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b b OFERBMGHIERE & 2 ORYE - AR— Y HE~OILH

xR B R
BRRFEGERIE, BWRT I

kBRI, £ hOBRIROPADBIBEE ZOEYE - AR—VEFAOQISH. HASE 37 1 3-13,
2000. —ﬁb%c:ci%@iﬁh‘m:mﬂ&tiﬂ!ﬁtfﬂ&éﬁiﬂ?‘%%ﬁ%ﬁ%é. Z DR B v 1)
(SBC) ldb MIbHFHL, B, WAMEICEENLAEBETHL. L NISLDEIcALRD
£ LHEBREE b 2T, HEATHRDAMMAALEIEETELVETIER LS LM
v b TIE (BRA—IR) BROMEOBIE SERABOMINATZ O SBCIZKE ( Bt 5.
YN TSBCRIEDSERMIMER T4 7201218, BHERCIR AR 28 CHEHENICBKT 2%k
MAS, FEOIWFOEREL LAEMETOKRDERIZL O FHHHSAILENH L. DL
HEEETAEBLCATAILICLY, B SERETTOMEE, 2K—y, H2u0iE
MBEERO L N ORELRENE, =7+ -7 ADMEERRD D 2, FOEAREIZD X
Gl b MOBRRNEDHN THWAHEROFERHMICOVWTHEEL 7.

F—U— FERMEGH, SRR e b, B, AR-v

NAGASAKA T. Human selective brain cooling and its application to medicine and sports. Jpn. J. Biomete-
or., 37: 3-13, 2000. —A vascular mechanism with which the brain is selectively cooled during
hyperthermia is a well-accepted fact in animals. This selective brain cooling (SBC) can also occur
in hyperthermic humans despite the fact that humans have no carotid rete, a vascular structure
that facilitates counter-current heat exchange and that is located at the base of the skull in some
mammals. In humans, an increase in emissary and angular-ocular venous flows contributes to SBC,
whose efficiency is increased by evaporation of sweat on the head and by increased ventilation
through the nose. Good knowledge of human SBC, facilitating heat loss from the head, avoiding
headgear, increasing ventilation by dilating the athlete's nostrils etc., is likely to improve the health
and comfort of subjects to extreme hot environments for their work, sport events, or for therapeu-
tic reasons. The validity of using tympanic temperature as an index of brain temperature is also
postulated.

Key words: selective brain cooling, hyperthermia, humans, medicine, sports
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(4) URTEISS

% (Caputa, 1981). B LVEHRBHARKE THK
EFZORBEEBTLANVICETLER LSS
E, BMOBRREMERF O 72010 2 O RFHRLL T I NIR
FTIFTBLLLENDY, 20705 ELIE
A 7 A RE A EINBY PG HT (selective brain cooling:
SBC) T&% (Cabanac, 1993, 1995). Z 2 Tld,
FPROBSHOMEZHH L e P TELTR
MEFL, Foke bOBRUBPEGEHIZOVWTRE
FERTEDONCELRFO—HELAMNL, KK
HERERFEL S CICHET 558 T 2 ORE & Bk
DIHFEY 7 ABEIZDEMHT 5.

SBC & &

1. Bio%aE

A X3 ITHE, BRBE~NORZECHL VWE
BTHREIARECERE L THRRIZZFN L DKL
MAenhbd., Fhit, /35 1 » 27 (panting)
W) ERERERT ARMEOM, WL
BRI B AR 5 ORGW OB, HOIME
WrE % T ERED S DKDOERMEE L TLER
BEFENAREOMBEI G IR, X5IZFNN
B BIRIE S 2 B CHEBENIGEIN, 2858
LY PR, EEdLVIIHEI M
HTA500THA5.

frl ZIEATTE, BESCOEMRE CHL SN
7 B R A ARR £ ERARAR F C S BRI O {42

/ \ CIRCLE OF WILLIS

CAROTID RETE /M/,ym_\

Fig. 1. Vascular apparatus achieving SBC in the cat.
Projection of sagittal mid section, external
carotid arteries (1) and veins (shown in shad-
ed), of which only one is shown. The
numbers, 1, 2, 3 and 4 show sites at which tem-
perature was measured. Modified from Baker

(1972).

