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FEmwZletnHonto™ &2, 74—V v-FFH L
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B L OKRL, BmEREK/I R~ TF7 7 4 —x2 L7 bR
A7 v =T A A AL AT B [ M OE & 4y #r §F (UPLC-ESI-TOF/MSF ) (2 T
G Ll 25, D7 =24V, J7unlF g, Forn—,
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T, 7 T7ACEEND IMF 27 7 U 2 b F %A 8K (TMF B FE
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1-4 275774 LHREER
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BLXOAryTaorevrcicHmEINTND. 477 40K RT
FALMHEBICEETN D P FTEX LAY viF, v AT 7 —
CVEHEME O —@BibEFR (NO) EAB IR e X F 7T 2 (PG)
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T, AT a4y BAEOHIBAEKLE LTHFELTWD., #7577
A DEFD AT 4 T lE, B Aras X =PIk ko iEn
TA VY FXF e, £ FEF AR EHICWILEND Z & TA
YRFUALNZDEBEKOALS T 4 TERLETA T M EUYRELT DL
BEmbRATWVWDE Y. —F T, chETIcHKxOMERETIE, ¥7

TAEIZFA L EF LR Xa— ), TMEXZ 7 7 U 2 & 4 % TMF
R ED T IR =ik R GENTWVWDL T La2mERL
TV ISR — Loy ArEFrBLOT AL EF UKD
gz ALY R U, viunAdAFxF v S EBEBLOY ANF VS S —

PRELZHAEST LD ECIVRREFENERERAEST D22 LB HE S

nTwa Yy e = LI RIEME AT 4 = — ¥ — @ tumor necrosis
factor-a /& 0 A4 ¥ — v A4 F U BB LA F —1a A4 F 2 IO
mEl, LN AT 4= — % —OEMEMREET 5 nuclear factor

kappa BIEME Z MMl 3+ 25 2 L CTREAWMH T D L HME SIS LTV D Y.
TOEIICT TR - VOREKEEHRHITOWTIET TIZTEL DR

HEWREINTEY, T T7AORKXEFENICL 7 TR — v BHEL

L5 L TWwW2dWEEND L. LA, ¥ 7 7 A HRORRIEDE

LT, MU TFE LAY ST 27, AT 4 e
mEPFEINLTWDLIN, IMEREKZRZLED 7 IR =1y, 27
TADOHREMAHBICEEL WD AEELSR®DL. £, T ET

|2 Ishihara H X, # 7 7 A M L (GE L EX)omEwEH W T X% T 7 A
ODHFRIEEMEZRFT LTV DN Y, MAEERZAETZ2WEN X

TTADELEXDELLHIZEENRTWVWEINDERERAP THL L. £

T, ARloWRETIE, FTTAMEREELXIZIHST, ThE
nNofiHmiconwT, UEAEMERERAZ Y —=0v 7 L.
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HDLWIENY T E R TR OMBEILOWNWTORENH D —
FHT, BEA(TFZrVY) LREENDDETTAESFL DL RME
Mz HEnTWnsd., 57 A OELHEFEF, 1HIZS~10gR L
TRHAT 2L, MEBIOMBAAL L THRED 2 LHEEBRERKN
ElcitfiasnTtky ", T T A B FICHLABREEE T THWE DK
FLTWDEEEZbND. ZNETIKHERxOMEET, ¥T T4
B 7 IR — DO TMF %27 7 U 2 v &3 5 TMF BB K28 &5
CHEET D ERN D> TWDH P, TMFE X O TMF B Bk 1X, % 7
TAEIHEBEHNIZIEERTWVWIMEHE CTCHDLIN, THb R, 7
bEENTWVWDLION, DO5WVWIETAEAFTHETESRL SN TV D O NIZ
FHTHD. Jang bk, 7T T7 A DO+, RARE, KALLZED
AKiH IO THBALES MIT Y v & A4 2 H W T HH s %
MELTWDR, FMAKTOFHEFTIT-TAR2WY. £k, 7
TADOEFBIOAT I NOT TR =L EFEMIHELZRE
FTHEAxOMmORY EER . S, AT T UL, RALELEZXLWV
ST BZEEBFERBOY T TARLEEND 7 TR —VILEWERHE
L, CEEFEBMICBTIAX T T A OKENEFEMIT D
TET, B O EAMBHELTCHAEINTELYT T A OEAEY
WHRMEH O —BLRdEEZDLNLD.
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BRREELTH OLNIZTHEMNT, (1) T 7 AEELEFTXITBIT D
TMFELBE R 2 87 IR ) — Vv ERBEKRKORE L ERE, BLUT I bk
Mo AEERH~0FHBIToWwT, 2) FEFEBOXY T T A
CEEND 77K ) — VEBEEOBERIT ESEFTERKICE T 54
TAMHEHBOBER I S W TR ZIToL. AfsXo28ETIT,

TTAXLEHTEND T TR —ilbamoHiRIEAMTICD N TR
T 5. EIETIEHAASEER TT AR T TR — VRO
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Shictk, T r7rrsn BBt Tl ernmEsnT
B, e TRARERTZT IR =T, HFPEKSL~Y 7
7y VOoOMBERY AR IJBEICHESL, BESGIND LN R
HEIhnTwnwa T oAb, REMHERBEICEIDEBRIND
e, mMHICwINISNNTE T TR — VI RETMICE W T, L
JEEH ZRBET D2 EMEIND. T TACETEND T THR I —
EED S L, LB F ooy Xag— LR EERICOS W TIEEIR
AR OBREDNR SN TWDIN, T T A EICEEICHFET D TMF
Bl OBE R 12 D W T oA R

IhboZEinb, TMFREBEKRLED 7K ) —Aiba o 2T
TALXLBTL2REEEAE, BLUOINNLIEY OB KIEREB X
CHEANBIIIZOWTHND Z X, 257 4 0HEKENREMO RN
WEBWTHHTHOLL EEZEZDODND., ARETIE, ELXITBIT 50N
RIEEDEOREERN, 277412 EFFENTWDS IMFE X
NZ O FEKRE ERERT D& & B IT, NOFEEMH . PGE # & 40 il 1F
MEaEHEBR L LT T T A ORKEFACTFEL T2 EEHL
NI L e

