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Study of the functional effects of wasabi

toward the efficient utilization of its leaf and rhizome components
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ADORAI1
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Adrb3
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ARE
AST

ATF

BAT
BITC
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C/EBP
CfA ester
CHX
CNC
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DAPI
DEX
DHT
DMCA ester
DMEM
DMSO
DPCs
DTT

ECL
EDTA
EGCg
EMSA

: acetyl-CoA carboxylase

: adenosine A1 receptor

: adenosine A2 receptor

: adenosine A2b receptor

: B3-adrenergic receptor

: allyl isothiocyanate

: alanine aminotransferase

. cis-antioxidant response element
: aspartate aminotransferase

: activating transcription factor

: brown adipose tissue

: benzyl isothiocyanate

: O-methybenzyl thiocarbamate

: bovine serum albumin

: broad-complex, tramtrack, and bric-a-brac
: CCAAT/enhancer binding protein
: caffeic acid methyl ester

: cycloheximide

: Cap ‘n’ Collar

: cAMP response element binding protein
: Cullin3

: 4°,6-diamidino-2-phenylinodole

: dexamethasone

: dihydrotestosterone

: dimethoxycinnamic acid methyl ester
: Dulbecco’s modified eagle’s medium
: dimethyl sulfoxide

: dermal papilla cells

: dithiothreitol

: enhanced chemiluminesence

: ethylenediaminetetraacetic acid
: epigallocatechin-3-gallate

: electrophoretic mobility shift assay
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NMR
NQOI
Nrf2
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: fatty acid synthease

: fetal bovine serum

: free fatty acid

: glyceradehyde-3-phosphate dehydrogenase
: gas chromatography

: glucose transporter type 4

: hematoxylin and eosin

: 5-hydroxyferulic acid

: 5-hydroxyferulic acid methyl ester

: high performance liquid chromatography

: horseradish peroxidase

: hormone-esensitive lipase

: heat shock protein 90

: 3-isobutyl-1-methylxanthine

: half maximal inhibitory concentration

: isoferulic acid methyl ester

: isothiocyanate

: Kelchlike ECH-associating protein 1

: liquid chromatography-mass spectrometry
: liquid chromatography-tandem mass spectrometer
: lipoprotein lipase

: methyl isothiocyanate

: carbobenzoxy-L-leucyl-L-leucyl-L-leucinal
: 4-methylsulfinylbutyl isothiocyanate

: 6-methylsulfinylhexyl isothiocyanate

: 6-methylthiolhexyl isothiocyanate

: noradrenaline

: N-acetyl-L-cysteine

: nicotinamide adenine dinucleotide

: nicotinamide adenine dinucleotide phosphate
: nitroblue tetrazolium

: nuclear magnetic resonance

: NAD(P)H:quinone oxidoreductase 1

: nuclear factor E2-related factor 2

: nuclear factor E2-related factor 2/Kelchlike ECH-associating protein 1
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: Opi-Minimum essential medium eagle

: phosphate-buffered saline

: polymerase chain reaction

: phenethyl isothiocyanate

: protein kinase A

: protein kinase C

: phospholipid

: phorbol 12-myristate 13-acetate

: peroxisome proliferator-activated receptor

: polyvinylidene difluoride

: quantitative nuclear magnetic resonance

: quality of life

: radio-immunoprecipitation assay

: relative light units

: reactive oxygen species

: Roswell park memorial institute medium 1640
: sinapic acid methyl ester

: sodium dodecyl sulfate-polyacrylamide gel electrophoresis
: small interfering RNA

: superoxide dismutase

: sterol regulatory element binding protein-1c
: sulfonylurea receptor 2B

: tertiary-butylhydroquinon

: half-life

: total cholesterol

: triglyceride

: 3,4,5-trihydroxycinnamic acid

: 3,4,5-trihydroxycinnamic acid methyl ester
: thin-layer chromatography

: 3,4,5-trimethoxy cinnamic acid methyl ester
: trimethylsilyldiazomethane

: transient receptor potential ankyrin 1

: uncoupling protein 1

: vascular endothelial growth factor

: vascular endothelial growth factor receptor 2



WAT : white adipose tissue

WLE : wasabi leaf extract
WRE : wasabi rhizome extract
WST-8 : 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfonyl)-

2 H-tetrazolium
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: Promega Corporation
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: Cell Signaling Technology, Inc.

: Cell Signaling Technology, Inc.
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: Toronto Research Chemicals
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: Invitrogen
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Phospholipid C-test Wako

PMA

PrimeScript RT reagent Kit

Prolong Gold antifade reagent with DAPI
Protein assay kit

QIAzol

retinoic acid

RIPA /X 7 7 —

RNeasy Mini Kit

RPMI-1640

sinapinic acid

SOD Assay Kit-WST

super-dehydrated CH,Cl,
SuperScriptIIl

SuperScript VILO cDNA Synthesis Kit
SYBR Premix DimerEraser

SYBR Premix Ex Tag (Tli RNaseH Plus)
TagMan Gene Expression Assays
TagMan Universal PCR Master Mix
TMSD

Transaminase ClI-test Wako
Triglycerides E-test Wako

TRI Reagent

T4 R X7 VAT R¥F—F
Wistar 7 v b

FTA N>y KO
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: Invitrogen

: Thermo Fisher Scientific
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: Applied Biosystems Japan Ltd.

: Applied Biosystems Japan Ltd.
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: Molecular Research Center
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: Whatman

: Santa Cruz Biotechnology, Inc.
: Santa Cruz Biotechnology, Inc.
: Santa Cruz Biotechnology, Inc.
: Santa Cruz Biotechnology, Inc.
: Santa Cruz Biotechnology, Inc.
: Santa Cruz Biotechnology, Inc.
: Santa Cruz Biotechnology, Inc.
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DI RE - A AR

: Ambion

: Amersham Biosciences Corp
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HPLC

LC-MS

NMR

AR AR
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V7 v A 25 PCR

L A A

il bR e

: Nexera-i LC-2040C 3D () B 5UAERT)
: Accela LC system

(Thermo Fisher Scientific, Inc.)

: Q-Exactive (Thermo Fisher Scientific, Inc.)
: Bruker AVANCE III 400 spectrometer

(Bruker BioSpin International AG)

: Berthold Technologies GmbH & Co.
: FLA-2000 machine (& 17 ¢ /L A(R)

: Precision microplate reader

(Molecular Devices Corporation)

: ABI Prism 7000 Sequence Detection System

(Applied Biosystems Japan Ltd.)
Thermal Cycler Dice Real Time System 11
(& 917 734 F )

: Laser scanning confocal microscopy

(¥ —= 2 R)
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AL, R Tl b sl b EA TV A E T, I Fm b MEIZ TR,
IR, B 2 P EMICO ST L) T 2ERE T -> T\ 5,
FEFM A LT TITIE, BFEONT AR E R EIEOAEEIELE X D03
P D, REMOEBIUL, @ERES D ODITRIERY, BMIZIZ=>D
EAROBERE DV | £ O— D REHEE (—REEE) . IROVRIE - mglriag (—
REERE) . =2 B MR MR FICER -3 2 A RER I RE (= kiEE) T
%, BUEE T = IRBEREICRE 3 DR IW9IZAT DdL, Rk 27 FITITRERENE
TR B ELHIEE S BRIG S v, ARTHEISRE L AT oMK 2 I STV 5,
BREONT AR D ZEEFERTLETHERVNA, ABOLVBUANIZ L
> CRBERBAEEIIAARETH D, BREETELANREDEZM O T2, AEH
HiRERE 2 AT 2 BMOEBRP RSN TN D (1],

U Y ¥ [Wasabia japonica (Miq.) Matsum. syn. Eutrema japonicum (Sieb.) Maxim.]
IZEARFFEDOHEM THD 2], VHEIL, 7oyval— Sy NTH A1,
FAaELFEULS T 7 7TRHICBRT2HXTHY . ZORA ORITER 72 2E %
Mo, EICHEEKE LTHWLA TS, THEIXFEICHE, W (), RX R
MO SIS (Fig 1), EITEEROERE AT LL0ETH DL, XIFRL R
XIIR<SHAFEEZ L TBVERDRH S, 3-5 AR BARTOEMTHY | #IRIEF
IZABEO+FAROIEFFZ DT 5 (Fig. 2),

Fig. 1. Wasabi (after it harvest). Fig. 2. Flowers of wasabi.
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U ARG IV, BABICE 2 £ MO LBIERICEAE LTV 3],
HEE RO NS, VY EH TR SN TN S bOERT VB (Fig. 3), Bl
MOOBURE, FE, ROV LIS TR SN TV S b O &MY
B (Fig. 4) ERBILTWAR, PWFEEEE-LHELLDTHD, ZAHD
UH e o EHEEMITHEHME, RFR, SFRETHY ., EETIIRETK 600
Ry, 2T 1L,600 b AEFEINTND [4],

Fig. 4. Soil cultivation of wasabi.

—RENZEER E L THWBILTW A EMLIFRETH D, IEEBALRLEBAL
HTTVBAEINTIREIT., T ORA ORIBKE 72 Eh SR E0HFF, BEIC
WATEINTEBY, BARAOELIZK R 2V BM TH D, —FH., YV
FERFEELE LTHOYON TWEZ E LN E RS> TV D, REIRIFAHAFM
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DA ERE TIL, EHELDN G 2 LT & Bbh A KN EEEH L TR,
FOHCIE, [FEM=TF (bSU&AL X 9)] (Fig 5) L L-b0baF
nTWie [5]e Z0#%, FRRRO TREFfMA ] (Fig. 6) [6] RILFRHMRO R
IR [7]. TRFIARE) [8] HOAEE (EEOMHE) 126 U Ot
b5, BROEHAEY OFIIIT, 7Y EREICL DRI EDRSY v~ T,
RO . Rk RICRI T 2 BRSNS NI ENTEBY [9]. —H THATZ U v
FARTFE D THEIZOND ERIBIEIREHZ 72 D L OFEEHN H D [10], BLEDHN
At U B X DRSS D, [k, U B OIEE & R
FIITEMSE L7012, S 6RLHMIMIMELZ ST 2 MERHD, ZTO—%
EUTHEREMEREE L CORBHBNEZ NS,

e F 2001 EnanmdR | THomp! % 1im e e _..‘
KEO DR REEE M5
: B hent ol &R |71 e el i
{ 5 Ea oy T ENGRL A
| : ShBe
1 ikl EL
3 4 - %{g’fgﬁ i
: e
Biomsol B
L ) 4 J}
3 L
HF

Fig. 5. Af#i [5]. Fig. 6. AKE 4 [6].

ANROEY . VY EIITRG OERLEFE Y 13D 5, EOIEKRIT, -N=C=S DI
EEHATDHAYF AT F— b (isothiocyanate; ITC) FHTH 5 [11,12], TiLH
D ITC HIFEHEROIE CHARICHEEL TR, YVHEET0EBATILETED
DB E S LD &, NIET D v v —8 L OMKRERIG A Z
V. ITC N AR T 2 (Fig. 7)., VUV BT~ ORIBO ITCHEN G/ SN TE
V.21 FEEFAET A Z ERRE SN TWD [13,14], TV A VY F AT x— b
(allyl isothiocynate; AITC) (Fig. 8) 1%, 3 D KFHDRImIZ A FFE LA L
TEY, VHEDEKROEMDT TH D, AITC (FHELIR [15] (2T o8&
LI, BURIEZDE: [16] R0HLT LV — [17] ZEOREME IR b HiE ST
Lo L L., ZORIFEHRERD 2D, AFEICERT20FIRNETH L, —
T 6 EDRFEHDKRIGIZANT 4 REEFT D 6-AF VAL T 4 =)b~F )L
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A Y F A7 % — b (6-methylsulfinylhexyl isothiocyanate; 6-MSITC) (Fig. 8) %
FIREIZEEND ITC HTHY, VI ERHEOERSEFV ITIZEA LTS L
TELT, HHEEERTHTN ERHRE SN TWD 729 [13], ITC EHoHT
FTLEEEDRBmWNIERNELTDLOND, WA u~ 7T 74— (Gas
Chromatography; GC) O3t 7 —#IZ X5 &, U ERXKIZE D ITC FHDHHE
KEFEILNBEETH LT VAT LK E— 7 L OHEER T, AITC
2 370, 6-MSITC 7% 26, 42T =LA VT AT F—FR3 13 L 729,
6-MSITC (X AITC IZIRWTHE A EDEW T EMAl 25 [13],

o Grating i M
o Myrosinase — '
H%m, ’sgo (Thioglucosidase) /N =
H ?&N R CQ
S

Glucosinolate Isothiocyante (ITC)

Fig. 7. Enzyme reaction of wasabi.

@)
|
S\/\/\/\
\/\NCS = NCS
Allyl isothiocyanate 6-Methylsulfinylhexyl isothiocyanate
(AITC) (6-MSITC)

Fig. 8. Chemical structures of AITC and 6-MSITC.
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R PEN S5 2 FIW = ikBRIC L 0 . 6-MSITC 134 F ThE & 2R REME DN ijs &
NT&7=, HlxiX, bumte [18]. Hid A [18, 19]. fiEw [18, 20]. HPLRIAE [21].
PUHEIRIR [22, 23] 517 LV — [17,24] 0% TH 5, Morimitsu & [25] 1L,
6-MSITC % #% 0 $¢ 5 X w7z Wistar 7~ MZEWT, 6-MSITC MY S 7L THEER
FRICASTZZ EZ2E L TV D, 6-MSITC Dtk TOWRIME IR STV
2, Ll 6-MSITC OEFIKTH D 4-AFINVANT 4 =)V T F)uA ) FF
7 % — K (4-methylsulfinylbutyl isothiocyanate; 4-MSITC = A/L7 + 7 7 7 )
(Fig. 9) 1%, & MEAWIZRIR S D Z LRGSR THWDH 72O [26]. 6-MSITC
He MZBWTHRIREN S 5 EE 265,

O

//S\V//\\//\\NCS

Fig. 9. Chemical structure of 4-MSITC.

— i, UV EELZOEBEMEDREIRESI N TS, FlxIX, JiE [27].
fefb [28-30]. HLAS A [31]. PIRIE [32]. HiA v 7= B0 ¢ LA [33].
T — 7 VEAREIR [34] FTH D, OREICET A HHEA TE D |
TR A R [35] . 7==A7 a8/ A R [28]). T2/ A4 K [32].
KON a7 A4 N [32] OFENRINTWD, UH EBE T —HNEmE T
RRSELELLTHEAINLTWA DD, ZTDIFEAMENEEINLTWD, £
D=, ZOEDEMIRAAEROEELOB AN L LEETH S,

AW TIE, VHEOFEMEREZ BRI E L7z U Y € OEEMENFZE &2 320t L 7=,
ARG L= R VX — BN EE 2 Bl S 2 L AU EIE [36] IR R EIE [37].
I BUBE IR [38] ZOAEIEEERDOY A7 777 X —Th b, VI EITHAERR)
BB S, EREERORIEY A7 25820 Z LRI ND, £
CCOAMETIIVY BB T N0 EERIET S & & Lz, —H T,
RN CIEMERESE (reactive oxygen species; ROS) 2NM@BFENZFAETH L. XX
7 ERNEE . DNA HDOAERS FITBILEE 22T 5, 2 OBLEFITAEROMHE
BRI TZME L, 7 nAg ~—h, B, DAZEOEFORK & 7225 [39],
ZDH, VT EIZHIB R MR S i, U EEEBUC LSRR TR
HfrEN5, SHICAETIE., VIEOBFEEDRGIM L, %z ks

oF N uSE
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SAEZOIBTIIANBID RELS ED D20, LB - SRV EEZ KT L,
BT DAPKATND, DT 1] b OREREME R M OFEHUT,
FEOBITEZELE D Z ENTEIUR, quality oflife (QOL) D& 720 | TR
RAEENEOND ZERHREINS, ZORIZBWTYH, YV EDOEEKRGE
L7,

%1 BECIRU Y EObERENR L, M & ERE A2 W TRE LT,
%1 HETIE, REREYE T I3ERMEY A s BN &% Wistar 7 v MMTHEER
S, PUEESIREZRE L7, B2 HTIE, 1 HTHROH > ZIEHMTEY %
AW TR e et 2 B/l Lz, 3 HEF 4 W T, VHEEIIEENDI AR
By AR Uiz, BIBRARRGHIRR > & OREMIRA~D LD 2 355 5 720,
EPREA LS DTG & 72 D AR & D, £ ZC, ~ 7 & 3T3-L1 HifBk
HEWGRIRL D3 b A BT D 2 8RB LTc, — . AR 2318 hE ik

(brown adipose tissue; BAT) ([Z/EH T 2[Rt H 5, £ 2T, 7 v MIREE
RERAMAE 2 AV C, TS E A MGl L7,

B2 TIE, 7Y EORERS 6-MSITC OHLER LN EZ | HEasMinz A
BRGE L7z, ROSIZ XL DFEFEZPL<720I2iE, ROS FEAZ DS D& FLET 27,
FENOHURCHEZ =8O DN B 5, ARIZEB W THFERIL ROS D ERpEA
R CTd %, HL-60 b hEHENME AP Z4r PERIZ LT 52 [40], %5 1 T
L. AR —12-2 U A7 — K~ 13-7&7— k (phorbol 12-myristate 13-acetate;
PMA) THIlF& L7=4571t HL-60 RN GFEAIND A —N—FF T KT =F

(superoxide anion; O,) DFHENF A MEE L7, —J7. nuclear factor E2-related
factor 2 (Nrf2) IZFR{E A b L AR Z 52T 5 & | Sl b ASZ RS (cis-antioxidant
response element; ARE) % #5E L COTMLFERIEZHBB T 5, T CTH2IET
%, HFIEOEHTT VT 5 HepG2 B MY A HIRHIFLZ F VT nuclear factor
E2-related factor 2/Kelchlike ECH-associating protein 1 (Nrf2/Keapl) RIZHIT 5
6-MSITC DHIER(LEN R 2 62N LTz,

5 3 B ClX 6-MSITC D F £ %A | b N EFLIEHAL (dermal papilla cells; DPCs)
ZHWTHRF L7z, DPCs IZBEOIETICHFEL THY . ERTEHEDG AT
A T—H =% WT HI LT, BEORESAT A 7 VEFH L T 5D,
6-MSITC % DPCs (Z#/1 L, DPCs (243 2 MG R F AT 4 == —
D 1> THh 5 IMENEAIAEEFERK T (vascular endothelial growth factor; VEGF) @
RELEZ T E ) D RRGE LT,

LLE. ABFETIE. AOTEHZ BRI E L2 U 3 B DRk~ 2R BEREMENTIE 2 S50 L
Tz BUE, VY EOEMARITELEKTNY TH D, HERLIS Ol 2
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D LT, FEREMEEUE S LTI WS wIEENE 2y, BRI ERE Y &
MW TORROMERA 277,
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B1E UV EmMHEYIC X SHEREIR

H1E Ty b Hnic Pl IREMHY. b))

nins

1-1-1 Hs s HW

fE IE = Rr L —BIAEE A LR S 2 AL, AT [36]. IBEREIE
[37]. I BUBEIRSS [38] D AEIEEIEHRDOY 20 7577 X—Thb, B, 5
BARIRR I B T 22 AR A S A8 L 7R BE & 72 272 HRRAWR N B ECHE B AR
DR TR e S [4143]. BESBIEA STV 5D,

UHEIIRE FEL & BICHEmRN RS HE STV D, Thomaz & [44] 1,
eI o E R AKAE R 2B S 72 Wistar 7 v MMZEBWT, IBENRa bR
— VRIS LT BMI & 13 % KT &8, Witk % 327 E 1 (uncoupling protein
1; UCP1) ORBAFEIC LA ST LaHfiE Lz, RBRICI LTV EDH
MRFEH I TR, BEOLIREEZ L ENEZLND, 6-
AFNVANT 4 = ~F A Y F AT F— b (6-methylsulfinylhexyl
isothiocyanate; 6-MSITC) XF F IR EZICHFTENDH A VT AT x— b

(isothiocyanate; ITC) ¥ATH Y . TOEFA =TV Y E ITC HOFTIX, 7V L

A Y F AT % — b (allyl isothiocynate; AITC) (2R NTE VY [13], Tanaka & [45]
X, EENEEZEIR S ER~ T 22BN\ T, 6-MSITC 2MENF~D#HE
ZIETD L 2WE LT,

—7J7. Ogawa & [46] |£ 7 ¥ EHEBUKAhHIZ LV 3T3-L1 AiERAE A5k
MHIZh RS Uiz, & 512, Yamasaki B [47] 1d C57BL/6] = 7 A % Oowatari
5 [48] IX SHRSP/ZF 7 v & H, U % EEBUKMHM OB U X 5 LR
RERE LT, EEOLBEFEEFHL I AT RNEDD, Lee b [29] I
Sprague-Dawley 7 v MIBITH UV EHE N X —0hHia L AT n—/ L) Rz #
HLl, INHOWMEIL, VI EEICHIEWMEI DN EENTNWD Z & 2 REd
Do

Ogawa © [46]. Yamasaki & [47]. LN, Oowatari & [48] 1%, FEHIEWUK
it -7 EALOE., UV CEASE TR LI BERAESL - L
FRELEZENEZOND, AT, i ERZ/EERMSE L TERT
L2 EEMEL, 50% =& ) — VISR DN & 2 0 GEST 5 2 & &
L7z, AETIE, MELELZHOTHHRRE L7,
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1-1-2  Jii&

1-1-2-1 &k
TR 30 kg ZHFEMAEL, KEMZT37°C TIFEMA v FaX—FL
Too WIEZARIC L VAR RERE L, FRIEIZ50% =%/ — V&2 THIRT 1
RFfE R L7, A X0 iR 215 T, BUEERM L72%., BfEEICT ¥ A b
VoaEMzTe, A7 —RIA4 v —IZTHRILL, IRES50% =& 7 — /LY
(wasabi rhizome extract; WRE) % 248 kg 57z, UV EED 50 % =& /) —/L4h
H#)1%, Okamoto & [31] D HIEIZHES TIER L7z, DV EED 50% =¥ /) —
LAY % WLE (wasabi leaf extract) & 3 L7=, & OiHE L, RRIE—E D

WY AF L,

1-1-2-2  EalBi

4 B ORENE Wistar 7 v b &, AT L AD S — P TTEBIETE Li-, Bim=EO
IREEIX 24 £ 1°C, EEIX 50 % 1IZfRH. BAHT 08:00 am—08:00 pm CTHIH L7z, 2
HEN S22, 7 v NOYHERENRYEIC L Lo, Taelt. SIEVE
BE. WRE Bf, 38X WLE B0 4 BHZREE T L2 (% n=10), Table 1-1-1 ®
Y EEEREC AIN-76 2, EENIEEHIZ 2 — A4 A /L 20 g/100 g diet 3T
m e % . WRE BEIZ 5% WRE Z & TesiflENi &4 . WLE #£1C 5% WLE & &1
mIENIEZ, 4 HE (28 AM) 57, KITBEHERE L, KE L FAHERE
T 3 EIE Lz, 4 %, 7> M —BifaR L, 0%, BB~ T WEA
2 X0 ERA%, SHENIRD O MR 2 BB L7z, 1% 3,000 rpm T 15 43fE, 4°C
Tl OS2 2 & TMIEZS T, M E T-80°C TRE L7z, BEM, HE L
R, BIXO, BB AEIEV#AE (white adipose tissue; WAT) . J§ 5 [ D4
NG (brown adipose tissue; BAT) . Jfigk, Bk, Felg, WEAEH &2 3 A0
([ZHFH L. 298 £ CT-80°C TIRE L7z, EMRBREMICBI L T, £ DRI H A
K7 A > (national institutes of health guide for the care and use of laboratory animals)

b D
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Table 1-1-1. Composition of experimental diets.

Ingredient (g/100 g diet) Stal(illa;;ii‘;) P High-fat group  WRE group WLE group
Casein 20.0 20.0 20.0 20.0
DL-Methionine 0.3 0.0 0.0 0.0
Corn starch 15.0 0.0 0.0 0.0
Sucrose 50.0 483 433 433
Corn oil 5.0 20.0 20.0 20.0
Cellulose powder 5.0 7.0 7.0 7.0
Mineral mix (AIN-76) 35 35 35 35
Vitamin mix (AIN-76) 1.0 1.0 1.0 1.0
Choline bitartrate 0.2 0.2 0.2 0.2
WRE 0.0 0.0 5.0 0.0
WLE 0.0 0.0 0.0 5.0
Total 100.0 100.0 100.0 100.0

Abreviations: WRE, wasabi rhizome extract; WLE, wasabi leaf extract
The WRE and WLE groups were fed a high-fat diet containing 5% WRE and 5% WLE.

