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ANG ToRIT UV ) =T

AVA EUN /RSy

B 2AR B27 FLF U ik

B 3AR B3 7 KLU vZRIK

CIVD FE ¢ i A B3R SO (cold-induced vasodilation)
HF & A LA ) (high frequency)

HRV DA #) (heart rate variability)

Hunting Test mAkAmRE [GFE 2P E T 0OCKkAKFIC

20 4y 3= /K]

[ Hunting Test @ |l & s — & ]
BT 12 7K R K2 J UL O 9 # B A% (bottom temperature)
£ EH (WT-BT)

dT =K H o R SR
DT = K IE # O i KRS IR E X T~ (DT:ST-BT)
ST 1= 7K BRI IR £ (start temperature)

WT  FRJEE EHEEOKEIEE (warm temperature)

LBM FRHE A E (lean body mass)
LF fJE LA (low frequency)

mutant #  BRAIZLT [B3-AR 2% T/A - A/A H]

PEE 1% O (postprandial energy expenditure)

PNS index & & KA O 5 & 4% # (parasympathetic nervous
system)

REE ZE T (resting energy expenditure)

SNS index A DI B f% % (sympathetic nervous system)

é&
SSNA FZ [ 22 I AP % 15 B (skin sympathetic nerve activity)
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1.IEZLC®HIC
11 ARAERBELEEMBEHRERES

MAIEL THEROREDOHN OB EHFITHTEIELL2HGH6E V)] &
EFRRIN Y, BRANTIELEDR 50% 128 2 DRERDH D Vb Tn
V8, Mz OFBIIRHOKRTRR/ITOMKEERENEZ LD
M BRAIEDZ L IFZWMADORK &R 2 KRB ZFRERNVEEETH Y,
REMRBEM 2R, AAROANXEFHETIT (MAIE] OREA ITE
<o EEDW ZE TITHE 97 BB OJER 2 v, LIX LITE B A
FHIE E W SN D Y, A2 ORERIZEE B T A BRI & T
WEEHIZZ Ao DA, RETIEHEEH NS 20 mAROE WL
BOWTHADIEREZFZDLONZVERREINL TS 5 7 1
FA 528 NDFRAIC LA E, W AERERE Tl A AR OK T IR
KT 2EREFZDLONEL, W ZMEORIEITIXEBER N H
HEDRMBPREINTND 8,

FRRDMAD AN =X LE, B IME OIGHEIZ & 2D BRI O T 23
R THH LE2ZEEL L EBNICHA XL FLOALEICRY . &E
WY —E 2777 4 —CFOEBIREITCICHKARMICLZKIEETH
HIZERMEND TS Y TV (Figl), BRI 13 H M 22 &A% o i
T TWD, mAKRAMIZED | MR E RO E K2 TRP (Transient
Receptor Potential) T+ > R /AN 240, Catt& NatBHRENIZH A
LCACIRBEMITEEHRE N L CHFMGE AN S EKEFGH K CTH
HRBEMBFICLE A DILD 12, ZHITH U T EE A I5 B) (skin
sympathetic nerve activity : SSNA) 23 L3 % & B2 RS ifn & (30X AE L T H2
BIRIZIE T 5, —FH., EKAMIZEDY SSNA MK T I 2 & &E i Eix
Prak U CREIRIT EF9 5, ARIFFE TIE SSNA # EHHE L TV iz



W, DL E) (heart rate variability : HRV) 13 & 7= 5% T il s
AR R OVEE) 2 [ E LT SSNA OIEFE)Z 38l L 7= (Fig2), RERIE O
OB AEEBET L AR TIIREMBRRIETICHE—FMIZHE
THOTIEFHRL, MRERIERICEDERY | HHMNIEELIALND, Z
O B IE 53 R AR RR SR ML 3 M B S (regional differentiation  of
sympathetic efferents) & FE{EiL 14 15 M o HEL Y & FIBICAT O 72
DONKDOAEBKIGEE LTHOLNTWD, T 7205 EEHIPL T SSNA 23
JUHET D & [A] RF LT PN A S R v B IR L BORH I IR BRI T SSNA
PIET I 2 & RIRFIC, POl A AR R TR B U 5,

1.2 RAEDEGCGHEREAELICESITOIHNILERFDEIL

WRAIERBEDORERFEAESL, I—a v XALCHTT VT AICEZ N E
VWO RRFEE . BEAET L R 0 2 o O R T SR S < ATREMEN
b2 16017 = O L X — (B 0 b AR - 0 B A R L R
WRLZI ORI, REBRFOMEIC L > THESH TS, & M
EHIHOEMBEEICEBWT, RN RELREBZELZRKE ST THRBOM
BEENZL L nodic 17 B0 A7 2A 5 18, ZhbiEmx

JENBRBEICIALNT DD THEH R TEEFICHEIND Z EERLTWVD,
T RNAF =TT 2EMLEFIIEFTZEH D, ORI & 20T
TRNLFX—ZHL L THHET2ENREL WAGEARI S ST EIs T & & O

BEOLRVWRKNAE O 2BV ICHET LI ENTE S 19 22, BidkEN
H 1(UCP-1), B2 XXiXB3T RLF+ U vZEKR (B2AR, B 3AR) Ot
VBEFEZEMOBHIIT, T XAV —HEELROL CTHAEALZ TIT S
B, R A2 S Lo 19 722 e BRIV IS HE A ALERIC
EHT 27292 B2ARB L OB BAR DX s 728 O B E 13 100% D



WU TH D, —FH, 7VT NTIEHERHAITRL92% L 31%THV ., 3
— By RNRNTELGHICHEDTZDORL60%E 8% EHRMWIMOBEILT 7
ANE DR 29, B2AR & B 3AR O BE A AU L AR 1 O F AL kR
DKFAHICHEEZED LD LDTHY, I —1 v 8 N TIHBRHR
VEBET I LEGEARN TEGBTOHBEENREARAANLH W & EFHH
T& 5 29,

UCP-1 &z OB AM (wild) @© 5K 5 3,926 & H O I A N
GIZERL7-—H#HAEZA (mutant) ZWROE TH 0 | 2 EHRERHA B E
BUZEERT 1 AY 7204 100kcal I8 F L TW T, BFHFIEIC L DB ED
EQE 24 B2AR B T OEN TH D B2AR DN KNS 16 K H O
TIJBMTHDEITAX= (Arg) 27U v (Gly) [CERL7=2AT
BPEARTH O NGNS MRERE 2 TUME U | BF AR B i~ TR R A 100
~300kcal JLifE LT\ 5 25, B3AR BT DOEMTH 5D B 3AR DN K
s 64 ZHOT I VB THL NI T T 7y (Trp) BT VF =2