222 EBRMBLEERFE

2-2-1 EBRMBE L ERBS

57T A DTSR AR () GUB) 5 5 A L7 . quercetin:3-

O-B-D-glucuronide, ~ U 7% 2 U v, 6-&b Fnr ¥ 25787 T A F

v ma < v 2- 8 )R g (Troloxe), Y ARA U Y » B U K (LPS,

Escherichia coli 127BS H k), 7 v A4 L & 4 »F VU 7 A, HPLC H 7 &

- 14 -



k= K U L X Sigma ( St. Louis, MO, USA) 7 & f5§ 7= . kaempferol-3-O-D-
glucopyranoside (astragalin) , 4 Y 7 A % F ¥, isorhamnetin-3-O-B-D-glucopyranoside
¥ EXTRASYNTHESE ( Lyon, France) o & o # H w7 . 7 vt F v,
quercetin-3-O-B-D-glucopyranoside, %~ > -~ @ — /L, 22"-azobis (2-amidino-propane )
dihydrochloride (AAPH), Eagle's minimal essential medium (MEM), X = 3 U > X
b7 h~A 2 ¥ K (X 100), MEM non-essential amino acids & #% ( X 100) ,
Dulbecco's phosphate-buffered saline without Ca”” and MG” ions (D-PBS (-)) (X 100),
kU 7 < ¥, polyoxyethylene (10) octylphenyl ether 35 & O & @ fit & K 1L, &
7 v Aot R T % (KB) 706 4 72 . Fetal bovine serum (FBS) (%
Biowest (Nuaillé, France) 7 & 72 . 7 wm 2 % 7 J ¥  E EIAKit (No.
514010) (% Cayman chemical (Ann Arbor, MI, USA) # ® % @ % H V> 7= . Pierce BCA
protein assay kit 3 & T Nunc cell culture Petri dishes /%, Thermo FisherScientific
(Waltham, MA, USA) 7» b 5 7= . 96 )X ¥ A4 7 @ 7 L — | [X Corning (Corning,
NY,USA)® &> b ® % H w7z . DIAIONHP20 1X =% 7 I A AV T 7 7 « Y
Ua—3va »r XA(EMA, BABMAK) (KR) XY 7. Chromatorex ODS
1024T i3 & LV v 7 (FHHA) Ko FHk.

sk v~ 27 F 7 4 — (HPLC) % #7 (Z 1T Shimadzu ( 5% #5)
# o LC-2010A & Chromatopac C-RSA % fff i L 7= . UPLC-ESI-TOF/MS"® (2 |%
Waters Corporation (Milford, MA, USA) @ ACQUITY Ultra Performance Liquid
Chromatography (UPLC) ¥ A 7 A & SYNAPT G2HDMS ¥ A 7 A % fli H L 7= .
BE T, 77y o BEREER (RAD <~ Y 8 R
JI) & w7z . WRE H2 R M 1X, TOKYO RIKAKIKAI ( 3 5U) # o FDU-1110
M wiz. A4 27 w7 L — kY — & — & Thermo FisherScientific (Waltham,
MA, USA) @ Multiskan GO # H] W72 . &t~ A 7 m 7L — F U — & —

IZ TECAN (JI| 1% ) 8 o infinite F 200 % f \» 7= .

2-2-2 BAFTAHRRY 72— LOoHEB LORERE

STTAFTNER, TTICEEECHTL, WELBREIT > TS

- 15 -



VT EILLE., ZOBEK00SgE =7 7 A3 2L 0, 80 % A
X ) — & 100ml M % T, BEIC T~ I XF v I AH—F— T 1H
M LT Lz, ik, SHMME®EEZT FAX T v 7 No2 JE#
TR\ LE., Z0o#%, v —F% Y —= "KL —F%—%ZHWT40CT
WIEEE L, 2T 7 A HELED %ALY/ — it EHBLZ. 0
%, FHH®IE, BHESSY VN7 B A2 Y BR< 72, DIAION HP-20
717 A (F X200 X NE 10mm) (@ L, A¥EK30m THFL, A
g ) —=—n30mTHEHLE., 2ot aen —%Y) —x2 NKL—X

7

J
— % HWTACTHERZBL, T 7 AKX EHET.
BT T AMEYWEBE X7 TR — AW OEINK G RITT
HETAT o, 2T 7 A4 D8 % A X 7 — Vil i # % DIAION HP-20
T AT 100% A X ) —VTEHEHBHLETZ 7227 a3 v 10mg £7-
X7 7K 7 — VEHEER IOmg 2, A%/ — /L 25mIZEML, 24M
W KRR 25ml & N 2, 90°C T 2 W[, MBEVEWR Z1T » 7=, K
o %, 12M O KB P v A EMX CHECHEL, = K
L= —ZHWT4CTHELZBLLZ. TO®%, WEDILTKTHE
fig L, DIAIONHP-20 7 7 & (£ & 200 X N £ 10mm) (2 L T, K
AK30m THEFEXR, A ¥/ —A30m THEHLE., ZO0BHYZa —
Y —ZRNRFL—F%—%H\WCTHCTHEZEL, ¥7 7 A4HH
WME X7 IR — VEKER O BRI K SR E ST

2-2-3 354 -trihydroxy-6,7-methylenedioxyflavone (TMF ) BC & {& > H B 15 L O°
TMF O 7 $# %

IhFEFTCRREAXAOHAEETCHRFTL, X THEINLTWVWDHED I
To"., 2774 OHE209¢g% SmmAIZEHEW LD DI, 80%A
% /) — v 1L &N x 2 W[ B E it 2 17 > 72 . ADVANTEC No.2 Ji& #% %
MW TIEEZ, KA — %Y —x2ANKRL—%—%HWWT4TCT
WERE L, MiHEYE2 145¢H 7. ZO0HMEHZ 30% A% ) —LIZ
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Vs fig L C DIAION HP-20 7 7 A (270 X 30mmid.) (2 i A L 72 %, 30 %,
50%, 70%, 100% A % 7 — L 4% 400ml T ¥ M L 7= . 40 °C T JE 5 [H L
72 100% A % 7 — VEEH KX (307mg) % 30 % A X J — VICKMR%,