High-fat diet was defined as feed containing 20% corn oil.
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1-1-2-3  MF AR

TiRDOF > FEHW, MiFH o2 L A7 v — L (total cholesterol; TC), ~ U
7 UtV R (triglyceride; TG) . V > JE& (phospholipid; PL) . W#HEARA % (free fatty
acid; FFA), 7 L 7 9= (creatinine), 7 A XT X U7 I /) F T LU AT =T —
£ (aspartate aminotransferase; AST), BL WY, 77=7I /) F T AT I ) —
¥ (alanine aminotransferase; ALT) %7€ L 7=,

1-1-2-4  HERHENT
FERIL, T + EVERECRBLL7-, ANOVA |Z X H2HREH. Fisher’s fRE
ATV, p < 0.05 ZHEAEDV LYl L7z, HEH#ENTIEL, Stat View version 5.0
(Abacus Concepts) % HWNT5EH L7z,

1-1-3  fE5

1-1-3-1  BHE, KE, HHikE 7

4 HHITAERERICAEREIT R, R EREIT, SIENERIZR LT WRE
HCTHEBRET D> DD, WLE BECHEIZIE) > 72 (Table 1-1-2), WRE
BE. WLE B & SR AR T, 4 WAT &5 H'F ] BAT O E&ICHERZEILR
2o 7= (Table 1-1-2), J§H'EM BAT OFE®IL, mIEVEREZX LT WRE #£T
HERZEI72ho7=b DD, WLE BECHEIZE 2> 7= (Table 1-1-2) . WRE ¥,
WLE B & @M <, AT, B, e, 3 L O BEEf o EEICHE R
X727 o 7= (Table 1-1-2),

1-1-3-2 1RGS2 EAH

4 FERICIBUW T, TC. TG, PL, FFA, Z7 L7 F =1, AST. BLU, ALT &
EICHEREITIR OGN o7~ (Table 1-1-3),
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Table 1-1-2. Total food intake, body weight, and tissue weight.

Standard group High-fat group WRE group WLE group
Total Food intake (g) 371.6+3.9 369.6+ 1.7 365.0+6.2 3722453
Initial body weight (g) 230.0+5.5 229.74 3.0 229.4+3.4 2295+ 4.6
Final body weight (g) 266.0+ 9.1 ® 296.74 54" 29474 85" 283.0+8.7°
WAT
Perinephric (g) 409 £0.70° 6.32+0.87" 6.73£0.75° 6.33+£1.39°
Epididymal (g) 528+ 0.61° 738+ 095" 7.14+0.80° 6.90+ 128"
Inguinal (g) 2.14+0.67 324+ 1.50 2.76 +0.71 3.08 + 0.96
Interscapular BAT (g) 0.25+0.06° 0.29+0.07% 0.31+0.07% 0.34+009°
Liver (g) 7.16£0.54 780 +0.96 7.80 £ 0.49 762£0.57
Kidney (g) 1.78+0.12 1.90 £ 0.10 1.91+0.11 1.89 + 0.08
Pancreas (g) 0.58+0.08 0.57+0.09 0.56+0.07 0.56 + 0.09
Gastrocnemius muscle (g) 3354025 3.60+0.20 345+0.13 343+0.12

Data are expressed as mean = SD (n = 10).

Different symbols express p < 0.05 as compared with the other groups.

Abbreviations: WRE. wasabi rhizome extract; WLE, wasabi leaf extract; WAT, white adipose tissue:
BAT, brown adipose tissue

The WRE and WLE groups were fed a high-fat diet containing 5% WRE and 5% WLE

High-fat diet was defined as feed containing 20% corn oil.
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Table 1-1-3. Serum variables measured.

Standard group  High-fat group WRE group WLE group
Total cholesterol (TC) (mg/dL) 284+7.1 20.8+15.5 229+59 309+ 14.9
Triglycerides (TG) (mg/dL) 137.2+297 13854476  1542:24.1  150.7+40.5
Phospholipid (PL) (mg/dL) 1346 £ 144 115.6 £ 14.9 132.2+£21.7 1323 £ 185
Free fatty acid (FFA) (mg/dL) 0.60 +0.17 0.52+0.07 0.54 +0.06 0.48+0.10
Creatinine (mg/dL) 0.78+0.24 0.64+0.19 0.62+0.39 0.77+0.22
Asparate aminotransferase (AST) (IU/L) 149.8 £32.2 149.0 £ 20.0 164.8 = 26.8 163.1£29.1
Alanine aminotransferase (ALT) (IU/L) 37.2+3.1 373+6.6 42.6+17.1 37.8+13.0

Data are expressed as mean + SD (n = 10).

Ditfferent symbols express p < 0.05 as compared with the other groups.

Abreviations: WRE, wasabi rhizome extract; WLE, wasabi leaf extract

The WRE and WLE groups were fed a high-fat diet containing 5% WRE and 5% WLE.

High-fat diet was defined as feed containing 20% corn oil.
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1-1-4 &%

A TIE, WRE £721% WLE 25 mERAEBIRES Y27 v MBI 55
AR A ARGIE LT, ol RE I, SR RS WRE BECAHE R ZIT o T
t, DD (Table 1-1-2) . AN EEEIZ K LT WLE B CTH EIZIK A - 7= (Table 1-1-2),
WLE #f1Z, 5 % @ WLE Z&EHIEA L TRBY, TORE A7 a—ATERRL
TW2% (Table 1-1-1), & Z T, WLE BEIC X D REIEINIHIIFEOIFK & LT,
A7 v —AEBNEYE T HDBRAET 5720, Ty MBSt e Y
—HEEET U4 —F =RV EH L, WLE ®5 8 U—73 310 keal/100 g
ThdZ b (F—ZITRLTWZ2R) . WLE BEOEE)S 460.5 keal/100 g, =1
RERG BERED IR DY 465.0 keal/100 g & 4L, K9 1% DEWTH D Z & & HER
L7ze &S50, WLE B L B B0 RSB AERICAERZBIIR N> 2005

(Table 1-1-2) . 7 v b OKREHEIIHNIL WLE BEUZER L TWD Z L3RS
77,

WLE Bt & ERRRE T, & WAT Ol ER&ICHEE/REX )~ 7- (Table
1-1-2) . BAT, JiFligi, &g, P, ¥ L O% ﬂiFHﬁm@E% CHERZ1T72 < (Table
1-1-2) 7 L7 F = AST. B LN ALT IZ b A E R 7EI1T 72 H - 7= (Table 1-1-3) ,
otof WLE D e fﬁﬁ@ﬁmﬁaﬂﬁﬁﬁi XL TCTHEICEN 722 L%, WLE

BIWEANRK TIZRWZ ENEX ST,

ITC i:ﬁ\ IE transient receptor potential ankyrin 1 (TRPA1) D U %> K CoH % [49-51],
[EMEE U7z TRPAL [ LAQREARR 2 il U, M S V7o AR SR A D p3-
7 RUF U U RIK (B3-adrenergic receptor; Adrb3) ZiEMH{k9 %, Kumagai &
[12] <2 Etoh & [14] 2k v, ITC iﬁé@é\ﬁ%bivﬁt“%i DU Y EIRED SN
2N LR EN TS, WRE TIEPUIERmEIRIZRD b hotz, £0D
72®. WRE |Zi% TRPAl ZIEMHAL S E AT ED ITC AN E EFNL TV RNhoT2 2
ENRB BN, —FH, U ERESLCIRERS 6-MSITC OHUAH IR D A S
LTV D [44,45], ATHTIL WRE IZPUEmZNRIZ R o7, ZO—[KE L
T, 6-MSITC OEIEDENT Y BB FIEOENEFIZL HEENE 2L
niz,

ULE, RIETIX, WLE 25O @R ZEBRS T 7 v MIEREEINIEIZ)
RO DHZ L Z2MR LT, &2 TH 2 HTIE, WAT O/ FIIFEM<> mRNA 7§
BEfENT #5325 2 & T, WLE IZ LA PEmshRE2ticmelds 2 &L
776
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F2H Ty MERAWEARRE (GERY)

1-2-1 Hr s HDB

BENOEBRLUZIEVIZ NN THEY SA—BIc X0 b En-% RIS 5,
TRNFX—FBIRNHEEE EES & BRGNS RET 208, L
FERHIZLA FORKIC L ) =z v — o B s nDd (Fig. 1-2-1), £9°, iz
Rz L0 IBAIZRBLL T D Adb3 A7 a7 A %) —F A (protein
kinase A; PKA) Zi&MELT 5, WIZ, {&MAL L7z PKA [X, UCP1 @ mRNA ¥l
EZHEL, BPEAIZIY ZRLX— 75>{E%‘%éméo —J5. PKA IE, HRERE
=MV X—+E (hormone-sensitive lipase; HSL) & {E1ME(b 3%, HSL IZAENHARIC
HA NN T D, ZD%, BRI L > TAE LT FFA 226, k)Y
VERES° UCP1 LU C, TRAF—NEMII, HEIND E W)L 7
Ho TRB. Adtb3 T A= M EERIE-EHYAFUERER 2R L [52]. BUE
A BN DRE#ER D Adrb3 mRNA FBLAZ FH S22 &6 [42, 52-54],
DHAT=ZALD 1L LT Adb3 OFHl A HULICAEL TH L EE 2 bID,

Sympathetic nerve

2

Noradrenaline

2

[ Adrh?2 |
( Ad.rt:S \
R PKA m) CREB
l_ HSL l' Nuclear
FFA — == UCP1 gene mmm

Thermogenesis

nd QD

B-Oxidation UCP1 -

[ Y
Acetyl-CoA —+TCAcycle—+ = FElectron

transport
system

Mitochondria

-

Brown adipocyte

Fig. 1-2-1. The mechanism of thermogenesis in brown adipocytes.
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# 1T TR E LT, WRE & WLE OHUEmREEZMREE LT, £ D
. WLE ([ZEEEZER LT v N TORERINMEIIENH D = & s
L7, & 2 CARIETIX, WAT O TFAIREM< mRNA L &7Hh 2 35 Z
& T, WLE IZ K2 FEmsh 2ot 22 & & Lz,

1-2-2  Jiik

1-2-2-1 #&ph
Okamoto © [31] D HFIEIZHE-> T, WLE Z/ERL L 7=,

1-2-2-2  EPakbk

4 WEEOHENE Wistar 7 > F &, 2T 2 L ZAD A — P TREBIEE LT, BimED
TR 24 £ 1°C, MBI 50 % 1R S, B 08:00 am—08:00 pm THIF L7z, 1
B L S5, T v POERENEEIC/R D L), Tl SEHA
BE. WLE £ 3 BEICHE T L7z (% n = 10), Table 1-2-1 ®i@ Y | @ EREC
AIN-76 %, EEIFEREC a2 — 2 41 1 20 g/100 g diet & TR %, WLE
FEIZ 5% WLE & tem Bl % . 4 i 28 Bf) 5 7=, KIZHABEEIE L,
REE & AEHE IR ITEIC 3 [BIE Lo 4 8%, 7 > &2 —BiiaR L, 2Dk,
PRI T CWEEIZ & 0 B, SEBNRD> & MR &2 $- B L 7=, 1% % 3,000 rpm C 15
. 4°C TEODEES S 2 & TIEZ4S T, /9 £ T-80°C THRE L7z, MM
fos, R, R B, BLON RIBE O WAT, 8§ HEM O BAT, sk, B,
i, WERE RS 2 3 A0 L, o8 £ CT-80°C THRRE L7, & 1 THO Tk
BRENY) CIL, BEM., BER K BLO, REBEHO WAT IRV i R3S o
Ipipnozic . R TIHIGHREO WAT HRREHT 25 2 &l L, BRIz L
T, EOHFNIH A KZ A > (national institutes of health guide for the care and use
of laboratory animals) % 3E5F L 7=,
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Table 1-2-1. Composition of experimental diets.

Ingredient (2/100 g diet) Standard group High-fat group  WLE group
(AIN-76)
Casein 20.0 20.0 20.0
DL-Methionine 0.3 0.0 0.0
Cormn starch 15.0 0.0 0.0
Sucrose 50.0 48.3 433
Corn oil 5.0 20.0 20.0
Cellulose powder 5.0 7.0 7.0
Mineral mix (ATN-76) 35 35 35
Vitamin mix (ATN-76) 1.0 1.0 1.0
Choline bitartrate 0.2 0.2 0.2
WLE 0.0 0.0 5.0
(Dietary fiber contained in WLE 5 g) - - (0.135)
Total 100.0 100.0 100.0

Abreviations: WLE, wasabi leaf extract

The WLE group was fed a high-fat diet containing 5% WLE.
High-fat diet was defined as feed containing 20% corn oil.
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1-2-2-3 IR Sy A
1-1-2-3 & [FIAERIZREm L 7=,

1-2-2-4  HHAE A REA

IEE IR WAT % 10 % FHEREIR L~ RICEREL, T 747 vyl %
ER U7z, 2-3 um OB/ Z Rk L, ~~ FF U >« =74 2 (hematoxylin and
eosin HE) Hefa L7z, Z Dk, HALGRE Y720 ORI Z 1o > Lz,

1-2-2-5 FERzp e B L #E iR R R A

®EO 3 AR, BELEILL, BEREOEEZFE LT, HETER L 7-3E
27 vafRVh- AR ) —RAKR 2:1 viv) 5 mLZx, 4°C T, FEH
DOIFE ZHH Lz, R ARERE IR LI2%., 75°C G TRl 72 < 72
HFETMEL ., HSIC AN TR S E, TV —X—NTHlH Lz, ks
BH5720, 5%KOH Z&Te A X/ —)L 5 mL IZHRME L. 75°C BHnH T 45 45
INEAL 7=, 5B O FFA IBEZ TR O X% » b & WV CHIE L7z, FE%EI 2 mg/mL
DK E AR 2 -\,

1-2-2-6  mRNA F& Bl &3 F Al

JA F B [ BAT @ total RNA (% RNeasy Mini Kit % FH T FH_ER WAT @ total
RNA 1T QIAzol & W THAM L7z, filith L 72 total RNA %, SuperScriptlll & V>
T, cDNA[ZWHRE LTz, U T NVZ A LR AT —BHEEHN)EL (polymerase chain
reaction; PCR) |&, TagMan Universal PCR Maser Mix % H >, ABI Prism 7000
Sequence Detection System (Z T3Hi L7z, B-7 7 F IWNEREAE S LT L7z,
B-T I Fr DT TA~v—& T u—T1F, Oishi & [55] OFIEILHES> THRK LT,
UCP1 & Adrb3 ® 77 A ~—& 7'm—7 %, TaqMan Gene Expression Assays % fi#
AL7e, 70X LNIRATI n=35 O 2 R BRI L7,

1-2-2-7  HERHRAT
fEAIE, FME + IERERETREL L2, ANOVA |2 X DM E#, Fisher’s &
2TV, p < 005 ZHEZD Y LHllr L7z, #EH#ENTIL, Stat View version 5.0
(Abacus Concepts) % F\ T L 7=,

1-2-3  HbH

1-2-3-1 fBEE, (KE., Kk E &N
3 MM CEERRICAERZEIT L., REKAKREIZ, SEHERICK LT WLE
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BECHEIZE2 7~ (Table 1-2-2), WLE B & SIS BT, & WAT EJEHRE
U] BAT Ol B A =72 1L 70 x> 7= (Table 1-2-2) . WLE Bf & &g B RERM
T AP B N B kO BEIE R O B EICH B /R IR o 72 (Table 1-2-2)

1-2-3-2 A& AR
BN AREF Y 72 0 DRI WAT ORISR, RN & #EIZ% LT WLE ##
THEIZZ > 7- (Fig. 1-2-2, Table 1-2-3),

1-2-3-3 My p sy A

3RV T, TG, PL, BL T, FFA BEEICHERZEIT R -8, TC
T AR LC, @B L WLE RECAERIZIE2 > 7= (Table 1-2-4),
WLE # & G REET, 72 LT F =2 AST. BLW, ALT ICHERZEIT LD
-7~ (Table 1-2-4),

1-2-3-4 mRNA &3 &3

3BERNCHB VT, K K WAT O Adrb3 J8ELEICH B /R 71T D - 7= (Table
1-2-5), J8 & BAT @ Adrb3 mRNA #8L &1, @B &R LT WLE #£C
AREIZE <. UCP1 mRNA #Hi&EIX, mIEVI &R & WLE BEICHERZITRD o
7~ (Table 1-2-5),

1-2-3-5  FERCE & & 35 PR R R A

HWIEEEI1X. BIENERICS LT WLE BE CHEITIKD - 7~ (Table 1-2-6), #
TR R, SIEAREICK LT WLE BE CAHEIZE D > 7~ (Table 1-2-6)
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Table 1-2-2. Total food intake, body weight, and tissue weight.

Standard group High-fat group WLE group

Total food intake (g) 339.5+12.9 337.0 + 13.1 339.5+15.0
Initial body weight (g) 106.9 + 5.15 107.7 + 5.43 107.0 +4.34
Final body weight (g) 193.5+5.71° 219.3+£840" 211.54+10.13°
WAT

Mesenteric (g) 389+1.12° 478+0.71°" 4.91+0.80°

Perinephric (g) 3.714+093°2 4.68+£0.99" 4.50+0.86"

Epididymal (g) 2.65+092° 3.3240.66 ™ 3.53+085"

Inguinal (g) 3.13+£0.84° 5.05+1.03" 524+£0.98"
Interscapular BAT (g) 0.24 +0.06 * 0.29 +0.04 ° 0.31£0.06"
Liver (g) 4.90 +0.68 ° 543+£0.20°" 545+0.60°"
Kidney (g) 1.29 £0.08 1.4140.08" 1.40 £0.08 "
Pancreas (g) 0.66 +0.13 0.70 £0.15 0.70 £0.13
Gastrocnemius muscle (g) 230+0.15° 246+0.20" 2434014 *

Data are expressed as mean + SD (n = 10).

Different symbols express p < 0.05 as compared with the other groups.

Abbreviations: WLE, wasabi leaf extract; WAT, white adipose tissue;

BAT, brown adipose tissue

The WLE group was fed a high-fat diet containing 5% WLE.

High-fat diet was defined as feed containing 20% corn oil.
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Fig. 1-2-2. Histological analysis of the mesenteric white adipose tissue (WAT). The
tissue was dipped into a 10% formalin neutral buffer solution. After embedding in

paraffin the tissue was cut into 2—3 pum sections and stained using hematoxylin and
eosin.

Table 1-2-3. The number of adipocytes in mesenteric white adipose tissues.

Standard group High-fat group WLE group

Number of adipocytes (cells/visual field) 681887 575+7.0° 645+92°

Data are expressed as mean + SD (n = 10).

Different symbols express p < 0.05 as compared with the other groups.

Abbreviations: WLE, wasabi leaf extract
The WLE group was fed a high-fat diet containing 5% WLE.

High-fat diet was defined as feed containing 20% corn oil.
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Table 1-2-4. Serum variables measured.

Standard group  High-fat group WLE group

Total cholesterol (TC) (mg/dL) 88.2+364" 60.8+223" 59.7+14.7°
Triglycerides (TG) (mg/dL) 1120+ 611 7864255 697276
Phospholipid (PL) (me/dL) 13972620 9514384 10324259
Free fatty acid (FFA) (mg/dL) 1374048 127051 109+ 0.56
Creatinine (mg/dL) 0.99 = 0.42 1224055 1.07 £ 0.69
Asparate aminotransferase (AST) (IU/L) 203.5+47.7 159.0 + 80.3 2299+55.0
Alanine aminotransferase (ALT) (IU/L) 27.2+2.88 16.3£9.63 212=6.26

Data are expressed as mean £+ SD (n = 10).

Different symbols express p < 0.05 as compared with the other groups.
Abreviations: WLE, wasabi leaf extract

The WLE group was fed a high-fat diet containing 5% WLE.

High-fat diet was defined as feed containing 20% corn oil.
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Table 1-2-5. The mRNA expression in the epididymal white adipose tissue (WAT) and

interscapular brown adipose tissue (BAT).

Standard group High-fat group WLE group
Epididymal WAT
Adrb3 100.0 + 68.4 119.7+45.4 113.2+58.6
Interscapular BAT
Adrb3 100.0 + 45.8 ¢ 704+71° 119.6£159°
UCP1 100.0+22.8 581+228" 703+168"

Data are expressed as mean + SD (n = 5).

Different symbols express p < 0.05 as compared with the other groups.
Abreviations: WLE, wasabi leaf extract; Adrb3, f3-adrenergic receptor;
UCP1, uncoupling protem 1

The WLE group was fed a high-fat diet contaiming 5% WLE.

High-fat diet was defined as feed containing 20% corn oil.
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Table 1-2-6. Fecal excretion in 3 days.

Standard group High-fat group WLE group
Dried fecal weight (g/24 h) 1.66+0.16" 234+039" 2.67+033°¢
Fecal lipids (mg/24 h) 022+£007° 042+028° 0.23+£0.06"°

Data are expressed as mean + SD (n = 10).
Different symbols express p < 0.05 as compared with the other groups.
Abreviations: WLE, wasabi leaf extract
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1-2-4 #%2

AIETIE, WLE 28 0EIEREEZEBIRIE=7 v MBI 2B % /M
AE U 7=, AR E T, BN B REIC %S L C WLE B CH R IZIE D - 7= (Table 1-2-2)
3HEM CARBE A EICHERZEII o 7272% (Table 1-2-2) . 5 1 TH & [FIERIC
v N OREHIMNIENL WLE BEUZER L TW\WbD Z L3R &z, WLE e &
NEWTERE T, & WAT & BAT DOfifigs E&IZA B2 21X 720 > 7273 (Table 1-2-2) |
BN AREF Y 72 0 D IR WAT OREAIIE A AR GHEIC ) LT WLE B CHE
\Z% D> 7= (Fig. 1-2-2, Table 1-2-3), £ D72, WLE f#HUZ & 0 AEIHIREAS /)N
SR D AR E X bivTe, AFEL IBREECE R, MR A, B3O, K
BEHERD WAT TR L7 b 0D, fthod WAT, Bl 2 12K, #IEN, & T4 WAT
IR LR o7z, FD8, RIEFEED WAT OFEENMEL 725 TV D AfREMER
EZ BT, &5IZ, Yamasaki H [47] X, VY EEORUKHIHY A 163 HEE
B EH7- C57BL/6) ~ U AT, FEH ER WAT O&E & ESA-IH & o 7 FLiEm )
Kb Z LadliE Lic, RIETOERNIMIL 4 B Tho7on, ERAIMZ
JENX 92 & T, R K WAT O FE & EFMHINAA U5 RN S 5,

WLE #f & @I T, Fhk, I, e, B KON %%%@E%’ﬁﬁ@
72 o 7= (Table 1-2-2), 7 L7 F =2, AST. BXO, ALT ICb A B
%72 7x > 7= (Table 1-2-4), %5 1 TETIL. 61 #@7/Fum%%ﬁ%ﬁ@éﬁ
EEREZRMG L0, KREHTIXENE SHEHlE L, E, s#El07 v MIER
%ﬁ%ﬁ@éﬁkﬁwﬁﬁiénfwé[%sm DT, RKEOEFRITIB U

T, 7 v bOBEEICHEBEIZ VD krbv%z%émio WLE%“J?O) WARE DSBS
BRI L CTHEEL 1£_E7b>o71_<k§c WLE | BIVEA & 7213k B E I B fR
LTWeaWnWeEEZ L7,

3%% BWT, TG, PL, B LV, FFA IREICHERAEITRI-T205, TC i
E@ﬁﬁuﬁbf\ﬁ%%ﬁﬁkwmmﬂﬁﬂ:ﬁﬁok(mmlzw
Mmmiamam;cwmvaﬁx*ﬁh%ﬁ%%@éﬁt& A, EiEE
mm@mJﬁmﬂLf\mD:VXTH—w\KLk;U\HA;ﬁML
ol b OO TC L LDL I VAT R — A RNEEIC FHE L= L a8 L,
Berraonodo & [56] I&, Wistar 7 v MImT= L F—RBEZERIEL LA, &
A (Rodent Toxicology Diet) #EIZXF LT, FFA OIREIXEWVA, AR ZEN 72D
S Z L EHE L7z, Nomura & [58] IZ. Sprague-Dawley 7 v MIERII&E %
Bisgize A, FilAR (CE2) BECx LT, TCREIZKN-7on, AEE
(T72 o Tz Z L &G L7z, Margareto © [59] 1%, B EIEIIESE = RV
F—RZERSEL L, HBICRREIZENR (mx1rX—) "Exonbd L
T, M@ FFA SLCMONFE R~ — I —DREN, K DR H 5 &
HlLl, ZNH0HELD . MEIECHET LT —R2HWITERIETH,
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JEER#H~—F—0, TEEHLV LT LEEL< D IRV & B3
2D, TDZLEEETDE, AHIZBWT, WIEARELE WLE Bl o
TCIRENMEN - 72BlH & LT, SIENEEROTREIENRS 2 bl d,

