% 2T, WFZERRE 2-2 TIE, AFZERRE 2-1 I3V TRRGE L 72IRIB 21T 9 ERE T L2 A
T, H7KBREE T COREIFR L OGRS RIR MK T Lo W MEIREEEBRE 3500 T REIAIR
BETICLVELD 5D ZORMECE L THE - BT 52 L2 AR E L TEREZITo 72,
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2. ik
wE

fRE 22 1 8 44 [4fin: 24 £3 (SD) %, AH: 65.3 £5.3 kg, & : 174.0 = 3.8 cm, BSA: 1.79
+0.08 m? (Du Bois & Du Bois 1916), BMI: 21.5+ 1.3] Z#r#& & L. # 1 B2l EDOEE 21T -
THBY., BEMICT =V EDORKITIRK L TWOZRWE 2B & Uiz, BB I gaiicE

BROME I L OVER IS Eofabrtt, ZeEm~OREHH L, ERBIMOFEEZH5T,

EGRERLE
FEBRIT, TR 2-1 L [RIRRD FEEREN TIT o 7o, EREAOBREIL, XUl 25.7+0.3°C,

M 721+£63% Th oz, FEERHP, FRENITELZHIT THoICBK Lz, AFERIT, &
W7 L —% X B#z#T )L o A — % — (Aerobike 330, Combi, Japan) % &i&E L7z, YMEMZ T
REY T T HKRFPBEET LT A — X — PR E I IR K (YSD-6000L, 5 H#k
T, i€ 2.4m, B 1.4m, RS 1.7m) [ TITo 70, #ERFIIKHIZIT 2 HEME TH
Z) v EBEN ST, REBROBERME LY 1 ALLERNC, MKRET (25°C) I
BT 10~15 3 O—E A B ERHEE) (A7 0 W, BEHEEC 30 rpm) & HFi#E & LT
7o, EHAMTIEBEREICL2ER T L—FAM LR L TR Y | EEIITKOEIUC X 2 A%
Mo TNDLBEZDND, £, FRATEREC, HEE OH NIRRT 2 £ 5 2k hrk &

OB D3 I b Tl & 09 VW B OB & ffEad L 7,

EBRFIE

PEBRE I, FEBROD 24 BRI DI L WIEBIS KO v a—v 7 =4 v OBEA 1
25 LR Uz, £i2, EBRETKIC 500ml DI X T A0 4 —F—ZEHRL, ERYHO
2 RFHATCHEDBRFRB L U500 ml DI R TNV T+ —X — %R L, ZILAFEORE L%

ATo, EFCEA, BRFIIPIR L, KEZHE L%, EBREICBE L, £0%, THlE
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OB Z BENOFEON 1/4 DRSS ETHALL, ZORENTr—71%, £0FE T
FRICALET 5 L HEE S5 (Wenger & Roberts 1980), D%, HRIEHD F T A3 v &
—3 LOVLMAGEE (RS400, Polar, Finland), Tu MIEHOEE XS (M, Ak, 4 KER, 4 RO
4 D), PRI ARERO~ A7 BLOMEZEE L, vV AR—YHY2—X (AQA
A )=l )7y a—R 2KW-4215H) #5M LT, FEBR~7 1 ~ 20 % Figure 39 12”7, #%
BREIX, B2 BICBWT S RO LR ZRFF L7212, MER T ARER O~ A7 24 L, AL
—Z—)L— LNICERE L2 B ® L, WIHIRIEZ BA S8 2 72 OIS AL £ ToiRK
(42°C) ~Di2/K% 25 53HfT - 7= (Pre-warming), = DiR/KJF1EIT, Tsuji et al. (2012b) D JF5
LEEBEIZ LD TH o7z, Pre-warming 5, # A/ THREZRE | PERZ L7k, EHR
KFEGIZEE L, FERATAEN~ A7 BRI ORI L OEERE N L TLE I DEHS
TeDIZH A B T EV N R EERICES U, ZRERIE L 2 AT o 72, UK (25°C)
~ORKEBRAA LTz, EBRIT, WAKIRKREIZB W CRFR & MERFT 2 L5 (Rest 5ofF) &
RAKBRARIEL . 7> S ARTREE —E AT B S HEE) (AR 0 W, FIERE: 30 ipm) 217 5 @) &4
(Exercise §efF) D 2 fefh e Liz, WTHLOFRMIZEB W TS| HKASOIRIKITHEERFE O Tes H3
35°C & T2, #HREPESITHA TN R IR Te R TR T LT, BR300 L

H 1 BELEZET, EFIET v ¥ LI L TITo T,
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18

Rest trial

Pre-warming Cool water immersion

Rest Rest

(T, =42°C) (T,,=25°C)
‘5min” 25 min ”2minr
Exercise trial
Exercise (0 W, 30 rpm)
I
Pre-warming Cool water immersion
Rest (T, =42°C) Rest (T, =25°C)
‘5min” 25 min ”2minr

Figure 39. Experimental protocol. 7., water temperature.