X B |2 Chromatorex ODS 1024T (210 X 30 mm, id.) IZ ¥ E A L, 30%, 40%, 50%,
55%, 60%, 70%, 100% A % / — /L4 250ml T H L 7= . 55 % B L O 60
% A X —VEMXEZMELZBEL, £iH £ 357mg, 1043 mg O K R
Y % 1% 7= . quercerin-3-O-[6"-O-(3-hydroxy-3-methylglutaryl)-B-D-glucopyranoside] ,
kaempferol-3-O-[6"-(3-hydroxy-3-methylglutaryl)-B-D-glucopyranoside] £ 40% 3 L ' 50%
A K ) — v ¥EH KX 5, 3,54-trihydroxy-6,7-methylenedioxyflavone-3-O-[6"-(acetyl)-B-
D-glucopyranoside] (£ 55 % A % / — V& H K &, 3,54 -trihydroxy-6,7-
methylenedioxyflavone-3-O-B-D-glucopyranoside ,  3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
3-0-[6"-(3-hydroxy-3-methylglutaryl)-B-D-glucopyranoside], 3,5,4'-trihydroxy-6,7-
methylenedioxyflavone-3-O-[2"-(acetyl)-B-D-glucuronide] 1% 60% A % / — jb ¥ H X »»
5 HPLC &% W TR R L7z, F7, 55%B XV 60%A ¥/ — ViEH7
Zr7varviEEERLZEL, okt T e IMFEWEGK T 7 7
va e L. HPLC TO # 7 AL YMC (5 # ) @ ODS-AM (150 X 6.0 mm
id, R 3um) 2 W/, B T NEE T 40 °C, i (X 1.0 mU/min (2 &%
E L. BEMAIEL, 01%XF /7 & b= KU L2 7525(vV) OB R %
HW<TA Y2274y 7EBLE. REBIE, 340mm ORI %2 E =%
— L 7. 2 ®fE R, 3,54 -trihydroxy-6,7-methylenedioxyflavone-3-O-B-D-glucopyranoside ,
3,5,4'-trihydroxy-6,7-methylenedioxyflavone-3-O-[6"-(acetyl)-B-D-glucopyranoside], 3,5,4'-
trihydroxy-6,7-methylenedioxyflavone-3-O-[6"-(3-hydroxy-3-methylglutaryl)- B-D-
glucopyranoside], 3,5,4'-trihydroxy-6,7-methylenedioxyflavone-3-O-[2"-(acetyl)-B-D-glucuronide]
xERNE 79, 260, 59, 60mgfF b N, FF, TMFEWEERT 7V
2O TMEOREE, ChEx TR oFER RIS FiE Y
D YIZIT o . BEICTMF R R 25 &Ry~ 100% £ 7 /7 —
VoL 24M OB EEE N Z T 2R 90CL T, AEAKTHRKEICA L
T AT A~NEALT 2% A F S — L THWHFER, 100% A % J —
NMEHBE S 2ERL, o EHBESANICTHMSREILSEDHET
TMF % §f | L 7z .

- 17 -



2-2-4 7 5 R ) — ) E & DO UPLC-ESI-TOF/MS® 43 #T

UPLC-ESI-TOF/MS™ IZ X % sy AT X LA AT I &k 2« O BF %8 | TH & L 72 K iE
& R B2 AT » 7= " UPLC-ESI-TOF/MS® X Waters Corporation (Milford, MA, USA )
@ ACQUITY Ultra Performance Liquid Chromatography (UPLC) < A 7 A & SYNAPT
G2HDMS ¥ A7 A % ff |l L 7= . UPLC #» 7 A ¥ Waters ACQUITY UPLC BEH
Cs (100 X 21 mmid, R. £ 1.7um) 2 H L 72, & 7 LR E X 40°C, i
#H (X 0.3 ml/min, f& ff I¥ photodiode array (PDA) detector Z H \» T 340 nm T
fTol. BEMIZ, 1045 TO01%XE 7 r="51rULo: 10(vv)
2y 50 0 50 (viv) O JE R R E AR TR H L. MS' T negative mode T I
E L, LT O TAIT » 72, H &K E IX sensitive mode & % U X high

resolution mode T ]l & L 7= .

BE XY ETI7YU— 25kv, BT U T a— 50V,
Extraction Cone 4.0 V

B E Y — A 150 C, Desolvation 500 °C

AP . 32— > H A 50L/h Desolvation #7 A 1000 L/h

AFX ¥y U H AL 05

Colision energy: Function 1, [ Low energy ] Trap colision energy ON 6 V

Transfer colision energy OFF
Function 2, [ High energy ]  Ramp trap colision energy ON 6-45 V

Ramp transfer colision energy OFF

2-2-5 ARV 7=z )/)—NVEODHE, 77K —NLVEEARLAE LV
Y PR R ORI EEERE

BMARY 72 ) — N E&IIZT T+ =V rrFA A MEITE0HEL,

WRERE 1ghbm ) OB A - RHBAEE (mgGAEgDW) TR L /2.

7 Z7 R J — )V EHER O HPLC 43 #1 B & O & & |2 1%, Shimadzu ( 5 #B)
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il @ LC-2010A & Chromatopac C-R8A % fff | L, » 7 A |X Phenomenex
(Torrance, CA, USA) % @ Kinetex Cis 7 7 A (150 X 4.6 mmid, K. % 5 um) %
A 72 i I 08 mUmin, B H P R IE 340nm ICER E L 2. B #h AH X, 40
T 0% AKBEWR 7 F=HFU 95 5(ww)»nbH 60: 40 (v/v)D
HBREEAR CHEHLE. £, 2757 A EDODKBIOA L ) —
NI E END IMFEAO T &1, SEBD O T EME I
BOH L.

YT 2T D ERIT, FTTAEBLITEZOoME Y E 50
%7 2 F=rFUVKEBEKRGVIZEHRL, MU T X XU % HPLC
TE®ELEL. 7 HIFHY — (EE) @ TSK-gel Octyl-80 Ts (150 X 4.6 mm
id)Z#EHLE., WHIZS0% 7T F=hKULVKERGN TAL VT T
T4y THEMEBLE. BT ANIRET4C, itE I 0.5 ml/min IZ R E

L7. #HEIX 250nm TAIT - 7= .

2-2-6 ~wU R a7y —TEEMB (RAW24) O £ %

¥~ U RA~Y 7w 7y — VMR (RAW264) & B {7 WF 28 B (B £) &
D EE A L 7. RAW264 1X, 10% fatal calf serum ¥ £ O 1% X =+ U » X b
V7 b~ A ¥ W, 1% MEM non-essential amino acids ¥ # % /Il X 7= Eagle's
MEM % i i L, 95% atmosphere, 5% CO., 37 °C ® & F TH & L 7= . #i
fo fie R 7% 20 M o T3 & 2 &% T, DPBS()IC&MLZ 025% VU
7T T RAW264 & HBEE L, 96 X v A 7 7 7 L — b IZ 5 X 10 cells/ml
ORETI0WHFELAZ., MzHFEHELCIRBHE, ~(4 271071
— h~O M OEEEMARL, LPSZHREKIEE lugml 2722 X 9 IR
ML, 95% atmosphere, 5% CO., 37 C D & F T 24 B[] 4 > &% 2 X —
L. 2T T AR EME T ITBMOK SRS RN T 5B X, LPS
W& FEICAT o 70, 2485 R &%, & L2 B L, DPBS(-)
T 2 [\ BE¥ %, 1 % polyoxyethylene (10) octylphenyl Ether 50 ul % £ well (2 ¥ AN

LTIlopMEESEMBERKELESL. MREMBRED O 2 N7
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'Z £ 1T Preice’™ BCA protein assay kit 2 F \» T, # £ 562nm (2 B} 5 W ¢ &
A~ 7w 7L —F ) =X —THELIL.