EC. SEER a0 AR MKz %5 TH)
HR) 13 2 DR IR I & 0 BN SRR TR D,
FITHMALE SN L Twb® % SEEIIREE % 1F
D, BIRED SRS IARICE L THICE
T 5. Ok S e REEEEIRINE AR
WAL AELITH) DIZHET S (1) (Baker and
Hayward, 1967). 4 XOMEFEED A IDBEL
FOLL, BRI T S R FRIR M AT B
DWMREHIRTFIGECH, 4 X EAIALND
£ R EERMOFEL TG <, WHBRIZ Z Dl
WEREICEENLTEm L LTI LTE
LT ER. LhL, 2RTHEOHMTHMRE
Bk OIS 2, AR S
MAYEH E N D (Magilton and Swift, 1969) .
FEEOBBREES LN L ) Thh, T0X
S ERIRBOSBCIE, 1 X, A2k EAERE
IS NAE D OTIRR C, v FE, W
ZEE L CEERBROBN-ETOHRIN,
FUEICEBWRBETCHL L VR B, 2HI1ZZ
OEBIIV OO BEHBIZLRDONE. 1272
L BT, WTLEE & 308 - TIRATBHES O Btk
Wire LCEEREELREL, FITHEBINS
BUSTHEIARAE & M UHErE L @) = 2 F0 H OF)IRHE
ot s N A, F£1, 2 (Cabanac, 1995) 2,
AL SBC ORI N T WA HILE, BEOMY
s ek 2 11k

2. e hOBE

£ L OB TIE, HFIRFIC SBCHEHE LR
LZFOBEY %L, ZhEL MO N/EBET
HBHH, & TiEE ) H. Cabanac and Caputa
(1979b) (2 L Aud, IRE TEMIRIZ % > 7B R
HOMER (T,) LEBER (T) ORRE, &
BHIE T, > T, CH A7, il TR F7 L7
BIIT, <T,&%bh, S5IRETICHBIZEE
BTHE, ZOMBPESHITHEIN, T, T,
DENFK06TCTLRELL LD, ZOH%IATONT
% DFFRTHIZE AL FN L FAORER?ES
., & T SBCHEMOFIENHER S L.

(1) R (B LUNEH) &R

LA5IE, b hTOSBCIEV % 58I X
L0, b ORAEIRS IR A OAE THRFHR &
FL, R S 5 e B BRAR ML & GH 2 I 5%



M OBEFEIRIGEIEE & 2 OEE - AR — v HEBEAOIGH (5)