(Arg) ICER L @M M T, BAMIZH ST, ZFFREARH K
200kcal flK FLCWT, HENKHETH L L@REShTWD 2V, £728
BAR RN HEAR IZ B 1T 2 AP R THRERm b oW IShd /L
TRULFUVOZERELTEETHY, BHFESCERIC L0 A
RIGEN A EH I 2R CIiX., BEaIEMER CITREENHML, AEalE
I $E AL CIX IR G 23 fR MR E S L B 190 200 260

AHFgE & BEME N EH W E RO B 3AR 1TV TIEIW L oo EHE
SR D D, £T B3ARITHE 8 e RICHEN 2R b JRIALAR LT b i
BB, MR, DO 3EFT CEAENREEL TND I LN
Western blot W TEFES L, £ D 3 kI W TR RAOIEBIZKIC X
S THEMEZBT LW R 20 [EE 1] b D, F7z B 3AR FrEM 2



T RUFU CEBRCEBICEIRS MET D 2 & 28 [ER 2], mEN
BED B3AR #J L C—MRfbE R (NO) & N H ki » A7 (EDHF)
MPEA S, MEFEBIEZAOND T, IEFIEHICH B 3AR 2 7
FELTcAMP 20 L THEZ B Z T F IO NICR-o TS 29 [&
B3l — 7. Ll CIXERR R 0D | SRR RE O 1A BT K0 DR
eI 200 B NEXIRE LA D B3AR OB R A FFo
FIXBRARMERZFHFOL I L TEMEEEZ LY (P<0.01), L
A% H % (P<0.05) 27 302 L WL MIZR > TWNVD, S HICHEBELE
X > RR @25 /8T — 27 ML & RO N L 72 Ol O B AR TE 8
X B3BAR MM AERIZL - TERTT AL b I TWVD 3 82,
TroXAT Uy =7 (ANG) LBEEFIC7 2 7 BIidEV] (21X 235
FHOTI /B THDHLATF A= (Met) 8 F LA = (Thr) 2%
L7 BINGFET D, 20O Met235Thr # /5 %8 1X, Met/Met @ 7€
BEAWKREAET 2D TE FARBMESMILE & NIBIEREOIEY X7
A 38 30 A ET R XL AR T Cd D ANG it fs 7 @ Thr/Thr O
REEASRIX., T M VLARKRZ LT WEEWKRICEDTF N —
D 100% CTH LI, T XL T v LI K D KM MEIHEE 70 KA
Ta AR K D BERFFCIMLE &R D 34 85,
ARHFZED BB, fHE AR 35 LS K AR ATV B ZE O B BLEH)
Wit LTY =7 77 4 — L BMMEIRERISOAHIMEZBRIEST 2 2
EThHDH, TELTWMRAIEOERE LTRAEO DR WVROOER T
RN TWHDENENZHLNI L. S BHICHZDEIEMFIZTOWNVT,
B s 712 L D EVE B O FIE O S0 B e AR cmiTEIRIC
ELRERE LTV D AR - OBEEN ST 22 THh D, B
FHIKD 2 BT olc, ETHRIEREE L Z 5 TRVWET, =X



F — (R L O B AR T 0 28 B oo BB TS B B D R
L7co RIS, B R RE & PR D TRV B BAR Bin FIZ B R & T, wild
e (BAEAMZA) L mutant B (RAEZH) o 2 BRI 0T, mK
At A E i L 72 FF o B R R IEE) O £ b & i BE LT,



2. A&

2.1 #WHmE

Wi B IR ER ST R EI R P ICERE T 2 RER L A (19~24 7%)
2T NTHD, 22 CRBLERAELLBFERBOKRBEIVOL A /) —H G
WENZ EZ2HERL., FHICKOIMESMOREZG LIS O % FEER
XMREE Ll £oARBSEIEE £ R KM ZE B S O/KGE (1402: 2002
12 H 16 A, 26114:12015 4 3 A 6 A) #=1F, ERIIL LWL EA
PEIZ 53 Bl L TIT o 72,

22 HRADERERDAE

FERIZHESL > THRAEMEGEGIEZE 1.2 2 HWe#lE&EL T 72,
FEE 1: WAL, LONWRWAOAE, JEROEE 5FH -1 A
D5 HLOREHA ., BAKRICHTDRIG, LbRITORE, L1 —BE0
A
HEZE 2: MACEIDPHFREE~OXEOAE, M 211X 3 53t
i, BARHRERE, e RERGHF O A E
PEZE 3: SHHNPOMIMADOHRERORBRE LM X EZEMT 2720
DRUAEIZONWTOEM, T b2 EHHEEH 3HE LB HA 5 HA I
Sy, EEHHE2HAL L, EEHEA 1HEAICSEHEA 2HAL L, &
ZHHAHAU EO b D&M ZGE L HE LTz 30 [EE 4],

23 HREBOEH

SEERAT F L FR ARG U, MEIREEIX 7 e UL L2 etk 5 K 9 ICHR
LTz, PEEBOHET 222 AU EIERBEEZNE L, WIETER0E
TATH OABK T RANGERE L CTEIEY &SR 2 H0E L, FEBRYA



OMEFTHITARES 1 9 A, a4 A, AH4ATH D,

24 EEBRFIE

FEERCYH, WEBRE I AR E TH 9RFICEREICKREL, BT Y
¥YYWCEBRZ, MUV EBEEE oA v E—F 2 AXEHKGH(F =%
DC-320) CIAE L (RIEMI R 2 W E Lz, TOHRBBRE Ty K EICPRE
LT, 30 3L EZFREEARE, DHBRLE LIZOZHRL THrHE
BREPfb Lz, STH T TARNY JICHER T AZEBR LN, OO 1
SEITEELZOHK 10 DHEEBR LIS AZRIKE L, BER%T
SHZIRR A A & (V) (PP 3 IR L (Fro2) L A ek i 2 i £ (FEco2)
ZMEL, FFEANSZHER# 2RO, AT AEIT 13.503T
47 be-a ARG E AV, Froz & Frcoe IV AHrEEE (7 V7«
B A LAY A b RAS-31,41) #HWTHIE L=, £ D% OLEK
EBEMOSFE Y —FEEEF L, 30 MR EER oK, ATE2HT
i £ T 0CKAKFIT 20 R AK S E DL m/KAMAE (LA Hunting
test) 17 8DAEM L, A% 10 0 CRB@EZ B, RERIIAFE
2 ICEENS ZR Y M, XY 3 LR L% AR T A
(KEITHLEY 2000 MULTIMETER) T 10 B M ICIEE % fisk L 7=,
Hunting test O], 10/ 15 B OE S CTHEW EZHE L7en 5, CMb5 &
HOLDEMERLEE L, EXT X VEBIMER T EBEICH 7 25
&, RRIFEREIEFZMEH LT, 2k & Hunting Test 112, F17z
A% 10 3 MIE 2 o BRI IE & RE 2 JE L7z,
LEDORBIZFRIFICITo72, AICHOF#H, LV Z2IEA3EBRPY
(514kcal, PFC "XTJ > 2 14 :16:66) ZfEHE L, AFHLA 1 FEM%
DR &R D KR E 1T o 72,