2-2-7 —B{EHRE (NO) ELEME O R E

HREKTH®OEE EEZ S0pl B L, NORER EICHEM L 7. NO
BET Y — 2Bk kdEY. WELENOBRBE T XY 27

ImgdH 7m0 O BICHEL .

2-2-8 FuaREFS5 Y E (PGE.) P& ##l s o JA &

BREKTH®OEHE EE 2 20u B0 L, PGE R JE M EICHEMH L = .
PGE: J## ¥ | PGE: EIA Kit (Cayman chemical, Ann Arbor, MI, USA) {Z T #ll & L 7= .

WELEZPGEREEIXXY X7 Ilmgbl- O BEITHEL .

2-2-9 TMF B HE & o & N & X

Japan SLC (¥ [l ) X v 10 # s » ICR ~ 7 A M % i A L 7= . T fi fidl
B EL T~y RICH Y = X VER ()OO MFRE %2 1 8
Hx2, o#%, KBRABO 6RKHEAMED#EELEEITo L. #EE
MLHEL %, 10%7 B B Ly 7 U a— L KEKIC 02% (wv) TMF B B (K
77U v a vyEEMLEY Y 7% 10 ml/ kg body weight @ & T ICR ~
VALK KRELE., £, ABroarber— A KELTI%S R
Ly ZYa— L KEKREZNOICRY Y RAZKEAELG LE. A&
HLTI®HM%E, 70% % ) — L TH#mELE~YY ZREHK LY MK
100ul 22 PCRH = v X v F o2 — 7 ~EI L 7Z. 8% O MK IEL 1500 xg
TlI0M=ERICTCELHM L, EFHEZEILTOLHEED 058M [
MeazMz, S0OCTHRE L. RE LY T VIL, MWK, 756K

=EOT7T N EMA, AT v 7 ATRIES L, 980xg T 30 %
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MELoBE L. EO00HEO LIEABEIIL, EFREELLEIC
50 7 h =M UL SOuic Tl EFR LA L. LY s
TIAF02miy Y YT o E— (BEY ALY —, HE)
I CHAUE L, UPLC-ESI-TOF/MS" gAML
ARBROBYWERILZ, DHERZESTCEABIOAR I L,
Rl HEaheEBRTHY, BRRFIF Y U 2B EREME R
BT SWTERL L.

4

2-2-10 Hydrophilic oxygen radical absorbance capacity (H-ORAC) # 2 & %
ouEe b MW E

Hydrophilic oxygen radical absorbance capacity (H-ORAC) @ #| & 1%, Watanabe &
DFEP L TITo-. bwell v A 2707 L—FZHwn, &R
B 20w, 75mM U CEEEE R (pH7.0)12 945aM 7 v A4 L & A4 VIR K
(pH7.0) 200ul Z Mz, 37 Clcfholcmt~A4A 2727 L — U =%
— infinite F 200 (TECAN &, JI[ &) # M W T, 74 F L&A D& AR
BE & bR B R 485nm, W E K K S35am CTHIE L. 1045 %, 75mM VU
v Wk KR E W (pH7.0) I A fR L 72 31.7uM @ AAPH IR 75wl % 0 2, 1R

R, WM 2% 20 MR TS M, %otk E ORKEE L
APE L. R BEELIREMNICEE LELEZ 7 7o THEHEZR
H L, H-ORAC fE IX 1mol & 72 ¥ @ Trolox f 24 & (mol TE/mol) & L T %
L 7.

2-2-11 #FH0 8
F— XY R E TR L. 2B Ok IZ I Student's ¢ FE
ZH W7z, NO E A B X O PGE: £ A @ IC« fE, H-ORAC #l] & 5 © & B

AR o B R AL BER (21X, one-way analysis of variance (ANOVA) fi# #7 # Tukey 7%
CEODMEZATV, pOB O AICAETH D E LK.
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2-3 KR

2-3-1 T T7ABLEZEOMBY IBIT 5 —BILEFR (NO)EAE
i 58

A FE TIZ, Ishihara HIx ¥ 7 7 4 O E# (E L %) Ok, A X
J—= VB XOERFLME®MIZE T 5 NOEAMMG EZ ME L T
WOHN, MIREEDENELZXZOLLELDLICEETN TV D0 MHE
LTwzawn?. 46, NOEENMBELZATLIWED, ¥7 740
ELEXEOWVWTNICEENTWVWEIONEHLMMNZT D72 ICHELX
o, Mo NOEAMBEELZMERALEL (K21). #2774
D 8% A Z S — i, 2L OT7 IR - LVEEERIE EN
TWsZ &%, BlIcHExOMAEETCCIEMERABL WD ™. il E0HR
T, Bkx 7 7R /A4 NELEWDO PGEELEMEIEL 7 v MEE~<
sma 7y —VilaEHWWTRHRZHRELD D Y., oML TIE, 7
NeFUrEBAROLTF R 2Ly b U 2 PGE EE B MM L A
W, TZ UV arorrtFEPGEEMRMG TSI ENRENT
WhH. 7R - AEEERIT, 77 AR CEKIMOE Fr ¥ UL,
A — 2T A —AREOHEHMOE Fu xRN AKMEAS S
N7 Vav FEgEaELicibamTcd s, 77K — v E KL BT
FETFTTARERBESEDE, ZUVUavy eI MNKSMBEIHT
syYyVarveERcarhsd. 40, 2774 ELEZoMmEY %
DIAIONHP-20 7 7 A THRE L 72 B dh &, 2 O & & 8ok 5 fig L,
7R = VEEKET U a EREICOR L ERINK DB O
NO FEAEPElfEIC >\ TH MERLEL (K 21).