Table 1. Selective brain cooling in mammals Table 2. Selective brain cooling in birds
Marmmal Species TboETC Hyper'— Year Bird Species Tbor-Tc Hyperj Year
thermia C  thermia
g Felis catus -1 heat 1967 T AYAYF 37 Rhea —1.1  heat 1973
1983 americana
1 X Canis —0.5 heat 1967, 1968 Vg Anas —1.3  none 1976
familiaris ~ —0.7, —1.3 exc. 1974, 1977 platyrhynchos  —2.0 or 1981
—1.8 1974 —2.7 heat 1983
—0.2 1979 1984
7 Oryctolagus —0.4 heat 1975 AN Columba —1.1 none 1979
cunniculus —0.6 1976a & b livia —1.1 or 1979
—15 1977 —1.3 heat 1982
1980 AT Colinus —1.6 exc. 1978
1980 virginianus
o Saimiri 1972 R ATF 37 Numida —2.1 heat 1982
sciureus —1.6 heat meleagris
Macacca 1983 Fa—4>YK7 Falco —1.0 heat 1979
nemestrina sparverius —1.2 fly
vy Ovis aries —0.6 1968a & b 74 0T Poephilla —0.2 heat 1981
—1.5 heat 1976 guttata
1988 YT A Corvus —0.9 none 1976
7 Gazella —3.4 exc. 1972 cryptoleucus
thomsoni IFNLY Geococeyx —0.8 none 1976
v Capra hircus ~ —0.7 heat 1979 californianus
—1.6 1983 ERa Chordeiles —1.3 none 1976
1986 acutipennis
1991, 1992 INF R Stellula -1 heat 1987
EAEY M Cavia —1.6 heat 1983 calliope
porcellus exc.
NN Rattus —0.3 heat 1991
NP Vesocricets —05 e 1081 HRAg GBI BIRMAIZ LD T, 0 L4702
auratus LN TWwWL I EAEHT 2T, WHORAR
v Bos taurus —13 exc. 198la&b JRAHE FHALTEBLFOMKXEN TS L,
7y Sus —1.0 heat 1983 cL = R . Ny
A A Rangifer —0.4 heat 1985, 1987 T“f"iﬂ L T“V < T ® BARRATGS < 2 D, il
B Bl K ) i 4 T LSS 7 LA T 00 RO 4 [ 2
7748 Camelus 1990 (X 3) (Nagasaka et al, 1990). #12, @EIREEIZ
dromedarius PRI IR % 5 T OB C B2 L IR AR A L C
7 Equus —-1.3 exc. 1993 L . .
e ERTAT A MR A RIS L, T, 45

B, F7, BEHEZIZIEERIR & SRR L IR A
HY, EEFIIFCAEEILAE U CHEHENLHE
ERMEsGET A, Py 77 —MiKMERT* £
o OFIREIZE S ZOMKO 0 & EE % #llE
T5E, SRR, FROBREEHLESE
RIZHEAT M s ML, #i2ic LT
T, < T, OHBAHET S (K2) (Cabanac and
Brinnel, 1985; Caputa et al., 1978; Hirashita et al.,
1992).

<Y, T,<T, OB RL. 617, ]
AEREBIC N EEELFED [Lw & (rosacea) |
DEE TIHIRABIGEA CEHEMN KA TS MK
PHESNTEY, SHFERFTH T, L HXTT,
AL % 57w (Brinnel e al, 1989). D2 &
b, BAFRSLEMFIRO ML F D SBCIZ
KEL DB EZRIET S,

(2) ITARTE L 72 BHER O B K

Lt OEIRORE D HFROEUSMO AT D
R L Y HAHEES ) T2M513E5% { (Szabo,
1962), WICE T KRG AEEEDHEHBTE
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Fig. 2. Time course of body temperature, forehead

sweat rate (SR) and skin blood flow, and flow
velocity of angular oculi vein (v) during pas-
sive body warming in a subject. Values for skin
blood flow are in relative to the control value.
Reproduced from Nagasaka et al. (1990).

(Cabanac and Brinnel, 1988; Ogawa, 1984). L
b ZOHEHEOETIX, EHDREIT LE, Bk
L BEEYZIT 2w (Caputa and Cabanac,
1988). Z &) i, BERHELEL TS
Wil 7zv Lo ESREONE IS L 2 L %
B0, SBCOWF L LTEZL EHRELR T,
SBC SR L {AThNL s /26H1213, HETT4
BREFRDHY, POFOFVEMIERETILE
Hobh, Fl2E, AREEXEHT LTV HHER
HEOBICEE LTS &, EFIZLAT OLR
HRECTH T, OLEFEIEHT, L 1igES)
EHBET A EHTESL. L, HEEICT— K
ERABICBN RO Y HE, T AERL,
PHYENT VARV TH T CBOVLER) Lo & T
T&7% < 7% % (Cabanac and Caputa, 197%9a). &
HRRHZERF QMO FHETHEHREGRT L, [
CHBRHRTH-> TH [REH L .LHITF X
(thermal comfort) | P4 L, BAMLEEIWZ,
HFEICEIBVELBHEL DR L R OBIEDHR
5. EHOREEZEEREHTED 8 DI 7275,
FZWREBL7Z2BEORY, FALEDOE L RER