WLE 1%, J§ B[] BAT ® Adrb3 mRNA B2 EH L Tuw/= (Fig. 1-2-5),
FZHRUTEE Adrb3 & X7 S PEAERAE L, PKA Z3EMA L L7 FTREEDR & 5,
&Mk L7z PKA I3 UCP1 @ mRNA ¥H %4 EA SE 57 (Fig. 1-2-1), WLE #£D
UCP1 mRNA (Z EH LT\ 22h-7= (Fig. 1-2-5), —J5. PKA X HSL & i&MEAL
95, HSL IFZENHIIICER SN CTWDIEN 20 DR CTH DN, T D4y
fiRIZ > TREA 472 FFA 25, BBk U U Bfb £ 721X UCP1 IZ &L 5 ATP Gk %
BUCHEIND, TOD, BEHEKOIREIX., WLE BEZIIT 5 HSL ML
U CHE SRttt dH 5, —J7, Oowatari H [48] 1%, U ¥ EHEDEUK
Mz A X2 R v 72 Ra—AET )V TdH% SHRSP/ZF 7 v MIERSH
7o & 2 A REBEMAIG S i, EABRS @A L TR R A
BICERET2LEWIRRERE LT, 26D EnD, WLE BRICBWTAER
DIKEZ ERSEDMONEGEINTWAAREMENH W | AR CTOKRER N
MHNCRE G- Lz L HER S D,

FRE EITEIEEREIC LT WLE B CTAHEIZIK< (Table 1-2-6) . WLE 7%
BFEHROIEE ORI ZRET 2 TR B 2 bivle, AU A%y ML X
—EBHEHETHY ., BFHROBEOWINZIMZ DK o5, IEEWRIX O
NP ToARERAD RN B 5 — 5T, EHhm, EEHEo®Em, R EHE
I EE S (I DO RBIVEA NS S TW5 [60, 611, WLE 135N % (it
L2 BB 53, (REHEMIMEIIERH -7, TD=d, BININ-IEEIX
TRAF—E L CHE SN/ RBERSH 5, AMFMNERIZE Y, =¥ —
HEEOHEIDIEERIEEZ BV AREENB 2 bild, EREREIT, &
HERGEREIZ X LC WLE B CHEIZHEIM L T /= (Table 1-2-6), WLE (& £
TV D EWHEEITD 72 < (Table 1-2-1), BWHEN EGBEREZ O LD
EIEE 2TV, BHEHREIZOWT, SHRLBMIENRNETH D,

Yamasaki & [47] I, VY EEOBUKIHY % & om BN B 2B IS &7 C57
BL/6] ~ U AZHERI RN S 72 2 L 2 WA Uiz, U EEEUKIEYIC I
AITC ZE DR T E EFN T\ oz, T2, AU 7 =/ — VIZHUETR )
NHDHZENRESNTWVWD [41,43,62], D=, WLEIZEGENTWDHRY
Tz ) IVIEIRT D 1O TH D AREMERE 2 bz Fl 21X . Xu B [62] 1.
NT VY U EERE T CSTBL/6 SZD~ U AZBWT, ERIRICFHEE I
ToAREHISC RS BIR L 2 oo WAT O BEEIIAIHI S5 2 & 2 HE LT,
S BT, FER LR WAT ORE O ERPAEI NS K R OERBHE LT
7o VT AV NIV HEEIIEETN TWDL I ENREINTVDET=D [35]. K

40



e COPUBER R RICEHF S LIRS E 2 b b,

A TIE, WLE 28 @B A B EE727 » MIRERINMHI RN &
D, ZOMENERERHEOEIMZ DIV & & JFHFEM BAT @ Adrb3
mRNA 8 EFICER L TWA Z L &R LTz, B2y d 1 D& LT, AV
T ) IV TW D RREMENRE 2 bvd, £ 2T, 8 3 THTIX, 3T3-L1 A
e AT, AR R R & 320 L 7=,
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B 3T 3T3-LI1 #ijaz2 = REN LB E R Ay DRER

1-3-1 H& AR
3T3-L1 miSRARNGAINLIZ. NRIGAIAC /3 EICBE 3 D BFJE T—REIICHW BN TE
@ e a7 x L — b (epigallocatechin-3-gallate; EGCg) CKHE. VAR =
LD ER D PHRE SN TE72 [63, 64, TF A XV v~
( dexamethasone; DEX ) X° 3- A4 YV 7 F )L -1- A F )L % % o F
(3-isobutyl-1-metylxanthine; IBMX), A A U > Z H\ 7= 3T3-L1 RiSREAGRA Al A
DM X, N FF v Y — LNEHEKR 15 Mk &K ( peroxisome
proliferator-activated receptor; PPAR) & CCAAT/—= > % —fEGEH X7 'g
(CCAAT/enhancer binding protein; C/EBP) #in {7 7 I U —DOiEMEEHERKIE
[65, 66]. NENHIN Y235 4%, PPARy & C/EBPo &in 1%, Z/L=a—=R k
7 v AR —4 —4 (glucose transporter type 4; GLUT4), UV RZ X7 E Y )RX—F
(lipoprotein lipase; LPL) . 7 & F /L CoA /L AHRF 7 —EF (acetyl-CoA
carboxylase; ACC) . NENiEEG Ak#%3% (fatty acid synthease; FAS) “ED AN RLIC
BRI 2B T2 RBEFET D LIRS TER [67-69], ZD7=H, PPARy
DOIEBFEIL, TR b2 HE T2 ECEETH D, ok, BRI
2B ORI~ Db B 2 555 2 I b L b, BRFHERETH D
%7/)// BRIZMEBEREN H D Z L ME SN TEY [70]. 2{LFHE
BT DI ITEEDRMLETH 5,
UHEEFIMCEZITLALEEZET, ZDIF LA EDRFEREINL TV D, T,
UHEEIIGENDIRDDMESNTEBY, 7784 NE [35], V==L
moX A NHE (28] TS A REE [32]0 BRON a7 A R [32] OFF
ERRINTWD, UHEENGHEEINT 5-8 FeXo 7= L IBAF LT
A7 )V (5-hydroxyferulic acid methyl ester; 5-HFA ester) (Fig. 1-3-1, compound 1)
T EEM THL b OO, MO BIZHEE SN TE 6T, MRz s
WCHIRIETREN A ST D [32],

@)
/O X O/

HO
OH

Fig. 1-3-1. Chemical structure of 5-HFA ester (1).
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FI1IHEFE2HTIE, WLE 28 0EEHEEZEBIESE 7T v b BB zh 3
R LT EEMER LTz, £ 2 C, ARIETIL3T3-L1 gifkigiiaz Hw<T, U
PG TN DR AP ETE MRy R R LT,

1-3-2  Jiis

1-3-2-1 &kt

MR CRE LYY EEEMFH L, T BB (sinapic acid) (2), 7
7 xfg (caffeic acid) (5). 7 =/L 7 (ferulic acid) (7) (Fig. 1-3-2) ZFEDik3E
i, RE-EoEY AFLE,

1-3-2-2 NMR ik
2D 1 A8 (nuclear magnetic resonance; NMR) A2 kL L [EREIC, 'H (400
MHz) & PCNMR (100 MHz) A-<Z kL% Bruker AVANCE III 400 spectormeter
(Bruker Bio Spin) Z#HWTHIE L7z, NMR HIEED/ VAT a7 T Ak, 1Y
H7Ry = U A NRTA—=Z—IRE LT, 7 IV 7~ (8) % ppm, b
BEH ) ZHz TEL, 'HE PCNMR 27 MUIZBIF A7 I L7 b
(X, A X —)b-dy DIRREEE S 7P v % O THITE L7z (81 3.31, 8¢ 49.0)

1-3-2-3  flfass2 & Bk

~ 7 ZANENGAETEAIIE 3T3-L1 2. 10 % v U ARIEiiE (fetal bovine serum; FBS)
Bt XNy allE A — 7 VEFH (Dulbecco’s modified eagle’s medium;
DMEM) (7 S87-%., 100 pL (1.0 x 10° cells) % 96 7 = /L7 L — ~I#KTE
L. COf v Fa—F—KN (5%C0,, 37°C) T 1 HERREEL-,

B2 BRZE L72%., 1 uM DEX & 0.5 mM IBMX % & e bEsiic, ¥ A F 1
AR F T R (dimethyl sulfoxide; DMSO) (23 fiF L 7230k 230 L (day 0) . CO,
AU FaX—=%—N (5%C0,, 37°C) T2 HRE:#E L7, 728, 55#irh® DMSO
REEIX0.1 % & L7, A BRE L2, 10 pg/mL A R U > Z E e MR H
ICRBIZ TN L C 6 HREREE L7z (day8), 6 HMD 9 B, Bz #aI 4 HHIC
1 81475 7=, 0{b#BEHITd 5 DEX, IBMX, B L, A > A VU OEIEEEIL,
= kb

7] OFHEEBFZIT L TEM LT,

1-3-2-4  Hfa R R4

6 At (day8). EsHiZ Bz L. Cell Counting Kit-8 % FV >, A0Sk 2 )&
L7z, 7205, 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfonyl)
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-2H-tetrazolium (WST-8) 2mL Z&de U EEFRE AP RE/K (phosphate-buffered
saline; PBS) 100 uL Z ¥ L7, COy A > F 2 X—% —N (5% CO,, 37°C)
T3 RFMEEE L2 D 450 nm (2B 1T 5WotEA, ~( /e L— ) —&%—T
WE Lz, ML, oo be—LogE FIEOWLE & BB -
1B OWEEE D TREAM L 7=,

1-3-2-5  fEH& R &Rk

MRS, 4 % B~V 100 uL Z3RINL, 4°C T—HiRiE+ 52 &
TR ZEE Uiz, s~ o &BBRELEE. 60% A Y 7 asX ) — L THiE L
7o ALy KOWIE S0 uL Z¥RIN L 7%, IR T 10 2. M6 28t L
72o Milli-Q K T3 [EEE LI2th, £V F1/8 ) —)L50 uL ZHIMLIZE T =L
DOWSEE ERE 520 nm) 2~A 77— ) —Z—|ZCTHIE LT, Bl
HHEEIEL, 2 b= O 2 VOWRSEEE L | BRI Y = L DWW EE O T
A L 72,

1-3-2-6 mRNA Z&HL &1l

FEHZ &2 mRNA FEIGIL, IENVEREIH (1-3-2-5) °F /7 BpEAM
il (1-3-2-7) X 0 Wi AEE 35 &35 %, total RNA Ol % day 6 (256 L7,
F 9. CellAmp Direct RNA Prep Kit for RT-PCR % F\ T, 3T3-L1 #ifa2 5 total
RNA Zfilitti L7z, total RNA [, PrimeScript RT reagent Kit % F\>CT cDNA [Zii
i L7, VT I/LZ A L PCRIE, SYBR Premix DimerEraser Z V>, 95°C. 30
FEIOMENZ LV DNA R Y AT —EBEIEMEIL L2, 95°C. 5P & 60°C, 30
DY A 7 V% 45 [Hlf§ 0 K LT=, PCR 77 A ~— DO FEEH]IT Table 1-3-1 O
B &L, B-T7 7 F U aNEERELE L THEM LT,
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Table 1-3-1. Sequences of primers used for real time PCR.

Gene name Accession No. Forward primer (5'-3') Reverse primer (5'-3')

B-actin NM_007393 CCTGTGCTGCTCACCGAGGC GACCCCGTCTCTCCGGAGTCCATC
PPARY NM_011146 TGTCGGTTTCAGAAGTGCCTTG TTCAGCTGGTCGATATCACTGGAG
C/EBPa NC_000073 CGCAAGAGCCGAGATAAAGC CACGGCTCAGCTGTTCCA

GLUT4 NM_009204 ACGACGGACACTCCATCTGTTG GGAGACATAGCTCATGGCTGGAA
LPL M60845 TGGATGAGCGACTCCTACTTCA CGGATCCTCTCGATGACGAA
SREBP-1c NM_011481 CAGCACAGCAACCAGAAGC CCTCCTCCACTGCCACAAG

ACC NM_133360 GGGCACAGACCGTGGTAGTT CAGGATCAGCTGGGATACTGAGT
FAS NM_007989 GTGACCGCCATCTATATCG CTGTCGTCTGTAGTCTTGAG

Abbreviations: PPARYy, peroxisome proliferator-activated receptor y; C/EBPa, CCAAT/enhancer binding
protein a; GLUT4, glucose transporter type 4; LPL, lipoprotein lipase; SREBP-1c, sterol regulatory
element-binding protein-1; ACC, acetyl-CoA carboxylase; FAS, fatty acid synthease

1-3-2-7 T ARZ Ty bt

VIZAK T 0y NyHriX day 8 IZFENE L7z, 3T3-L1 M6 & "7 B %
RIPA Ny 7 7 —% HWTHIH L7z, it o & 781, 10 % R 77
UYNLVT I RV THBEELT=%. R Y 7 vk =1 7 (polyvinylidine difluoride;
PVDF) AL 7 LV UACHEE L=, 5% A¥F LIV 5T TBST (10 mM Tris,
100 mM NaCl, 0.1 % Tween20) ZH\, Z|IR T 1R T L TTry X7
L7cth, A7 LA —RPURTH 541 PPARy HLiK & H1 B-7 7 F U Hidk & i
SHTz, BT TFUENE Y bu— v LTHW:, 0%, A7 L3
HEUYE~ULA X % —+E (horseradish peroxidase; HRP) #Eak —WRBUIA & St &
Wiz, ALFEREmEREEHW T, N RERE LT,

1-3-2-8  LC-MS J& &AM

RLBR T YB3 10 mg 12 A ¥/ —/L 500 uL Z 8N L7=#., 30 ok, 5%
MOBERLE, 5 5 MO LDEET 2 2 & TR Z 572, FREOM e %
HERVIEL, otz abtz, RICER T A 2R 1T Tz
BrSEDH LT, AY =it RS, €2 A~AY = 1Iml ZIRIL T
AR LT-1%. 020um DAL T Lo 7 4 NVE—TAHlL, mKikiks o~ ~7
7 7 4 —-"H&5HrEt (liquid chromatography-mass spectrometer; LC-MS) (Z{EA L
72. LC-MS %, PUEMVE B/ Q-Exactive (Thermo Fisher Scientific) % %
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L 7= Accela LC system (Thermo Fisher Scientific) % >, S&AFIZLLTO@EY & L
7=,

[ &k ” v~ 272 7 +— (high performance liquid chromatography; HPLC)
ESLD
column: ACQUITY UPLC BEH C18 (2.1 x 100 mm, 1.7 um; Waters)
eluent: A) H,O (0.1 % formic acid) . B) acetonitrile (0.1 % formic acid)
2%B (0-1min)., 2-98%B (1-16 min)
flow rate: 0.4 mL/min
injection: 5 uL

column temperature: 40°C

[MS Zefi]
ion source: ESI
scan mode: selected ion monitoring
polarity: negative ion mode
sheath gas: 40 arb
auxiliary gas: 10 arb
spray voltage: 2000 V
vaporizer temperature: 300°C
capillary temperature: 350°C
resolution: 70,000

OANVEYS

xcalibur

T Y EENDS D 5-HFA ester (1) [FIUNERAZ M IET 57202, 5-HFA ester (1)
ZUY EEICHRI L%, RIERICH LB 24T - 72 RN EIGRER 2 F206 L 72,
5-HFA ester (1) OREFEIINPIEARELEIZ L - TRD7=, 5-100 ng/mL O#iFH T 3
S my b LEEEZ A, HEN (RP>0999) OEWHRERNG LN, EEIR
it v 7N A4 XteE 10 & Lz,

1-3-2-9 5-HFAester (1) &HEIAEDOARK

TN HAFRRFICBNT, T VR (2,900 mg, 4 mmol) (2) %
AKY 7 mnr A% (super-dehydrated CH,Cl,) 30 mL [ S H7-, Y7 oo X
Z RGO 1 M ZRAkA 7% (boron tribromide; BBr3) 6.6 mL % -78°C CTHE#E
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Lib, Y7 mm A% CRRBIRICT T Uiz, i Rk, ST 24 R ifede 2 fe
J7zo IMEERE 6 mL 2012 THEIR TS b2 2 Fefifftkra e 7%, Kig, 7
nu ARk R ESE L, REIEOKICER LT, 2D OB &g
7w~ 277 ¢— (thin-layer chromatography; TLC) THrfr L7z & Z A, ZKH
o7 & TREBOKEASMEIRIZ 5-8 R 7 = /L J . (5-hydroxyferulic acid; 5-HFA) (4)
MEEINTND Z & 2R Uiz, KBy & REOKESRR Z 0.1 M Kk U &
LIZTEY pH3 ICHHEE LT, BFfE~F V&2 IR L7z, TLC I8\ T 5-HFA (4)
DEEE =T VIEBIZBAT L2 2 L 2B Lok, ol L, el = 7 /Ll 57 13 K
Wilg 7 bV o L& HWTHK LTz, Kiligy & File—F /Vili5y 2 . HPLC Z VT
SHTLIcE 2 A, WSO a~ 87T AREAML TWe, 2T Oy & i
A L%, HPLC Z VW TR L= & Z A, 5-HFA (87.2 mg. 0.42 mmol) (4)
Z 104 % OUIETH, ME®W L LT, 345 MU b Mo ¥ ki mg

(3,4,5-trihydroxycinnamic acid; 3,4,5-THCA. 85.6 mg, 0.44 mmol) (9) & 10.9 %
DY T,

RIZ 5-HFA (4) DA F AL Z iRk A7z, 5-HFA (35mg, 0.17 mmol) (4) % A
% )=/ 35mL THIEM LTz, ~FH WRFDO10% M) AFALIATT
V' A K (trimethylsilyldiazomethane; TMSD) 2.2 mL # =R T L7205, A
B ) — VEEFRRICHE T L7z, TLCIZIHWT 5-HFA (4) DAKR v F3 R LT
DEMER LTZ, WRO IR ZRE LIz, A% ) — )V CHEIEM L T7-1%. HPLC
%Z T 5-HFA ester (1) ZR5HIL 7=,

FfkC, T evmk 2) A7 =ik (5). 3,45 THCA (9) O AF /A bz
BTz, FTEUEE 2) PO TFTE A TF L= AT L (sinapic acid methyl ester;
SA ester) (3) & 345-FU A MFUREREEAF LT ZXT L (3,4,5-trimethoxy
cinnamic acid methyl ester; 3,4,5-TMCA ester) (12) %, » 7 =g (5) "Hh 7
=g A F /= A7 /L (caffeic acid methyl ester; CfA ester) (6) & A Y 7 = /LT g
AF )T AT )V (isoferulic acid methyl ester; IFA ester) (8). TV A b LR A
F /L A7 /) (dimethoxycinnamic acid methyl ester; DMCA ester) (11) %,
345-THCA (9) 75 345 F Vb RuxTEEBRATF L 2T L

(3,4,5-trihydroxycinnamic acid methyl ester; 3,4,5-THCA ester) (10) % . TMSD 4L
BIZX > TAF L LTz, BALEWOREERIL Fig. 1-3-22 DY Th 5,

1-3-2-10  #EEHERAT

FERIX, P + ERERAECTHRBL L, Student’s t BUEEZFTV, p<0.05 24
HEHO SHMr L,
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1-3-3  fE5

1-3-3-1 &R E
5-HFA ester (1) . SA ester (3) . 5-HFA (4) . CfA ester (6) . IFA ester (8) . 3,4,5-THCA
(9). 3,4,5-THCA ester (10), DMCA ester (11). 3,4,5-TMCA ester (12) 2D\
T, WEIEfENT &2 Ehi L7- (Fig. 1-3-2. Table 1-3-2, 1-3-3),

[5-HFA ester (1) ]

'H-NMR A7 hUZEWT, FEMMELD § 6.30-7.54 DI ZEAEA £ 721X
FHEERBRO T 7 FARNEN S, §6.30 (1H,d,J=16.0) B3X1U§7.54 (1H, d,
J=16.0) DFEARTEHN 160Hz THHZ b, “HERGI N ARITHD L
WE Lz [72), £72. A MY EBRDOT 713 §3.76 (3H,s) §3.87 (3H, s)
IZENENIH R ONTZ END RIEEMITIA MR EE2O8T 574K
etz B LTS EHEE LT, &HIZ, LC-MS 12L&V, m/iz 223.0607 [M-H]

(caled. for C;1H;10s: 223.0601) D4y A A E— 7 @Ml S, 75+ X%
CyHipOs ERE LT (F—HIIRLTWRYY), ZibDZ &k, 5-HFA ester

(1) ERE LT,

[SAester (3)]

'H-NMR A2 hUZEWNT, BEOMELY § 6.39-7.60 f1¥ric “EHEA £/
FRBERAROY 7 FIVNBHIS ., §6.39 (1H,d, J=16.0) 3L 157.60 (1H,d,
J=16.0) DFEATEHMN 160Hz THHZ &b, “HERII N T AR THD &
WE Lz [72], £72. A MY EBRDT 713 §3.77 3H,s) §3.87 (6H, s)
ICZENEN3H 2y, 6HRONT-ZZ 206, RMEAWITA P E%E 3 >F 7
LA KB EEA L TS EHEE L, 512, LC-MS 12XV, m/z239.0905
[M+H]  (caled. for CioH5Os: 239.0914) D511 A B — 7 BNEHI =i, 45130
Z CoHaOs EIRE LT (F—H IR LTWARY), 26D Z EM6, SA ester

(3) LWRELT,

[5-HFA (4)]

'H-NMR A2 hJUZEBWT, BOMELY § 6.26-7.52 fUTic “EHEA £
FHEERROT 7 FANENE, §6.26 (1H,d,J=16.0) 3L1§7.52 (1H,d,
J=16.0) DFEATHEN 160Hz THHZ b, “HERI N T ARITHD L
WE LT [72], 720 A MR HEBEkDL 708 §3.87 (3H,s) IC3H RS
NieZ e, AMEeEMIA RV HEE 1| OFTH75 A KBHEEZHE LT\ D
EHEE LT, 512, LC-MSIZX V| m/z 209.0448 [M-H] (caled. for C;oHoOs:

48



209.0445) DoyfA A =7 BNERIS L., X E CH00s EIRELT (7
— AR LTV, 26D EMn, S-HFA 4) SRE LT,

[CfA ester (6)]

'H-NMR A2 RJUIZBWT, O LE D § 6.24-7.57 (Tl “EEA £ 7213
FHEERBRO T 7 FANEN S, §6.26 (1H,d,J=16.0) 3X1U§7.55 (1H, d,
J=16.0) DFEATEHMN 160Hz THDH Z b, “HERII N T AR TH D &
WE LIz [72], 720 A MU EBERDL 78 §3.76 (3H,s) I 3H RS
Nz Enn, AMEEMIIA MV HEE 1| DG D7 A RBEEEZH L T D
EHEE LT, &512, LC-MS 2LV m/z 193.0500 [M-H] (calcd. for C;oHoO4:
193.0495) Oy 1A A E—7 RIS, 51X %E CoH 04 ERELZ (57
—HIIRL TV, ZIHDZ &G, CfAester (6) ERE LT,

[IFA ester (8)]

'H-NMR 222 hUZEBWT, BOELY § 6.31-7.57 (T “EFEAE712
FERERBREO T 7 FARNEN S, §6.31 (1H,d,J=16.0) 3X1U§7.57 (1H,d,
J=16.0) DFEARTEHN 160Hz THHZ b, “HEGI N ARITHD L
WRE LIz [72], £72. A PRVEAEOT AN $3.76 (3H,s). §3.89 (3H,
$) WCENZENH ZRONTEZ EnD, RMEEMIIA NI EE 2 >HT 57
A EREEEAE L TS EHEE L, 22T, ERRofKtE2ui-L, 2o, b
T xfBDO AT NAIC L VAR T O H 56 E LT, FA ester & IFA
ester D 2 FENEZ HNDHZ L7226 'H-NMR 227 /L% FA ester ® 'H-NMR
A NVOSCEME [73] Sl L= E Z A, FERE RO 0 b ickid 51k
2T MCHhTNREVRR LN, 2T, PC-NMR ZHIE L TEEM 2 ks
fENT 24T > 72, NMBC IZBWT, FHRINET LA M Ko7 m b (y
3.80) MBHDZ B AE—T N, 8¢ 112.5 (C-5) ~THBEN=H DD, d¢c 114.8

(C-2) ~FBH SN2 oTzZ b, A R UREITCAITHEAL TS Z L
NEZ LN, b DZ &b, IFAester (8) EIRE L7,

[3,4,5-THCA (9)]