-22 -



100 -
S
.
S 50 -
o
P
0 i 1 ]
100 -
§
Iﬁ
50 - -
i
o
Z
0 | | ] | |
0 25 50 75

T FE (mg/ml)

21 ~UvRAx7n77—VKEME (RAW264)IC KT 57T 7 4 %
(MBI EXEMBERZKOHM MY % DIAIONHP20 b T & TR & L 2 & &
EExh b OBMKG Y O NO E & #) il 88

RAW264 |E 2.5 X 10’ cells/ml @ £ £ T 100 ul % 96 /X 7 L — M T #FE L,
UARKRIY S >y Y FPS)ZHRMEEE lpgm I 25 X 5EKEML T 24
P&/ L7, 27 7 A4t #% % DIAIONHP20 7 7 & Tk 8l L 7= fZ
e EZIEENDL OBMK MY Z RN T S EIE, LPS WM & W kI
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17 - 7= .

O, ¥ 7T 7 A ¥EEFLITZXDOH T Y% DIAIONHP20 # 7 A TR ® L =
L, @4 T T A E 21X X O DIAIONHP-20 & 7 A TH L 72 1 §
o N K Gy iR

WLEDRNA K/ — Vi WO NOBEAMGIGEEWELZEZ
H, EbHb L oMt RAW24 O NO EAE 2 ME Lo iz. £ 2T
WX, Z o N7 B EOKMEY A BY < B T DIAION HP-20 7 7
LATHBLE ZoBBLEELRZH VW TNOEAEAREZM L Z
H, EORRUBEMTNOEAMBRELPER S (K2-1). 51T,
B O R B L o BN K Sy BRI BE N K Sy R RT O KR LIS b X T, 3R]
NO FE A Mdlae 2" L. —FhH, THx, BRMK MY TH NO E L
| = N g WA S R

URICH A T2 T T AT ZOT7 IR —VEEKIE EH
TWwWarFzHRELEY. EORKRUEMLTNOELEIIH S 2 0I0F,
7R = NVEEK, HBDH5WVWIE NI TEZ Y o HLREEMICXK
HH 0 MRS, &5 ICHE O ME N OB MK S F T, NOE
EHEIEN RS o #HB LT, 77K —LE KN NOEE
g ®mWT V) avibhollobflasnhi., 22T, 7

u

TAELEORDZEZDN T DHDHBHUT, EBILIOPXDE 80%BA X J —
Vil % % UPLC-ESI-TOF/MS® 45 #1 L 7= . 4 #1 fif & % 22 12 k.
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100 8

ZTT A HE80% A F J — /AR
7
S
2
2 6 ’ 10
2 50
£
e 3 4
E 1,2
11
0 T T T T T T T T T T T T T T T T 2 Time
000 1.00 200 300 400 500 600 7.00 800 2.00 R
1004

FTFTAE80%A X/ —/Ht
S
=y
@
3
= 50 1
_g unknown
® 3
E
©

0!1 o S T Y R 1 R T A R S R AT SRS T~ SRR~

Retention time (min)

M 22 T T7TAEEZHZIXTEX80%AF ) — Vi H % ® UPLC-ESI-TOF/MS®
BT R R

STTAENPDLFINNOT7 IR, —VEEEKEZHERE TS, Bk
LOWIEETITLUAIC, 277 A EPLHHADMEZ S & 11 HEH
DT7ITR)—NERELTEY, SERERTCSRLT IR — v
ke —ThbrrmRLEY. TR ZThowEL LU TICRT.
(1) quercetin-3-O-B-D-glucuronide , (2) quercetin-3-O-B-D-glucopyranoside, (3) quercerin-3-O-
[6"-O-(3-hydroxy-3-methylglutaryl)-B-D-glucopyranoside], (4) kaempferol-3-O-B-D-
glucopyranoside (astragalin), (5) isorhamnetin-3-O-B-D-glucopyranoside, (6) kaempferol-3-O-
[6"-(3-hydroxy-3-methylglutaryl)-B-D-glucopyranoside], (7) 3,5,4'-trihydroxy-6,7-
methylenedioxyflavone-3-O-B-D-glucopyranoside , (8) 3,5,4'-trihydroxy-6,7-
methylenedioxyflavone-3-0-[6"-(3-hydroxy-3-methylglutaryl)-B-D-glucopyranoside], (9) 3,5,4'-

trihydroxy-6,7-methylenedioxyflavone-3-O-[6"-(acetyl)-B-D-glucopyranoside] , (10) 3,5,4'-
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trihydroxy-6,7-methylenedioxyflavone-3-O-[2"-(acetyl)-B-D-glucuronide] , (11) 3,5,4'-trihydroxy-
6,7-methylenedioxyflavone. % = 7 4 X 0 b X, vk F 27 7 U a v

LT B 7 TR J — LB BE K @ quercetin-3-O-p-D-glucuronide & quercerin-3-O-[6"-
O-(3-hydroxy-3-methylglutaryl)-B-D-glucopyranoside] % f 8 C & 7= 3, fh o 7 7 &K
J NV EEEREIERCCE R 2o YT ORFY T2 — VLV E
ZWPE LI E A, BETIE 764 mgGAE/gDW, 2 T IiX 191.4 mgGAE/gDW
GENTBY, ZOHFBFI) 7=/ —LELELTEZWE DD, NO
PEAERITER CE o, IXEFEHNEZRT LM EOH D MU T
X v AU %A HPLC CE R L7 E 2 A, HEIZ 23mg/gDW B H & iz .

7R - VEEERETEANTT 7Y a RSN, T 7Y
AR MEREERER T ERESR T WD Y. 22T, #7577 4 %
XM o DIAIONHP20 s M 2 @ m Ak nf L, 770 arvxd
To e MK fEY > 70 NOFEA MR 2 W& Lz (XK 2-1). &0
R, ¥TTAEETBMAKS ST 2800 % 70 XD W NO FE A& M
BlEEZEZ R L. T 7 A4HED 80%A X /7 — Vil th¥ oKy Ry
% UPLC-ESI-TOFMS® TH#f L= & 2 A, T 7 A EIEHEEND 7 T
R —nlekico7r 7 )aryrcbhbdbrrkeFr, oo — ),
A4 Y IZhxFr, IMERAREBIN, 77K —VEEERIZIEZEALL
RSN o (K23). 77 A4 FEmMmHY N, BINKDMRY
TNOEALAMBEN R R olDiX, ZHhHOT 7 U 2B KIE
ERHZRFE LR HEIND. UEoR LY, 774
DHRENFEN R TITHEITZTELCRMEL, 7787 —nArBIO MY
oAU ryRNZETOMEELZE - TWVWD EHTE SR
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3.0e-14 TMF