FINT R — B —DRYE T
BT A — KB —DWEIFIEIIF SRR 2-1 LR Ch o7,

T — X EHT

Pre-warming RiiZZ§#F 5 53 #1007 — & D24 I KUY Pre-warming 22 #HRF 2 Syl 07 —
4 % ZEH Pre-warming B (Ri) 3 KT Pre-warming %228 (Ry) OF — % & L THW
oo Fio. WAKIRAK 50 53 B LAREIZ VT, BREBRE 232 S Ui 2 Ul RERF B A 04 T L 72
ZEMB, TRTONTA=Z=IZBWT, MAKRKS05HETOT =B LXOHKIRK
KTHROT — 5 OFHEERITICHV 55 2 O (ARG S L O E) Bk
OHKIAKIED Tes & TS & DBURIZZ NZNAARAICIT D T & VO, BENTS &0

BERD> HAFIERIVE 2-1 & [RERODITIEIC &0 FHl L7z,

AT ALEE

T = ZIET R TEBE £SD TR LTc, /37 A—FZ —DOfRIFT — X OZEOBEIL, K
B ELOFEBHRSA (Rest 36 L 1Y Exercise) & ZK &3 540K LD & % —Jolc &5 #5Hr % H
WCATo 72, FHMIEIT Bonferroni % B ik % VN TIT 5 72, VO, BIIND Te B L 8
ZME, T & TS & OBRICISIT D EUFEMROEE I KOG T D RIEH O Z=ORE

(1L, paired t-test 2 U o, TRTOREICEBW TRETIA BRI 5% K0 & Lz,
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3. fEFR
AU~ Z A — 57—

Tes IZMISAEIZ 33UV C Pre-warming 12 & 5 C B L. AKEARILHIFED Ty X O X,
SR AR 2o 1o, WKIRKBIIEE . Tes 1M1 SR IV THRERIRRE IS BV MET
T DM 2R L, WARAKKE THRED Te 1X Pre-warming RO ZEFEL VD HIRMEEZ R LT-, £
7o KR KT H 1T D Tes (Figure 40A) 35 X OVREIRIZSLMRICZEIT R b2 o7 (1.27
+0.49°C h! vs. 1.10 + 0.44°C h'!, P> 0.05), Ty IZAKIEKIC LY WSGHEICEBWTETL, &
KBTI EDMEZHER LT-, £77. T i34 KIE KT IZIU T Rest 56T Exercise 55

XY &% R LT (Figure 40B),

BN T A — 25—

Rest S&MHI230 T, VO, 1 Pre-warming % D Z2 R, M/KIR/K 543 B3 L OMAKIRKKE T
T, VO ITIRAK 5 45 B L OV KIZ AL TREIC IV T Pre-warming A D ZF#FF X 0 EE
%% L. Exercise &IFHZH T, BkEAH D V0, 35 L T VO, 1 Pre-warming i % Hi
X 0 %R LT (Figure 41A, B), £7-. #KEAKH, V0,35 £ T8 VCO, 13 Exercise &4 T
Rest &b & 0 b @ % 7~ L7z, RER IZ Rest S TH/KIRK 5 43 B2 T Exercise 44 &

V EfiiZz s L7z (Figure 41C),

S B X DRIV B E T L VR

Figure 42A 12 1 £ OREMBEREIIIT D To & VO DEMRERT, B&MZBNT,
F AT OWERE T Figure 42A 127 L 9 72 VO BIIND T BIE (55 % OVEEMRIR ) 23
RS, BMELLT OB T Tl T ISk LT VO IEEMANICHIN L=, 55 2 OTEERIR
BEME I Rest 51238\ T 36.5 + 0.4°C, Exercise 512330 T 36.2 £0.4°C TH Y | Exercise

ZMEC Rest SofE & 0 BARAME A 7R L7- (Figure 42B), £7-=. BIELL FORIFEMROMEE (55

83



Z DFEZME) 13, Rest S2MEIZEBUNT-441.3 + 177.4 ml min™! °C', exercise Se{H 125V T-411.8

+268.1 ml min! °C!' TH Y . FHRIZEIT R 572> 7= (Figure 42C),

B NTA—H—

Ve 1% Rest S THZKIRIK 5 47 B 36 L OVRZKIRZKHE TIRFIZ 38U T Pre-warming /1] 0D 22 FIRE
LV EMEE R L, Exercise §:F CTHKIRAKHIZIUT Pre-warming Fij D ZEEHRE L U &l % 7R~
L7oo E72. VelZdhikiR sk 5-40 43 BI235U T Exercise 5o/ T Rest £ 1 0 & @fiiz = L=
(Figure 43A), Vr (% Exercise 52/ TH/KIZ/K 45-50 43 B 1233 T Pre-warming fij 0 2 i Rf X
D EfEE R L, WAKIRAK 5-25 43 BIZEW T Exercise 55T Rest fffF LV L@z R LT
(Figure 43B), f I Exercise Z5F T /KIR /K 10-20 43 B 3 K 1V 45-50 43 B 1235 T Pre-warming
RTDZFRREL 0 EEZ R L, M7KIZZK 5-50 53 HIZ350 VT Exercise 52 C Rest £ L0 b &

fE# 7~ L7z (Figure 43C),

DFEE I L O IR
R 1% Rest 5 TH/KIZ K 10-45 43 B 123 T Pre-warming Rif D 22§50 AAKE 2R L,

Exercise 55/ C Pre-warming 1% O Z5#IFFs K OV /KIR K 5-20 43 B 12334 T Pre-warming #ij
LERRF L @i Z R Lz, £72. HRIZHAKIRKHFIZIU T Exercise 5511 C Rest 7F LV b
B %~ L7- (Figure 44A), TS IEM S CHAKRAKHIZEWT, Pre-warming fij D2 5FiE X
DAXfEZ 7R L. Exercise Z&ff T Pre-warming 1% 0O ZF#RFIZ 35\ T Pre-warming fif D22 #HiF
D @A R Uiz, £, TS THAKRK 1520 43 H# LT 30-40 43 HIZH T Exercise 52/
T Rest 2 L 0 & &%/~ L= (Figure 44B), Tes & TS OBfR% Figure 45 (2783, T & TS
& ORERICE T D EIREAROM X 3 L O IE Rest 54 & Exercise 54 & ORFIZZEIT RS

V72 7x > 7= (Figure 45B, C),
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Figure 40. Time-dependent changes in esophageal (A) and mean skin (B) temperature before and
during cool water immersion in the rest and exercise trials. Ry and R» are defined as rest before and
after pre-warming, respectively. *P < 0.05 vs. rest trial; TP < 0.05 vs. R in the rest trial; $P < 0.05 vs.