GETE/SS

venous occlusion

esophageal (Tes)
38.0 //-.
£ s “,,»"’"' tympanic (Tty)
- / M
3 o
s 72} O
§. odaoodo )
§ 6.8 0099,. s o
- “".'.' hhhhhh d,d‘p 1.4 ~
E 164 ﬁ\.l.% 1.2 E
Qaegse” e, 0y
3600 v iien?dog @
J

24 28 12 36 40 ] 48min

Time after the Commencement of Body Heating

Fig. 3. Simultaneous measurements of tympanic tem-

perature (T,), esophageal temperature (T,),
and temperature difference between the two
temperatures (T, — T,) before, during, and
after occusion of angular oculi veins (AOV) in
a subject. The face was fanned at a wind veloci-
ty of 2.5m-sec ' at the nose. Reproduced from
Nagasaka et al. (1990).

D 60 %ITIKELZ2REL Y, BEA ML AAVNE
v (Kissen et al, 1971). Brinnel et al. (1987) i
I, RETT, 28385 CIZ A h [IREK A
AR OB LWEREOHEICERT S L, T,
PWO6CTHEL, THRALTH-THID [K
] L R, 25INRICHT 2 5 h 5 R
W, BEDLEWIEED 30555 50 5IIERET 5
(X14).

Germain et al. (1987) 1%, EBEFE ML v F
INET, EATAE = FIZE U720 B % BHE
IZBToD, FHO T, 2TA0CIL D F TR
L, 1ENGEBEILHRS 20 F FEHEICE UR
HOBE %Y B, BloRCiEEEEE#iT4a <
EREET, WEOEHELEZO T, OL{LZH
L7208, EEE LA D B E T 725 A1,
T, EHEIRRDT2IZ 01 CTERLAZBRTE
BICTRL, T, 9 AR EIZREE L /.
Lo, BEEEROZWIGEIZE, EEj2fEk L
THT, I 3EHIZER LT, 45 2#%&I121G 05T
ECETERL, 2ORBEAIC T, ITEWHEICT
L7 (K5)., 2oL hHiid, BHEET
TOEFTIE, WOREDCTDIERZEIEL 7
BOIERWH LRI L2LEDOH D L 2 Rd
5.



£ P OEIROGNE 5 HIRE & 2 DR - A K — ) B~ OIE

Time (min)

-0. 1% 1 4 ' 1

L
0 10 20 30 40

Fig. 4.

50

and 100% humidity, only the subject’s head was

the subject’s face was fanned at 10m-sec”
session (O) the face was not fanned. A: Mean (£ SE)

1 . .
with air at

(7)

B

15,

10} o

0

Sk \\.
—_ ° .
,E 0 % o\ *
5 A
c 5 Og [
S —10 " 2 &, S0,
= 37 3.5 38 38.5 39
£ 1sp
2
g 10
IST-1

0

_5-
~10 A N .

37 371.5 38 38.5 38

Tes(QC)

Mean results obtained on a group of men placed individually in a sweat box at 40.5-41.2°C
protruded from the box. In one session (@)

27.5°C, ca. 50% humidity. In the other

time course of the difference between

esophageal temperature (T,) and tympanic temperature (T,). B: Mean comfort votes plot-
ted against tympanic temperature (T,) and esophageal temperature (T,), and their
regression lines in the two sessions. Reproduced from Brinnel ef al. (1987).

(3) L&GEH S OBk

E MR L ETHEIRIC o Th vy T
TREL G, SRR (V) BEL
. bHEDA, SOV, OBNMELERLSE %
HEFF T 2 BOIETH 575, SBC bAEHET 2.
BZIE, B A5 aizohwter s b@mL <
WP L 2256 BEEH T )L T2 — ¥ a4 | T 2
WERE D<A 7 NI TRAI L 2R 4 5% 0
BRI L8R % — R R < ¢ 5 L, Fh
PRI T, < T, Th - 228445, T, 0 LI
LVIZIET, =T, &% 2 (Cabanac, 1995). =
EREBHRDO Y H % (Caputa et al., 1976) %%
F (Jessen and Pongraz, 1979) |2 /K3 % T Rafl L
722 W & 72 O BNE & RIR 0 2 (b1
Ao TR L DLEIB Y AR S ms
OV I B 45, BERIEE R0 L)
LeWwDT, 2OHFE ERIEEYWTH L 5 4
STDHEERMULEEZ T L, Mellergaard
(1992) 12 &I, BELE ORG24
A (510 /min) £3%A705C, EBEIEIES S
RS MIREA 02 CTFHT 2.