2.5e-14

N
o
L4

oRu—)

15019 /(/71»*7‘/
E rvkeFr
1.0e-14

A

0.00 ' 1.00 2 bu 300 ' 400 500 9,00 " oo
Retention time (min)

Absorbance at 340 nm

M 23 57 A4AE8%AZ ) —NLEIHYOERIMKLSHE®EOD

UPLC-ESI-TOF/MS® 43 #7 %% %

2-3-2 BT T A ERK TSR ) —NVILkEHWE NI FELRY D
NO B X ' PGE. & 4 #1 % &

BTFTAORRIEENE T THEITECREL TV HERS N
e, EZHEENLTWDLITZ IR —ibame VY T2 2 Y~
PIRERZMEBEDICH YLD LI L. FTxlx, ThETIZXH
TAEPLHHADE LS D NEHO 7 7K /7 — VEFEKEZH
LTwad Y FE2F7A4 003 7=/ —NLABOH T =A L8, 7

ey

S

mEoN,

re S rBAEGEALTVWDLIIEEREL TS Y. 2okn, Zh
507 7R —LVEBEARBI®YT ) VB, FY T HXLRAY I
DUy T ONO ZE A 40 il 88 & PGE. PE & 4 il € & M £ L 7= . Ishikawa-Takano
EhiE, 7R - roREKRIT, 77U a ik~ 5 & PGE
FEAMBESE Lot BESATVWE Y. £/, 79K —LVE
BRI, A TT 7Y arviBiioasnThRsand Z &b Y
YV, BT T AMKRDODT IR -V EFEERKO T 7 arizonTh R
IR 21T o 2 (K 2-1).
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F£21 R\WW2MIZBIT 22T T A DOHRKXEEHLE © NO B X O PGE:
BEEAME O 50%FH E B E (IC) B

NO i £ PGE. £ 4
T 4 :
ICso ( MM ) ICso ( MM)
quercetin-3-O-B-D-glucuronide 64.8° + 6.1 97.7° = 2.8
quercetin-3-O-B-D-glucopyranoside >200 >200
quercerin-3-0-[6"-O-(3-hydroxy-3- )
> *+ .
methylglutaryl)-pf-D-glucopyranoside] 200 139.9 104
kaempferol-3-O-D-glucopyranoside >200 183.1° = 4.7
isorhamnetin-3-O-D-glucopyranoside >200 >200
k ferol-3-0-[6"-(3-h -3-
aempferol-3-0-[6"-(3-hydroxy 3' 5200 5200
methylglutaryl)-pf-D-glucopyranoside]
3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
. >200 >200
3-0-B-D-glucopyranoside
3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
3-0-[6"-0-(3-hydroxy-3-methylglutaryl)- >200 >200
B-D-glucopyranoside]
3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
) >200 >200
3-0-[6"-O-(acetyl)-B-D-glucopyranoside]
3,5,4'-trihydroxy-6,7-methylenedioxyflavone- , .
i 158.7" = 1.8 83.8° £ 49
3-0-[2"-O-(acetyl)-B-D-glucuronide]
TMF 18.8° = 0.9 16.7° £ 1.1
TN F U 13.2% + 2.1 11.8 = 1.3
g | — )b 29.5° £ 1.7 3.9°* 0.8
A ANNE St S 23.5% = 32 6.1+ 12
N7 = AR >200 >200
7 mon g >200 >200
MU TR 3.9°+ 02 1.1' = 03

T — X XY+ EHEMHE (n=3) TRLZ. abecdlt, BB
TR CTHEBEEND UL FTbhH D F %7 .
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NO FE A 4 il 8 & PGE. FEE A MM REZ W & LR, 77K —
BHEEIT T NOEAMGIGER X O PGE.EE MBI RE X T 7 U =
YICHARTE» o, BEORETCHT T A OHKIEWEIT Y
THE LRy T 2 ST e Th D EW
HEhTWwd., —hFTHxE, FERFRY 7= —NE L TTMF
T 7V aic AT ATITIR - VEBEERIGEENLTWWD L E
wE LY. 7 TR — VB R O H T NO P E T AE 2 B R T &

ey

DILPE»® 7 v 27 v v BT & % quercetin-3-O-B-D-glucuronide &
3,5,4'-trihydroxy-6,7-methylenedioxyflavone-3-O-[2"-(acetyl)-B-D-glucuronide] T & - 7= . &
EOo®RET, v/ mr 77— VMaT® 5 RAW264 1% LPS T HI ¥ ¥ 2
E, B v s m =X —8BEHSWL, T O RE, quercetin-3-O-B-D-glucuronide
EWEAash s reF roRETCHMRBICERY I AEFHR D2 Z ENH LN
Lo TWnD W, 2ok H B quercetin-3-O-p-D-glucuronide & 3,5,4"-trihydroxy-
6,7-methylenedioxyflavone-3-O-[2"-(acetyl)-B-D-glucuronide] (% , LPS #ll i¥& % %% J 7=
RAW264 Ml A A 3 W L 7= B-Z v 27 m =X —F 2k ThSh, M
N7 70 aryPBRYAERTEEDICHEXEFEHZRLTZO TIX
mwnwinkEZ NS, 7IAR - EERITERE, BTTY Y a v
EHEICHMENLTHALOMIN ISR L7 0o BiSELHRENA KL
LT, AENOKR L RBHFICEITALTHLrE, FEMNESG I HKIE
ERRZLYroBE*RLLL TV EEZLRD "™ LERN- T, 7
N =R T 7Y arofiREEEZTET H 2 &N EE
o EWRERIND., AT TAEDOEERL T TR —LVEEAEOT
U=a o ThH2DTMFO NOELEMBEITZFLVETF LD 0A
PRm =RV T AXTF LD bW EMEEZ R L 2. — T, PGE
EAWMEHEE, e F o, FrXa—n, FLTA YT LAXF

By N AN

D b om. FU FH L RY D NOBEAED 50 % B E R E N 39

H g

02uM IZ % L, TMF Tl 188 = 09uyM CTh o 7=. —F, b U 7%

\

A2 Y v @ PGE. FE A& D 50 % BH F = £ A, 1.1 = 03uM I xf L, TMF

A

X167 1LlypM Th o7, ZOFELL, BEOHREOBEY MY
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THE A VIIHIRIEME L THESTHLDL I EDRNRENT.