R, in the exercise trial.
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Figure 41. Time-dependent changes in oxygen uptake (A), carbon dioxide output (B) and respiratory
exchange ratio (C) before and during cool water immersion in the rest and exercise trials. R; and R»
are defined as rest before and after pre-warming, respectively. *P < 0.05 vs. rest trial; TP < 0.05 vs.

Ri in the rest trial; $P < 0.05 vs. R; in the exercise trial.
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L8

(A). Averaged core temperature threshold for shivering (B) and shivering sensitivity (C) are also presented.

1200 37.0 - | | B Exercise
36.8 -
O Rest 8 6.6 4
& 900 A Exercise __'g '
p= £ 364
:
E - ‘L " £ 362 -
o) M A “ A
- .ul 36.0
& 600 o A
a e
=] o it
8 2 9¢ ¥ o
E ¢ ,l'J 0 )
S 300 o © < % &
| ( ) O A O 0 - i i
® 9% 0s0 Q& E 200
O = LL. - % 7 E
¢ L
T -400 A
2
0 ' ' ' S 600 - |
355 36 36.5 37 =
c
Esophageal Temperature (°C) & -800 -

Figure 42. Representative data showing oxygen uptake plotted against esophageal temperature during cool water immersion in the rest and exercise trials
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Figure 43. Time-dependent changes in minute ventilation (A), tidal volume (B) and respiratory
frequency (C) before and during cool water immersion in the rest and exercise trials. Ry and R, are
defined as rest before and after pre-warming, respectively. *P < 0.05 vs. rest trial; TP < 0.05 vs. Ry in

the rest trial; $P < 0.05 vs. Ry in the exercise trial.
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Figure 44. Time-dependent changes in heart rate (A) and thermal sensation (B) before and during cool
water immersion in the rest and exercise trials. Ry and R, are defined as rest before and after pre-
warming, respectively. *P < 0.05 vs. rest trial; TP < 0.05 vs. R; in the rest trial; P < 0.05 vs. R; in the

exercise trial.
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Figure 45. Representative data showing thermal sensation plotted against esophageal temperature during cool water immersion in the rest and exercise trials

(A). Averaged slope (B) and intercept (C) of the regression lines fitted to the relation.



4. EE

WFZERIVE 2-2 Tid, WFFERRE 2-1 IR W TREE L7z, RIZ1T 5 2 & THIMIIRIR 2 EA &
HOLERETNVEZHNNT, EHFCTH- THRKICEVIEBARELEK TSI EL &N TE
DARTR R (AAT 0 W, [EHREG 30 rpm) (ZBWT, EBIRED 5D 2 ORFPEIZ OV TR
LT, ZOfER, Rest 43 L 0N Exercise S DM S W CHIBAIRAME T L, 37X
TOFEREITBO T 5D 2L T VO, BT 5 T BIEA R S, Z OB, T, 0
ETCfE VO, REMANCEIIN LT, Fhx OMBIRY | LR b MBI C.5 % 2 OUEHA
IR BB FS K OV 2 el U 7P B I3 A ZE 3010 T Th D, F7o, AMFFEICIIT D Rest
KM TD5SD 2D T BEIL 36.5+0.4°C, Exercise 554 T1%36.2+0.4°C T ¥ (Figure 42B),
Exercise ZefHIZ31)0 T Rest SeftF & 0 & Tos BIMEIE 0.3°C {RIBMIIC S 7 b L7z, £D—FT,
5% Z DI MEIE Rest 21230 T-441.3 £ 177.4 ml min™' °C"', Exercise §:4H 128\ T-411.8
+£268.1 mlmin! °C! TH ¥ | IS EIT R S0y - 72 (Figure 42C), 2D DFERND
HKBRBE TSI B ARTRE [ S EE BRI IX 2R & ik LT B 208 UIA 5 TR IA

HLUAVLAMEIRMNZY 7 T2 Z BRI EN D,

ZEIFI S EBIFFIZI5 1T & IRE IR THF D5 5 2

b b O OEEIRIRIZIEF K 37°C THERF STV 523, JEITIFEIZ BV T S
TWALFHIED 55 2 OURERRIEBMIL 36.2-37.3°C T&H 5 (Cabanac & Massonnet 1977;
Mekjavic et al. 1991; Nakajima et al. 2002), D7, 55 2 OUEEMAIEBE % I fE S f 4
DTDIZIE, WEIZAT O HNZ & b7 UOTREBAIR 2 & 6O TR < MEDR H 5, Mekjavié et al.
(1991) 1F. 52 XA OTEBAIREME 2 AHE SB35 72 01 2E#E8) 2 HW TEREB AR 2 51 T
WA2S, —J5C, Kenny et al. (1998) (F3EH & » CEENE ZEFFIZEB T 5525 2 OFRER
REENSERMANC 7 P L2 & Z2WE LTS, ZO7H, ARIEERTIX, MRS 2-1 |

B TRAMEZREE LIRS 2 V2 FERE T V2 e, ARFEBRIZEV T, Pre-warming
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ZATH 2 & T T 2589 0.5°C L5 L (Figure 40A), < DFER, TR TOMWBRE ITB N T Tl
TIZHT 552 Z OREBIRIEBREZ RN T 5 2 LN TE e, £, 52 2 OEREBIRIEBREIT
Exercise &4 C Rest e/ & 0 & 0.3°C RIRMANTAFAE L. 2 O AR, K58 B E &) 73 R E (AR
BRI T D50 2ADFMEELED Z LRI ND,