EBRIT=EIE 25°C. BE 60% I ko I2REE S iz 7B TIr .
2T ANDHI B 13 ANITEZ (S AL 9 H) ITFE K LTZ, 14 NiTEF L X
Z (12 A6 1 ) ICEBEOEREZIT- 72,

25 IRLF—HKB DM
T L — AR, HIRKE THANCHRIE L7e T — Z 13 % #F AR
(resting energy expenditure : REE), S HEREICHE LT — %1%
£1% O f#H (postprandial energy expenditure : PEE) & L. RISk
#H (lean body mass : LBM) Tk L7=E % HW7=,

26 BEMZIBOTMDIBEBBRN)

B A AR T E) O BT X, HRV O R 73 %2 /XU — 27 b VAT
% )71k % T2 18 389 HRV % J8 3% 4% 0.04~0.15Hz K J& 3% 0 1 2 B (low
frequency: LF) & 0.15~0.4Hz & 8 #0412 &) (high frequency : HF)
(T D & BT IR AR AR RS & D R e R O W T OE B 2 RO L, 2
FAX O R E R OTEB OB 2 KB LT\ 25, HRV © 27 kLT IX
AR WA AT 7 1 25 4 BIMTAS I (KISSEI COMTEC, H A) % H W T
To7, CM5s FECiidk L% 512Hz TH 7V 7L, #HifElL
72 300 Bofigk e NI U IV BEBTRHEL Y — U i 217 o 72,
HF+LF & &t f (TOTAL) (X B ## & 2Kk o # . HF/TOTAL
(parasympathetic nervous system : PNS index) (3Bl %2 & % 0 1% @) |
LF/HF( sympathetic nervous system : SNS index) % 32 J&# £ o Jf &) &
KT, ATREENITER L5 oM oi&Es 1Ko & L, 10 5 OE
X Gy O Sl % SR D T



27 BIFEZEDOHEN

R XHOBIEF LRSI OFEMITIBERD LBV L RERFE
LHHBOF)NERE., FHBEEFICL > TiTbh/z 1920, DNA [ZMER £
A RM M A Sl L, MEHE 1T DNA $:8% » b~ (Oragene) Zff ] L.
KA1 1% QIAquick PCR Purification Kit(QIAGEN) % fii i L 7=, /7 #f L
72 DNA X, AU 27 —¥#$EKIE (PCR) TERZMRHT 2% DNA
A& HEIE S 7o, HIBREE R AR AT iE (restriction fragment
length analysis) TH|E L7z, T 72bb&LM ORI L7l BREE R
ZHWTDNAZGIB L TCARY 77 U7 I R LVEKIKE T wild &
mutant O BE& DNA W A3k & 32104347 LFIE L7z, i L 7= i BR % %
41% UCP1 Tix Bel I. B 2AR Ti NcoI. B 3AR Tix Mva I, ANG

TIL BstVI Th %,

2.8 fREtAEMT

EHENT XY 2 B Y 7 b SPSSver19.0 & Wiz, i 2 &
FEMZIED 2 FE OIS DR E 1L Peason D I A 2 F R E 21T - 72, wild
& mutant DD 2RO EHEOEDO KR IEITL t BE 21T - 72, Hunting
test |2 X % SNS index & PNS index ® Z Ak OAHE A 7 HT 13 53 ®e oA (I
BRE) 217-o7-, LLEIX P<0.06 A EAZ® YV L fE L7, Hunting
test OIRERERDO 2 BHEOFHHEOZDOREIX t EZITV, P<0.05
HHWNFT PL010 2 FEZEZHY EHELR, Fig 7.8 D7 7 70O = T —
N—1% 95 % fE B IX [ &2 7R,

29 BRI ERISDOBRNEH
SNS index W% L L CTHBIOFTRHEALNCTLEL TWT, 0D



JRRI S 6 2370 2 4 13 B AEMRIEE) O Gl R bR Lz, BRANL T
1 %4139 2 ETH Y (UCP-1-G/G. B 2-Arg/Gly. B 3-Trp/Arg.
ANG-Thr/Thr) . & 9 1 4 i£# %% (UCP-1-A/G. B 2-Gly/Gly. B
3-Trp/Arg. ANG-Thr/Thr) & HI&EShiz,

10



3.MER
3.1 AWMEICETIAZEDNDE S

RIFFIZBT HWZIEEZRDO L ITER LT,
OB AN DHHEEARE LTS, (BREIER)

- WZADOHREIT1IFEMOESL EOFHIZHOEZY, Al bimE 1F

LI EZ OAREEN RN T WD, (kM)

WAL DARPE AR M EEMT 200 LE L TW5d, (fF

Fnq7 )

I 3 o0EMEWMIET b OEMmAMEE L, HEZE 3 XKL T,
AL 2 (& 3) ZBBICLRDBOLIIFMAIELWMAIED I )NV—T1731F %
17> 7,

ZORERD D ARMFIER R 27T Nz I ZAJE 10 AW AE 17T A& LT,
X REDIERE WA Table 1 ICE & 07z, FEHZIER LB ZIEFOBM
LiZZnZh 20.56+1.6, 20.3+2.9 Tholo, FEBIL 27 ALBICHEM
L7, BASRHICENYT D 2 A HAEMRIEE R X Hunting test
DIFM P HER W=, AL 24055 1 4 IFEIEARZE, 14138 8
BRI L DA ELRFEAETLHHDOTH D,

3.2 Hunting Test FDRKMEEERENE L

Hunting test @ #ll & 5L % Figd 178 L 7=, 7 /K HE A & £ (start
temperature: ST). & /K52 & iR O #] #A & (K & (bottom temperature:
BT). FJEIE EHEF o i 5 iR E (warm temperature: WT), =K H DK JE
I A (dT: WT-BT), {2 /K EL#% 0 fi KB E K F(DT:ST-BT)3% & L
726

3.2.1 Hunting Test OEEZE T

11



KEHE 14 N\OEZFE(8-9 H) 42 (12-1 H) o RAHI & % © Hunting
Test OZ{b% Figd T L7c, HOAIEIMAIE, RAIZIIFEBIIEOLE
tThsd, EFEROEBRAOPEICE VT, MRIEDO WT & dT Ik
MAIELVIRTLABEENA LN, AFEROWPEIRE XA ZIE &I
MATEDHEEITZ DR,