Tympanic Temperature Changed ( °C )

Fig.

without facial fanning

om— A | l

0 5
Time of Postexercise {min)

5. Influence of face fanning on the course of
tympanic temperature (T,) during the recov-
ery from muscular exercise (running 15%
uphill on a treadmill until exhaustion). Time
course of mean changes in individual T, (A
T, & SE, n=8) during the first 15 min imme-
diately after ending the exercise. The subject's
face was fanned (@) at 3.75m-sec ' in one
session, but not fanned (Q) in the other ses-
sion. Reproduced from Germain ef ol (1987).



(8) LS S S

FREMEAENICEGHT 2 10E, BmREOH
M2 Th <, KB » S DFERBILE R KG D
TR S Aid s 5%V, White and Cabanac
(1995) 2 & 1iE, BB O ERE O BREIE M
HALIREHT & A3 BN 5. BHEr L0
BELELZRGEIRRBIII > TH s 5.
BBIIe PEH LT A HEPIZLEE (Stan-
ford and Stanford, 1988), £ X THl5H N 5 ##E
(Blatt et al, 1972) LHMT 2. b BH5ABMKE
iy O SRE I ML 8 O I ARIR B FZARTE L7258
HiR IS T& ) (White and Cabanac, 1995b),
ZTNIBHRICEERYE (AVA) S ]GEAET
% (Cauna, 1970) Z & 25 LHERITX 3,

SRIREEIC, DRETH SN BIRILATTEEN
WHALAT OIZ, BEEZE 2 5 #IRILASTEE NI
MNACOEFRUFERBICLS, B - INESIREE
FHEAOHIRMOBIZIZ B U727 LW &89 7 8k
HHY, B, BREIRE S EREIRE &
L, @itz @ds 58Nk S5, M2 T, &
& DB OIEMEAE C, BB ORE 5 B &
WORTEIE L SOFEHIZTHTH»ICE mm L H B
NTBLET, REREOBTE LD TALIREY
BOTFET S, Ld >, BRILOATE
SO DIRETRHATERG SN DM D 5H
vy,

ErDSBC ICBT BT 4 N— |

SBC It F & &2 $ N TOMAM, BEIH
DEBRIIN T HERGHBE TH L L EZ T
V. LA L, BELFOFEBICLTLETRTO
ADPEBELTwE30TIEE L, fl2iE, e bl
B LBV T 4 TR, Lzt TS
WS HHMNICEN BB 2vo
T, SBCI3 &%\ 33T TH2 (Brengelmann,
1987; Mitchell et al,, 1987) & 720, & M ORI
SHENIRAA D & ) % BACHIEE A 2 <, BICHAR
W3 L ERFIRILO B THR 2 BBl RS 27,
L7208 TEHBIBRMIE AN % & HET & v (Bren-
gelmann, 1987, 1990; Nadel, 1987; Mitchell et al.,
1987; Wenger, 1987) % ORI H 575, Fh
I3V REETH Y, LITHIF L) RER
HECEILLDLDTEZ V. SEEDKETH K
BP0 —EORIMKE TRHIZHEH S 0 TH

LHEBEIALETH DL LV b O (Brengel
mann, 1990; Nadel, 1987; Wenger, 1987) 7 &3,
B E R B & V) IR BTk
ENTHHTHA ). 2OMOTDH LEOELR
b, SEECTSBCO RS S L, FhidmH
BEU LB M TORERFTERET L I L1128
HOTHRITEVWETZ2L0, b ORRDHE
MELTHY S T iR Tk CEOKERD
WEBEZJLLOTHALEL, T,OWETZS
NIZT— S IZEDHmE TN THRETADDE
Edb.