5D ZI1E, Ta BEO T DIRT 2RI L O IR TEOBRRATE 72 &) OIRESEA

RIS H Z LIk > THEL S (Golden & Tipton 2002), AR TIL, MAK~DIRKIZ X

S TTy BAMITET L7228, WFROZMCE T b RARAK T~ EOME &R L
(Figure 40B), 12 C. Mittleman & Mekjavi¢ (1991) 1ZHEIENE < 725 (IRIRAK T OHEE A
REL72D) ZLETHHEMENGE LV S ADRIEHRELS LD Z L E2WMEL T
Do AREBRTIE, HBAKRKFOBEARIZSEMICEITR ORI 72 (1.27 £ 0.49°C h'! s,

1.10 £ 0.44°C h'!', P> 0.05), ZALH OFERIT, RERICEIT 555 2 OEBEIRBEED >~

MR L CTu RBHESRIET BT L A L7, 55 ZOWEBERBIED 7 H5E
ICE > TAELEZEEZBIIFT LD TH D,

(EFRE DB 5 BEBIIE (~30%)Oomar) 121, BINRILIES L OF HR 232285005 £ 0 6 B0
4% (Gonzilez-Camarena et al. 2000; Ichinose et al. 2008), AFEBRIZI5\ > TIZBIIRILE ORIE
13T > TOZRNWA B 7KIZZK 1 D HR 3 Exercise 554 T Rest 5 L 0 & @& 7~ L 7= (Figure
44A), ZDZ LIND | TEHFD 5D Z DS B E RIET & SN TS EIRIEZ AR X
OVMIGESZ A 2515 E) (Hohtola et al. 1980; Nakajima et al. 2002) H73AZEERD Exercise 54125
550 2 OEREBIED Y 7 MIEE L TWAREEMENRE 2 5D, £, EEIRHIZIL,
TEENIHICAAAE T 2 BRI IS L ORI O ZE (b & &7 2 il ds K O AU 2 5 2R 030E
4252 AL TEY Mitchell & Schmidt 2011; Rowell & O'Leary 1990), Z AL 5 DZ 4K
RO IEBIRIT R0 B M E LRSS &\ o T2 BRI %7 5 5 A AR RIR AR AR SUG 1C

ZRIET 2 ERHHILTUV D (Amano et al. 2016; Amano et al. 2015; Kondo et al. 1999), &)
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KR lZ 351 B 5D 2 DIEERIRBIE OARIEMA ~D > 7 MZHoOWT b [AEEIC, Elic k- TE
U % ittt X O A AEREEI N B L KE L TV O AR S B DDA, ZOF
REMEIZ DWW TS BT L TV BN S D, Fo, BEEIRFD 5 5 2 OV IR B E I 58
% RAXTZE DD TEEMEIZ OWT, {EEI D Tn VB X DAL D, IEEVH D T (XBIAIEENRFIC
KEEWZ EFT 252 EMHESINTEY (Kennyetal. 2003b), AFEERTH = X 5 72 K50 E D
EERFIC S Tn 23 EA LTV O AEEMEDR & 5, BHEMICH T DIREZAZRD Tn O EFHIZX
> TEHAL S NT25E (Todd etal. 2014), 52D 2 DN L KT T 00H LIV,
ARFRIZIBN T, EEND S D 2 OTREMARBMEIC B 2 M IET Z LS 62T 1278,
ZD—J5 T, EEMRIBIS IS 5 .50 2 DI SR CEN R S o 1=, EE
WU, GEENC KD MIEEEINT 5 2 & T, 55 2K oiEEIHIR ST L E 5 leetk
MEZ HALDH, Hong & Nadel (1979) 1, FEMEREE N COEEIRFIZIX, EEHRE OB
WSDZDRESZHENMET L2 E2HELTND, 202 LD RIERR IR EE) %
W7o D25 D 2 12 X DAEE A HIR L7e o 7oy, K0 @il 0E#h 2175 2 & CiF

2 KD ATEEN N L7258 10135 0 2 DREZHENME T 32706 LivZawy,

i IR

ARERTIL, KBTI TG B ETh o DI b b BT, To DIETICHEN TS 23
R2IIRT L7z (O EK U D) (Figure 45A), 2 E T, BHERITEIC T DIETICE -
THREBIND Z ERWE SN TE 722 (Gagge et al. 1967; Gagge et al. 1969; Mower 1976;
Schlader et al. 2011a), AMFIEOFETIL, TS DIEFHEIEDIK FIZ L > THREBELZITH &
RS DD Tholo, £72, T & TS DERICE N T, L ORIFEMROMBEE LG 1X
M CENR LN -T2 2 LD (Figure 45B, C), TEEMAIRIKR T2 L 5 TS OIR FIIAHF
ZECTHWARTRE EB)NC K DB L2 Z TN E R E N5, T OFERIE, IRREN S H

B SRR (30-50%VOmma) (G D TS DEULT B & U o 1= S THRZEIC 3515 2 s &
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—E L 72\ (Gerrett et al. 2015; Ouzzahra et al. 2012), EEZ L > TA U DR O{LIX, &~
PRAREEEZTIO D & ENDEBRFONRMEA A A ROTEHLICEEL TWH EE XL
ATV % (Kemppainen etal. 1985), AFEERIZIS\NT, JEATHFTE & ol U CIRSRE O ES) %
WTERY . ZOEBTRE DBV DBANIIE & FATHITE L O —BUZEE L T 5 20b Lt