322 ARAEDHMMIIEZ -ERATD Hunting Test DIREDE T THD

W ZIE 17T N EFER ZE 10 ADZ L E 4@ Hunting test 1 D2 K
2GR o2& Figh 2k L7z, ST. BT. WT. dT 33 2 JEREIZ I
NEAIEMITETL, WT & dT THEERIK TR 547z (Table 2,

P=0.007,P=0.006),

3.3 BEFRAATEAZIE

I ZIEREE W ZJERED 2 BE & UCP-1. B 2AR. B 3AR. ANG D%
Bl A7 Ex2 mEEZLILEZ A, BlaT¥ A7 & 2 HMICTHEY
REBEETIRODLNR ) o7- (Table3), L22L B3AR Bz F+DOEHED
HBLRIT, FEm ZERE 2 61 (20%) IZxF LT X ERE8 B (47%) Th
D, FEMAERICHEA_RBZEHETHE WVHBRERARD b (x 2.
P=0.160),

3.3.1 B3ARIE{GEFHAT & Hunting Test

MAIEEOEFERATE B OEILE B3AR BT X 4 7RI RT
(Fig 6 ). Mutant CIZEBRATE %O STICABRAENRD bz, Wild
TiX ST, WT, dT. DT O T X TICBWTAHARERENRD LT,

3.4 BEFHAATRHDAEREREF LB
UCP-1. B 2AR. B 3AR O£ iEln % wild & mutant ® 2 BEIZ 51T

12



T ATz e L7z, BMI, (£5Vi=R (Fat%). LBM iZ\W$h b #Lat
MR AEZTRD LN D o7 (Table 4), 4% i&fx 1% wild & mutant
D2 T TCaxrF—Rffzbk L/t 25, REE & PEE 3\
NbAERBEEZTIRD N> 72 (Table 4),

3.5 BIAREEREFAATICLIEEMZETHOFMEFTER)

B3AR DB ¥ A 7% wild # (T/T: T RIZIrV T 772 ThH
D WHRIEHFER) 17 N8 mutant B (T/AJA/A: AT 7 X =27T
H REEHER) 8 ND 2 FEIZ/H T T, BEMBIGEENIC DWW THRF L
7,

35.1 ERHILERDBEHBENIVADEL

Table 5 & Fig 7 \ZfERFT & % O HRV O H O Z{b 2 13, ERA
® TOTAL & LF & XU —{Ei%, wild # & lL#& L C mutant £ CTH EIZ
[KfE %z~ L7z (P=0.050,P=0.018), £&ICLY LF O U —fEIT LHF
L., 20 EHREFT mutant FHETRE<, BEEBITZ2HBMOAFEEITILD
N7< 72 -7(Fig 7.B), ERAI &% D HF O T —fH X, wild #f & ik
L T mutant £ T WME A 2 7k L 72 (Table 5, 1 9), # & 7 ® PNS index
IZ mutant # T <. SNSindex (X mutant # TIEWEHR TH - 7=, &
FIZ LY PNS index (T8l =41 SNS index F7t L, £ DOZEA(LFIT
mutant H#ETRKE, BEBFT 2HOEN /NS ->7- (Table 5, Fig
7.C,D),

3.5.2 Hunting Test H10D SNS index & PNS index D% 1k

EART & % O Hunting test 7@ SNS index & PNS index DO Z 4k %
Fig 8 I27% L 7=, SNS index |3 Hunting Test 4575 104y H £ T F.
Z LA IE B 51285 U7 (Fig 8-A.C), PNS index |3 Hunting test Bf#4

13



PH 10 s HETESR, ZRUBEITIKTICE Uz (Fig 8-B.D), 2 # Dk
B ClX, mutant Ff X wild # & tb# L T SNS index DfER /< R
A Hunting test10 4322 6 20 47, Ak, £ 7 £ 1% O Hunting test
B4t 72> 5 10 4. Hunting test 10 77205 20 77, BAWMZICZENENE E
ZNE 57 (Fig 8-A.C. P<0.01~0.05), F 72 mutant #f 1T wild #f
E g L C PNS index OfEN K& <. #EA/RFIO Hunting test 10 73700 6
20 4y A te . £ 72 E &% ® Hunting test BI457>5 10 45 . Hunting test
10 2726 20 4y, AmMBICENENWRAEZEZN AN (Fig 8B.D, P
<0.01~0.05), fHAfEN ORGSR G, wild # TIZERATO SNS index
& PNS index THEZRZEZMNRB O bz (Fig 8-A.B, P=0.042,
P=0.006),

14



4.EZE

AT MAIEORKZBEHESPOBRANT LI ENENTH D,
TolomAiEE TERER]. TRk TEMITEI © 3 A& fFEF
OFLERL, FHIBISOAFEEEICRL D —#HEOMm A L EbR 5 HIX
WAIEN SR\, EERFTLE LT 14 ANk L, EFELAFTICREL
WEEEANA U SRBRBRBE N L TR FEEGT L %12 Hunting Test %
Ehi L=, TORE Figd R L7E=EH1C, EFORFNIIH ZIEDIE
RPHASENLTHDLZ PR TET,

AT RPBERIBEEFZAEIAHEBREDOR ORI

SRITEBRBLR T RWERELR 2 OmATEROLF¥AEL LTz, AR
ANDOBEFEIRAE 201539 TRINTWND 2 0k D KEMEM & K
T 5 L&, HEIX 158.0cm (2% LT, 157.7cm S IZIER L TH O, KED
50.6kg (Z%f L T 50.6kg & [AEE T 5, Table 1 1277 L7z & 5 IZIEM ZIE
Lz iED BMI, (KR = (body fat) . Z &R H (REE)IZ A & 2 1L

o MEHZV OEERPFEITEFERLAE TR N 22.1keal/kg/ H
W2kt LT Axt4ix 23.0 keallkg/ H &R @m O TH - 72, T iuld, A
TETITEE 72 R T COEMRBITIHE CERhololow, EEEAHIC
BFDHHEDE L TLEEFR-FT L X —# (resting energy expenditure :
REE) #HlWitle L EBEZbN D, AXZORM LB EIT. AAKAL
FTOFITREENRMBEEZE LN D,