2-3-3 AT T AETFTEH TSR ) — LVEEEOKRNEIX

TR = EEEOFRIEMEMIET, T 7Y ar b XTERWYZ
LRSS Y, 2 @& B 13 Ishikawa-Takano & O fE B L — % L~ Y. —
T, IhFETICERBLEEEBY, 7R - RBEMKRET, BOEREZ,
mKANTT 7V avifEicoaah, 770 arnpcRkiiEh s Y
Do F R, MR ENTEET 7V ariE, BT AL B U EBER
Mg s o0, REMEMBIZCLIYBBaLIRREIN, 727V
avyEeER VMR EMERZRTZERHREINLTNWD Y. ¥ 757 7 1 3
I IMFEBAMNEFTCE TN TV D A, 2L 0ERNEILICD
WTEAHTHDL., 22T, TMFEBEKROENBRIL 2 X5 720,

y

DIAION HP-20 3 X O Chromatorex ODS 7 7 A Z W T, Z 5 7 A # 80% A
) — im0, 4o IMER K Z Gt 7 7 7 2 a » ok H
AT o -, BB LAY T 7 A EHK TIMFEREWKZ 7 7 v a v %
UPLC-ESI-TOF/MS® T %3 #1 L 7= #5 & % 2-4 12k T

3,5,4'-trihydroxy-6,7-methylenedioxyflavone

-3-0-[6"-(3-hydroxy-3-methylglutaryl)
- B-D-glucopyranoside]

3,5,4'-trihydroxy-6,7-methylenedioxyflavone-3-O-8-D-glucopyranoside

2

2 3,5,4'-trihydroxy-6,7-methylenedioxyflavone

Qg = -3-0-[6"-(acetyl)- B-D-glucopyranoside]

‘0

2

® 3,5,4'-trihydroxy-6,7-

@ Methylenedioxyflavone

@ / -3-0-[2"-(acetyl)-B-D-glucuronide]
0 T T T T T T T T T T T T T T T T T T T )
0.00 1.00 200 3.00 400 5.00 6.00 7.00 8.00 9.00 10.00

Retention time (min)

24 TMF EE (K 7 5 7 2 3 > @ UPLC-ESI-TOF/MS® 4y #7 #& &
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BTFTAERME IMFEEKRZ 77 vavaznilicd 5,
3,5,4'-trihydroxy-6,7-methylenedioxyflavone-3-O--D-glucopyranoside ,  3,5,4'-trihydroxy-6,7-
methylenedioxyflavone-3-0-[6"-(3-hydroxy-3-methylglutaryl)-B-D-glucopyranoside] , 3,5,4'-
trihydroxy-6,7-methylenedioxyflavone-3-O-[6"-(acetyl)-B-D-glucopyranoside], 3,5,4'-trihydroxy-
6,7-methylenedioxyflavone-3-0-[2"-(acetyl)-B-D-glucuronide] @ & 25 f& H & v 72 . % 7=,
TMFELHE R LS D 7 T8 7 — v EREFREIFEREBRE CRES LI L
Ckovmibankhrholk., ZO TIMFEKKZ 77 v a v&% HwvT,
TMF B BE K O (KN I IC > W T~ 2729, ICR~ U AT TMF &
K77 vavrEMikenksS L, —RKEKOMLT KRS Z

UPLC-ESI-TOF/MS* I T 4 #r L 7= (¥ 2-5) .
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Relative intensity (%)

||||||||||||||||||||||| L DARAS LA DAL LAALH LARLE RAAAS LALLE RAAN LALSS RALAL LARLE LEAAN LARLS REAA) LARLS RASRA]
0.00 050 1.00 150 2.00 250 3.00 350 4.00 450 5.00 5.50 6.00 6.50 7.00 750 8.00 8.50 9.00 9.50 10.00

ay be— XK~ X ImiE

kJ

Relative intensity (%)

}Mﬁf il “Jthlmn )M M

|
LAABAL AL LALA LARLE T LA RARAEAAAA) LARAS RAAAS LRSS Rasas]
50 2.00 250 3.00 350 4.00 450 5.00 5.50 6.00 6.50 7.00 750 8.00 8.50 8.00 8.50 10.00

Retention time (min)

B 25 ICR~ Y XM D7 & b O UPLC-ESI-TOF/MS® 45 #r #& 2
TMF % KB4 25 mz313 % % — 7 v A A v & LT, TMFEWERKZ Z
s vavrfEERXKE, KezgbELE=a v br — L XoOICR~Y U XM
MRk E ot Le. £, TIMFR¥EEKZ 7 7 v a v 2BMKy KL,
77U a2 ® TMF Z F A5 dfb L T 7= TMF B BE® b [F B2 40 1 L

7.
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TMER B K 7 9 7 v a v ad~y 2 CRO&S L, 1EEM%ZOIMF
BX 47 % UPLC-ESI-TOF/MS* IZ TH#Hr L& 2 A, U T vva A Ah9l
SHFIC TMF Z2 )M 4 2 mz33 DM E O — 7 RERI L. Z0OFE
—J X IMFHEEiH O —27 & - L6, TIMEREKZ 7 7
ary P oREERIZ, TZVarofRkETLPIICHEELTVEEE
bbb, 7R - NVEEEKT, BRNICBWYT, kT B
BIZIEANMESS B-~7 v 22 ¥ & — ¥, lactase phloridizin hydrolase (Z & v 7 2
Ja v M aMInD Y. Ak o T 7V a v idlEI
T &4, WISz T 7 U 2 > & IF 2 T glucuronosyltransferase &
IX sulfotransferase | & W 7 v 7 v v @BaAd L MEBEEAG S M
FHET D ERHE I TV D ™. KFEE TIT TMF (K 2 M 5
bR ENEE®, FICTZ L7 e v BB THRA SRS
i TMF Z L 722 b B L 72 & & 2 b d.