(1) REETORZE

v POREKTAIZIZEEL T A5y, 20
MESRESNTCREL VS L2005 &
ZES) TBIET 5720 LE LB
& (BEARISLIH S N) TEREBELS TS,
SBC i, BRIRIC SV L THEMBAITRERIELES
RURAPFHRCIC L W LELRBEES I Byv
TLEIMERELY, AEEWIIAEETH D
(Brengelmann, 1993; Mitchell et al., 1987; Nielsen,
1988; Shiraki et al,, 1988) (%R 1).

oL, Bk X5 12% oY TR % B
g L CTSRBCAERE S NTHY, v MATIC#
D& LiEwmE LTI DR L. Z ORERH
&, SBC THEIZAMBRIGSHIR bid & HEH<
B EIIHBY, TNEBRYTHL. EHLRET
iz LiF5 &, EEILRERLETEI DO IIE
D EFAZILEI LTINS 245, REFH L EH
LARWIZET DL, FRUERES LS -TH#
NODORILIFIZE A SEIML v, REZ#Z /2
BWIRROHEA T, WAGEHIENTL gD
BSOS IR A R RIE 2R D, RERE G ITIIEE
3%\ (Hirashita et al, 1993).

(2) T, DT 25t

ERROE N TR S NS B E T, 3K
WEBRIZZE (F) ShERTHY, #Eo
e R DV TSBCATE MIdh B L Em
T5ZLETEARY (Brengelmann, 1987, 1993;
Mitchell et al., 1987; Shiraki et al, 1988) (%[ 2).

T BRI L L TRESNLZLDTH
% (Benzinger and Taylor, 1963) 7%, %O R
ZOWTEMARIBENS L) Ilho720lE, #
DFEOWFETIRE 2 ¥ —H5E L B 123



b b OBEREREEEE & 2 OES - AR - BHENOLA (9)

LClEpnd, WEERSD L VEERDREL D
S>TCTT, & L72Z&i2% 5. Brinnel and Cabanac
(1989) = X fuif, I TR b IRE DO VT ERH
F1/4 OFFIRE L VY — 2 S, AR
TRz v L ) Eho TRIVERZ H
W, SSICHEBEMRTER, Fhi s — 7 Tik
HTRENT L0 EOEEEL -2 ETT, 2
EThHE, KEHTEFRIIT,ZT, THEH, &
WiRIZ 7 B & 2 OBRDHEET 5.

BOWBRE L EGRHET L LHOEBRIEI TS
B TR S BV LS $ % (Brinnel and
Cabanac, 1989; Walpoth et al., 1994). BREHAL %
SHEE A E, FNAh S 50-80 mm BEN 7o EE O
TuciTﬁfZJ A, HoEERIEIEESZW
{(McCaffrey et al, 1975). Wr 2 Af CEHO — M 724
RV, A OANGICEDR L2k e EE L
BRELTTCEOMOLE L WGHT 5 &, Wi
THE-oLHTIEEERIIZEALL 2D T, A
I%5 2% (Cabanac et al, 1987). #ERH ICKELT
BRl L 2R e I S8 5 &, FRE OREEIRAS
LALT b LRSS, ZORb HFORERIS
12284k 2372y (Cabanac, 1995). BEjrR O ERE
DREILEFBARL TR SES &, FRENFHEZ,
SHEESTREL, T MK 225, HOKE
MLITIZ A4 (White and Cabanac, 1995a) .