AXRTIH, FBETZEO BMI EREHRICKRFHNREEZITR
bhihotz, £z, K280 REE & PEE ISR A E 21T
Roizdrol, B3ARBIETFERNH 5 & ZHRUH &% 200kcal (X
TLTWAZE 2V RIESMBNT WD, A% BV L% O CHF#
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BoNA T 7 VY —FHFRFLEE1999-2003 4)D X B3 12 L i FH 50
ik D HARANZPETIL REE MR THEICEKWOICK L (P<0.01), [F
RIZITbNW L+ RPEA 1T NOoT — 212X, B3AR B AR D
ML REE ICENENZ ERERINTWVWD, BHBELAA2H LT
WD NEFELZEICREWHER A EN—RKE LT, BAOEWLEOM TR
HHIRPITORL TWLZ ERFEToND, ERREBEREMA (CFAL 20
) I T, il 20-29 5K OB W 2o BMI ERIEIL 20.7 TH 51
LS5, BMI19.0 ZFAH L LT\ 5 40 [EE 5], & 512, Fik 25
FREERMEREREMAIC LE, KM 20-29 O = 3L F —FHE T {E
7> 1,628kcal/day. TH Y . #HHE (BMI<18.5) 1 21.5% T&H 5 D%t
L CAEd (BMI>25) 132> 10.7% & B 3AR ORAB L AIAHEE 31% % K
ELTFES TS, %< O 20 5 AR AHITARER 2 W TIREZ FHHE L.
ZORBBEERIRFEETOHES, TOLLOHAIEDORNELRTZ
O FITIER S REE 2z & b7 o TR,

4.2 Hunting Test [CKDIERZEEAZEDAELHEE(ES. BEH

Fig 5 3% xE (16 A) s L T, FEHBZIE (9 N) OWBRHE 1T
O BIREDRIENRENPORKRENZ LEZRLTWD, BAKIZED
B J IR b SR D e iR E (WT) &2 K o oo B2 g IR B B F- (AT FEm 2 0E
BEICH AN ZERIZETFTL, WT & dT THERETARD LR
(Table2, P=0.007,P=0.006), = ® X 92, % ZJEDOAKRE M) 725 7%,
BMI IZR & 7evy, @ EERBRICE > TR S 2 (Tablel),

ARV ECFOEGCFRERIIREIZHELTEILT S
BMI CfEWiIZZ < OBLRERICLVEEBIN, TO—2D%EKE LT

16



B3ARE RN H 5 AlfetE 2 A X fEHT IR LT 2 " Ly L& O 21T BMI
T 0.2kg/m” BETHY, B3AR ZERN B ITHELZKIFT &L TH,
ZOEBIRELS ANV ELREBLTND,

EEOEBMEFHIT, MAOAELZH LU TALETHS, Lol mRNA
DEFIZ Lo TmrREaND L o2, REMOEBERRFREIIRE ICHEICT D
MR B B 42, B EF ORI 2 B EAEK T (B 3AR H
7)) ORBEORWPIZBBAR EHELDOLDONBY T D720, ALEY
RT7 RV ORE O 7~ RS ET LT AT BR 7 < BUEA
AIEMHALT 2 DITIET T 5, KR THE L Lok F5%A1T, EHHHE
BICLH2B8BEBEBORY Zbo7EHTHY, ZOFEFRAKERICE T SE
BT EATORBERNTZENTERPSTFERO—2EFEX LMD,

44 RAELEHEHBEHREREZTODHESE
AREZHFEICIE T ZIE] N0 o T, BEIEF 02 Wi B H R
RRIEFLLTWVWD, MAEOZKEEITFROLEELELICL T33O, w1
DIERNVEAFLZ T TIERSEBEFCORATWND Z L WA DR — K
72 b D TERS TFEU EORBIFEME L TWDHZ L MAZEMTD
CHDDOITEE L TNWD I EE2EMFLE L, ZHICEY, £FOHRBZD
SER 2 AU D BMINENIC L D & b5 #F TR L7z, Hunting test
DRAKEBEIERIL, W ZIER IR ZERTE T LTS Z R HE
EOLOFEBRTHMND B (Fig 5) . FHANKIC L TR if & o I
MRTTHEL TV I HEEMAIERE LTl T2 2 3T,

45 BRI BIEFEEIVIRILXF—EHER NI EGTGFOANESE
UCP-1. B2AR. B 3AR. ANG O T RTOMEIE LM IZTHMTITA %
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EOHBBEEICAERAZIRD O N>T-, L2 L B3AR OE RO E A
XIEM ZEREIL 20% 2% L, WM RIERETIX 47% L mWHBIEZ R LT
(Table3), ZHITH ZIEDEK & LT B 3AR B FAMEE L TW5D ]
RREEZTRTLOTHD, 6 4FHEN Arg ICE R L 72 B 3AR O R KX 7 &
BAix, BR OB NI E A H DI, ZXAF—Z2HmRHL
THEME LTER LD AMLBIRT. TRbbHMRME ORIz & LT
fELEZbDEBZ LN TN D 1942,

Table 3 @ B2+ B3AR DM LB FIL, B FUSADORRED
100% CHREL I N TWD 28, ik, B & AR~ O RS & v 9 R
T, MAIEREEDNFORMELE B LTS, BimERTIE, BEMNZR
EhRETHAIEDMEE AEEMMRO B SAR DI 2 2 & 4344
B37T A=A M EFET D LEFEMITEDLPET 7L A B O LT A
B4 25 Z & 40N R SN TV D, B3AR 28R ML & (2 FEAE L. il fE X
S A 29 2D 780 KR ISR  RIEREN VT KLY
YESWLTHBEFOBMERICENEZE XD Z L 2R LTS,

ANG BETOERNH D LNV WERE T I3 2 RNIZT
WiAte ERIFFICIENERICARN 2B E 2T 250, Bz @mEIcERT 5
LRI 0 Ry 19030 Table 3 FHEBICR L7 I1RIEA B /33
(P=0.055), Bz ST\ DDA B =X LI K-> T, W ZIEDRIE
I ANG Iz FOERBEMRLTNDZ L EZRBLTND 39,

4.6 M ZIED B EMEHEE

WIZH 2 DIRIER T Z R T 572012, B3AR OB LA 6 wild
(Bug A=) BE L mutant (RAVEL) BEO 2 BEIC 00 T BHEEMRIEE)
IZOWTHRF Lz, BEMRIEBSIERICLIVEHL, &% 90 & T
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DA EAMRIEENI A EICTLE L TV 5 47, KIFE TIRERDRE L K
Do DICERAEZOBHEMRITENZ W E L7 (Table 5, Figs), E&
Af> TOTAL & LF fiix, wild #f & i U C mutant #1348 B IV E
THho7 (Fig s AB)., HBEBIZOLI REVTHKE TIEARL 2o
7o fEFERT 1 21 AOFEETIE, BFFRFD TOTAL /17— mutant
HTABICETLTERY, BE8EME (MEN-XAL) T 2HEOENRLD
N ol b EI N TN D 30384D, Z T EBREFIZEIT DAL
Bz T 2R WVAREMRIFEEICER L Tnd EEX oD, RUFERER
T, BAZIVERANC2HOEVAENZ Z L%, B 3AR ORI H#E
BFLHRH L EEERETLY RE AEHARESAMH SN Z &
ZRTHDOTHY ., B3AR OMEAM L BT AKX 3 2 )5 Bin 1+ Th
LEDHRMEEMNTLIODEEZIOND, FTHZAEREETHALINLD
H AR RE R I3, RO, BHEK, B 2V 72 & ORI AR ME oD SE AR 23
ZVENFHTH D0 9013 SEOFEFE) S mutant BT PNS index
NEWEAIZ R LR InE2EMHT20EE2xLRD,