'H-NMR A2 hJUZEBWT, BEOMEL Y § 6.18-7.45 fUTic “EHA £721%
FHEERRKOT 7 FANENE, §6.18 (1H,d,J=16.0) 3L 18745 (1H,d,
J=16.0) DFEATEHEN 160Hz THDH Z b, “HEERII N T AR TH D L
RELTE (72, £7-. HHEERBKROT 7 FAHR§6.60 (2H,s) 12 2H 3 A7
ZEND, RMEEWITEMR T a bk 2 OB T A KEEEEA LTS
EHEELT-, 512, LC-MS 2L Y. m/kz 195.0294 [M-H] (calcd. for CoH;Os:
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195.0288) D43+ A A B — 7 RIS, 0+ % CHOs ERkELZ (55—
IR LT, 2oz &Enb, 345 THCA (9) LRE L,

[3,4,5-THCA ester (10)]

'H-NMR A2 R UZBEWT, BOMEL D § 6.22-7.46 ATl B £ 721%
FERBRBAXOY 7 FIVNBHIS., §622 (1H,d, J=16.0) 3L 57.46 (1H,d,
J=16.0) DFEATEHMN 160Hz THDH Z b, “HERII N T AR TH D &
RELT [72), £72. HHEEHBEROY 7 AN §3.75 3H,s) IZ3H RO
ZEMS, KIEEWIEIA N UEE | OB TAHS A REHEEE A LTS L
ELZ, ZNHDZ &G, 3,45 THCAester (10) L RE L7,

[DMCA ester (11)]

'H-NMR 27 hUIZEWT, BEOMEL Y § 6.40-7.62 fHIlc —EFEA £ 721X
FERERBRO T 7 FANEN S, §640 (1H,d,J=16.0) B3X1U§7.62 (1H,d,
J=16.0) DFEARTEHN 160Hz THHZ b, “HEGI N ARITHD L
PE LT [72), £72. FEBRAEOT 7036377 3H,s). §3.86 (3H,s).
53.86 (6H,s) IZZNZEIL3H 7, 6H A ONT2Z D, KIEEMITA FFT
% 3 OBFT AN ABEBEEEBAE L TWAEHTE L, 26D &b,
DMCA ester (11) tRE L=,

[3.4,5-TMCA ester (12)]

'H-NMR A2 RJUICZBWT, O L D § 6.49-7.63 (T —EAEA 7213
FREERBROY 7 FIVRNBHIS N, §6.49 (1H,d, J=16.0) 3L 157.63 (1H, d,
J=16.0) DFEATEHMN 160Hz THHZ &b, “HERII N T AR THD &
WLz [72], £72. A PRVEHREOT A0 $3.78 (3H,s). §3.79 (3H,
s). 83.87 (6H, s) IZZNEI3H 5, 3H%r, 6HO R o2 Enn, RMMEE
WNEA NXVHE 4 OFTHT5 A REBHEEZA LTS EHEE L, I5HIT,
LC-MS IZ X Y . m/z253.1066 [M+H]" (calcd. for C13H,70s: 253.1071) D4yFA #
VE— I REIE N, 5 FRAE CsHi0s EIRE LT (F—FIFTRr LTV,
INHDOZ END, 3,45TMCAester (12) LIELT-,

1-3-3-2  5-HFAester (1) O#fazM: & AEIMIRL 5L EFEAR

THEEA Y ) — At E e U, AR L EIS M D & 5 Rl oy 2 1R
X L7-, 5-HFAester (1) 1%, B2~ F /L2026 BiEE L 7=, 5-HFA ester (1)
O EENE & SRR AL ETEE 2 MAE L7 & 2 A, fMila@EtEz s S 720
25-100 uM C, JEERTFICIRI S 2 ) S 7= (Fig. 1-3-3), 5-HFA ester (1)
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DA AL BLETEME D 1Cso 1, 63 uM T - 7=,

1-3-3-3  LC-MS & &7

5-HFAester (1) 1. #EU VB2 22+0.1 pg/lg DIBETEHEEN TV, &
BEIT, TMEIGREROFE R 515 547z 5-HFA ester (1) D[RR (89.0 %)
WL DMiEEY LI R A~ LT,

1-3-3-4  mRNA J&H BT

100 pM @ 5-HFA ester (1) (X, NEVis bz ilti9 285K Td % PPARy <
C/EBPo. ® mRNA R E &% HEZICHE L7z (Fig. 1-3-4A), A5G Ak E s 1-
To % GLUT4, LPL, A 7w —/Liiffim L X MiEH & 737 E-1c (sterol
regulatory element binding protein-1c; SREBP-1¢), ACC, X T, FAS @ mRNA
FELE S A EIHH Le (Fig. 1-3-5),

1-3-3-5 U RAZ Ty My
100 uM @ 5-HFA ester (1) 725 PPARy PEAEZ NI L7 2 & 230 RICTHERR LT
(Fig. 1-3-4B) ,

1-3-3-6 7 ==L 7" A REOIEIMIE I EFEAR
FA Ny RO YMBIZT, 5-HFA (4), CfAester (6). 3,4,5-THCA (9), B k&
Y, 3,4,5-TMCA ester (12) @ ICs 1% 100 pM K W REA R L=, 12 FED 7 =
=n7asnx ) A4 ROFT, BURSIEILETEES S > &SmO ld CfA ester
(6) THY . ICs 1L 46 uM TH o7, 3,4,5-THCA ester (10) & DMCA ester (11)
T TNIIEERH T2 DD, »FEUEE (2). SAester (3). 7 = (5).
7 x)VT (7). BEO., IFAester (8) IFEMEN o7z (Fig. 1-3-2),
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compounds R; ICs0 (M)
OMe 63
OMe >150

OMe OH OMe OMe >150
OMe OH OH OH 81
OH OH H OH >150
OH OH H OMe 46
OMe OH H OH >150
OH OMe H OMe >150
OH OH OH OH 74
OH OH OH OMe 145
OMe OMe H OMe 111

OMe OMe OMe OMe 91

M aA©@ONOOUAWN=

Fig. 1-3-2. Chemical structures of phenylpropanoid analogs and their IC50 values of
lipid accumulation (%). Sinapic acid (2), caffeic acid (5), and ferullic acid (7) were
purchased from Sigma-Aldrich (Tokyo, Japan). 5-HFA (4) and 3,4,5-THCA (9) were
obtained by the demethylation of sinapic acid (2) with BBr3. 5-HFA ester (1) was
obtained by the methylation of 5-HFA (4), with TMSD. SA ester (3), CfA ester (6), IFA
ester (8), 3,4,5-THCA ester (10), DMCA ester (11), and 3,4,5-TMCA ester (12) were
synthesized by methylation using TMSD. The IC50 values of lipid accumulation were

calculated as 100% cell viability and are presented as the mean (n = 3).
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Table 1-3-2. 'H-, and BC-NMR chemical shifts (0) of synthesized compounds 1, 3—4, 6,
and 8.

Position  5-HFA ester (1) SA ester (3) 5-HFA (4) CfA ester (6) IFA ester (8)
o 0e
1 128.9
2 673(1H d,2.0) 690 QH.s) 673 (1H, d,2.0)  7.03 (1H. d, 2.0) 707 (1H, d,2.0) 1148
3 148.1
4 151.5
5 6.77 (1IL d, 8.0) 6.94 (1H, d,80) 1125

6 676 (1M d,2.0) 690 (2H.s)  6.75 (1M, d, 2.0) 6.94 (1H, dd, 8.0, 2.0) 7.05 (1L, dd, 8.0, 2.0) 122.7
7 754 (1H d, 16.0) 7.60 (1H, d, 16.0) 7.52 (1H, d, 16.0)  7.55 (1H, d,16.0)  7.57 (LH, d,16.0)  146.5

8  6.30(1H, d,16.0) 6.39 (1H, d, 16.0) 6.26 (1H, d,16.0) 626 (1H, d.16.0)  6.31 (1H, d,16.0)  115.9
9 169.6
3-OMe  3.87 3H.s) 3.87 (6H. 5) 3.87 GH, 5)
4-OMe 3.80 3H. 5) 56.4
5.0Me  3.87 3H. g) 3.87 (6H. )
9.0Me  3.76 (3H, g) 3.77 GH. %) 3.76 (3H, §) 3.76 3H, ) 52.0

Data were recorded at 400 MHz in CD;0D.
J-values are given in parentheses.
Abbreviations: 5-HF A ester, S-hydroxyferulic acid methyl ester; SA ester, sinapic acid methyl ester:

S-HFA, 5-hydroxyferulic acid; CfA ester, caffeic acid methyl ester; IFA ester, isoferulic acid metyl ester
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Table 1-3-3. "H-NMR chemical shifts (8) of synthesized compounds 9-12.

Position 3.4.5-THCA (9) 3.4.5-THCA ester(10) DMCA ester (11) 3.4.5-TMCA ester {12)
1
2 6.60 (2H, s) 6.60 (2H, &) 7.20 (1H, d. 2.0) 6.93 (2H, 5)
3
4
5 6.96 (1H, d, 8.4)
6 6.60 (2H. s) 6.60 (2H. ) 7.15 (1H. dd, 8.4, 2.0)
7 7.45 (1H, d, 16.0) 7.46 (1H, d, 16.0) 7.62 (1H, d, 16.0) 7.63 (1H, d, 16.0)
8 6.18 (1H, d, 16.0) 6.22 (1H, d. 16.0) 6.40 (1H, d, 16.0) 6.49 (1H, d, 16.0}
0
3-OMe 3.86 (3H. s) 3.87 (6H, s)
4-OMe 3.86 (3H, 5) 3.80 3H, s)
5-OMe 3.87 (6H, s)
9-0Me 3.75 3H, ) 3.77 3H, ) 3.78 3H, s)

Data were recorded at 400 MHz in CD-;0OD.
J-values are given in parentheses.
Abbreviations: 3.4,5-THCA, 3.4,5-trihydroxycinmamic acid; 3.4,5-THCA ester, 3.4,5-trihydroxycmnamic acid metlyl ester:

DMCA ester, dimethoxycinnamic acid methyl ester; 3,4,5-TMCA ester, 3,4,5-trimethoxy cinmamic acid methyl ester
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= | ipid accumulation  —ill=—Cell viability

120 120
100 - 100 __
80 = = 80
60 - = 60
40 - - 40
20 - - 20
0 - ._ 0
0 25 50 100
Concentration (uM)

Lipid accumulation (%)
(% of control)
Cell viability (%
(% of control)

Fig. 1-3-3. Effect of 5-HFA ester (1) on lipid accumulation and cell viability in 3T3-L1
cells. 3T3-L1 cells were incubated with 25—-100 uM 5-HFA ester (1) for 8 days. Cell
viability was evaluated using a Cell Counting Kit-8 on day 8. The intracellular lipid
accumulation was measured by Oil Red O staining on day 9. The results are expressed

as a percentage relative to that of control cells and are presented as mean = S.D. (n = 3).
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(A) — Control I 5-HFA ester
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Fig. 1-3-4. Effect of 5-HFA ester (1) on the expression of adipocyte
differentiation-related genes in 3T3-L1 cells. 3T3-L1 cells were incubated with 100 uM
5-HFA ester (1) for 8 days. (A) Total RNA was extracted from 3T3-L1 cells on days 1
and 6. The mRNA expression levels of adipocyte differentiation-related genes, PPARYy
and C/EBPa, were analyzed by RT-PCR and normalized to B-actin. The results are
expressed relative to the levels of uninduced cells (day 0 control) and are presented as
mean + S.D. (n = 3). **p <0.01 and ***p < 0.001, compared with the control. (B) Total
cellular proteins were extracted from 3T3-L1 cells on day 8. The level of PPARy protein

expression was analyzed by western blotting.
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— Control I 5-HFA ester
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Fig. 1-3-5. Effect of 5-HFA ester (1) on the expression of adipogenesis-related genes in
3T3-L1 cells. 3T3-L1 cells were incubated with 100 uM 5-HFA ester (1) for 6 days.
Total RNA was extracted from 3T3-L1 cells on days 1 and 6. The mRNA expression
levels of adipogenesis-related genes, GLUT4, LPL, SREBP-1¢c, ACC, and FAS, were
analyzed by RT-PCR and normalized to B-actin. The results are expressed relative to the
levels of uninduced cells (day 0 control) and are presented as mean = S.D. (n = 3). *p <
0.05, **p <0.01, and ***p < 0.001, compared with the control.



1-3-4 &%=

RIEIZRBWT, VY EERSy 5-HFA ester (1) MBI LR EEME 2 774
Z & &R LT, PPARy & C/EBPa iZ., IR L2 REI T 285K+ CTh 5
23, 5-HFA ester (1) 1X 2415 O mRNA FEL 2] L7z, & 51T, 5-HFA ester (1)
I% PPARy FEAE S INHI L7z, UL EIZ XY, 5-HFA ester (1) 7% PPARy FEA:= % i i
THZ LR, U E R ZFE L 722 ARSIz, Lo L. 5-HFA ester

(1) 2NEHEHIIZ PPARY IZVEA 32 20 3B & 0Tl 72w, C/EBPB, C/EBPS, KLF
77 U —, GATA 7 7 3 U —% D PPARy @ _EiffIZRENL L T2 EInFE
a3 A Z LTk Y, 5-HFA ester (1) OFEERG FERA LI T HLEND D
[74], llavenil & [75] %, 5-HFAester (1) OH&BIKTH 2D 7 ~/LVEEH PPARY2
DRB AW ST, 7~ )Vl & PPARY2 DB R A A N2 KD KEREE.
BELO, BUKMEMHAEHAORREMERS 5 Z & 2@d Uiz, RIS TR MIES
(PR EVEME 2 el L2 3, [FRED A D= X L Fq T L5 ReEn & 5,

5-HFA ester (1) (%, GLUT4. LPL, SREBP-lc. ACC. FAS ZDfsIiA Rk B
Y SR 7O mRNA BELZFHE L7, Ji & [76] 1X. SREBP-lc DFEBLE N HY
25 &, PPARy DIEMAL 2 #HE S 5 Z L 2HE LIz, TD7=®, 5-HFA ester (1)
2% SREBP-1c [ZVEH L7z "[REMED & 5, SREBP-1¢ (314 AU Vinb Dy 7 F v
WX > THE &SNS [77], 5-HFA ester (1) (2 & % SREBP-1c #iEiA1-I2xd 5
ERZRIETH 22T, DFAD=RLNHLNIREEEZ NS,

5-HFA ester (1) EFEEBRIZHOWT, B EIREEELA LR LI 2 A, B
T a— LREERPAR T o — LSS DAL MR OEREE A A L TV DR
EEELDTIIEERS D Z ENHLNE ST, LI L7 5 Nishina 5 [78]
X, AT a—EEE G T TR ) A FEIZOWT, /L7 A Y 23 3T3-L1 Hifd
OIEMEREAEIHI LI-Dlzkt L, NI EFUoDIEHEEERE L2 L2
HLT, TS, kxR FEKEAT 2EEWITEIST 2 EETEEHRE &
BRETT2MENRNS DL ENEZ LN, 7= 7 1N/ A REIZBW T,
EMEDIR XX, CfAester (6) & 3,4,5-THCAester (10) D X 512, BHEFK DI
IFELTCELL TV, S52, 7= (5) & CfA ester (6) DX HIT, H
IVARF VNV OREERNEVIZ L > TH  IEEORI DL L TV, £D720,
ORI I T a— NV ESCRT hu— VRERIC LD RET Tl 2Rk
M HIRIFET 2 Z VR ENTE, Jumam © [79] X, £ 4uM Oh 7 =ik 6-7
T AF IV TE ATV E N T 2 BT VT AT VIS BN ERE A 46 % & 75 %
PlETDZLAME LI, SHIC, 4 uM D 345-F U b Faxoklifg sy
NWVERAT IIENEEE 84 % Ml L7z, L Eick v, RWTI AR A2 ET S
TNVRF T IVHICERRT HZ LT, IEERES R ENRB2 b, h 7=
R EMRIE, U EEICEREARE LTFEET S [32], 2072, LOIEEDE
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WML L BRE Ay & WL 32, U 3 B ZE O fh H S -on B L B 45 | 2 B
TOHMIENLETH D,

5-HFA ester (1) (22T, 3T3-L1 RiBRARIGHIIE D 3L ETEME TS T2 <
IACHEL IR B 2 HIT 20BN S 2 0 EMEE LT, obisE%, Rl
T OEFE 2 PSS CTHERR L7-% . S-HFA ester (1) 2RI L T L= L 2 A,

MM Z R SR o T IRE CESEEEZEO Lz, 2D ICs X 197 uM Th
S (T—=FIIRLTWW), 3725, 5-HFAester (1) 1. REEGHIED
HERHEHE 2 3 5, Oowatari & [48] (X, VI EEOEUKMEME A X R »
7 Ra—AETF/VTHD SHRSP/ZF T v MRS E- LA, KEMN
D3P0 S v, RSB IR WAT @ PPARy °% @ Rt LPL <° FAS % mRNA FE 8l
BB Le 2 L2 WE Uiz, /HE K WAT OB &%, Bukiitiits = b
B ABECHEBREEN RO b oo, BUKHEBEIC L0 R ER
WAT OIENIED Y A APRFEEINS K RDOMEEPELN TN, EHi2, B
2IHIZEBWTIL, WLE & teEmENi&% Wistar 7 v MIERESELEZA, B
Ml WAT OfERI%, WLE Bt & @B B CAREDN ROl b DD,

WLE Uz X Y B0 A ANFE RIS o Tz, 2 b ORI
Ja s/ NS4 A BSRIZEBW T, 5-HFA ester (1) (2 X A RIERIEIGMIIIZ 695 4
{EFRFETEME, 6 K OVETIX, BARE MR k3 2 IR S sETE s B 5 L
T AREEDE 2 B,

5-HFA ester (1) 1%, REWi (LR EIE PR EREMIHNEEE BT 5 DD,

ZOEHAEITMEL IR U Y EEET22+0.1 pg/g Th o7, T D72, 5-HFA ester
(1) PISMZ S WLE R°U B B3 EUKAR S O Y OTEEIZ B 53 2 A %)
RO ER SIVTWDAEEMENE 2 HvDH, 5-HFA ester (1) %5 £l
DN DA, 3T3-L1 HIERAEM AR O LR EEE A2 R LI Z & 2 L Tk
D (F—=ZIFTRL TR, 5%, 2D OH5EWIZE E DA DFEE
NVETHDH, VIV EEIA VTV Fo0NT A VDT TR A N
WEEND Z ENMESIN TS [35], Poudel & [80] 1. A VAV F o,
NTH VDT TR I A REEDS, 3T3-L1 miBRARRG AL 0731k % BHEE L, PPARY,
C/EBPo., SREBP-1c % DHREK 1% D Tt @ activating protein-2, FAS, HSL,
FBELO, LPL ® mRNA OB 2 M35 Z & ##HE L7z, PPARy, C/EBPa, ¥
KON FASIZEIL Tk, Z o "7 EHOFRBE MM L7z, & 512, Nishina & [78]
X T AV b EFEER % 3T3-L1 Al MIRLZ RN L 72 & 2 A PPARY,

C/EBP. SREBP-1c, FAS. GLUT4 % ® mRNA ¥, GLUT4 # > /X7 E DFEA,

BLO EEE IR SN E2RmE LT, 20O, ARG RIFED
TTEPZIBNT, AREMED 1 DE LTA VAV = F o074 U AR
NTHLZENEZLND, —FH., UV EEOHRMS ARG Y L < IXFE5E
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PN R Z R LR S & D72, BEORS ZRIRRINT 52 & T, %
DN REHERTDHFEELH D,

AIETIE. 3T3-L1 HiBRAEGMRZ W= Er2 i L& 2 A, VY B
fEE9 % 5-HFA ester (1) 725, NEMM b2 HET 5 2 L 28 Lz, 2231
OEFRER TIL, BAT I8 5 Adrb3 @ mRNA BH&E FHEDONENH - 7-27=
. BRI DRI ER T2 R E 2 bz, £ZTH 4 IHT
(%, BRI A T, BRI SRS ORGE A2 R T2,
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54 TH AR A2 T BRGNS Bl o IR TR

1-4-1 HFRELHM

55 3 IH T 5-HFA ester # A%k & LCRIE LD, VY EIEICBIT A&
DHERIE T 2.2 £ 0.1 pg/g EARW28, D51 A 1 = XA EH LIZRESCH %)
B DFAET D ATREMEDS R STz, 5 2 THOEMWRER CiX, B &M BAT @
Adrb3 mRNA FELEN EH L7z, AR e efsihifiielcEH 3 5 "l6E
HEREz B b,

fEke, B FERAICIE BAT BfFEL TRV E ST, L, I,

TNFaT A XTI a— A W E R (fluorodeoxyglucose-positron
emission tomography) RAIZ L VD & FEAIZ BAT BFEET D Z ERAL NI E
NTRY, BTV A TV HFETHLNT /;4 23 BAT #4T L Cm R /L ¥ —
HERELZ®mD DL ZENREINTND [81, 82], 2 HDOFERNS WLEIZH
Tz A M ERBROMENIFIND, £ TARIETIEL, ETITHDIKLD Z
RET D728, B EREIIHIR 2 T2 3R 2 3 A T2,

1-4-2 ik

1-4-2-1 &k}
Okamoto © [31] ® H{EIZHE> T, WLE Z#F® L7z, 41 V¥ KRF VU~
(isosaponarin) X, Nagai © [34] D FIEIIHE- T, VY EHEN S HEfE L 7-, 5-HFA
ester & SA ester |Z, FHIWHTER LI bDEfEH Lo, ZOMaEE L, H3E
—BEoEY AF LT,

1-4-2-2  HPLC EVEFEAM

WLE 20mg 12 50% =4 /—/L2mL Z## L, L<HEH L7, B4 020 um
DAL T VLT 4 VEZ—TAIBL, HPLC IZVEA LT, i U7 Y, & ST s
PIZLATFO®EY & Uiz, BERIX. VI EEIHFET DI Z ERHREINTWD
%5y & Lz [28, 32, 35],

[ ]
7 ¥/ = (apigenin)
A4 VA Y x> F > (isoorientin)
A V¥ ARF VU (isosaponarin)
A4 Y ET X (isovitexin)
VBB (sinapic acid)
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7 =)L 7 (ferulic acid)
V74U > (luteolin)
5-HFA ester

SA ester

[HPLC %:ft]
column: Dverosil packed column C30-UG-3 (2.0 x 150 mm, 3 pm; Nomura Chemical)
eluent: A) H,O (0.1 % formic acid) ., B) methanol

2%B (0-5min), 2-30% B (5-180 min), 30-95% B (180-222.6 min)

flow rate: 0.2 mL/min
injection: 4 pLL
column temperature: 40°C
detection: 254 nm (photo diode array detector 210-400 nm)

1-4-2-3  fliiaFE LR

RS ERENAAE (Z > N E%2-4 B i) % 5 H O BFE R I3z S e,
ZNEI6T = /LT L— RZ0.7 x 10 cells/well DL FE THEFE L 721, COAf > F =
N—ZN (5%C0,. 37°C) T2HMRGE Lz, B2 & T mi B 85 i Zg
AL, SOI2AMEER L, EICEREDD /LT, BT 0 () s
oo, WOREA~DEELZED R 720, B2 E £ 2 HE5E B RS
ZZHE (100 pLiwell) L7=%%. WST-8% 10 uL/well D EE TR L T0/r M2 L
7o ¥4 77— N —X—% M\, 450 nmIZI T DWW HEAHIE L=, H
EMEITERBEOT 7 7WEEE L T02%25 &, £7 1L —brDar ta—
DAEFREZ100% & L TERBOAEFERELZFE T Lz, AFEROSZEERE LT,
BEISBE S H 2 e LTz,

1-4-2-4  mRNA J& 5B 7FM

ROT47arbr—LLT1IuyM ® /v 7 KLU > (noradrenaline (5]
4 (-)-norepinephrine(+)-bitartrate salt hydrate) ; NA) % FH >, 8@ HIE DR
~ =2 T IVICE S CEBRZ I Lo, 1SRN A S5 B vl S 7
%, 24 7 =L 7 L— KT 3.0 x 10 cells/well DPEFETHERE L 7=, COy A v F 2
— 2 W (5%C0,, 37°C) T3 HREHE LI-tk, /MEFEHEIC R L, S
HIZ 2 HEREE L7ct, B2 S OME et s s s L 7=, 2 2
Bt b B A e 2 9206 L, & 512 1 H #5538 L7-#£.0.2 mL/well ® TRI Reagent
Z AW THIEN S total RNA Z4hH L7z, = D%, SuperScript VILO cDNA
Synthesis kit Z I\ T total RNA 500 ng % cDNA ([ZW#5 5 L7, U 7 /L% A A PCR
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IZ. 95°C. 10 Sy oMmEC X DNA RU AT —FBE2EMEL L2, 95°C. 10
R E 60°C. 30 #2fE., 72°C. 1| IOV A 7 v % 45 [lfV ik L7-, PCR 77
A ~—OHERANILLFO®EY & L,