VAT HNOEDER, AL TR~ D
O EEE, L7 & EEA A~ O LSBT, T,
BT FTCERAT LN, Yo FTI774
— AT, FOMOKEERO M & AN $
% (Ogawa et al, 1993, 1994). BATRREEEEIZ L B
SARFRE OERNZ L ) MEOF OEHiRIT LA
5T, & MEET 2 (Ogawa et al, 1993a). %
BAZEITAL SRR B &, T, <
T. O M 4% 2785 < % % (Brinnel et al, 1994;
Nagasaka et al, 1995). Zh b DL, T
T, HLBESOEEROECELZTHH0T
BWI b EIRT,

ﬂﬁ%ﬁf%%:k%ﬁ%T%tbmm,%
Bice P CRRE T 2 ERZEIE SRR S
Z\>.  Shiraki et al (1988) OO ERIIED
HIZh D, EHLIZLBFOF— 5 ORROM
BRogoHEL R LrL, EHOTF
— Y RFERCGITH L, ZORKRS T, 2

BOFEE LTEETHD I LR 5. Fst
HoszcmEhichig Er REREL 26T
i, T BRI LD, MEm s AR LT
HEHD, T4 ARERNL BRI ORE L)
0.2°C#\> (Brinnel et al, 1987; Mariak et al., 1993,
1994, 1995; Mellergaard, 1992; Mellergaard and
Nordstrom, 1990). Mariak et al. (1993, 1995) {2
I, EEEREBL TIT TR0 EET
W B RO % T, & IR ZEE L, RN R
MI#ES (interpeduncular fossa) DHiiEATTREY 2
T, bIEAT L TR 227, BiGR, T, "I
DR ERIE LT, 2512 ERRORMEE GV
AMBAEREKTHRET DS, T3S S TREY
200, T RERBRIIES 2. #wi,
e T ARV S 5 727, EWiE, T, 203
F0 L) BHEN B, DL BT -5 DTN
T, TOWEOIEE L TRRTHLIEE
~T.

(3) T, W him DIRER & LT#NBTHLI LR
AT E DA OFEHL

T, ViR OFERE S L TERYTH DI ENHE
BIZb WL DHREN TS, Fiz T, IR
WML VERCE PRI R o 72RO LRI
LR & BT 578, €09 5T, L ORI
HETHLHT, L TEHEETIE A (Cabanac
and Caputa, 1979b). BHAEERLTHIOANL A Y
b Lo ERE T, EER OO B
BHBOLGTH VI HEND D
(Williams and Shitzer, 1974). EMETIE, UL
DOMBFIARIE T, £ H T AL CHBT 2 (X
6) (Hirata et al, 1988). b MIZEWIRETIE, K
FiRAE CHMTHER x LAZEET DL, 20O
L9 RRREA 2 T8 OISR LR & BT
BhS, WEBREHD AL LHER, IRELT L
DT A & CHBET % {(Cabanac and Caputa,
1979a). BBEICL VLR LR IEL LV,
DHZBHD, FOFET, L0 TAZL BT
5.

BRI, AR DELEICEREIZERET
L, REEDDLVIIHOHRE LA L TR
BN, LaL, HBEFOHEEIIEEL T, O L
FEMATBL L, TAERROGZNWEEERLD
Th->TbEBHIAFHES v (Ogawa and
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Finger blood flow measured with venous occu-
sion plethysmography in one subject, left:
plotted against tympanic temperature (T,),
right: plotted against esophageal temperature
(T.). O, before exercise; @, during exercise;
A, after exercise. Reproduced from Hirata et al.
(1988).

Asayama, 1987; Ogawa et al, 1988) . SiRERIE ' C,
TEZTEEHL>OTEFEREREL, Fil
REOKEWADEREHMAEL LTRONH
R, T, IFRFAHATOREZEFCHLT, &
DELRETH LI LMWK ENT (Tanabe
and Shido, 1994). Wigh#f THEE ) & iRk
DG R ERT % 7 & TEHER N S OBE A HE
EhbE, T RERXAIT I TREAIZLS.
GHTR 2> & OEMELAS, WiEM ORRED b\ IdEclE
TRONRTCRES NS &, §F T, ETRE
A, T EEFEAEL S (Cabanac and Caputa,
1979a; Rasch and Cabanac, 1993). FHERAZ &R
ZETRERDADMRMBE) ZRBESHEL, T,
PTEEEL T A LH T % (Brinnel et al, 1987,
Brown and Williams, 1982) .
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L TERVEIS B VI3FE DR TR B
VBB LA LT, BHEEAKTHELT,
BHCETREBTRRT A% LT, £6hL<

JEHE A G T XETH A (Brown and Williams,
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1982; Hirata et al, 1987; Kissen et al, 1971;
Williams and Shitzer, 1974) .