A5 CTHEN L 7= Hunting test 1% %€ % i & §5 98 K (cold-induced
vasodilation:CIVD) Z 3% 3 2 48 [k 6], HJM i 13 28 i il i &
VAT D0 fRbE 7R RIE O & Z X EIAA RIS T G i E SRR BOS &2 A U T
G myiix EH4 5, 2 ORISITMIE 2N & 2 72 2 &2 X DRk o EEE
BT EHPEE L SN TWD  /NMIRERIEIC L DR ND .
FMANIC K0 RERME T 2 R ORHIT SSNA 23 L. K& IR
N EHFTH2REHICIE SSNA [FHA L TWnLZ R LNIZENTWND
49) RBFFETIZ SSNA Z EHHE L T ARWE D, DA Z AW
1B TN AS EARR OIEE 2 JlE 4 5 2 & THEERIC SSNA Z§Ffh L 7=,
HARNB & 25 4 (19-32 5%) O KD oK KR 18 B 0> 28 145 18 St O Bt
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PO, MAETIEEBMESHME T LTEY, 20HRE L THRELR
JRAP RS TR BBIC 5 D Z & NRB I N TV 5 50, REFFETIiX, B 3AR
75 BARA 3 CUTD IR A AR £ 15 ) (=SNS index) MKW Z L IZER L, @
ZIEZCB T HREMEIEERIS O T L B3AR O R % BEMN T T
BEt L7z, ZOfEF . mutant B Tl wild B & Hh#g L CTHKAMIC XD
M S o DB EMRIE B ORENEILE L, 2HICAEERRD LN
7= (Fig 6-A.C), T 72 b K RE AN O BRI S 1 K AT i bRk b Fife
THZLENEORMEILBERICOBMTEHAEL TWD Z ERRBINT,

47 AAEERBOET

A RFEIZEF LB L TAFICEBENEREMT 2 2L 2B EL
T. LBM %4720 o\ ETHE L7z, TOME, B 2IEER#HOKT
EOBRITIEH SN o, L LT —FZ2HELTAHAD L, M X
JERE WS X L T 2 JE #1X REE (31.35 £2.96 wv.s. 30.45 =+
4.62Kcal/day/LBM ) & PEE(36.71 + 2.91 v.s. 34.02 =
5.28Kcal/day/LBM)IZHLTIIMEFLTWD Z &b, M AIEDERK &
LTREOETEZGRET D LIXTE R,

F7- Fig 6 IR LI L), BAEHFORFEERA & % Hunting
Test DZA1X B 3AR ODERIGRA DO FE TR > T D, mutant FEIIE
FEMOEEZZ T 7203, wild BEIZ &% © Hunting Test DIRE DA
BIEm <72 CIVD At L TWa, ZHiTm A DJRIKS mutant #E 1%
B3AR BIEFERN IO TREMBROEETH D DITx LT, wild
HIIRHORTAZELTWDHIZLEZRLTWVDENE LIt ,

MAOFRRIEANTHY | BEERCATEEIE, NEIC X 2 AW
EABR EL OERNOEELZ T 5, EZEBITIZRT D ANMKD K=
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PIXZ DO NBFF OB BRI MGEOMIMEIC b EE I, |iR, F
fi, mF, MEMALLICL o THEBHT L, AFERITINS OEBHERK
AR IR Y BRWIE S T TIT o 7o, MAIERE L BB T A 7Tkt
MARBBEEDPRLNERE 2P Z L id, WAOKIKITHE —~TIxAe<, B
BAR OD#EIE ¥4 7 TCHHATEZL20EFHADOHEKO—HTHd L%
ALTWDHEBZLND,

W ZIEE TIIFFEDOEAM Z WV EE T, EEZOEHA OIRENET
LTW5%, 4E D%, 5 Hunting test H1 0 ELFH ISR (&R E O
BV IR ENDBE) ORKIMEERIT, M AIEREE TS
FEREH L VIRVIRE THERB L TW5S (Fig 5), % 2 0E TILEG M ik
BRI S CIVD 238 S 4v, Z4uid B BAR B F A BN 5 & Z 3 & K f
PRORICHEDR TICER T 2 EHE L. T Rbbm A JERE O ARREIL,
NENER - SR EEZ A S 200, MKOFRIC X0 K~
DI 2 B L. IR E D D OFEZ B < 7o O b o 7o FE I i PE A BE
DIERDORRTHLEEZOLND,

48 AHEDRREEBLIAR DD M E R ICH (D4 4E

Fig 5 CREWVWZ T —R_R—T/RL7ZLXIICE DO LI IE 58S KX
<. B3AR & ANG B FOLZMBEH L TVWIHEITZ, HADORND
D 20% (2/10 #eBRE) IR L TH X ZRHEOH D 47% (8/17 #iHr#E) T
HY,AFEAEABEKREBIZEL TR, ZHIEHEE OBV 720
HEEZOND, LDIMEBHDONRY — 2T MVIEFTEER L LD B
MR AROIEB 2T T 5 2 L%, ERWREMNTIER WY 38, Lichio
TEELOMPIEL, HILVWERFELSBLOMAETHL ISR D RE
Thd, TrOEFRNS, EREEDO PNS index OENNTIZIE A B AKUET
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bHDTD . WAIEDOWRE D BEMRERERELZ o> T\ Z & & FF
T5ZLNTE S (Table 5), AWFFIE., LIZLIEZREITTRAEIND
HEMZIIEDO X D1, W ZIE & B 3AR MHRFIH 2 A LR B 3 13K U U ik 22 ik
P 75 8 (=SNS index. P=0.069, Table 5 F#F)% £f- T\ % aAlGEMEN &
HEWHIFEEEZFALE, FE, LEMO RREBEN»S NT—ZX7 |
WV Z RDEAT LT DR O B R RIEENT B BAR AR ERIC L - TR
TT2Z LM IN TV D 3032, AZ AR REH 4 DA 12 KD /AT 722
BLRIL, 957, RER. BUR. B OMUNEER O & JL5R & IXERfR O %
S OMDOBEBEEZMNS BHOHANEEZRIET W RERNDH D, W AIED
WBRETHODICHBZIEO L O L i L CMEIREOHE D 2R L
(Table 2), ZWMMEILERIED A I =X LT INDE L FERO RN H
2o