UCPI
74U —F (5-3") :gectgectageagacatcat
Y X—2R (5-3") :tggccttcaccttggatet
Adrb3
7+ U— R (5-3") :tggagggaagctgacagaat
J/3—2 (5-3") :tagggcttgggagegact
GAPDH
74 U— K (5-3") : aatgtatccgttgtggatctga
Y N—2R (5-3") : gcttcaccaccttcttgatgt

GAPDH (ZWNEEEAE L LTREH L7,

1-4-2-5 BRI =T

1-4-2-4 L[RERICEEE LTk, A4 vy RORBEEmB L, A V1L y R
ORtlx, VEY T vEA Xy NOBWGFHHAEO®EY Eft Lz, ¥v MIE
O % 0.5 mL/well FshI U721, 96 7 = /L7 L — MZ4 0.1 mL B D 4317,
540 nm (2B T AW tEE~ A 7 L— N —X—THlE L, 2> hr—L
100 % & U7=fHRHMEZ i Lz,

1-4-2-6  fEFHEMT
FERIX, P + ERERAE CHRBL L7, Student’s t BUEEZFTV, p<0.05 24
BEHY LWL,

1-4-3  fbH

1-4-3-1 HPLC EVEFEAM

RFFIRFE & UV LA~ FL x| JiEES & WLE THRE L7 2 A, WLE
D3 ODAALE—TNBAIYRFTI L A VETEF L, B, 4 VA4V
TUFUTHDHI EERFEIE L (Fig 1-4-1), o v —27 1%, HPLC o#ricft L
ToAEHES & RPN — B L7 h o720, =7 D/hS N2 L2k UV Y

63



ARG MVDVHBITE N E WS TZHBIR T, RETE Redolz, 4 VY KRF
YLAVETERV BEO, A YAV TR BTT TR A NEOR
%%T%oko4VE%%VV¢7E€*WDCM%%T%D A V¥R

NIA Y ETF DB R AN O-FHEANF G LIcEETHY . 1 VA =
YF NI T AV D C-ECFERTH D (Fig. 1-4-2), Riko@y , 7er=»L
NTFV ATV EEICHET D ERHEINTWD [35] . &2 T, Al
BRICIZ, TNOHDFEFS i ZHWSZ & & LT,

1-4-3-2 AR LA

AVF IV F U EBROVTCARTIZE N T, BREO T = /L TOALFE D
gy (Fig 1-4-3) . EICEBEDOD 2L TREZIT LR O HSCE G
(ZRDWIE~DF AT FR< Tod, B a5 F 7o W HETH FH 1% 235 HAZ #L
L72bDD, ZORENKSTWZ ENBZX LN, £ 2T, HEMSEHLZIC
B 2HIOEE (F—X 3R L TR EAFROEME (Fig 1-4-3) 2
SRfa AR L, Mmoo n ERRELY, A VY RF Vg ET
XU TI000 M, T ES =2 T20uM, A VA U =2 F U T500 M, LT A Y
> C0.8 uM & HIE L7z,

1-4-3-3  mRNAX Bl &7

2y he—/LOBEMEBIE LY | AR MEZR < HEHE, skl B
Wilfa &L TNWAZ 2R L (F—XIIRLTWeLwy) , UCP1 mRNA%S
BEIX, NA, BLO, 2OICBWTHER EA NS -T2 (Fig. 1-4-4) , Adrb3
mRNAZEBFEIL, NA, BXO, 2RO ICBWTHEBEREIZ o1z (T —X
TR LTV

1-4-3-4  JEH &8 ST
JENFEREEIZS Y ET IV, A VAV F o, BEO, V7AYo TH
BRBAONH -7 (Fig1-4-5) , Bl Y ET R AT 4V i3, BEKRE
BI72 R CTh o7z, NA (p=0.053) . A VHERFV > BIO, 7v75=1C
BHERWBA 2o 7=,
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A 2 WLE
1
3 '_)’)J_L
| ek
B 1 e Isosaponarin
=)
<
£
E
~<Cr 210 400 (nm)
= —1 |
N
-Ei PIUE e, dr
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(@] C 3
= AE
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w
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<
,,JJ 210 400 (nm)
} L. —
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210 400 (nm)
0 100 200

Retention time (min)

Fig. 1-4-1. HPLC anaysis of WLE (A), isosaponarin (B), isoorientin (C), and isovitexin
(D). Samples were analyzed by high perfomance liquid chromatography (HPLC)
equipped with C30 column and UV detector. Three major peaks were identified with

the retention time and UV spectrum of reference standards.
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Isosaponarin Isovitexin Apigenin

Isoorientin Luteolin

Fig. 1-4-2. Chemical structures of wasabi leaf flavonoids.
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Fig. 1-4-3. Effects of wasabi leaf flavonoids on cell viability in brown adipocytes. The
brown adipocytes incubated with test samples. Cell viability was evaluated using a Cell
Counting Kit-8. The results are expressed as a percentage relative to that of control cells

and are presented as mean £ S.D. (n = 3).
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Relative expression level of UCPI
(% of control)
2 2

1 10 100 1000 10 100 1000 02 2 20 5 50 500 0.008 0.08 08 (uM)

Cont. NA  Isosaponarin Isovitexin Apigenin Isoorientin Luteolin

Fig. 1-4-4. Effects of wasabi leaf flavonoids on the expression of UCP1 mRNA in
brown adipocytes. The differentiated brown adipocytes incubated with test samples.
The mRNA expression levels of UCP1 was analyzed by real time PCR and normalized
to GAPDH. The results are expressed as a percentage relative to that of control cells and
are presented as mean + S.D. (n = 3). Statistically significant difference (Student’s
t-test) are indicated as *p < 0.05 when compared with the control value. Cont.: control,
NA: noradrenaline.
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Lipid accumulation
(% of control)

1 10 100 1000 10 100 1000 0.2 2 20 5 50 500 0.008 0.08 0.8 (uM)

Cont. NA  Isosaponarin Tsovitexin Apigenin Tsoorientin Luteolin

Fig. 1-4-5. Effects of wasabi leaf flavonoids on lipid accumulation in brown adipocytes.
The differentiated brown adipocytes incubated with test samples. The intracellular lipid
accumulation was measured by Oil Red O staining. The results are expressed as a
percentage relative to that of control cells and are presented as mean = S.D. (n = 3).
Statistically significant difference (Student’s #-test) are indicated as *p < 0.05 when

compared with the control value. Cont.: control, NA: noradrenaline.

69



1-4-4 &%

HEENMEARRE O 22 —2 5 & LT d 2 olzkt L, teelEl
AIRIRER Z B (b L CIRIR A MR T2 & L b, REl= XL F—Z1HET
%o ATEAPRORIMIZ X U Adrb3 7% PKA Z1EM LT 5 &, PKA |3 HSL Zi& M1k
?Lé HSL (FEIMRICE 2 B Z2EREd 5, U2 L - TH U7 FFA

M&Améhfﬁﬁé@ﬁ ELTHIHEND EEBiT, UCPL DY o R
kbf% e EEAICIEMELT 5 (Fig.1-2-1) [83],

AET ii*ﬂ“\ DBV EET IR A NEETHLA VY RFTY L AV ETF
V. TET = AYF V= TF L BEXO, ATH Y U, BEENMIR
23 LRI SIS 2 R T2 GE L7z, IS EIZA Y ET X,
AVFVZF o, BEO, VTV U THERBA NG >7- (Fig.1-4-5), *f
WAV ETHFRT U ENNTF Y T, REKGFNRZIR TH T, £D—T7T,
Adrb3 mRNA BHEIZOWTIL, FORDICEWTYH ERITR N ho72 (T
—H IR LTV, TD=D, A Y ETF o A VAV =T BIOY
VT AV AT K D ENFERIEIIEME L. Adrb3 mRNA JEHL EH 2/ &0+
AN=ZALTHDLAREMENREZZ DD,

NA ORFEAFHfE T % & L Adb3 X° PKA. cAMP IGE B IR & &% 737 ' (cAMP
response element binding protein; CREB) %41 L C UCP1 mRNA %8l % FH I &%
2% (Fig.1-2-1) [83, 84]. AIHIZFHWTH, NA (F UCP1 mRNA HEL 2 A 52 L&A
S+H7- (Fig. 1-4-4), UCP1 mRNA I &X, AKHORBRIZEL-LToOUHE
T TR A FEIZBWNTYH, AR LEAENEO LN (Fig 1-4-4), Thdz
12, UCP1 Z > \7Eb LR LEAREER S D, ZO—FH T, A VY ETF v,
AVFVZF o BEOR, VT F Y AT AE RN EBEIMENE N H - 7=
7= (Fig.1-4-5) . @I IHMIIC BTN K 0 IENA 0 fiE S Bl > CTuriz
ZERBILND, BN MEX. IEMIRICE 2 S 23EREL . FFA 12
THINDZ L THALSD, FFA 13, Bk S TEVEADEEH L L TR &
D ELBIZ, UCP1 OV T Re LTl A2 BEEICIEMET S (Fig.1-2-1)
[83], AMFIEIZIHBWNT, UV EET TR /A NEIZK D UCP1 # /37 F & FFA
O EFNAEEMED 1 2L L TELXDIL, 260 ERNBEAZFHEEL, fuE
R EHFET 2000 LitZen,

UCP1 mRNA ¥8l EHA BRI Z b UV EIET TR /7 4 RENSHEN

ICED IAENATREER B D, IO RNCE DREZN S H L&, ZDORESR
BIZHE > TE DB EN T 2004 & B & v 5 23 Mlfa XA S B O
ENTWDETH, BEENEWERSIZE, BExzER LT < b,
Takano-Isikawa o [85] i, 774/ A NEEZHWT, 7v M~/ v 77—

IBFATR AR T TV B2 OFEAENRAERIELIZE 2 A, BURHA X
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DEHET 7N ar DI ICs WMEL . BUVEMETH o722 s, ML E &M
PIETEDEWO—RTH LM Z R LT, 2O OBSE, B RICT3 25
TV arOlREHEOEENER L TWAZENEZ NS, REIZBW T,
UHEHET TR ) A NEIZ L DNENEFEMSS° UCP1 mRNA FHL LA, BlbE
R LTr 7Y a2, KRETEHAL TV (Fig.l-4-4, 1-4-5), £D7=
D, INHOMREFRETHIERND | DL LT, 77U ar0Em O HIESE
PRE 2 BT, 5. VM EIET IR A REIZK 2B IR~/
FEEE M OV, IO, T AR—F —& 4 S ATREMESE .
R E A (X D REEN ML E TH D,

ATHTIE, NA ZLHE 2 L Y UCP1 mRNA BEENARZIC AT D X )52
L, TO5MT mRNA BEECIESEHEELZFME L7, TORKE, 1 M D
NA 73 UCP1 mRNA 82 A B LA XE7 b oo, [RIEEMHIEIE A E e
BT B2 o7 (p=0.053), ARBIZTHEAENHIEIZ NA %2 3 B[
L7=RIZAA Ly K O YefazFE L7-DIZx LT, Harmelen H [86] 1. K
M5O A ST NA B U7- 2 B, B MosEe LT/ U tn
—WREN ERTZx2@mE LIz, 5%, VHEET IR A FEOFEIZ
BT, NA PRS2 2E IR R L ECOIBN SRR RGER, 0 A=
AL 1 2E LT, B REMRET 2 LERH D,

T IR A FEOEBEREZERT 5 & KEoTEPICHEE SN D 28 [87].
/NG RSP A (2 AFAE L TV D B-Z b 3 v X —B 5T & » Tk i
S, TV arknZ ERHREINTWS [88], EREADZ I, HED
KEEFEIZHED GG LTCO-BldEATH Y . T BITIKRGRIZE D 7 7 ar b
2% [89], — 7. REARICITEE O RFBITHENEHEC-CHED LI C-BCFHANTFEIE L
TEY, INLIET N a v X —BOMmIC K D ONMKIG 2= T 72Tz,
O-BHERE L LERD LMD TLEETHD [89], 1/ ETH A VAV
FNIC-FHE R 2, A VAT Y NIC-EOPER & O-BebE A2 H LT\ D
(Fig.1-4-2) . Sunb [90] X, 1 Y ETF L 2 E e E Oy 2/ 1
BeHIHT y MIUEICBWT, 26D 7 T8 A NEE SHEKIK7 o<
TT 7 4 —-F T NE&ESHTET (liquid chromatography-tandem mass spectrometer;
LC-MSMS) ZHW TR L7 Z &2 WE LT, UbEDZ L, 41V ET X
YA VF Y =T U TEREROE TR S AL, E D%, BRI
THAREMR D D, — . A VY RT U AB O TE, C-EEBHA IR iE %
ZATIZK WD O-FEFERITIIAKR RSN W, £ VY ET X D TK
WENnAAEErnd b, 7R 74 K77V a ik, /M TORN ST,
FERIZ L o TO T v UERRIE D RS L, £ DRI DA IERIZI 528 [91],
Simoi® [92] Xt MIAT AV U Z2EISEEZ A, MIGFHICVTAY D
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T/ /nru= Ko, HEHEOLT AV UBNFEET DL EERE L, &5
FUL Ty FSEIZBWT, EOT A= BB ESn-$®56H 570
[90]. BT 7Y 2 N iEREOIRRE T AR /ER 3 2 lREED B 5,
Sk, TNas X —RBITKDOIKGE, WIHE, mERbEL2EZD, b MIE
B L 72356 ORI 2 A HICRGEET 2 BN H 5,

Hosoya © [35] IZ. VY EENGL T IR A4 NELZHEE, FE LI &2
Ll VVEETO kg OOHBEREIZ, 4 VYR FT IV TTISmg, AV ET
¥ T586mg, TEZF=T35mg, A VAV F 2 T4alT mg, VT A
Vo TT4mg THoTm, REIFETIZ, £ Y ETH LU ENAT AV TITBRERK
ER 72 BN ERAMHIN R0 8 o 7= (Fig. 1-4-5), A Y ET X ofiitah®R4s b
F 0L, RO KB EZ SO L2 LERH Y . K2, VT4 Y DA
iﬂa/ﬁl‘i%m@é%gﬁlgbéo NGO TREEZHASDESZ T, U

EFRMOPEMIREN L V@< b tnB 25,
ﬁ@fi%é%%ﬁ%%%wf\Uﬁt%®#%%ﬁﬁﬁﬁﬁéﬁ@%%%
MRELTZ, TR, /1 VY ETHF o AV F V2 F o, BXO, v7A4Y
UHEMEREEMEIT e, D 3 oM, A Y HART U 7&7
=2 &ETe 5 A3 A UCPL @ mRNA ¥HlE4s FR XE72720, 2 b Oy
BN E L TIRERET L2 ERB 2 60T,

PLE, RETIE, @EHREZ >~ M9 % WLE OFUERZIR & . ZD0HZE
syE LT, 5-HFAester (531H) UV EET TR /A4 NE OKRIE) B"FET o
%D Z & AR LTz,

72



H2E UV ERERS 6-MSITC IZ XL 3HiER{LEIE

55 15 5y{k HL-60 #KEA> & 0 Oy FEABLE 2R

nins

2-1-1 HREHAY

TR, BEEMEAR Y 6- A F VAN T 4 AT A I FF T R—
I (6-methylsulfinylhexyl isothiocyanate; 6-MSITC) DAFAENH 500272 > T b,
Z T, AELE 3 BETIEZoMEME MR OREE LTHWD Z & &
L7,

ARFTIL, 6-MSITC IZ L P b h F & g Lo, RN TIEPERESE (reactive
oxygen species; ROS) WBNIIEAT H L, X /X7 EHONEE., DNA FEOAR
DFIEBAEEE 2T D, ZOREEEITEEROEEBIE T AR L, 7Y g
~—IRCENREEL, DAFEORERFORK & 725 [39], EblEEZ BT 2 5RE
PR OZ ORLST DMFFE S U [93-95] REMBIFERN ST b,

ROS ZHET 51T1E, ROS EAZ DG DEAET 27, AEENOHIER LM%
B LIRS D, ARETIX, 6-MSITC 12X % ROS FEARLERNF % MEE L7,
ARIZIBNT, AMERO—FTH 2 4FPERIT ROS D EREAIITH 5, ME
ERNIZEANT D & i ERDS A —/X—FF 3 K7 =4 > (superoxide anion; O;")
HEAL, 0y BELONO, 22 HEA L7z ROS Al 2R 35 2 & T, MEN»D
EREEIL T 5, LvL, HHERD ROS BRI EAT D & KRN TO
RIEZHTE L TERA B OIRIA & 72 % [39],

HHERIZBWT, Oy 2 EATHDIF=aF > TI KT T2 UX I VAT R
Y A ¥ % —1 (nicotinamide adenine dinucleotide phosphate oxidase; NADPH
FF¥ v H—8) WO BEREAIRTH D (Fig. 2-1-1), NADPH A v ¥ —F (%,
Bk & 2 2 NI (Vb Y bobssy) T D gpol™ ™ & p22 M B & o8
BT D pdTPM™, p67P*, Rac, pd0P"* SR E N TV D [96,97], T ETA
> %F—¥ C (protein kinase C; PKC) 235EMALT 5 & PKC 728 pd7P* 2 U g
4% [98], p47P" ™ DV ERLIL, MIE 2 v 7 BEIEBE S5 [96, 971,
NADPH # %3 & —P R84 5 L. gp9l™™ 73 NADPH =2 F 7 I K75
=YX 7 LAF K (nicotinamide adenine dinucleotide; NADH) Z /& & LT 0O,
ZREAET D [96,97].
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Fig. 2-1-1. The mechanism of superoxide generation in neutrophils.

HL-60 & NEHEME A MBI, VT A VBRI SE  C 4P ER B BlER,
B, BB HERD DAL D Bk A M ERIC T 5 [40], RAAR—1 12-2 U 25
— K~ 13-7&7— b (phorbol 12-myristate 13-acetate; PMA) Hl#iL, PKC O 7T A
VWA LTHD PKC-p & E) X NADPH 4 & v # —¥ 2 1&MA 32 [99],
Fhd 21z, b L PMA THIBL L7431t HL-60 HEfE & D Oy PEA R E T 25 [k
DINBHIVUE, E ORI E L THEHTE 5 AR H 5,

XUV NA Y F AT F— b (benzyl isothiocyante; BITC) [X/3/34 7 [100] <°
~ HEDORWICEEN TS ITCHEHD 1 D Th D, BITC (Fig. 2-1-2) 12X 5L
PRl B BAFTE ST Y (BITC X PMA THIK L 724531k HL-60 fifa > 5 0 O,
PEAESS, AMAMED NADH {5 % 4 [#E L7= [101], PMA RREITMIEE ICFET D
PKC-B ZBIZAT S5, BITC (3% DOBIT 4 EEY T, NADPH 4% o & —
TORELHELRD) -7, BITCIZZ VAT AT E R3-U V@7 e Kas
—+ (glyceradehyde-3-phosphate dehydrogenase; GAPDH) DEEFRIE M & i) &
%75, GAPDH OiEMFLTH 5 Cys-149 & Cys-153 DF A — VI 2 ERi+ 5 =
EBRRTAN=ZALELTEZLND, TP ZIT, BITC 1%, gp9l™™ ORE
FEEENL S L ISR LOFT A — VA EMT 5 Z & T, NADPH 4% v & —
D Oy DEAZRE L REMNH S [101],
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NCS

Benzyl isothiocyanate
(BITC)

Fig. 2-1-2. Chemical structure of BITC.

T U NA YT AT F— K (allyl isothiocyanate; AITC) X°7 = R F /LA VFF
7 % — b (phenethyl isothiocyanate; PEITC) , A F /LA YV F 47 F— K (methyl
isothiocyanate; MITC) %@ ITC $8% ., PMA THIli# L 7= %31t HL-60 Hilan& >
O, PEAZPLE L7z, —Ji. BITC ODFZFARTH D O-A F N2 D /VF A I3 LR
A— I (O-methybenzyl thiocarbamate; C¢Hs-CH,-NH-C(=S)-OCH;, BITC-OMe) %
FHE L 7ehy> 72 [101], 6-MSITC | N-7 & F/L-L-3 A7 A > (N-acetyl-L-cycteine;
NAC) [102] e — R~ a v 77 a7 A2 908 (heat shock protein 90B; HSP9OB)
DFF—H [103] #EfMi+ 5 Z EnEINTND, N xIZ, 6-MSITC
I3 gp91P ™ DF F— NI AAER/TH 2 & T, PMA THIY L 72431k HL-60 i 7>
5D O, FEAZIEFET L ATRetEN H 5,

ARILTIE, 6-MSITC 73 ROS FEAEZ D & DA LET 22 REET 572912, PMA
THIT L 72431k HL-60 ffE2 5 D Oy FEA L E R 2 /MEt L7,

2-1-2  HiE

2-1-2-1 #Af}

6-MSITC %, FHS [104] OFIEIZHEN, 6-ATF AT F XTI NA V) TF A
7 2% — b (6-methylthiohexyl isothiocyanate; 6-MTITC) b X825 Z & THRL L
72, FEmEBEA I (quantitative nuclear magnetic resonance; QgNMR) 5% FH 7=
INTZ LD &L 6-MSITC DHEIL 96 % ThHo7o (FT—HIFTR LTV, £
DA, BITC ZILRAE —E D@D AF L7z, 6-MSITC & BITC OD=% / — )LIKIK
ZEEE LT LT,

2-1-2-2  AifakEE

HL-60 b ~NE#EMEAIMmFHMIE%Z . 10 % FBS % & ¢ Roswell park memorial
institute medium 1640 (RPMI-1640 £5#1) T, CO, 1 > F 2 X—Z —H (5 % CO,,
37°C) THiE LT,
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2-1-2-3 1k

HL-60 MfE & GF RIS S8 572, 1.0 x 10° cells/mL DFEE T 10 % FBS
E1uM VT A VEEEETe RPMI-1640 B HICiRilF S ¥ 72, 3mL%& 6V =/L
T — MIFEEL, CO, M vFax—F—KN (5%C0,, 37°C) T HREEL
7oo EAMVIBEIC X0 | BRI A RS L2, M A 1.0 x 10° cells/mL O T FBS
5 F 700y RPMI-1640 HEtlcRilF S, =7 v—7 K7V U 7 A

(nitroblue tetrazolium; NBT) 1%, O, IZ X > T T 5, 2T, IFHER~DSy
{bIZ NBT 4eta9 % 2 & THeRd L7z, Yetafiifudcz o o b L72RER, 9 Ao
VT A VERIVER AR T T HL-60 Al DK 70 % 2SMFHERIZE L T L2728

(F—=ZIIR LTV, AR EMEEZHEAT 2 & L,

2-1-2-4 AR FEMEREAm

73AL HL-60 % 1.0 x 10° cells/mL DS T FBS % & % 72\ RPMI-1640 5
IZFES 2,90 UL % 96 7 = /L7 L — MIHEERE L7214, 304 5 €0 RPMI-1640
et (FBS 7 U—) 10 uL Z%M L, CO, A »F 2 X—F—N (5% CO,, 37°C)
T 10 srMEsaE Lz, 512, 20 %FBS, 100 nM PMA % & ¢ U »RRME A H R
7k (phosphate-buffered saline; PBS) % 100 uL /RN L., COy A > F 2 _X— & — N

(5% C0O,.37 °C) T 30 4rfilh5# L7, 10 % FBS & Cell Count Reagent SF % 10 %
e RPMI-1640 5541 50 pL Z WA L72%, CO A »F 2 _X—Z —N (5 % CO,,
37°C) THEFE L7=, W30 57, 90 431%. £528 RIEOWOLEE (HIER & 450 nm,
SR 590 nm) Z~A 787 L— R —Z—ZCTHIE L7, 2RERETE
IZX WY ZfERT H7-OICHIE Lz, 3047, 90 s DfED S 1 K472 0 O
SRR E AR LT,

2-1-2-5 Oy PEAE M

534k HL-60 #AE 2 1.0 x 10° cell/5 mL DL T FBS % & % 722\ ) RPMI-1640 57
IZEFES 2,90 UL & 96 7 = /L7 L — MIHERE L7214, 3B 4 & €0 RPMI-1640
B (FBS 7 VU —) 10puL Z¥RIL, CO A v F ax—&—N (5% CO,, 37°C)
TI10 pfEE#E L=, 51T, 20%FBS, 100nMPMA, I mM /L7 = & & e
PBS % 100 uL #iSHII L., COy A > F 2 _X—H —N (5% CO,, 37°C) T 5 /yfEEsEsE
L7, BMmEL2~A 7 L— ) —Z—ZTHIELT,