(2) RBFEDOFHFE DM

AR O BEMEE OIGH D 720122 F D E kiR
EENTH NS (Barlogie et al., 1979; Bull, 1984).
D& ESBCEBET A THhiRD LA 2
ZTCBIFE, HETHHNN-ZX2X0EL,
RO ELY LT e HFTEL. EHEGHKITR
7 BEOLEEREY 4 CT300MERTA 2
ENTEIEVIFENH D (Cabanac, 1995).

(3) FEBFORGH

FEEAIZ L SBCHER I A0 ) iz 2onTid
Hi#mA'H 5. Brinnel and Cabanac (1987) 12 &
g, B REREORFTHIE- 2D & SBC
FEZ L., Lado> T, RIREBEECTT 25
BBBEFOMKRL KD LEEE, WE SN AR
PWEE L ETHELRE L VRV &2 ATEIC
BRETHA.

(4) AB—UHH

SBC 2 & 0 EEBYH ORI A T 5 LGB B
AR, FRHCHBOV — 7ROMRE B &, ik
HEFL, B ) X VIFEHRALRIREE 22
(Cabanac, 1995). L7:%%> T, BB HITE#HF
WWSBCEMHELZVWEIHETNETHD. %
COBEPFIL T, LY DEHTHEADANY F
FY—AHVoNED, BEOENITERSINDS
AR=VBEHOE TNy FXEVY-DFFIZFE L
{ vy, Rasch and Cabanac (1993) Z & hid,
ANy FFEYXY—DOEFRIZSBCOMELET ¢,
EHFEN 2 BB R 5. LHEOBEOE(LHIEA Y
FEY—EHLHFDOREPH LI EHBIHESN
Twa (PH5,1993).

I EH TERRIC R TH T V%
Lawds, KEOETFLT AL, HEKISIZEHIRK
WL, FOETY 2O OBBELOMEIL
LrObDOLEMTAEE)ICAZL. UL, K
BRI A LA S 3 EBA R T
THEHICLTEE ST =TIE, 828ELT
MRIf S 728 A LR, V,OBIEFE LT -
THMiRAKE C LA L7 (McConaphy et al,
1995; Nagasaka et al, 1998). SBCIZBL T~ T
X, e hOL) ZEHORFOREIIILAL R
Vs, v M TH A L THHR L 22 AR
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S E L72kEL ) T, D EH) AWK E WV (Hira-
ta et al, 1978) T EMRESINTEY, IHEI
FOSBCIZLBRE EEOZ L AIRIET L. EE)
e DURIE A BT I00OWIL S 12 B & v )
A (Rasch et al, 1991) #5575, #0811
THEEXNLEBONMEIZ+ S EETH 5.
IFEASE F D SBCIZE » TOEELREE R
DZERUTOME,LS LS TH LS. White
and Cabanac (1995a) = & 4uil, EEF I8k
HEETHILERAL TR L 2HERETIE, 5
D) DWEHRHELHRTT, O LAEFBDT 5.
Thbb, BENSHBEKREDANDSBC OO
Mg LCEE, Il LA
LRSS OEomE vtk 5. RIEEES
V=R OAH Y N —DAF—RE, HDHW
b o L —RWICEREEEV R ER T A AL T
T L, YR MRE R RIRT S 2 L 2D
LOEEET LT TIIARNICERALTYS
BhSEERVIID S R, KOBEE
WHRIE L) oo, BEEHED O OBHEE
REL, HEPSEAPFTERAIR S O 2 HIRY
HOTRERPTES.
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