AT O HERKOMESIZENMBICEAE EEZE XN TE B3AR &
DBEEFLZHN T, ME OISR LERICEEEZ G X0 E 0D
RToHD, L, BiElZ->T, B3AR M LfF & MmE FiFH T b HHN
L. EEL CWVW D ZENHLNI - 2D730 HThd, 72bb, I
BN, mE . DO 3EFT T B 3AR OE AENGEY S i,
FERMEBIRIZE > TIRMEZ BT O TH D, Doy 7-HE O i X AR
FORR L2 208, MENKD B3AR /- L T—W{EF (NO) &
N B H okt 43 #R K 7 (EDHF) 23 EAE S i, mE FEMmicizzohd —
D ME A IC S B BAR FAEA L C cAMP % 4 L CHlig & il = 9 29,
S HIZARFwHIL T -7z B3AR DB E S L (mutant) (3
HARNDERBICHE LA ZR (wild) 1M x THEIC S MEZ
LG < (P<0.01) DI 200 (P<0.05)30, T g O /Mg B O
MR A (AVA) X, RIEFASOMEO BB RRER T TH L, WE
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B A ZUEMEREEEZ L TWD 2 b ARMIED B3AR O E X
PBrTE R 0nb 0D, MEDOIER 2T RIRIL « 2AR TH 5 57, B 3AR
N7 RLF U MBI ECEHARIEEAZ R T L) FE 202X H Y L
XD — 27 NVRERTIZ K D0 IO B AR IEENE B BAR A4
B TR TT 2 ELMAINTVD N 3D Z 15 OO ki R

BT 5 B3AR OEF DB L KL O H 2 FEIZ L 5 Hunting test @

JEIG ML YRR RSB L & OFEIZ SR ORE L L TR ST,
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5.4 &

BERE B F A2 R R E L, WAEEIFEBXIED 2 BEZ T, IR
B AR 7 & B AR T O ZE RO MBUEHIE L B KA RO R K
BIEIEOEZRmE Lz, TORE., B2 IEREH TiX B 3AR Bz 10
BB T Z RO HBENE . BKARICHR LT e JLE KOS A
s Vb enbholz, 72, B3AR Bl FOMRKNER 24
FETIXW K AR X0 0 S a7z O il 28 AR #RTE B o[B8 23 WV 2 &
T2 RSN O BIR N KA REERZ bR T 5 2 & AN M I
BRSO T EBEE L TWa Z ERRB ST, B3AR BB 7 IX/E

H

Wil 72 Tz, M, DIMTHRIAINTEY, ORI M/E,
DHEICEET S, LDERONT — XTI RV G LR O B B
BT BBAR R B ERICI S TR FT 22 EBEMTH D, UL END,

M AIEIX B BAR BE TR EIR F 2R A5 & Z 3 28 AR D RSP
DR TIC R T 5 AIREME R RE S T,
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5 &

KB AFE L L TERICEML, BELAT - 2RMHEL TSV E
L7ei BRI RZPHE R L EESINER O T EED AL & FITEHR S
AL BT ET,

mAJERE OB 2o Tk, ZoMFT o &HFEREMLET T
PEELERFRERFPREL F — TR ORALM A IR < EHH
LEFES,

BIETFOMITTEZRRD WM ANEVWTZTEEE L, KFRERTFENL
FHRIERE RFEHGE T ADOAHBEFRIEHHB L LT ET,

i b ORHBR2n>TLENWELER, RIINDBEDD Z &7 <,
BEHLLTHIERE L L TERGOHEEZ L TWELEEELELFRER
FRIFR BEALEMNREOFNEELEIS LN ORKR#ZH L LT £,

KBEIZRDETH, BTFRERFETESEBSICEETN., < SADT
RN ZT AR TWEREE, 25zt L TnwilZs Ll L
EET R L B E T,
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Table 1. Physical characteristics of subject groups( before a meal in summer)

Variables Total Without cold With cold Pvalue
Number of subject 27 10 17

BMI 20.4+2.5 20.5+1.6 20.3+2.9 0.818
Fat(%) 24.9%5.0 25.0£2.8 24.9+6.1 0.943
REE(Kcal/day/LBM) | 30.78+4.04 | 31.35=2.96  30.45+4.62 | 0.585
R-Rinterval(msec) 1.00+0.19 | 0.94+0.11 1.03+0.22 | 0.237
Number of subject 22 9 13

SBP(mmHg) 99.6+9.5 103.7+8.1 96.7+9.7 0.090
DBP(mmHg) 59.8+8.1 62.3+9.5 58.1+6.8 0.233
Body temperature('C) | 36.3+0.4 36.4+0.4 36.31+0.4 0.442

REE: resting energy expenditure, SBP:systolic blood pressure,
DBP: diastolic blood pressure, Body temperature:tempereture of the eardrum

Analysis the number of SBP, DBP and Body tempereture is 22 cases.
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Table 2. Changes in immersed skin temperature during the Hunting test

(before a meal in summer)

Temperature('C) | without cold (n=9) | with cold (n=16) Pvalue
ST 34.37£1.51 33.57+£1.62 0.237
BT 1.49+1.95 1.24+2.26 0.789
WT 15.52+6.27 8.06+1.74 0.007
dT 14.03+5.21 7.68+1.83 0.006
DT 32.89+2.22 33.20£1.72 0.700

ST: start temperature, BT: bottom temperature, WT: warm temperature
dT:WT-BT, DT:ST-BT (Measuring point is shown in Fig.2)
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Table 3. Frequencies of polymorphisms of UCP-1, 8 2-AR, 8 3-AR,and ANG genes

in female students with or without cold constitution.