2-1-2-6 NADH 142 &3

54t HL-60 A 5.55 x 10%cells 2. 10 % FBS % & ¢¢ RPMI-1640 551 5 mL |2
Rl S w7z, BB uL 23N L7k, COy A > F 2 X—% —N (5% CO,, 37°C)
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T 15 ARG Uiz, mOBEIC K B2 BRZs L7-#. 1.0 x 10°cells/90 pL &
725 X 912 PBS ZWINGE.96 U = /L7 L— NMIHEERE L7 (90 ul/ 7 = /L), 10 mM
B-NADH-2Na 10 uL Z¥#M L7214, COy, A > F 2 X—%—N (5 % CO,, 37°C)
T 10 53[5 L=, 200 mM PMA % & ¢ PBS 100 uL ZisIN L7, CO, A %
2 _XN—H—N (5%CO0,, 37°C) T 155 L=, WRE (AERE 340 nm)
rvAruarL— ) —X—ZTHIE LT,

2-1-2-7  SOD #RIEMERHAMG

A—/X—FF T T 4 ALK —F (superoxide dismutase; SOD) #E1E ML, SOD
Assay Kit-WST Z HHWTHIE L7z, #0820 uL 2 96 7 = /L7 L — MIEIN L7z
# . WST working solution 200 uL Z %ML C7' L — F I —TI B L7,
Enzyme working solution 20 pL Z % L7-1%, 37°C T20 7ffl, A~ F=2~X—F
L7o WOtE (UERK 450 nm) Z2~A 7 n 7 L— h) —Z—ZTHIE LT,
Ay b= MIEENDLTH ) —VREIT 83 % TH Y SOD BRIGMEIT R~ 72

(T —=ZITR LT,

2-1-2-8  FERHEAT
FERIE, M £ FENEREZECEBL L7, Student’s t REEITVY, p<0.05 24
BELY ML,

2-1-3  fbH

2-1-3-1 AR EREAm
6-MSITC & BITC (%, 100 uM EL EOJREEIZ I CTAEMBIED B L, MifldE
PERFRD BTz (Fig. 2-1-3),

2-1-3-2 O{Eé%ﬁ%
Myhre & [105] (&, W= Z4FHRERICIRIMLTICE Z A, Oy i#ﬁtljéﬂf:
D, —BbE ROV A T U iERe, 2 k/kE  (hydrogen peroxide; HyO,) |
Ra s T O IRE SN hoTl=Z L @S Uiz, —H BIU S [106] |
N T =Nl Ko T Oy ERFAEEZEMRPRE SN2 & 2wmiE LT, Zliﬁﬁ%'ﬁ“ﬂi
b HL-60 fifld 2 PMA THIBLT 25, SOD # RN 5 & FICHRENBIIC
W Lic, T zlz, v r=12k Y, 43{t HL-60 #ildo> NADPH 4% v
F—EBNHEAINT Oy 2, FFRMICHRH SN TS Z LR,
6-MSITC & BITC 3471k HL-60 #ilan& @ O, pEAE #RE L7z (Fig. 2-1-4),
50 % PBHEJREE (half maximal inhibitory concentration; ICsq) 1. 6-MSITC T 28.9 uM,
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BITC T 339 uM Th o7, 2> ba—/LIBIT5 9658 EIL 30,000-50,000
relative light units (RLU) Toho72 (F—Z TR LTV,

2-1-3-3 NADH 42 &7 F M
0.8. 4. 20 M @ 6-MSITC & 20 uM @ BITC 1X, =2 b —/ L% LT, 4
K> NADH 142 % A EICFHE L7 (Fig. 2-1-5),

2-1-3-4  SOD KRG MERF

TAANEURERY T 47 ary hr—vE LTHWE, 6-MSITC, BITC,
BLO, 7TAILEURRIC, BEKFR SOD BEMENH - 72 (Fig. 2-1-6),
6-MSITC & 7 A2 /)L U EED ICs 1%, 144 mM & 14.4 uM ThH - 7=, 6-MSITC |3,
263 uM LL T C SOD #:IEMEIZ 7202 > 72, BITC @ ICso [ TR TX 22572703, 2.63
mM T 10% @ Oy Z it L T\ 7o, SOD ARIEMHRHI DB, VT =20l
T, arbha—® O, EARE ST LIz E Z A, SR 150,000 RLU T
HoTm (T—FITRLTWRW),
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Fig. 2-1-3. Effects of 6-MSITC on HL-60 cell viability. The differentiated HL-60 cells
were preincubated with test samples at 37°C for 10 min before adding PMA for 30 min.
Then, the cell suspension was supplemented with Cell Count Reagent and incubated for
30 and 90 min. The absorption change per time unit was calculated to determinate the

cell viability. Data are expressed as mean + SD (n = 5).
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Fig. 2-1-4. Inhibitory effect of 6-MSITC on O, generation from HL-60 cells. The
differentiated HL-60 cells were preincubated withtest samples at 37°C for 10 min before
adding PMA for 5 min. Data are expressed as mean + SD (n =5).
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Fig. 2-1-5. Inhibitory effect of 6-MSITC on the consumption of exogenously added
NADH. The differentiated HL-60 cells were preincubated with test samples at 37°C for
15 min before adding NADH for 10 min. The cell suspension was then stimulated by
PMA for 15 min. Data are expressed as mean + SD (n = 5). Statistically significant
differences (Student’s #-test) on comparing with the control value are indicated as *p <
0.05.
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Fig. 2-1-6. SOD-like activity of 6-MSITC. The test samples were incubated with WST
working solution and enzyme working solution. Data are expressed as mean + SD (n =
3).

82



2-1-4 F%

AREHZ X 2 BB b R BB D DB 2 S 1 TR 2 & A FE T 5
7esh, MR & Oy PEA T OFUEHLERRF# 2 [F] Tl L7z, 100 pM DL &
?® 6-MSITC & BITC T, AMfaOREA (Fig. 2-1-3) & Oy EADHEFENFED 5
Nicl=® (Fig. 2-1-4) . EHIIBEL DWW E - T, Oy BEANBD Lic 2 & BHEE
iz,

6-MSITC X, PMA Tl L 72431k HL-60 HifE 5 D O, FEAE & BRLE L 7= (Fig.
2-1-4), 6-MSITC 12X % Oy FEALEA =X LEZHALNIT H720, FMRMED
NADH {H# & & SOD FRIEM: 2 fiFt L7-, SOD ARIEMEFEMIX, 6-MSITC 23 pEA
L7z Oy Z 4t L7z vtk 2 MRaiE L7z, {RIZ 6-MSITC (2 SOD #RIEMED divid
6-MSITC 2NEAEMINC O LT 2 0F o F oA F v ¥ —BiRt a2 S+
HZEDNIREND, B, TIUDOFHEMEIX, AFHER TIXXBITE 220y, SOD
Assay Kit-WST (28T /v 7 = Ot 138 150,000 RLU TH Y, PMA
FI L7z & & O 43{L HL-60 Al 7 & 85 658 FE 13 30,000-50,000 RLU Td - 72728

(T —=HIIR LT, O DEEAREIT, SOD Assay Kit-WST D578 3-5 % &
Motz

HL-60 #fEIZ331F 5 6-MSITC @ O, FEAEFLE L. IC5 T289uM TH Y (Fig.
2-1-4), 0.8, 4, 20 uM @ 6-MSITC (¥, =2 b —/L{Z%f L C NADH {H& % H
B L7z (Fig. 2-1-5), —J, 6-MSITC @ SOD £EEMED ICso 1% 144 mM T
HY . 263 uM LLF D 6-MSITC IE SOD #RIGEMEAZ R S IR o 7272, 263 uM LU
D 6-MSITC IZEHZHIIZ Oy ZHfE L7aW 2 & 2R L7= (Fig. 2-1-6), 6-MSITC
S Oy ZHHET 2 IEEEIL. 6-MSITC 7% PMA #il#% L 72431t HL-60 i) 5 D O,
PEAZET 2REL D XD 0ITE W, ED7=8, Oy ffEIEMEIL, 431k HL-60
MRS O Oy FEAMAEIEMEICER LW ERRENTE, LD Z &hn,
6-MSITC 7% NADPH 7 % > # — B ORER S A S5 2 & T, O, FEALR
ETHZ ERREINT (Fig 2-1-7),
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Fig. 2-1-7. The suppretion on O, by 6-MSITC in differated HL-60 cells.

Miyoshi & [101] %, BITC %% PMA THIl# L 72531k HL-60 #lfa 0> 6 D Oy FEAE
FEBICHET S Z & 2HE LTz, BITC XY v /0 BEDOF 4 — VK ERT
HVERMN G D DT, gpIlP ™ DF F— VI AEMITH Z & T, O, FEAEZIEL-
AREMEN S B [101, 107], —J5. 6-MSITC & NAC [102] <> HSP9OB [103] D F 4
— VI EEMT D Z ERHRE SN TWD, EDTH,6-MSITC |E BITC & [FERIZ,
gp91P"™ D F F— L H A AER U= W HREMENN & D, AITC. PEITC. ¥ LT, MITC
IX. PMA THI¥ L7430k HL-60 Fifid7 o D O, PEA ZRET 5 Z L3 HE S
TW5 [101], ITCENRZ VNI BEOTF A — VA EMT 5 2 & niE ST
%728 [108]. PMA THill% L 72451k HL-60 Fif s & @ O, BEAERREIZIL, ITC %

DIFENEHEETHDL EEZBND,

6-MSITC % BITC &SN R/ D728 Z DT/ 1 A NN = XA LNERIp 5 w]
BEMENSH D, TD 1 D& LT, PKC-p DIEREITR° NADPH 4 F v #—FDEH
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ZMET S Vo7 NADPH 4% 24—V OBERNG 2B S5 L0 b B
WZERH L2 ATBEEDR 2 T B D,

ARIETIX,6-MSITC 73 NADPH A F & ¥ — B DEFER IS &P IS¢ 5H 2 L T
PMA Tl L7=%0k HL-60 fifa» 5D O, FEAZET L Z L&A L7,
7205, 6-MSITC IZ ROS FEAZD L O EHET HIEHAN S H Z LB Lz,
2 IHCIE, 6-MSITC D ERNOHR L2 5 8 D 0MREET 5 72 TR fHE T
VT % HepG2 #ifid Z H > T, nuclear factor E2-related factor 2/Kelchlike
ECH-associating protein 1 (Nrf2/Keapl) RIZ351F D 6-MSITC OFIER{LZhHE %A &
VAN N RS TNl g W
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55 2 TH  HepG2 Al T Nrf2/Keapl F %41 L7 NQOI1 FEAfRHER)

2-2-1 HEEHAY

ARNT ROS MRS FEAET D & BALEENAE L, HRIREK & 7225 [39],
ROS #HET HITIE, ROS EAZDO LD EAET 20, AENOHE LI &
DHUEND D, &1 HTIE, 6-MSITC 28 ROS FEAEZTDO LD EAETHZ L&
MR L7o7o8, ARIETIL, 6-MSITC M AEERNOHIEIEAE B D02 E 9 D&t
AEL72, T72bb, HFIEOMREITT L Th D HepG2 & MM A B EHIAEZ
T. Nrf2/Keapl 52(Z81F 5 6-MSITC DHIFR{LZE % REEL 7=,

PR A GSEBLS (cis-antioxidant response element; ARE) [IHtlg(LEESR D~ 1
BRI H HEFITH D . ARE OIFHILIL, BEA N L AR AITK L
CHMfa & BAfEI 9%, & L C. nuclear factor E2-related factor 2 (Nrf2) | c-Jun, activating
transcription factor 2 (ATF2). ATF4 %X, ARE OFHIK 1 THDH Z LIRS
TW5 [109-111], Z D95 H Nrf2 1T, HHEMEwe £ ¥ v X — (basic
region-leucinezipper) HRBK 7 HHERL S 415 Cap ‘n” Collar (CNC) 77 IV
—IZBELTRY ., HEEICE Y ARE FHBETE2RET D [112, 113], R
ARV AZEETTE, Nif2 (X, 77 F VA X /37 HThH D Kelchlike
ECH-associating protein 1 (Keapl) & fflif/& CHEAEKZ A L T 5 (Fig. 2-2-1),
Keapl I$ Nrf2 {EHEL OINHIK 1T 523 [114, 115], FR{L A b L 2R N 5
& . Nrf2-Keapl EERDMFEEE L 72%% . Nrf2 23BZNICBAT L T small Maf # > /3
rEFEe~TuXA4~<v—%k L TARE EfEG L [112, 116, 117], Hilg{biEEE
RFEELRBT 5, —H., FBEA MLV AFEMETTIEL, Keapl @ N Rimfilo
broad-complex, tramtrack, and bric-a-brac (BTB) R XA >~ & central linker K XA >
IZHEA LT Cullin3 (Culd) B4 E3 &% F 2 U A—EHAIK (cul3-Rbxl E3
ubiquitin ligase complex) 7% Nrf2 & = % F > {t. L [118-120], Nrf2 = /3 fE 3 5,
N2 [ I RZER X X7 ETHY . Nif2-Keapl #HE KO CTHILBLEI R % #EFf
T O, TEHEEAEMIC L D N2 OLERPEE THDLZ ENRBZHND,
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Fig. 2-2-1. The mechanism of antioxidant enzyme genes expression.

Morimitsu & [25] (%, 7 v b HRF R lalk RL34 M2 330 T, 6-MSITC
23 Nif2 OEBATEFHE L. ARE ZBKROERF 2 EERIT 52 L2 L,
I HIZ, Mizuno & [94] 1E. T v MREEOPIRMBSHALETEIZI VT, ROS
RNRT a— ML BHEMENS, 6-MSITC Ml ZET 22t 2®mE Lz, £
DT AH=ALE LT, 6-MSITC » Nrf2/Keapl RZIEMALT 5 Z & T,
y-glutamyl cyctein synthetase DFEHLN EH- L, MIRN I VL H T4 U RNE 2722 &
DRENT2, 6-MSITC 7% ARE #Z i U 72 #2528V T, NAD(P)H : quinone
oxidoreductase 1 (NQO1) @® mRNA 8% LH I, NQO1 ¥ /7 E & 1EMHAL
THZEBMESNTWD [121, 122], L2>L. 6-MSITC 78 Nrf2-Keapl &4
WHEHT 20 F A=A LIH LN TRV, £ 2 TARIETIEL, HepG2
AL T D 6-MSITC O NQO1 FHEGH LN R L & b2, TDIHF AT =X L ZHRGE
L7,
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2-2-2 Jiik

2-2-2-1 3t

B LT 6-MSITC & H A7 v~ ~27F 7 1 — (gas chromatography; GC) T4y
Hriie& ZA, MEE 993 % Th o7z [121], £ OMRFHHIL, RHE—FDi@Y
AF LI

2-2-2-2  flfakEE
HepG2 b MF2S A HSEHIIEIL, 10 % FBS 2 &de X Ny adide A — 7 )V EG
(Dulbecco’s modified eagle’s medium; DMEM) (2T, CO; A ' F =2 _X—& —K
(5% CO,, 37°C) IZCHe®R LT,

2-2-2-3 NQOI. Nrf2, Keapl A BT

HepG2 Hifd % 0-20 uM @ 6-MSITC C 6 BEALEE L7z, 40 pg DX /7 E %
GBI % 8 % sodium dodecyl sulfate-polyacrylamide gel electrophoresis

(SDS-PAGE) 2 T4 Hfi L7-%%. polyvinylidene difluoride (PVDF) A2 7 L
ICHRE LT, Ty X 7% AT Ly b —RikE 4C TBI RIS ST,
ZDH% AT L ETEETY Y BV A v 4 —F (horseradish peroxidase; HRP)
AR T IRPUAR % OGS 72, enhanced chemiluminesence (ECL) % HW T/ N> R
ERE L. EgRYT Y 7 N =7 2 HWCER L, HINQOL Fifk, HiNrf2 fi
&, $t Keapl HiiK, B O\ Bl a-F = —7 U U Hifk % v, NQO1, Nrf2, Keapl,
BIO, aoF=2a—7V &L, NQOI, Nrf2, B XU, Keapl EEIX, &
Ny ROEEZR o-F =2—7 ) THIIE L CTHEH LT,

2-2-2-4  Nrf2 YR

B R BERMERITH D7 m~F 2 R (cycloheximide; CHX) 1%, Nrf2
O (half-life; 11,) ZHEIHTH7=OEH Lz, HepG2 Mgz 10 uM @
6-MSITC C 1.5 REfEIRTALEE L 7= . 5 pg/mL @ CHX T 0-60 4y ALEE L 72, 2-2-2-3
DY, Nrf2, Keapl, BL, a-Fa2—TF V2o 2FZ 70y MIHFIC L
DR L=, Nrf2 JBEIX, 2> ha—1%2 100% & L CTHEH L,

2-2-2-5 HRIRIRIR T O & X7 B D v X F AR E S

a7 7 V—LERITH D carbobenzoxy-L-leucyl-L-leucyl-L-leucinal (MG132)
ZHu, 6-MSITC DSMIRIARIRICE END X I EDOa X F AL 2 HET
%03 EE L=, HepG2 #iZ 10 uM @ MG132 T 1 BEIFTALEE L=, 10 uM
? 6-MSITC T 6 FFEALERE L7z, 2-2-2-3 O 0 | ARG Z 7oA X 71y
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RATIZHBE L. Nrf2, Keapl, 2 EXF > BLO, o-FT =2—7 VU EHH LT,
AEFFUREIL, 2EXF O ROMEEL o-F2—7 ) O THIELTHE
H L7z,

2-2-2-6 Nrf2 Oz v F AVBHE

6-MSITC T AL EE L 72 HepG2 #I A (3.0 x 10° cells) % . modified
radio-immunoprecipitation assay buffer (modified RIPA /X~ 7 7 —) [10 mM Tris-HCI,
150 mM NaCl, 1 mM =F L > 27 IV UEERE (ethylenediaminetetraacetic acid;
EDTA)., 01% /=7 > P40, 1% TAF v a—/LEE, 50mM 7 »{t7F K~V
VA, 50 mM ANV AT UEEFT R UL I mM T b = =V AF LAV
R, TaT T —YHERA 7 T (pH8.0) | I[ZIAfE LT, HMINSHRIE % 10
BC2E, BERAPE L%, K ET30 0MEE Lz, 14,000 x g, 4°C T 15
o, mOSEEL R, BIEICE ER D X XV EIREE % | Protein assay kit &
WTHEH L7z, SEEozd, ¥ "7 1 mg 25t BiFIC7Ta s A2 A-
7y —AE—=XZRM L%, | FEERCICIRE 5 Lic, £D%, 2ug d
PUNI2 HURE 721351 Keapl HLEZ RN L=, 4 BEREESCMICIEE 5 Lz, &
FEULIEIZ X 5 IR % modified RIPA /N 7 7 — T 5 [RIBEYE L 714, SDS ¥ 7
WXy 77—, 5 oMEH Lz, 2-2-2-3 OB, B#piRE T AKX
Ty MMyt L 2 X F oA BRI LT, 2 X F Al LT Nef2 OJRE T,
MG132 HESNZ 100 % & L CHRH L=,

2-2-2-7  Keapl EEEHATE AT BE9 2

HepG2 #liZ 10 uM @ 6-MSITC T 6 RFEALE L=, 2-2-2-3 0@y, U=
AB T a sy MWt L, Keapl & a-F =—7 VY &R L7z, Keapl [EAfi{A
DOIRFE L Keapl EffiARD /N ROWMEL o-F =2—7 UV CTHIIEL THRH L7,

2-2-2-8 Nrf2 R LFHIQ (Y=2 % 7y oyfr)

HepG2 i 2 90% 2> 7Ly MI25ETIOmmT 4 v ¥ = CTHE#E LT,
AR 2 10 uM O MG132 T 1 RFERTLEE L 721, 10 uM @D 6-MSITC T 6 FR¢f AL
HU7, Mgy o 7 GitikiEL, Tanigawa & [123] OHEIHES T
FARLL 7=, A& P L=, KB L= PBSIZCAZ LA /R—THIT L., 500 x
g. 5 i i O oA Ik L7z, Ml A 2N > 7 7 —A [10 mM Hepes-KOH, 10 mM
KCl, 0.1 mM EDTA, 05 % /=7 v ks P40, | mM YFF AL A h—/b

(dithiothreitol; DTT), 0.5 mM 7 v{t 7 = =)L A F )L A )L x=)L (pH7.9) | T,
K T 20 VA S 7=, 14,000 x g, 4°C T 15 iz OolEd 52 & ¢, b
1H Gl EESy) =08t L=, XLy hE2 Ny 77 —A T3 [BIVEE L=,
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/X 7 7—B [20 mM Hepes. 0.5 M KCl, 1 mM EDTA, I mM DTT, 1 mM 7 v 1t
Tz = )V AF ALK = (pH 7.9) | FTr—FT —H —IZT 4°C T30 /[
MR L. 14,000 x g, 4°C T 15 opffE OB T 5 2 & T, BB 2572, 40 ug D
Z N B e m el E oy & By & FLNR2 FUR Pt a-F 2 — 7 U UHUK,
7 I BHAEZHWT, 2223 DY, v RZ T my My L7z,
lo-Fa—7 U HUREH T v B HuikiL, MBS &l D~—h—&
LCHEX AWz, Nif2 IBEIX, N2 O ROMELE o-F 2 —7V U F-1ET
VB THIIE L TR Lo BEES D5V 1L, 7 /v 7 R T » A (electrophoretic
mobility shift assay; EMSA) (ZHW =, ¥ /X7 EHJREEIL, Protein assay kit % ]
WTHRMH L,

2-2-2-9 Nrf2 RIERHEQ (Sl e )

HepG2 iz 30 mm T 4 v ¥ 2 DRV -1-U P Ta— LRI A R TR
ICHEFE L CHs L72%. 10 uM @ 6-MSITC Z ¥ L C 6 BERETALEE U 7=, saygi
FUE25HT 1, Tanigawa B [123] OJFIEICHE> THEMi L 7=, PBS TEEH L 7= %,
4 % NTHRNVLT AT Rt PBS TO 15 3HEE L, Triton X-100 T 15
SERAEE L, 0.5% v IMiE7 /L7 X 2 (bovine serum albumin; BSA) %5
T PBS T30 /37 0 v ¥ 7 Liz, HUNf2 FUARZAEINL T 1 KOS S E 72
# . Alexa Fluor 568 A= i —WHEZIRML T 1 MK S &7,
4’ 6-diamidino-2-phenylinodole (DAPI) 1. Yl HW B B3 T, DNA
ERSAEET D, MIEEZD DAPL TORLE DML, (LFHZEBAMEE TOBIELH Tk L
72,

2-2-2-10 EMSA

EMSA &%, DNA & % o "V EOMAEREMHGEET 57 v &A1 ThHY ., DNA
LB URTENKEGET HE . DNA OBEEENES 25MEEFIH L TWD,
DNA [F# v RV E~OfEERES %2 & e ESk O DNAWA 2 L Tk Y .DNA
7~ L TR, ERKERICHRIE TR L D, NI HEERIEHT D
Gt R Z 3 8 L R RAPUAZ BRUKEN RN KOG ST &, DNA-¥
RIG-PREERER ST D, SOLICBEEENELS 2D, Zhd A—/3—
VI N vkA ERBRT S,

T4 R Y X7 LAF FEFF—EIL, DNA £72IL RNA O 5K, ATP Oy {ir
DYV UBEERMT H28FETH D, NQOI-ARE 4 U X 7 LA F K

(5"-TTTTATGCTGTGTCATGGTT-3") @ 5 K7~ b %, “AEEA Y X7
LA F 10 pmol & [y-*P] ATP (5000 Ci/mmol) 50 puCi & & $12, T4 R Y X 7
LAF REF—FE2HAWCTEm L7z [124], 7~k L7=4) X7 LAF K&,
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BT P TF IR G225 AT A ERAWTRR LT,

2-2-2-8 DiE Y . HepG2 Mz 10 uM @ 6-MSITC T 6 FEALHE L 7- K% 5y %
Bz, #E/Ny 77— [25mM Tris-HCL, 75 mM KCl, 03% / =5 v b P-40,
75% 7' V+¥u—/, 25mM DTT, 1 mg/mL BSA. poly (dI) * poly (dC) 1 pg
(pH7.5) 1 T, 74k A Y I X7 vAF K, b LR, ET-VULBEAE A
VIX7 VAF RE, g5 mg & & BT, 25°C T30 A vF=aX—F L
Joo A== 7 T A T, Blisr%a 25°C T 20 o, 7r—7 LS
S 727%,25°C T30 o[, PN JtiA £ 72157 v b 1gG fuik & s S H 7z,
ERSIE. 0.5 x Tris borate/EDTA /Ny 7 7 —HD 5 % RKEMERY 77 VLT 3
R MZ 4°C TR LTc, BEXIKEIR, FV&Z 3 MM 7 a~ 7T 7 4 —~—
NR—ZHE TR Lz, X=X —%2 7 F0 « A A=V TF T4 P =12k b
L. B r v ¥ —t o —l2 T RER LT,

lane 1 |3 6-MSITC RABEOHMALIEMENE . lane 2 |E 6-MSITC ALEE#R, lane 3 1%
10 585 D cold wild ARE AV =X 7 L A4 F RALFR, lane 4 1 10 55 028 B
ARE VU T X7 L AF RAUBEHE & LT, lane 5-8 TIIA—"— 7 N7 vEA %
Fhi L7z, lane 5 & 6 1ZT7 By M gGHUK (R I T 4 73 br—/L) TORH,
lane 7 & 8 3L Nrf2 HLIR TOMBE A I L 7=,