VY,

AMFFEDIRIR

ABFZE T, #AKIEK T O Ty 2% Exercise 4 C Rest 61 & 0 b T 0 Clld 5 2MEfE %
7R L7 (~0.6°C) (Figure 40B), JEATHFZEICIHBW T, Tu S I°CIE T4 5 2 & Th D 2 DIEEA
IRREEEIE 0.2°C @IRMNC Y 7 R 5 2 LA X TW D (Cheng et al. 1995), 2D Z &»
5. AT BRI TO Ty DFEMN 5D Z OVEERAIRBIEIZ JIE T8 0.1°C FL
ThbEEBEZOLND, SHIT, ABFSE TIE Exercise 5244 T Rest FIFL D b Tu BMEEEZ R L
TWzZ &b, Exercise & T5 2% 2 OUEHAIRBIEAS 0.1°C miflicy 7 hL TV &
FEZ BN, THITEHIZ X - TS D ZDOWEAEBMEMKIRANZ 7 M 95 Lo T AN
TEDORERE S HIZXFTHHDTH D,

AWFFE TR, RFFRE I E W AR MR 2 (AR T3 DR EE) 7' e b =2Lid,
B2 Ko TITONDEGEAR L KRR NICB T B O N T  ANIERICEEL D,
LoxU7Ze A 6| IEE)AS B AR ESOG I XAE 3 8 EE R I fF L T (kT 5 2
&5 (Kondo et al. 2010; Kondo et al. 2000; Yanagimoto et al. 2003), JEBHFRE OB LV |
HEENN 5D X OREIC G X D BN L VBEFEIC D TRetE b b D, S1%I%, tkx RIEBITT
NERND ZE T, EEINS D A KETRBIZOW TR FEMARBEIITALEE L
N5,

ZNET5D X OEBIRR BB i LI AT TIE, 2 D% < 28 V0,

DOEINZ 55 2 DFEEE L THW TV S (Hong & Nadel 1979; Kenny et al. 1998; Kenny et al.
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1999; Mekjavic et al. 1991; Nadel et al. 1973; Nakajima et al. 2002), AHBFFTIZIVT b [RIEEIZ,
5B A% VO BFHI LTV A, JTE, b MIBWLT bIES 5 X BUEAEIC X AR 01
PIRFEZ % = L2 STV 5 2 L7 (van Marken Lichtenbelt & Schrauwen 2011), VO,
WX DFHMICIZ DTN RN BIESDL ZBEAICLI ML EEN TV D0 LRy, 4
TRV T, RHFFED S 2 ZHERIC L > TEHMiiL7=H Db H Y (Cheng et al.
1995), VO 1M 2T, ABHCHER A RIET S 2 & T, £ 0 BIEBICS 5 2 Ol £1T 2 57>

H LAWY,

5. ¥¢9

AFEERTIE, WFFERRE 2-1 I8 W THRRE L7IRIs 217 0 FZBRET L2 W T, MKERET
TOLER I L OMRTREEB R B W THREMAR DR I L > TEL 2 55 2 DFRFIEICE
LTk - Batd 2 Z &2 AN S LTEREZIT o 7o, AERIZI T 5 MR RIE. Rest Fofk
#5 & O Exercise 40 fiZefE CHEHRRAMET L, 32T OBBREICI T VO, AT
D T BN ONIZZ &, Fo. 52D 2D T BEIL Exercise SfFIZ3 T Rest S L0
t 0.3°C fIEMNZ > 7 b L7z, B2 IMEIE Rest S35 & O Exercise S0 i S IC#1%
RONRoT2Z & 5T, REVARERAL TR ORI IR EITR b o7z 2
LThHs,

IO ORRED S | RFREDEERF X HEF & i LTS5 2 203 Uhhed 2 REMAIR L

AOLPMRIRANC 7 b5 T ENTRIRE LT,
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VI. #fFZEERE 3
BKBRE TIZRIT 21K EERRHICB VT
GERIRIENMET L2025 B I OKREERERREICET 2 %5

1. FRBLCEW

b NS B EAEROR CEARER SNHEAICIE, 55 270 &0 B AERIRIAE OS2 E
CHANC., EEEEDLZLREEEZ DT DLWV ATEIMEDKRIRFRE OS24 T 2
(Kanosue et al. 2010; Romanovsky 2007), bt 238U CTld48 <05 i 3% 1 O I R 3 T8
RIEFAEH OS2 5 R 9 L L THWHILS (Gerrett et al. 2015; Ouzzahra et al. 2012;
Schlader et al. 2009; Schlader et al. 2011b, a), AR IR I B 2K 12— & DM AL (20°C)
EMZIZHE OB GIR R, e & bl LIRS B L O iR — & A fnE B
(30-50% KIEEFIBEUEIRE) 1C8i< 72D (M-S &K LICL < 72D) ZENRESINT
5 (Gerrett et al. 2015; Ouzzahra et al. 2012), EZHS AR FI20E 5 28 OIRE R
FAEFTREIZOWTUEH LTI R, 51T, THET, EED REIRERTICKIE TR
BN OWTIXHFIRIEFRFIC O ZET S TE 7208 (Gerrett et al. 2015; Ouzzahra et al. 2012), 58
B KIRBREE FICRB W CHEBI A 1T 5 AT, EEERIEAME T LTV ATREMDS S 2 5
ND, LLARRS| BRIGIRERE P RBEROE T E > TED X DI T 203856
TRV, b LIR7KERER T C OARGREEBNIRF 12 d6 W TR BB IRAR T oe 4 24
BB L OB S ORERE AL L 0 < 22 556 . ITBIERIRFIE UGS OWEHIC o7
0. OWS KRS L Py —IHENZ B 1T DARMIEIE DI LB L TV 5 20h LvZeuy,
2T, WFERE 3 TR W/KEREE T T ORGREDEE R d5 1T D IR TIZPE S 2 B &

OB E OIRERRTEICE L TR T2 2 L2 AL LTHERZIT 7,
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2. ik
wE

fRE 22 51 9 44 [fn: 24 £2 (SD) &%, KH: 66.3 £4.6 kg, & : 173.0 £4.9 cm, BSA: 1.77
+0.07 m? (Du Bois & Du Bois 1916), BMI: 21.5+ 1.3] Z#r#& & L. ¥ 1 B2l EDEE 21T -
THBY., BEMICT =V EDORKITIRK L TWOZRWE 2B & Uiz, BB I gaiicE