Genotypes Pvalue( x %test)

A3926G,Uncoupling protein gene A/A AIG G/G

without cold constitution (n=10) 1(10) 6(60) 3(30) 0241

with cold constitution (n=17) 5(29) 9(53) 3(18)
Argl16Gly,B2-adrenergic receptor gene A/A A/G G/G

without cold constitution (n=10) 1(10) 7(70) 2(20) 0.582

with cold constitution (n=17) 4(24) 6(35) 7(41)
Trp64Arg,83-adrenergic receptor gene T/T T/A A/A

without cold constitution (n=10) 8(80) 2(20) 0(0) 0,160

with cold constitution (n=17) 9(53) 6(35) 2(12)
Met235Thr,The angiotensinogen gene M/M M/T T/T

without cold constitution (n=10) 2(20) 2(20) 6(60) 0.055

with cold constitution (n=17) 0(0) 4(24) 13(76)
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Table 4. Physical characteristics in wild and mutant types of UCP-1,62-AR, and 83-AR

polymorphisms.
Genotype
Variables Total UCP-1 B 2-AR B 3-AR
wild mutant P value wild mutant P value wild mutant P value
Number of subject 27 6 21 5 22 17 10
Height (cm) 157.7+5.1 156.0+6.5 158.2+4.7 0.338 158.9+3.7 157.5+5.4 0.592 157.6£5.0 158.0+5.4 0.815
Weight (kg) 50.6*+6.4 53.6%+7.1 49.81%6.2 0213 47.4%+80 51.4%+6.0 0212 50.7+6.6 50.6+6.6 0.988
BMI 20.4£25 22.0£2.7 19.9+22 0.057 18.8+3.7 20.7%x2.1 0.126 20.4%£22 20.3£3.0 0.963
Fat (%) 249+50 27.8%5.0 241%49 0119 21.4+6.4 25.7*+45 0.088 25.2+44 245+6.2 0.748
LBM (Kg) 37.8£3.2 38.5+35 37.6%x3.2 0.550 36.8+3.2 38.0+3.2 0.458 37.7%£3.2 37.9%£3.3 0.858
:(iil/day/LBM) 30.78+4.04 28.76+6.23 31.36£3.16 0.169 | 26.64£6.99 31.72+£2.44 0.180 30.91£2.72 30.56£5.83 0.833
Z(Ecil/day/LBM) 35.01£4.67 32.75+7.39 35.66+£3.57 0.182 ; 29.74£7.93 36.21£2.64 0.142 35.72+2.81 33.81£6.82 0416

LBM: lern body mass, REE: resting energy expenditure, PEE:

expenditure
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Table5. ECG R-R interval power spectral analytical results in wild and mutant types of

B3-AR polymorphisms before and after meal.

Parameters Before a meal After a meal

Wild Mutant Pvalue Wild Mutant Pvalue
Number of subject 17 8 17 8
TOTAL(ms?) 389.71660.9 49.1£21.3 0.050 310.31+466.3 155.9200.5 0.382
LF (ms?) 144.61+194.0 20.21+10.3 0.018 162.0+262.0 99.8+164.4 0.546
HF (ms?) 245.1+480.3 28.9+17.1 0.082 148.3+244.3 56.1+£39.8 0.148
PNS index 0.495+0.145 0.602+0.117 0.082 0.452£0.060 0.502+0.201 0.511
SNS index 1.275+0.702 0.757%0.440 0.069 1.631+1.064 1.427+1.122 0.665

LF : 0.04-0.156Hz, HF : 0.15-0.4Hz, TOTAL : LF+HF, PNSindex : HF/TOTAL, SNS index : LF/HF
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Fig.1. Thermography of hands
of subjects with and without
cold constitution immersed in
cold water and the recovery.

The hands were immersed in 5 °C
cold water for one minute, and
thermograph was taken before the
immersion, immediately after, 3
minutes after and 5 minutes after.
Left A.B.C.D are hands without cold
constitution, right E.F.G.H is those
with cold constitution. Red
represents 27°C to 33°C, dark blue
represents the 8°C to 16°C.

The fingertip portion of subjects
with cold constitution was 20°C even
before the immersion, and also in
the recovery process after the load.
In total, temperature recovery of
hands of subjects with cold
constitution was much slower than
that without cold constitution.
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The electrocardiography was analyzed every 5 minutes. HRV were (in parenthesis) before
(LF:319, HF:426, SNS index:0.691), during (117,369,0.317), and after the Hunting test
(511,320,1.597). Since this subject was without cold constitution with B3-AR wild type,
the reactivity of the autonomic nervous was high. (PSD: power spectral density)
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Fig.3. Hunting test and its measuring point
The temperature measuring points used for the analysis of the Hunting test are as
follows:
ST: start temperature, BT: bottom temperature, WT: warm temperature
dT: WT-BT, DT:ST-BT
40
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Fig. 4. Seasonal changes
of Hunting Test in
healthy female students
14 people

A and B are summer experiment, C
and D is a winter experiment. Blue
and green curves represent subjects
with cold constitution, red and orange
curves represent those without cold
constitution. The results of the
measured temperature in two groups
of summer experiment are shown in
Table. WT and dT measured before a
meal of summer experiment is
significantly lower in subjects with
cold constitution. However after a
meal the difference became
insignificant. Significant difference in
the winter experiment was not
observed.
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Fig.5. Skin temperatures during the Hunting test in female students
with or without cold constitution

Y axis shows skin temperature of the second finger during the cold water immersion.
Classifies the healthy young women into two groups of with cold constitution (9 people)
and the without cold constitution (16 people), it shows the change in each of the Hunting
test. The experiment was carried out during the summer, before a meal.
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Fig. 6. Changes in the Hunting test of 16 subjects with cold constitution before and
after a meal were different between wild and mutant types of 3-AR
polymorphisms.

Seven cases of A and B were mutant type B3-AR gene, C and D were 9 cases of wild type B3-AR gene. The
measured temperature and the test results are shown in Table. No significant difference was observed before
and after a meal in the mutant group, after a meal feeding in the wild group temperature rises, significant

differences in the ST, WT, dT, DT were observed. 23* %* P<0.05, * P<0.1),
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Fig.7. Comparison of the ECG R-R interval power spectral analytical results between wild

and mutant types of B3-AR polymorphisms before and after a meal
The changes in the HRV analysis results before and after a meal are shown . Total and LF power
both before the meal was significantly lower in the mutant group than in the wild type group
(P=0.050, P=0.018). There were no significant differences between the two groups after a meal.
Before the meal, the PNS index had a tendency to be greater in the mutant group, and the SNS index
had a tendency to be lower in the mutant group. With meal consumption, the PNS index was suppressed,
and the SNS index was enhanced, and the rate of such changes was greater in the mutant group.
LF:0.04-0.15Hz, HF:0.15-0.4Hz, TOTAL:LF+HF, PNS index: HF/TOTAL, SNS index: LF/HF
% ,P<0.05,wild vs. Mutant a4
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Fig.8. PNS and SNS index levels following the Hunting test in wild and mutant types of 33-AR
polymorphisms before and after a meal.

lllustrates the changes in the SNS and PNS indices during the Hunting test that was conducted both
before and after a meal. The SNS index decreased in the first 10 minutes of the Hunting test and
increased thereafter . The PNS index increased in the first 10 minutes and decreased thereafter .
Mutant group has a small SNS index compared with the wild group, is large PNS index. Significant
difference between the two groups of mutant and wild was denoted by the * (P<0.05).
P-values, analysis of variance (repeated measures) result indicates those of P <0.05.
PNS index: HF/TOTAL, SNS index: LF/HF 45
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