2-:22-11 VAR—=F—BFTvEAENT AT 2T g

LAR—=Z =817 viA i, BBPRZEERICHES LI L S ITEKND Y
T REFRED A =X L TEZ HEIGIEMHEELZIE T 2lBRiETH 5, ok
NZRFIRITHES L. T OZHFIRBFE D &L+ O _EFICAFIET DI A B AN A
AT D E. FHRICMNEL TWDBEGFOEREMEESN D, FRICILE T 5iE
BFE LT BRIV 72— BB FELAR—F—HBIETFE LTEA (b
TUAT 7 vay) L, TORNELZHEELTHZ LT, AEHC X 2ETE
HREA MR T D LMW T D,

NI UAT 2l Vg LIIREMIIALSREE AT S 2 & T, Bl
AFEOHFTIE, bo b LEERFIETHD, e (DNA £721X RNA) (X2
MTHDHI-D, BEMELOWE (VERY—L2R) ~v—5%5) ITHEALTEA
REERT D, EOEAENIEERZH MR EICSI E2TF 60, = K
A b= AKX VMRV AEND, T AT =72 a 0L, 220D
Bt & FFOBIB T 2 R — D OB AT D Z & T, TNEIUCHA DI
Ba3ETHET 5, BNBREFERET L2772 I ROEA I MAEIE,
—IFNC S BED X X7 2 RBL (—EERB) 5,

—@mME R T AT 27 v aid, Hou B [121] OFEICE->TE L, &
K NQOI1 ™ 41 bp ARE/EpRE % & 79 pGL2-hNQO41 VY 7 =T —F LiR—% —7
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7 A X R% ., Moehlenkamp & [125] D F{EICHE-> THESE L7z, HepG2 fifa (1.0
x10°cells) % 12 7=/ 7 L— MR L=, 24 BlE®E L, F T A7 <
7 v a Vk#K T D Lipofect AMINE 2000 % FHVN T, HifEIZ NQO1 7' &—H —
TaA—T 4T REINNT T 2T —8 T T A K01 ug & pGLA-TK-= > 21—
TATIIVAZTN Y T 2T7—BTTAIROL pgzh b7 02727 K
L7z, Nrf2 Zi@FIRI S & 5720, MIEICT v b N2 267 2 i LEhmisdl 7
FZAIRO0Ipug bt 727 =2 kL7, Opi-Minimum essential medium eagle
(Opi-MEM) 23517 5 DNA IRAWIZ pcDNA3 =2 e — R X —% Iz 5
ZET, FTUAT 2T FENTZDNA &% 0.25 pg/vV = /LT 5 BE—EIZR -
72o DMEM [Z[&E# L C 24 WiffEs2E L7=%. 020 uM @ 6-MSITC Z ¥ L T 12
REMALEE L7, Dual-Luciferase Reporter Assay System Z i L C, =&/t o3
VA BT ONY T 2T —BIERA RS TRIE Lz, VT = T —BiEN
X, VIV AE TN T 2T —BIEMEIC L > TEHEL L, 2> ba—Liilg e
bl U 7= {55 CRBL L T2,

2-2-2-12 SiRNAD KT U AT =7

B4y 2 A8 RNA (small interfering RNA; siRNA) & 1% 21-23 ¥ 225 k5
RNA D Z & T D, siRNA 1T, mRNA ORFEEIC K - CTHAVIRF RN EBIEF D F
BEMHT 5, A2 T2 TN siRNA El3x T 472y be— e LTHWS
5 RNA TH Y, x5 & 725 RNA OIFEELIE T o & 2 L THESE LT- Y
ThHY ., FrERABRIEEEZ RS20,

SIRNA O hF > A7 =7 3 3 %, Tanigawa & [123] DO HIECHE- THEhE L
72 HepG2 i (3.0 x 10° cells) % 60 mm 7 « » 3 = |[Z#5HE L 7=, Lipofect AMINE
2000 # W T, Ml NQOl Y uE—H —Tr a—FT 4V IHRE NIV T =T
—P7FIAIR0Ipug & pGLA-TK =2 a—FT 4 VT II A X TN T 2T —
BFITAIRNOIpgzH T X727 M L7, 100nM O E | Nrf2 siRNA, %
LI, A7 7V siRNA bt T 27 =7 + LT 24 W58 LT-, B
% DMEM [CEH# L CTHIML T, S 51224 BEEEE#E L2, 10 uM @ 6-MSITC
T 12 WU U 7o stk 2. VAR — 2 — BB v A Lz, —,
10 uM @ 6-MSITC T 6 RFEALER L 72 s ik i, v =A% 7 my Rt
TNrf2, NQO1, BX O, a-FT =2 —7V U ZRHET D5 DIfHEH L7z, Nrf2 & NQO1
JREEIX. Nrf2 & NQOl O ROGER a-F =2 —7 U U THEL TR L,

2-2-2-13  HEEHEEAT

ANOVA IZ L 2 #E% . Turkey’s BUEZATUVN, p < 0.05 ZFEZEDH D LHBT L
776
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2-2-3  fER

2-2-3-1 NQOI, Nrf2, Keapl OpEAEFHM

6-MSITC DLl bR DB Z 5589 5 ) MRaET 5729 HepG2 #ifid & 0-20
uM @ 6-MSITC T 6 WHLEE LTz, MIlREfRiR A v = A2 7 ay ML
& 25, 6-MSITC LI FERAFHIIC NQOT FEA Z etk L7~ (Fig. 2-2-2A), =1 b
12—V D o-F 22—V AN PRI e EEAE m AT 72 ) o T2 (Fig. 2-2-2A)

Nrf2/Keapl SRITHUERCEER M a2 CHIER O RBUCEE R EH 2 R-T 2 &
MELHBENTWD, ZD7, MIFEMRIZISIT 5 Nrf2 & Keapl &% FRAEE L
720 6-MSITC [TIREMRAFRIC N2 EEAZ A BICMRE L, —HF THEZEIT R -
72b DD, Keapl ZP w7 (Fig. 2-2-2B),

2-2-3-2 Nrf2 YR
N2 (IRZEIR X NV ETH D [126, 127], & Z T, 6-MSITC (2 X 5 Nrf2
DOHMA . Nrf2/Keapl RIZED X 5 g% 52 TWDH DO ERGEEL T2, 10 uM
? 6-MSITC T 1.5 BFATLEE L7=1% ., ¥ > )7 B AMERITH 5 CHX 23N
. RREFHIIC NI & Keapl 2 V= AZ 7y MMpffick - TR L=, Zh
[5@& VORNTBDOWDEND hp ZHRE LTS Z A, 6-MSITC AL IZ LV | Nrf2
D tip 1L 115 5375 35.2 530249 3 fFIE N2 (Fig. 2-2-3), —J5. Keapl @ 11, (22
{bix7e - 7= (Fig. 2-2-3),

2-2-3-3  Nrf2 O = B % F AR E LA

FEBRIEA PV ARMETICT, 2 EXTFUNRFE LT 0T T Y — LR % 8
LT, Nrf2 258z 35 2 E NG ST 5 [126, 128], 6-MSITC (Z
& % Nrf2/Keapl tbD EH2N, Nif2 D2 % F U AVREIC L 5008 9 vk
5728, 6-MSITC 1F7E F L 2I3IEFEE FIZBWT, 7'm7 T Y —LHEAITH
% MGI132 TULEE 7=k, RIZILREIZ L > T Nif2 O X% F AL EMRGE LTz,
N ROMEZ BRI THER LT L 2 A, Nif2 1E, 6-MSITC F 721X MG132 O Hijl
FTEANEIC L > TER L, %L T Keapl IZRLEIZ L VIEA L7 (Fig
2-2-4A), [AICEERICEBVT, MG132 AL, X F ALOBMEKR & 720 |
Z B X F A 6-MSITC & OILLERIT L - T L7z (Fig. 2-2-4A), 6-MSITC
& MGI132 THAEIZHB W T, Keapl TlE7e< (F—XIZRLTWWRWY), 2t
X Ak L7 Nrf2 M‘ﬁ% I LT (Fig. 2-2-4B),
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2-2-3-4  Keapl ERH AT B9~ 2 A4l

tert-7F /Lt Kax /> (tertiary-butylhydroquinon; BHQ) [129], 4-A F /LA
WNT 4 =T F A Y FF T R — bk (4-methylsulfinylbutyl isothiocyanate;
4-MSITC= A)V7 47 7 7 ) [130], 7 /v EF > (quercetion) [123], =7k L
> (ebselen) [131] & DSy 53 Keapl IEAMA DI A4 755 L |, 150 kDa LA | Keapl
FHEREDHR T D2 Z e ME SN TS, vZ=AZ Ty MyHris T, K150
kDa @ Keapl f&£fi{&7% 6-MSITC THLEE L 7= fifd T 47z (Fig. 2-2-40),

2-2-3-5 N2 R EALRHhO (V=X &% 7 m -y i)

B2V T, Nrf2 1% ARE 885 2153 %, 6-MSITC (12 &L » TEE/ ST
Nif2 DMZIZEFRET D RAET D721, 6 EfE D 6-MSITC ALEE, & L < 13IFL
HEICk T 5 N2 OJRfifbx v =A% 7 vy NI TREEL 7=, 10 uM
® 6-MSITC IZ, #D Nrf2 Z HE (2 Lz (Fig. 2-2-5), —F, 2> he—/L
OAFE TIX, Nrf2 1F1E & A ERRi e d -7 (Fig. 2-2-5),

2-2-3-6  Nrf2 R E L@ (g7 4 )

BEMEE 2 AN T2 S0 AL 2T Ic B8V T 6-MSITC CALER L 7=/ d, %
IZBWTHRWNM v 7 FrzpRLe (Fig 2-2-6), 2-2-3-5 E[AERIZ, Nrf2 O
JRTEA b 2 RS LT,

2-2-3-7 EMSA

6-MSITC |2 L » THE;EHE L7z Nif2 2% ARE A KZ KT 2 0 EEd 5729
12, [y-’P] ATP =35 NQOI-ARE AV X 7 L AF F& T, EMSA % 3 L
720 6-MSITC FEALEE D AR (lane 1) (2% L. 6-MSITC ZLFEClE Nrf2-ARE
BERNELLHEML Tz (lane2) (Fig. 2-2-7A), 10 5% cold wild ARE
AV X7 LAF R Nrf2-ARE AR O & 7222 LE L 7= (lane 3)
—J7. 10 5RO ZEF ARE 4V 2 X7 L AF RERMNE,. Nrf2-ARE #A KO
WA MRE L2272 (lane4), & 51T, 6-MSITC THRLEE L 7= Wiy 7% & T Nrf2
PUEAZ RIS SED &, Nif2 D Z— 83— 7 RBANL TV = (lane 8), AT
47 aryta—LDOI7Ey k IgG BUADORMTIE, A— 3= 7 hONV R
B En2-7 (lane 5. 6),

2238 VAR—HF—BRTITvEAENT AT =T a

6-MSITC (2 L - THIM L7 Nrf2-ARE &5 1K23, ARE OEIEMZHET 5
REET D78, core ARE 7R E—H — - )L 7 =7 —B 77 A I R (-327/+59)
& & BHITNQOL B D7 v —& —{EMH0Hr 2 90t L 72, 1-20 uM @ 6-MSITC
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X, BERIFIC ARE 70— 2 —nb5DN 7 =7 —BiEEE27HE L= (Fig
2-2-7B),

2-2-39 SIRNAD NI AT /v ay

6-MSITC |2 L % ARE #RB{EMERFE & NQOIL FELFHEIZ, Nrf2 O LR/ N ME
DMEEET 572, HepG2 MIfIC ARE-VY 7 =T —PLiR—F—FF A3 R
Nif2 SiRNA 23 v 2727 F LTz, ZOFEE, Ni2siRNAD R T A7 =
7 v a kb, 6-MSITC ALBLE X OFELBE O 44 FIZ B\ T, ARE BEEIE
PEDSEAD LT= (Fig. 2-2-8A) o R AT 4 73y ba—LThbH A 77 /L siRNA
DETUAT 27 a T, 6-MSITC ALHLE X OFELFE S & 412, ARE iz
GIEMETa s be—L & DR ERZENR -7 (Fig. 2-2-8A),

DT AZ LTy M TCIE, Nif2 SiRNAD R T A7 27 a0tk
6-MSITC ZLEEC Nrf2 & NQO1 DFEANHEICH D L TEY (Fig. 2-2-8B), 2D
Z L1 ARE BEFEMHORBADICER L TWA I ERNEZ LN, AT T T
SIRNA D F T v A7 =7 3 3 %, 6-MSITC ALERES L OFEALERSAt: & 12, Nrf2
& NQO1 DpEATa Y hua—/)L b DFRERZENR) -T2 (Fig. 2-2-8B),
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Fig. 2-2-2. Effects of 6-MSITC on the levels of NQOI (A), Nrf2, and Keapl (B).
HepG2 cells were treated with 0-20 uM 6-MSITC for 6 h. Cell lysates were used to
detect NQO1, Nrf2, Keapl, and a-tubulin by Western blot analysis with their respective
antibodies. The average value from triplicate tests with differently lettered superscripts
(small for Nrf2 and capital for Keapl in panel B) differs significantly at p < 0.05.
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Fig. 2-2-3. 6-MSITC increases stabilization of Nrf2. HepG2 cells were treated with 5
pg/mL CHX or pretreated with 10 uM 6-MSITC for 1.5 h and then treated with CHX
for 0—60 times. Nrf2, Keap1, and a-tubulin were detected by Western blot analysis with
their respective antibodies. The average value from triplicate tests with differently

lettered superscripts differs significantly at p < 0.05.
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Fig. 2-2-4. Effects of 6-MSITC on Nrf2 ubiquitination and Keapl modification. (A)
Western blot analysis of endogenous Nrf2, Keapl, and ubiquitin. HepG2 cells were
treated with 10 pM MG132 for 1 h and then treated with or without 10 pM 6-MSITC
for 6 h. Cell lysates were used to detect Nrf2, Keapl, ubiquitin, and a-tubulin with their

respective antibodies.
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Fig. 2-2-4. Effects of 6-MSITC on Nrf2 ubiquitination and Keapl modification. (B)
Effects of 6-MSITC on ubiquitination of Nrf2. Cell lysates were immunoprecipitated
with Nrf2 antibody and visualized by Western blot analysis with ubiquitin antibody. The
marker shows the ubiquitinated Nrf2. The average value from triplicate tests with

differently lettered superscripts differs significantly at p < 0.05.
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Fig. 2-2-4. Effects of 6-MSITC on Nrf2 ubiquitination and Keapl modification. (C)
Modification of Keapl by 6-MSITC. HepG2 cells were treated with 10 uM 6-MSITC
for 6 h and analyzed by Western blot analysis with Keapl and a-tubulin antibody. The

Modified Keap1 (fold)

average value from triplicate tests with differently lettered superscripts differs

significantly at p < 0.05.
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Fig. 2-2-5. Western blot analysis of cytosolic and nucleus Nrf2. HepG2 cells were
pretreated with 10 pM MG132 for 1 h and then treated with or without 10 pM 6-MSITC
for 6 h. The nuclear and cytosolic extracts were subjected to Western blot analysis with
Nrf2, a-tubulin, and lamin B antibodies. a-Tubulin and lamin B antibodies were used as
markers for the cyt osolic and nuclear extracts, respectively. The average value from

triplicate tests with differently lettered superscripts differs significantly at p < 0.05.
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6-MSITC (10 uM)

Fig. 2-2-6. 6-MSITC increases the localization of Nrf2 in nucleus. HepG2 cells were
untreated (left panel) or treated with 10 pM 6-MSITC for 6 h (right panel) and then
subjected to immunohistochemical staining with Nrf2 antibody followed by incubation
with Alexa Fluor 568-conjugated secondary antibodies. For each condition, an image of
the cell nucleus stained with DAPI specific for DNA and a phase-contrast image (Phase)
are also presented. Nuclear localization of Nrf2 protein is indicated by the presence of

violet in the merged images.
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Cold Mutant Rabbit Nrf2
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Fig. 2-2-7. 6-MSITC stimulates Nrf2-mediated ARE activity. (A) EMSA of
ARE-binding complex with Nrf2 antibody. HepG2 cells were treated with 10 pM
6-MSITC for 6 h, and nuclear proteins were extracted. The nuclear extracts were
reacted with y-32P-labeled oligonucleotide probe of NQO1-ARE for 30 min at 25°C
(lane 1-4). For supershift assay, the nuclear extracts were reacted with the probe for 20
min at 25°C and then incubated with Nrf2 antibody or rabbit IgG for another 30 min at
25°C (lane 5-8).
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Fig. 2-2-7. 6-MSITC stimulates Nrf2-mediated ARE activity. (B) Reporter gene assay of
Nrf2-mediated ARE activity by 6-MSITC. HepG2 cells were cotransfected with 0.2 pg
of pGL2-ARE-luciferase and 0.1 pg of the Nrf2 expression plasmids in Opti-MEM for 5
h. The cells were then placed in DMEM for 24 h and then stimulated by 0-20 uM
6-MSITC for an additional 12 h. The cells were lysed and assayed for firefly and renilla
luciferase activities. The average value from triplicate tests with differently lettered

superscripts differs significantly at p < 0.05.
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Fig. 2-2-8. Effects of 6-MSITC on ARE activity in Nrf2- or Keapl-deficient cells. (A)
Report gene assay. HepG2 cells were cotransfected with pGL2-ARE luciferase
construct, pGL4-TK-Renilla, and 100 nM siRNA against Nrf2 or scrambled duplex in
Opti-MEM for 24 h. The cells were then placed in DMEM for 24 h and then stimulated
by 10 uM 6-MSITC for an additional 12 h. The cells were lysed and assayed for firefly
and renilla luciferase activities. The average value from triplicate tests with differently

lettered superscripts differs significantly at p < 0.05.
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Fig. 2-2-8. Effects of 6-MSITC on ARE activity in Nrf2- or Keapl-deficient cells. (B)
Western blot analysis. HepG2 cells were transfected with 100 nM siRNA against Nrf2
or scrambled duplex in Opti-MEM for 24 h. The cells were further placed in DMEM for
24 h and then stimulated with 10 uM 6-MSITC for an additional 6 h. Cell lysates were
used to detect Nrf2, NQO1, and a-tubulin by Western blot analysis with their respective
antibodies. The average value from triplicate tests with differently lettered superscripts
(small for Nrf2 and capital for NQO1 in panel B) differs significantly at p < 0.05.
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2-2-4 FHE

Nrf2 (2 £ % ARE #5BIEMEIL, Nrf2/Keapl OARFEIZER T 5 Z EnfEINT
W5 (116, 117,129], M LA b b AR T, MIREIZRIEL L7z Nef2 13,
I ERTF 268 T T Y — AR A E L CEIED TS [114, 117, 126],
Z O], Nrf2 @ Nrf2-ECH homology (Neh) 2 KA A LDV ¥ U A =R &9
% Cul3 BlavxF U H—BEARIZEB W T, Keapl WEET ¥ 72 —L LT
FERE L T\ 5 [114], & D728, Nrf2-Keapl-Cul3 #HAAD 5 0 Nrf2 fiF#BfEI%. Nrf2
IZ XD BEFIHEEEEFEICTEEREM THOLEEZ 2 b5 [114], L,
SMRPERR AN £ D Nef2 JEHAL D53 - A T = X DI T, FRI,
Nrf2 25E AL LT 2 [ SMNAPERS A1 25 Nif2 & Keapl OFHAAEHICED X5
R E 5.2 DR STV, TR, BR{b A b L AR, Keapl-Cul3
BERIZE D N2 ~O2 X FAUEMEEEST L Z E MR SN TEB Y, ¥
TR AL S HUT2 Nif2 73 Keapl-Cul3 A KD D = % F b & [FlE L TR
SZRET 5 [114, 115,120], D WL, Keapl 1T AT A VERKICEL ¥ 08
ThY, TOFA—NEEZI LIZREA U AFHEA| L Keapl OFHAERIL,
Nrf2-Keapl-Cul3 &K 5 N2 Z S, ARE ZI1EMELT 27201
Keapl-Cul3 EAKIC LD 2% F D N2 2T 0RELH D
[132, 133],

RO e FIT, BF S5 < Keapl-Cul3 HAMKIZ L D2 % F L ALIEMEFLE
ZHE L T N2 O vFF oAbz HFET 5 [134], —F7./BHQ & 7Lt F o [123]
I%. Keapl-Culd HEKIZEL D2 X F AULIEMEEET O TIEARL, 150
kDa @ Keapl [Efi{A DL % 758 3 %, # 150 kDa @ Keapl {E£fi{A 1%, Keap1-Cul3
BEKRDOHAENEZE X, N2 OFMEEZEEX | N2 2/ LT 28T %
[132], ABFFE Tl 6-MSITC 2349 150 kDa @ Keap 1 {E£fi{k % 5k L (Fig. 2-2-4C) .
Nrf2/ARE Z{EMALT 2 Z & TNQOI1 HEFHEE T 5 Z & A fiEid L7z, 6-MSITC 1%
#1150 kDa @ Keapl {EffifAZ NS H, 4 70 kDa @ Keapl Z b S H72 2 &
5 (Fig. 2-2-4C), 6-MSITC |2 L 5% F L ALILE (Fig. 2-2-4B) & X — %
—\—fHE (Fig. 2-2-3) %@ U7z Nrf2 ZE biE. 9 150 kDa @ Keapl {EAfifAD
FEARIZER L TWA Z ENRBE X LT, S HIC MGI32 ABIZ LY EF L7 Nrf2
DL EF T AL 6-MSITC & OILAERZ L Vb L7e Z &5 ¢ (Fig. 2-2-4B) |
6-MSITC (2 X 5% 70 kDa @ Keapl O 1L, 2 X% F 268 77 7V — Lk
B TIE7e <. £ 150 kDa @ Keapl AR DERICER 5 2 & 03RS Tz,

6-MSITC D¥EFIATdH 5 4-MSITC 1% Keapl DF A — I LIS LTF A/ T
VIR ZTERN T2 2 E NG ST D [130], @ik a~ v 77 7 4
—-% 7 LG &5 it (liquid chromatography-tandem mass spectrometer;
LC-MS/MS) % 7= fFE Tld, 4-MSITC 1% Cys-489 % Kelch KA A D A
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TA R L B LS AR ZTER LT, E512, Keapl DY AT A ik
OHFTH, LA R LAY —L L THEEE L. Nrf2 OIEMEZHIE L TV 5 5%
H & L C.BTB KAA > ® Cys-151 & central kinker R A A > D Cys-273, Cys-288
NHTHENDN., ZNHDOEEICBN T, F4 /7 7 VIR EZ R LT,
& 512,4-MSITC 1%, Nrf2 725 Keapl ~D L EFF L ALDY) Y Bz 2 8§,
#9150 kDa @ Keapl {Effi{ik 2 2R L7=, 6-MSITC (& NAC [102] <> HSP90B [103]
DFA—=NVEERIE L, T T UNAAIMEZ RS 5 Z EDRImE SN TND
72, Keapl I8V TH, 4-MSITC & FRIERIZY AT A VRO TF A — V3 L
ATHAREMNRD D, TORF. K 150 kDa @ Keapl EEiANERE S, Nrf2
DLEECIZHTFE LT REER B 2 b b, 5%, Bl RGEDLETH D,