BROME I L OVER IS Eofabrtt, ZeEm~OREHH L, ERBIMOFEEZH5T,

ERRERLEE

FBRIE, DA 1 B RO 2 L RBROFEBRENTITo 72, ERENOREIL, KUE 247
+0.7°C, ¥ 52.7+4.9% Th o7z, FRP, BRENTELR T THocx Lz, A%k
Brid, Ef7 L — XN AHE /L G A —# — (Aerobike 330, Combi, Japan) #cii&E L7z,
IEAME TRE Y v 74 Bk P HERHE T L = A — 2 — N8 S 7= 25 A KR (YSD-6000L,
EHEETAT, ft:24m, #: 14m, EES:1.7m) [ TITo 72, #BRE KT 2 MM
TOARK Y v 7EBNICEN D 720, KREBROBERAE LY 1 BLLERNC, BKEEET
(18°C) IZH T 10~15 Sy D —E A HERHES) (Afr: 60 W, [F#H5E: 30 rpm) % FRIHEE &
LCiTo 7, EEAMITEESREIC L 2ER T L —FAMER L TR Y . ERICIIAOEIC
EHAMBDNoTNDEEZEZLND, o, FATRERHS, BT OIEHARAKT D X5

T2 KAEFS K OMPIRA 705 fie & 1l & 09 WM DALIE 2 R L7,

EBFIF

PR ITIE, EBRAT A 226 7 /b2 — VHOFEIRZ | Y B0 7 = A OFIRE L O
LWEE 22X 5 KO FER Lo, E70, MOKIPIRIESE O By RN ERBREE 2 Wit 4~ 2 72012, B
BRI IRERY B O 2 FRATNCAF 2B SE, TSR LR Sz, RN,

PRBREIIHEIR U, REZHE Lok, EREICBE Lz, 20%, T WIEHOBE 4 &



ENOLHREORM /4 DESETHALEZ, ZO/ENTv—T1L, FLE FRICMET S &
HEE 2405 (Wenger & Roberts 1980), D%, HRHIEMD 7 A I v & —F L OWAGE!
(RS400, Polar, Finland), MEHEM D 7 Ta EM OBERS (M, Al AR, A TR
4 TBAD), PR AREH O~ A7 B IO ZIEE L, v UV AR—Y T 2—2X (AQA
A=) 7y a— R 2KW-4215H) ZEH Lo, #RE i, B RicsnWT s ailo%k
iRk Lo, THEEE THKIRZK (18°C) ZBMh Lz, FEBRIL, MKIRKEFIZI W TL
EHERFT D RESRME (Rest SofF) &IR/KBHAAE 7> O ARTRE — & AT H R BEB) (B 30-
60 W, [Al#E%L: 30 rpm) & 4T 9 EENSME (Exercise 5fF) D 2 &b Uiz, WP o&MhC
WTh, K% 5 43 HUED & BRSIRE G BB E 217V (Baseline), Baseline (2317 %
Tes 775 0.5 BE OV 1.0°C KT L7ZBERL (Tes -0.5 3 XY T -1.0°C B0 1BV T H[RIBRICH
JE IR R B 2 I LTz, /K~DI27KIX, Baseline 123517 % Tes 705 1.0°C KT L 72K
BT 5 BRI B OWE DS T Lo, #BRE N E I 2 O 2o 7
RERCHT Lo, FTo, #RE D T DR T AMER L, ZALLL EOIR T2 RIAD v & fi]lbr

L7ZB BT T Le, S50 7%0< e 1 RELEZET, IEFIXT v # AL TTo 72,

HINT R — B —DJYE T

Tes B L OKENLD Ty (FBERZHWTHEL, 7— XX 1 BEICT =4 — AT A
(WE7000, Yokogawa, Japan) Z i L C = & = — & — (VersaPro J VL-F, NEC Corporation,
Japan) (ZF0&k L. AREAUZIST D B IREITE BRI E H O 7 — & 238 U 7o 2 fffiric
FAN T, Tald, 4 3500 CR BT FREIRA B LT OERAT [34% i, 33% KR, 18% TR,
15% Wi (Ramanathan 1964)] (2L - CHEH L7z, HR X LAGHE HWT 5 BMEICHIE L.
BRI T 2 B IR B R BRI E R D 7 — & % ) U Tl 2 AT I e, B+
I3 H @i £ # (STBP-780, Nippon Colin, Japan) % FVNT 1 2 HIlE L, SEH BRI E

(MAP) [ ZHEERME + 1/3 JRIE (SUREHAME & yEEImE 0 7) (2 X 0 EH Uiz, R A
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%, R A3 HT#s (AE310S, Minato Medical Science, Japan) % F\ T Breath-by-breath i
FEL. BONET—F 00 V0u, VelloWT, ARSI E T % B iR R B & o o 5
— X S LT Z AT I N 2, 28 O TS (X, Young et al. (1987) D SiiEaBEIZ L

-8 (0: FRIBTEARVIZEZEY, 4: [RE, 8: FRIETERWIIEZW) ORT—LZEZHWT, W
KRR ERIRE RS J ONR /K14 0 45 Wf IS 331 B R TR IO BRI E 1 T RRICIIE L7z,
B2 Ji LR R BB T, TR R BB E2E# (Intercross-210, Intercross, Japan) % VT, /2
JE B W CRE Lz, JIEIE, ~VF =FHE 1 (25x25mm) & W /iiE 7 o —7 (Figure
46) % FREICHHI S, KRS LRE T e — T R O ER
WA 30 Wm? LRI 72 0 IREBIE 2B L. 7' —

T OIRE 2 FNF+ 0.1°C s TS, whErE

MDD L <HTRNAW EE U TR TR A F#

L72FRFO IR Z MR L O R EE & L (Figure
. . Figure 46. The thermo-electronic
47), ThEh 3 [BlIFOHE LT, , ,
probe of the skin sensation threshold
measurement device (Intercross-

210, Intercross, Japan).