ARE #FEANC X 55 150 kDa @ Keapl EAiA DI % 5B N EEHRE ST
W5, Hong & [130] %, BHQ ALHIZ LV AL S 417289 150 kDa @ Keapl f&fifi
e R 2exF LS iviz Keapl TH D EHiE L7z, BHQ ALEEIZ L % Keapl
D= AT A ~OBEFHUERD, Nrf2 725 Keapl IZ2 X F k%
Yl Bz DGR EIRB Lz, TN 22, N2 NEEfbE&Nn b, —J5. Zhang
5 [135] 1%, BHQ ALFRIZ X 5#7 130 kDa @ Keapl Effifk DI, o P —
AT A D1 DOTHD Cys-151 B> TW\B Z & & K 130 kDa D Keapl &4
KIZ, Keapl & Keapl UISND & 37/ & OIS Keapl D Z&EARTE) BB
OS> TWDAREMEZ S L7z, DTT ALBRIZTHI 130 kDa D/ 2 R S 4
T2 Ehb, VAT 4 REEEIX Keapl Efi{LOJRE TlTenWE &2 5 b,
& 512, Sakurai & [131] 1Z. =7 & L U AEICE W T, DTT EIRINSET TIX
150 kDa LA E® Keapl EffifkD /N> RERE L2 OO, DTT #EILsM: F T
ZONY RBEERLEZ EZWME Lz, 61T, =7 L AR X - TERK
L7z 150 kDa LL Lo Keapl fEAfifAIL, Cys-151 OISR FIZ BN TR S /e
X pole ZNHDOZ b, =27 LU ABRIZ Lo TR S 117 150 kDa UL
D Keapl EAfifAIZ, Cys-151 DY ANV T 4 REEENREG L TWAHZENRE LN
%o AWFFETIE, 6-MSITC 728 Keapl-Cul3 #HARIZ L D52 X% F L& Nrf2 205
Keapl (ZH] W Bz 72 o7l (F—H IR LT e K 150 kDa @ Keapl
EMIARTERROZR & LT, Keapl O EXFF ALIEE 2372, 6-MSITC (2 X
> TR S 72 Keapl EfiAOREEICEA L T, B OBIENKLETH D, Kk
IZ. Nrf2 siRNA |Z, ARE #55EMFEE & Nrf2 & NQO1 D pEAEEE 2 BRI I
D EFTT2 (Fig. 2-2-7A. 2-2-7B) . Nrf2 1% 6-MSITC 7% ARE #257%M: & NQOI
HEFHET DOIMERRFTHDHZ LRI,

LL k. 6-MSITC 7% Nrf2 & Keapl ZHERIZTHZ LIZL D, Nrf2 (2L 5 ARE
HRGEME 2 e 5 2 & 2FEH L7-, 6-MSITC 135 150 kDa @ Keapl {EffifA %
e % Z & TR 70 kDa @D Keapl ZJ8 5 L, Nif2 O B FF k& Z— o F—
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N—%lETSHZ & TN2 28X L7z, £ ORER Nrf2/Keapl 28 E5F- L Keapl
& AT 72 Nrf2 13 Keapl-Cul3 725 D B F oAb & [ L, I ERE L=
Nif2 |3 ARE #5935 2558 35 2 & T, NQOl1 OFEAZEE L-, AR TIL,
HepG2 iz 351F % 6-MSITC @ NQOI1 FEAMHERN R & L biZ, DA =
AL EfER LT,

AT, VY EHRER S 6-MSITC IZ ROS FEAZ D DA FLET B &4
KNOHRLIEE BO DNENH D 2 L &, MR X > TR LT,
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FTIE UV ERERSD 6MSITC IZL3BEIR

3-1 Ham b HW

EOBRITIINBINRELS LD D T2D, LEAY - #LESAITRVEZEZ KIT L,
Bl a3 %< DADBKA TS, Quality of life (QOL) iD=, FEX)
R0 HBEREPERILRCZ DR M S 4L [136-138], RGMMBAFE S STV 5,
Frk, ml bR ZOFRFEPNSEL Z ENTHEIND,

FEalix. EILEEMIE (dermal papilla cells; DPCs) . BRI, AT /¥4 K,
B IS DRk & 22 ifa D 72 2 BEAT B AR E Td %, DPCs 1T BMDEERIC
FIEL, KERTHEDODAT 4= —F—%HHT5Z LT, BOKEEE[AYE
HEH3 2 LR T RI2HEEEZ A LT 5, b L DPCs il Tx 5 dHi

BEHGAE L THHTE D AREMERH 5,

t b DPCs (F1fE N R ffaE5# K 1~ (vascular endothelial growth factor; VEGF)
ZFBLT 5 [139], VEGF [ZEERMAEFERFTHY . IRIEHIZ THELTZE
AJE PO BMINE Z RS 5 [139]. VEGF 1X. &— h27 U UAEHZA L, &
PN RZ ARl BEFE Rl 752 254K 2 (vascular endothelial growth factor receptor 2; VEGFR2)
Z@ U Tt  DPCs DAL 5 [140], VEGF . B/, £ 7213,
DPCs Oy IE 2 EH S5 2 LT, BEIREZRBIET D01 H 5,

X VIUNMIBERIFHOHHEELTHY . £ MIBWTEEZELHECT
ZEDNERE S TUWD [141], Han & [142] 1%, 2/ F P12 Xk % DPCs O
FRBRTETETED & MZBWTHEEBIRELRIETHZ L 4/R LT, S HIT, Lachgar
5 [143] IZ. DPCs ® X J ¥ U2k 5D VEGF mRNA #E & FF1T, B
BBIEICR T 2 BUOMEREZHER 52 L 2R L7, Li b [144] 13, X/
X VLN DPCs D ALK = )VIRE R 54K 2B (sulfonylurea receptor 2B; SUL2B)
B O IEMH - A SE. ATP NS EMMSNTT T /3T 7 7 v Al
K (adenosine Al receptor; ADORAL) &7 7 7 2 A2 524K (adenosine A2
receptor; ADORA2) DXk %1 U C VEGF FEAZHETHZ L2l E L, Zh
EOZLinG, IFXVUNERTT 4T ar hr—E L, JEESITED
DPCs OFfffaffiE TGt & VEGF mRNA #8lL EH- 28121, B2 R 2 M55
ZEMARETH D,

Tryal) = IV LERICT 7T TRHICB L TEY (6-ATFANLT 1 =1
XA Y F AT F— bk (6-methylsulfinylhexyl isothiocyanate; 6-MSITC) D
MGIKRTH D A F AN T 4 =N T FAA)FE T F—

(4-methylsulfinylbutyl isothiocyanate; 4-MSITC = AV 7 4+ T 7 7 ) HEDA VT
A7 % — b (isothiocyanate; ITC) ¥HZ A LT\ 5, #HEEDL [145] X, 7'm
v 3 =277y Mty DPCs OAIRTETEYE % & . VEGF ¢ mRNA %
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BEx EAXEZ L 2HE Lz, &5IT, Sasaki 5 [146] 1L, 4-MSITC %%
B ESH72 oblob v AZEBNWT, BRAFELLEZE2HE L, Y FeTr X b
A7 1 (dihydrotestosterone; DHT) |, B OBITEZ5| & Z$Z & T, FHiE
RIENE &2 3553 5, 4-MSITC I¥~ U AJHg® 30-8 Fr¥ v A7 1A K7 E R
1 7} —+ (3a-hydroxysteroid dehydrogenase) %892 & C. Ifi# o DHT %
L. DHT ICX D2 BEMEEZ 7 1 v 7 LEZAREENS RSN TV D, 6-MSITC
ITHIECEN B TRk & B RBME N S STV A D, BERAIRITHRE S
TWl, L, 7ueyal—x77 7 M= 4-MSITC TZ D% H
HEENZZ END, 6-MSITC IZBIT AW ENHIFE S D,
Z ZTCARETIE, 6-MSITC IZ X5 FEMHR %L, & F DPCs ZHWTHRFT L7z,

3-2 ik

3-2-1  #p

6-MSITC (%, A B [104] DHIEITHE, 6- A F AT F~F LAV F Ay
7 % — b (6-methylthiohexyl isothiocyanate; 6-MTITC) Z#FE{b. X5 Z & THAK L
72, FEmEERA I (quantitative nuclear magnetic resonance; QgNMR) 5% FH U\ 7=
IHTIZ LD &L 6-MSITC DHEIL 96 % Tho7z (F—HITRLTWARWY), £
OMFRFIRIL, RFE—EDEY AF LI,

3-2-2  AfilakisE

t | DPCs &, Cell Applications, Inc. & Y i A L7z, DPCs O#kRET 3 FILLT
MHELES TS, AR T, MRS 2 [BILL N D DPCs 2 L7z, flilaz
P& o DPCs BEHESHUCTRE S B /21%, 27— v 1 a— 7 7 XA a|THFEL,
CO, A v Fa—F—N (5%C0, 37°C) THZELT,

3-2-3  fAE MR

DPCs % 5.0 x 10" cells/mL D2 T DPCs BB 7 7lF S ¥ 72, 100 uL %
27— 1a—h9%6 UL L— MIEREL, CO, A > Fax—%—N (5%
CO,. 37°C) T1 HMEEEE L, 50% 27Ty MR Lk, Bz kk
F L7, 6-MSITC % & Te DPCs BLHEFH 100 pL Z ¥ L7=1%. COy A v F =2
— 2 —WN (5% C0,.37°C) T 3 HRHE3E L7, PBS CTHilld % ¥EyF L 7= . Cell Count
Reagent SF % 10 % ¢ DPCs BLHEH 100 pL 23N L, CO, A ¥ F 2 _X—H —

(5% CO,. 37°C) IZANT=, W30 57, 90 70, 53 HIFOWOLE (AIE R
450 nm, 2R 595 mm) A~ A 7 a7 L— F U —Z— (2 THIE L72,30 47,
90 3y DAED & 1 FERIYS 7= 0 OWSEEA L& &2 F I Lz,
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3-2-4 A BRYETE M REA

DPCs % 4.0 x 10* cells/mL D2 T DPCs B3 #2723 S ¥ 7-1%. 300 uL %
a7 =41 a— 48 UL L— ML, CO, A > FaX—%—N (5%
CO,. 37°C) T 1 HEREE L=, HhibrEtk, 3B % 5 T DPCs B A EEH1 300 pL
ERIML, CO A »FaX—%—N (5% C0O,, 37°C) T1HM, BXO, 3H
MEs#E Lo, BEiifRZEf%, PBS THIlRZ e L7z, % 2~ Cell Count Reagent SF
Z 10% 77 ¢e DPCs BEHEFHE 300 uL Z M L, COy A ¥ F 2 _X— & — (5 % CO,,
37°C) T ATz, WIN30 43, 90 43tk K53 BEIEOWOLE (HIEH K 450 nm,
SR 5950m) 2~ 7 a7 L— U —X—|ZTHIE L7, 3047, 90 7 Dff
N6 RIS 720 OS2 b EEF T LTz,

3-2-5 mRNA J& 5L &7

DPCs % 3.33 x 10° cells/mL OO FE T DPCs B EEHIIC 7l S B7-%% . 300 pL
aZ—1a—h 48Uz /L7 L — ML, CO, M v FaX—F—HN(5%
CO,. 37°C) T1 HRBIEEE L, 100% 27T F &R L%, Biiik
E L7, REEETe DPCs BHESH 300 pL 23RN L72#%., CO,Af v F aX—X
—W (5% CO,, 37°C) T2 Wifflis2 L7z, PBS CHIRZVEE L7=1%. MiEs 5
total RNA % it} L 7=, total RNA [, FastLane Cell cDNA kit % F\C cDNA (Zii
W5 L7z, U7 /V¥A L PCR G, SYBR Premix Ex Tag % V>, 95°C, 30
OB LY DNA R Y 2T —BE2IEH L L7=%, 95°C, 10 B & 60°C,
30 PRIV A 7 V% 40 [l D K L 7=, PCR 7' 7 A ~— O IEEINILL T D@ Y
L7,

VEGF
74U — R (5-3") :aaagcatttgtttgtacaagatccg
Y /8—2Z (5-3") : cttgtcacatctgcaagtacgttcg

7T ) A2b ZRAK (adenosine A2b receptor; ADORA2D)
74 U— K (5-3") : caatcccattgtctatgcttaccgg
Y 3—2Z (5-3") : gctgtaccccagectgaccatteee

JVEBAT VT R3-U U7 e Far b —E8
(glyceradehyde-3-phosphate dehydrogenase; GAPDH)
74 U— K (5-3") : catcectgectetactggegetgee
U /—2Z (5-3") : ccaggatgcecttgagggggcecte
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GAPDH [ZNEEHE L U CTHEH L7z,

3-2-6  WERHIENT
FERIX, I + M EETERBL L7, ANOVA IZ K2 E%. Turkey’s #ixE
2TV, p<0.05 2 HEADH D &Yk L7z,

3-3 fER

3-3-1 IR EEMEREA

6-MSITC [X. 8 uM LA EDEEIZIB W CTAMBE N ED L, A GRD B
Nz (Fig. 3-1), ZOFERNS, BEHABRII2 M 2 ERETHZLE L, Z
B, A ENER IS 3 1 2 BBV EREERD (X, AR TS MR AR O B BRI
B ORELHEEEFTHS 3 HEE L7230 uM O 2/ 2 D ViTla a2 o
7ol (F—ZIFR LTV,

3-3-2 Al AR BRTE TE MR ARG

BHLEL 1 B TIE, 0.08, 0.4, 2 uM @ 6-MSITC £ 30 yM D/ F V)L
M hr—UZxt LT E M RTETEE L2~ L7z (Fig. 3-2A), 04 pM @
6-MSITC 1%, 0.08, 2 uM @ 6-MSITC & 30 yM D2/ F T PLizx L THHEIS
AR TETE M 2 R A S0 (Fig. 3-2A), #ARHLEE 3 A TiX, 0.08, 0.4 uM D
6-MSITC & 30 uM D 2/ T PR b o — W2k L CA B 7 iR TE 1 T
%~ 7= (Fig. 3-2B), 0.08. 0.4 uM @ 6-MSITC /X, 2 uM @ 6-MSITC & 30 uM
DI FTVMITHK LT HABICHEEE S B S (Fig. 3-2B),

0.08 uM @ 6-MSITC (Z DPCs (Zxtd % 58 1 72 MIRRIRTETE M2 o > 72 b D D AL
BRI L 282 cix, REHLE 3 Ao ar tr— s 008 uM D
6-MSITC OAMAEEIZIFE & A EEWE > 7= (Fig. 3-3),

3-3-3 mRNA F&HL &5

mRNA ZEEFEN L, FOBHMLEEZ 2 FFfi] & L7z, 0.4, 2 uM @ 6-MSITC I%,
a2 ha—/L L 0.08 uM @ 6-MSITC (Z%f L T VEGF mRNA 82 HREIZ EH L
7= (Fig. 3-4A), = b — VX 5 GEZEITRP 2T b DD, 30 yM D/
¥ o PUIE VEGF mRNA %8 % LA 8Tz (Fig. 3-4A),

2 uM @D 6-MSITC & 30 yM D 2/ 3 PLE, =2 hr—/1 & 0.08, 0.4 pM
?® 6-MSITC {Z%F L T ADORA2b mRNA ¥H &4 A &2 EH L7z (Fig. 3-4B),
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Fig. 3-1. Effects on DPC viability. DPCs were preincubated with 6-MSITC at 37°C for
3 days. Cells were then supplemented with Cell Count Reagent and incubated for 30
and 90 min. The absorption change per time unit was calculated to determinate cell

viability. Data are expressed as mean + SD (n = 3).
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Fig. 3-2. DPC proliferation effect. DPCs were preincubated with test samples at 37°C
for 1 (A) or 3 days (B). Cells were then supplemented with Cell Count Reagent and
incubated for 30 and 90 min. The absorption change per time unit was calculated to
determine cell proliferation. Different symbols express p < 0.05 as compared with the
other groups. Data are expressed as mean + SD (n =5).

115



Control

Fig. 3-3. DPCs under phase-contrast microscopy. After DPCs were incubated with test
samples at 37°C for 3 days, the cells were observed with a phase-contrast microscope.
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Fig. 3-4. Upregulation effects of mRNA relative expression level. DPCs were incubated
with test samples at 37°C for 2 h. After total RNA was extracted and reverse transcribed,
real-time PCR reactions were performed. The mRNA expression of (A) VEGF and (B)
ADORAZ2b are shown. Different symbols express p < 0.05 as compared with the other
groups. Data are expressed as mean + SD (n = 3).
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3-4 BE

6-MSITC %, WST {EIZB W CRlRTETE D & - 7= (Fig. 3-2A, 3-2B), 3 H
MO ICBW T, MAEIRIETEETL 0.08 uM @D 6-MSITC 23@&E 0> 7=, L,
MFEZBMBE COBLE TIL, A= hr— b3 E A EEOR ) -
7= (Fig. 3-3). [AEEIZ, 0.4, 2 uM @ 6-MSITC &, AflatiI =y b —L &4
Domole (F—ZITRL TR, ZD7®H, 6-MSITC (A4 Mk 2 HEn
SELEVE, MIRBKEZEH T 20 RD DLW EELR DD, 4%, Miao
TEMALIZBE T 2 S O R DBREEDRLETH D,

BEa Al 2 V72 6-MSITC OREREMEFEAN 23 s ST\ % [17-21, 25, 50, 51,
94,103, 121, 122], L2>L. 6-MSITC MHIRREIEIEMEZ EH-3 5 & Vo 7ol i
IRNTe D A% IR BAPEICES U CIIMRAE NS L EE T d 5, Zanichelli & [147] 13,
R RD 4-MSITC 73R EEREAII IS 3 U CRIBRIETE M2 R Lo 2 L2 S L C
W5, RIKD 4-MSITC %, FIEEREMINIZ 3 U CRHR B ALBE TRl fa BT S TE M &
AL, BRELETTY R b= A ZFHE LTz, 6-MSITC 1% 4-MSITC & #iEDJE
HIL TV D72, 6-MSITC IZBW T B [RROIEHZ AT 2 ARt & 5,

Li & [140] IZt A8 DPCs 2% VEGF % fitti L. VEGF 7% VEGFR2 % i U C
DPCs OFMRIETIEMEL A S5 2 &2 ME Lz, 2 R o UEHLE. . 0.4,
2 uM @ 6-MSITC |Z = > b —/L & 0.08 uM @ 6-MSITC [Z5%F L T, VEGF mRNA
HEELZABIZER L, —F, 008, 04, 2uM @ 6-MSITC /&, 1 HfE], BX
W3 HEOREHLERE I, 22 ha—/UZk L CAEICHIEEEZ L S
w72 (Fig. 3-2A, 3-2B), £D7H, 0.4, 2 uM @ 6-MSITC IZ X % DPCs DOffifial
BRTETEMEIL, ATREMED 1 & LT, VEGF mRNA ¥ &0 FRICERT S Z &
NEZHID, 0.08 uM D 6-MSITC |2 L D MfElfyE ML, 1 HE LY 3 HfEO
AREHLEZ O TR E W TH - 7=, VEGF mRNA R ILEZ HIE T 25 K,
6-MSITC DOMLHFFff %2 2 KR CTEmM L, AER LIRS >72, VEGF
mRNA FBELEZ N 508, LB 2 EX3 2 & TRELEN LA-7 5 etk
W%, —75,0.08 uM D 6-MSITC (Z & 5 DPCs OFfEIRIETEMEIL, VEGF mRNA
HHEO FRLUAORREMEICERT S Z LB 265, Fl 21X, Kwon & [148]
T, =& Ahul7x-3-7 L — K (epigallocatechin-3-gallate; EGCG) 7% DPCs D
AIRRTEIE 2 A BIC LA SEL2 22 REL TR, O TFAI=ALE
LT Erk & Akt ®V UL OMEHES Bel-2/Bax Lb D EH O R[REM: &2k _TW\ 5,
0.08 uM @ 6-MSITC 23\ TH EGCG EFAERICZ D DX VX7 EIZER LTz
ARED B D,

2 /¥ VL8 ADORAL & ADORA2 D% % 3@ U C VEGFE A% #E T 5
T EMHESITWD [144], TERERE LT, DPCs D DNA~A 7 27 LA 4y
M1 (3D-Gene human oligo chip 25k) Z# i L7=& Z A, 6-MSITC & X/ ¥ UL
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IZ X %5 ADORA1 mRNA FHLEIZALIT 72> 7203, 6-MSITC & X/ F v Puid
ADORA2b mRNA &% LH I H7 (F—FIIRL TV, £07H, K
Ak & LT, ADORA2b mRNA OEESHT A4 Y 7 /L& A I PCREIZ TIHEHE L7z,
2 B OFCEHLEE . 2 uM D 6-MSITC £ 30 uyM D J F UL, 22> ha—
JLR0.08, 0.4 uM @ 6-MSITC (2%t L T ADORA2b mRNA HEZ A HIC EF L
7= (Fig. 3-4B), —J7. VEGFIZEBW\TiX 0.4, 2uM @ 6-MSITC 78, BEHEEH
Bl EH 7= (Fig. 3-4A), 2 uM @ 6-MSITC (Z X 5 VEGF mRNA FHED
FiZ, AfEEMED 1 & LT, ADORA2b mRNA ¥Hi&E FRICER L Z L%
ZoND, DI AD=ALEEET HE, ADORA2b mRNA [T VEGF mRNA X
DR LT HAREMEN D D720, 6-MSITC DOALFLFEZ VEGF mRNA LV
ADORA2b mRNA #%E< 31X, 04 pM @ 6-MSITC (28T, ADORA2b
mRNA B ED EHANAECT-AEER S D, £D—F5 T, 0.4 uM D 6-MSITC T
X % VEGF mRNA #HED FH13., ADORA2b mRNA FEELLIS 0 Al HEMEIC E K]
Lz eédb&Exohd, bz &KXV, 6-MSITC IZ & 5 ADORA2b mRNA %
BE? FH 1L, VEGF mRNA O EFIZERT 5 AaEED 5, 5% . ADORA2b
DL NI B o T 5%, FEIR S F A=A LEMAT 20BN’ D 5,

Lewis & [149] X, 7 U/ A YV F AT 7 % — K (ally isothiocyanate; AITC) 73
IEPEF L Cys-215 ~D{&fifiZ 8 U T, protein tyrosine phosphatase % ~iE L9 %
Z L W LT, 6-MSITC 1% N-7 & F/L-L-2 2T A > (N-acetyl-L-cycteine; NAC)
[88] X — KhT a3 v 7 7w A 2 90B (heat shock protein 90B; HSP9OB) O F A —
VL [89] ICHEA T A Z ENMESINTWD, —J, AITC 1TAEREMH Tickswn
T, U7 /v 7 2 > (bovine serum albumin; BSA) DU ¥ U ERED T I /K
EREATAHZELMESIINTEY [150]. 6-MSITC bEHEICT 2 /L EFEET D
AIHEMED NS B, AFRBRTlEL. 6-MSITC I DPCs % il L 7273, DPCs B R HiIC
BEND FBS IIRERFED X R0 E a5 A TW5h, 6-MSITC IX DPCs % [H.
BRI L2/ REMER & D728, FBS ICEEND X NI ED Y AT A iRk
RN VU EEMT D 2 & CTRIBEAIC DPCs ZHI L= AIREMENR S 5,

AE T, 6-MSITC 25 DPCs (2B T MifalifiE &4 BA &% 2 & & VEGF
mRNA BB &% LA S5 2 L 2#HE L7, DPCs (28T %5 6-MSITC DRIIFL%)
RiEL. ADORA2b mRNA FHELED PR L TWDAREMERH D, & FE X%t
Gl LB EERTANERH L HDD, 6-MSITC MNE 2R A FET 5K
e LTEHTE S EEELRD D,
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oI

AT, UV EORMEMNEZ R L Lottt a £ L7z, Ve
[T HARANDEIAVICR DRV EBM TH 505, Rk, UV EOiHE B4k
FFEZITEINSE 5720103, IMEEZ ST 2 BEXHH Z ENEZDBND,
Z ZTAMIZETIE, U EDORZE L ELBEREMEEIE LTHR Y Z L2 E LT,
FRZUS BT, BFIFEAEEEINTWDIED, TOFMIEMITEEL L
THLHETH D,

F1ETIIUVY EOREMIR ARG Lz, 1 HEF 2 HTIXERBME
Wi mat a2 £ L7z, £9. WRE 7213 WLE 2 & &R % Wistar 7
MIENSETHEE L, 4 BE%, 7y bORKKEIXEIEV RS WRE i
TIENRP>T2b DD, WLE FECHEIZRED Lc, 512, WLE BHIIEHE
[ BAT @ Adrb3 @ mRNA BEI&ZHEICER L7, ZOZ b, WLEIZ X
% Adrb3 @ mRNA FBLE FH-2, @IER T v b OEmMENIZEE 53 5 "lRek:
NEZOBNT, £Z T, FHI3IHEEE 4 HTIIEEMBEZHY, VPEECEE
LD PR RSy 2 58 Uz, RBERE A AE D> & O BRI MR~ D 53 b 23 R % 75
BY 5720, MU EE DGRk & 72 D TRetE & D, 3T3-L1 AikRAE
Witliin 2 W T, £DOb 2R ET S0 & LT, UV EHE LY 5-HFA ester &
Bt [FE L7, —J7. AR BAT IC/ET 5 AReE b H 5. 7 v Mt
wElEHMREEH O TRIELTIZEZA, A Y ETX VU VT U RIS
FBEMHEERH V. EfL 2 O TA Y RFV o AV F VT,
T B =7 UCPl mRNA ¥Hl&EL LHIE5 2 LB LTz, L RO D
WLE OHUEH IR % 59 5 fREMENE 2 bl

T Y BRI PSRN D e o T Tm o, BIOEEREET 5 2
& & Uiz, BEICIRZEIZOWTIE, BEREMERSY 6-MSITC OFAENH &7 » T
WhHT=h, ZobEE MR OREE LTHWS b LT, 8 2 BT
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