Start i Start
37.2 - Noticeable 36.0 -
temperature
O 307 - 358 4 Initial
‘G 368 - 356 1 temperature
e
2 366 35.4 -
E 36.4 35.2
q’ B A . -
g 362 35.0
e
2 360 348 -
c Noticeable
= 358 —/__,____ Initial 346 A temperature
N 356 temperature 344 A
35.4 T T T T T T T ) 342 T T T T T T T \
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
Time, sec Time, sec

Figure 47. An example of a trend graph of skin temperature during the measurement of threshold for
warm (left panel) and cold (right panel) sensations on the skin at chest. Dashed lines indicate the start
of the measurement, and skin temperature at which point was defined as the “Initial temperature.”
Arrows indicate where the subject felt a “slightly warm or cool” sensation, and skin temperature at

which point was defined as “Noticeable temperature.” (Takeda et al. 2016)
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T — X EHT

HRT A= Z — TR, 1RAKAIE 22§ 5 o7 — & O EA Land & L THW
7z F7z. 127K Baseline, Baseline 725 Tes 2% 0.5 3 L OV LOCC AR F L7z Remic 31T 5 K2
iR BB E T D7 — & OV-EJE 2 £ 1 EH Baseline, Tes -0.5 38 XU Tes -1.0°C DT —
& & LTV, BOSIRE RGBT, BB LONRRIC OV TEREN 3 BT O8IE L,
EDITN 2 2DOFT —Z OFHfEZBE L L THWE, & 612, AERIER O KR & M
F ORI 2K U7 R RI2 381 D R FIRDOZES A IREEGTRIE & UCEHEi L7z, 7ed. Te -
1.0°C OF —Z I ZNT DS THERE O Tos MET LRy 72720, 4 4 ORE DT —
B T — SR, 72, BERO R T TAICE D 1 4 OEBREITBNT V0, Vi D

T —ENFERTE e oTlzledd, 8 U DWRE DT — & %7 — ZFEHTIZH W =,

LA ALEE

T ZIET R TPEE £ SD TRLTZ, BT A—F—OfRRT —Z DZEDOHBEIL, FF
ffl (Land, Baseline, Tes -0.5 3 L U-1.0) 8 X G (Rest 33 L O Exercise) % ZA & 9~ 5 ik
D3R LD D IEELE SN & VT o 72, FHREIE Bonferroni 0% H K & F U
TITo700 BB, Te-1.0 FERIZEBWTIL 4 4 DT — ZITOWTHEMWR AT 5 T2, 33T

DRBENZ B TREFHRIA EK L 5%A0m & L7,
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3. fEFR
AURT L ORI N T A — 5 —

WARIRAKBRAES . Tes 1FRAIMRT L, WTIORESIZB N TS MM TELA D)
7= (Figure 48A), #7KIZKBAAEH . Tu lZAWKICIET L., Baseline M52 35U C Rest £/ C
Exercise 521 LV b EfEEZ R L7- (Figure 48B), &5 D TS 1TV T HOFLEIZIB W T HIRAK
PIGH . Ta DAMAEFIZ L VIR T L, BABKT, T DIEFICHVETF L, £/, Te
0.5 3 L O Tes -1.0 FEAUZ 33U T Exercise §2/F CRest 2 L 0 bWz~ L7z (P=0.051
B L P=0.092) (Figure 49),

7KIZZK H O BRI EERRTE BRI DU T i BB E B AR OIS T 1E. Rest SeHIC
FUVT Tes -0.5 T Baseline R L U HIKEZ 7~ L, Exercise IV T Tes-0.5 B L T -
1.0 T Baseline R L 0 HIREA R L7z, F72, WTNORERIZB W TS M TAEITRS
AL72 o 7- (Figure 50A), MIEEMEIX, Rest SIFIZIVT To -0.5 T Baseline K L 0 H K
EZ R LTz, 72, WTNORERIZIE W TS EMAM TAEIZR 672 h o 72 (Figure 50B), #
BRFEREBAAI S BB E O ATe 1k, WPROLIHCBN T LA A OZETR S
T\ Tes -1.0 I 5T 38U T Rest 5544 T Exercise 5 & 0 HARWME 27~ L7 (P=0.071) (Figure
50C),

T BRI ) 7 BRARIRE O S T 1. Rest S{HI238UN T Tes 0.5 T Baseline FE L 0 b AKAE
7~ L., Exercise SIFIZEVT Ty 0.5 B L O Tes -1.0 T Baseline i L 0 HIKEE R LT,
Fo, WITHOREICEBWTHRERTEITR LN/~ 7- (Figure 51A), R BT,
Exercise SRIFIZHUNT T -0.5 T Baseline Rl L0 HIREZ R L, WTNORERIZEBNTS
KMHRICEIT R LN o 72 (Figure S1B), 1557 B E B AR S BIE £ TO ATy 13, &

HRTF L ORI O 2137 b4 7e > 72 (Figure 51C),
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FERLCRH N T A — 50—

WA D VO, 1%, Rest SRIEIZFNT Te 0.5 38 LT T -1.0 T Baseline /5 L D &
EELIFEWEHR ZR LT, o, MKRKFONTHORESIZIBW TS Exercise &4 T
Rest 5 LV & ®fEZ 7R L7 (Figure 52A),

WA Vi i3, Rest EICHNT Ty -0.5 T Baseline WAL 0 bz &~ L, &
7o KRKFOWNT OB EIZIBUW TS Exercise 551 T Rest L0 b EfEE R LT

(Figure 52B),

TR T A — 5 —

MKIRAKHF O HR 1L, WTHOFRERIZEBW TS Exercise 5214 T Rest £ L 0 & EfEZ 7~
L 7= (Figure 53A), F 7=, Hi/KIZAKFHD MAP 1F, WTHDOFRMEITHBWTE Tw-0.5 T Baseline
RER LY DEEEZ R LT, 512, MAP 1 Ty -1.0 KE T30 T Rest 551 C Exercise §:1f

XV b EfEA R LT (Figure 53B),
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Figure 48. Average values for esophageal (A) and mean skin temperature (B) during pre-immersion
(Land) and immersion at three different esophageal temperature. The numbers adjacent to the symbols

indicate the number of subjects at the corresponding esophageal temperature. *P < 0.05 vs. rest trial.
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Figure 49. Average values for whole body thermal sensation during pre-immersion (Land) and
immersion at three different esophageal temperature. The numbers adjacent to the symbols indicate
the number of subjects at the corresponding esophageal temperature. *P < 0.05 vs. rest trial; P < 0.05

vs. baseline in each trial.
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Figure 50. Average values for initial skin temperature (A), noticeable skin temperature (B) and the
changes in skin temperature between initial and noticeable skin temperature (C) at the measurments
of skin cold sensation threshold during immersion at three different esophageal temperature. TP < 0.05

vs. baseline in each trial.
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Figure 51. Average values for initial skin temperature (A), noticeable skin temperature (B) and the
changes in skin temperature between initial and noticeable skin temperature (C) at the measurments
of skin warm sensation threshold during immersion at three different esophageal temperature. P <

0.05 vs. baseline in each trial.
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Figure 52. Average values for oxygen uptake (A) and minte ventilation (B) during pre-immersion
(Land) and immersion at three different esophageal temperature. The numbers adjacent to the symbols

indicate the number of subjects at the corresponding esophageal temperature. *P < 0.05 vs. rest trial.
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Figure 53. Average values for heart rate (A) and mean arterial pressure (B) during pre-immersion
(Land) and immersion at three different esophageal temperature. The numbers adjacent to the symbols

indicate the number of subjects at the corresponding esophageal temperature. *P < 0.05 vs. rest trial.
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15

D FIZ L > THE SN TWD (Gagge etal. 1967; Gagge etal. 1969), AHFZE T, Wikfhic
BV TRABZIC T NAMICIE T L, Z 0%, RIEAR L FFREE T &0 Ty CHERF S -
(Figure 48B), F7-, MSEMHFITH W TRE OIRFERTE X Baseline T Land Rl L 0 HAKEZ R~
L. ZDHBIL Tes DR FIZEVE T L7z (Figure49), Z D Z &b, ABFZEICE T 5 Land 7>
5 Baseline I S ~D A5 ORI OE FIXE 0Ty DIEFIC L > TAEL, ZOHIE T DI
TICR - TAELLEZZ BN, LTI L RIS, 28 OWRERTESAETRR L Ta O )7
IR THBEELZITHZ LN REIND,

S OIRERE L IXRRD | AR THWE L S Az bV EIRE Iz O

TIL S ARIRIC L DB EZ T 7202 EOVURIBES LTV D (Mower 1976; Strigo et al. 2000),
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HABIC Ta DERMEZ TR LTV Z £ D, Tu DIET BRI G OB R ~D S 2 KT
SHLEHEMERIEL TS, £72, WL D008 % AW TIFFRICRE W T, B RH
(4-19°C) ([ZX - TIEEF D B =2 RV7 0 SBEII L, Z 3T PRV VR <0IBT 2 k3
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O OFATIHEN D, AL TR LN T -0.5 B R V-1.0 RERICIH T 2 EOMmTER LU
IR RIE O FITIIMAKRKITHED T DR TAEELTWD 2 ENEZ b, REITRIT
DIREZEACZ IS 2 ETIE, SREIERIE L D I Ta X Ta S EDOREZEL LN E N D

CENHEETHD MNP EZLND,

BB DL DI IR T5 L VB Dl IR BE 12 R 1% T B
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RinoTe, ZTDO—JT, AFETIE, BIFAICE T 2MmEE X ONRTERIE, £72. BEE
BREEN G R E TO ATa FFRMARICEITR b h oo, T ORI, EINZ K > TRE
TSR 2Nl U 72 e THRSE L 13872 0 (Gerrett et al. 2015; Kemppainen et al. 1985; Ouzzahra
etal. 2012), AMFFECTHWZIEENZ K > CRGIRERENEELZ T RN 2 LR L
TW5, ZHET, HEEBGER b L ARIVE NS K o TREFITECHE ARSI x4 2 szt

PMEFT 5 Z &< (Kemppainen et al. 1985; Pertovaara et al. 1984), H{ADE X BIRIZ L - T
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BB Y7 M2 2 & CRERERTE OIS A U, OB FITETRE ORI (&
i 100-250 W) (RN K&E < 725 Z L 2RI LT D, ARFFEICE T DIEENSAETIE, Aff
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0 55 2E. BB IR D O F R TRE, SMUBEEHEE 2% CHIRFFE TR T
b DR FEHORREEFICA T S, £ 2 bEEES /120 L TERG~ L5805
b5 Z & THU S (Nakamura 2011; Nakamura & Morrison 2011), AR RSOGO E AR B
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TH D BIE, WIERE 2 TH LN X O RIEBEIR D 55 2 OIfilE, FEKIEERERE F ToE
BT p =~ VAR T 2R/ NRIZHIZ 572DICR I > TW B 00 LitZel, FEE, miseE
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Figure 54. Conceptural figure obtained from the findings of this study.
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