TMEF B FE A BN IR N IcT7 7Y a2 L THmIREnTWnd I e&Enb,
o7 K, —NVERBEIZL, T7UarPREEMEMZEEST 52
EnEFEZXLND. K221 K0, NV T HELRY CIEETTARSD
T b PURE/E A A R <, TMF & kB L T NO E 4 #0 il B8 1L 4.8
5, PGREAERIT 152 THDH. T 2T, T 7 A4 HERNAF / —
M ICE E D TIMFEE A XY 72 02 Y 0O E=®
B &2 & 22127 T.

ey

™

puns(3
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F£22 FTFTAESNW%AY ) — L HHYWoOEBREEDIZEBIT S TMF
BEEABIONY 7% 2 Vo REEHA

W g 4 mg/g DW

3,5,4'-trihydroxy-6,7-methylenedioxyflavone- 10.8 (7.1)
3-0O-B-D-glucopyranoside o

3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
3-0-[6"-O-(3-hydroxy-3-methylglutaryl)- 46.0 (23.3)
B-D-glucopyranoside]

3,5,4'-trihydroxy-6,7-methylenedioxyflavone-

' 26.0 (15.8)
3-0-[6"-O-(acetyl)-pB-D-glucopyranoside]
3,5,4'—trihydroxy—6,7—methylened'%oxyﬂavone— 32.7 (19.3)
3-0-[2"-O-(acetyl)-B-D-glucuronide]

NV S S BN 23

2T T A HE%AZ /) — VHIHYWOEBRERE lgbzVIZE Eh
L% EHOERMEERT . FHINA O KWL, 80%A ¥ / — b
Mok iT 2 IMFREKED 55, 727U a2 Thod TMF Y
ErxrRLTWD., TMFMHE Y &%, TMFE FEK & TMF O 5 + & £V
RO LFRMETR LK.

2280, ED %ALY /) — i WICE T D TMF E B & 0 &
SIMEIE R 72T ORS00 TH DD, b R B E R
TV avicEBmahdeBExLE, FTT AT D HKENREHH
T hU FTH2 AT RS TIMERRESEBML TS EBF 2 bh
5. ARBRIY, ™IMFEEKRIEANTSE L TT 7 2 & LT
M ICHEETDIIERNRBENDIZ D, 2T T7T4EICHBMNIC
GENRNTVWAEBEAEROT 77U a0 IMFIZZ T 7 A4 O ¥R HE
EMERL EEBEZ LN 5.
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2-3-4 AT TAEXTE ISR ) — VEBEEKOFBIMKE

RIETMILA P L RICXoTHIEEIESND Z E0DL, HURANME
EHMREEMNICEECEHELND 5. BRI, REZE L OIHFK
EMHEBOREBELT, ML EBbITARENLEH T L2 025,
ZlhrloBEERBIRIBIALTETWD. Ef, DA, £iGFHEIE
WhREDOFTHICE, RNTHALEEEBIEFORENEE L S LTV
5. 778 —nfbapo@oliEL L THBLEEND T SN D
W, 2T T AEDOEER IMFEEERIZO W ToOHBRAMEIZDWNT
DHEFT RN, 2T, ZThboHmikM 2 HORAC {& (Z THEEAf L,
TTCIEHREODDI I N ETF UBLR Ty Xm — L b gL (K

2-3).

23 TMFEHEAEBLOXRTIMF, Y1V E®F v, Yo Xu— Lo htn

o v 7 R #E (mol TE/mol) T @ H-ORAC fH

WA 4 H-ORAC (mol TE/mol)
3,5,4'-trihydroxy-6,7-methylenedioxyfl -
,5,4'-trihydroxy-6, m.e ylenedioxyflavone 6.03" + 0.06
3-0O-B-D-glucopyranoside
3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
3-0-[6"-0-(3-hydroxy-3-methylglutaryl)- 6.50° £ 0.15
B-D-glucopyranoside]

4'-trih -6,7-methyl ioxyfl -
3,5,4'-trihydroxy-6,7-methylenedioxyflavone 567 - 0.08
3-0-[6"-O-(acetyl)-B-D-glucopyranoside]
3,5,4'-trihydroxy-6,7-methylenedioxyfl - :
, rihydroxy methylene %oxy avone 537 + 015
3-0-[2"-O-(acetyl)-B-D-glucuronide]
TMF 2.22° + 0.38
oyt Fov 11.34° = 0.30
rooa — b 3.64° = 0.61

F— A XYy R E (n=3) TR LZ. abecdlt, B DHXE
M THEED S%U T ThHHFEERT.
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TMF Bl fE Rk O i bt T r v F v LD Lo, &7 v
N - X bEWHEESRLE. £, MUERIEMEM LT IC, TMF
BERITT 70 a0 TMERY e — L X0 b |0z
AL, IMFEBEERIZZY T 7TAEOEE R T TR —VEEKRTDH
D, 27T AEORBILEICRESERT S &HHEIN D .

2-4 EE

MREERNEEHETL2HEN, 27740
NTWLonzflxskw, 2774 FE:LE
¥ % DIAIONHP-20 CTH§ 8 L A MM % BV br v 72 ¥ > 77 L @ NO B £
flEEZME LI LA, T T A4 FEDHKIT NOFEAEIH GE 25 iR

N (X2-1). 22T, T T7A4ADELEDSWA Y/ — LY %

LEDOWTNIZE
XD 8% A ¥ J — Vi

UPLC-ESI-TOF/MS® T #r Lzt 2 A, ¥ 5T 7 A4 FEIZIX, T T TITH

IRy

LOMIEETHELTWD 11O 7 TR —LEFEKNERSH
N, ATFTAEDNILE, HWOT7 TR —LVEEKRD S L,
quercetin-3-O-B-D-glucuronide & quercerin-3-0-[6"-O-(3-hydroxy-3-methylglutaryl)-B-D-
glucopyranoside] L " H S e o 7. I LI ¥ T T A E»DL X, #T
REEHZRT EHEOH DL MY 77 02U 3 23mg/gDW B H &
Nl (£22). ThboZ ehb, T T7A4A0RKEMERERT Y
BEXEICREL, 7787 —1ibaWBION) TE 2T R Z
DHEEEZH - TWnWd EHEIND. WVWT, ¥T T A4 EIZEHEENT
WBHRTZ7 IR —LVEBABIIINANDOEEEOT Y 2y, T x
Jo— IV, FU T X LAY 2OV T NOEB X O PGE: ¥ 4 #) # f8 %
WELEZ(R2D). ZOoRE, PV 7F72r2Y i@ EoHRSE O®@
DY MW NOBXUOPGEELEMBENBER SN, 778K/ —
BHE(R I DWW Tix, Z v 7 o= FK%PHEITH > quercetin-
3-0-B-D-glucuronide & 3,5,4"-trihydroxy-6,7-methylenedioxyflavone-3-O- [2"-(acetyl)-B-D-
glucuronide] LA IZTEME N AR o v e ro /. L2 LZan b, 727U =
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v bBENEF U, g —, £V TFHNFFr, T L TTIMF
WCIE B % 72 NOB KO PGE: EEA MM GE N A2 b . KoL
BT T A K% AKX — LAY, W NO BEE I RE A oR L T2

DIF, ZIXK ) —NVEBEERISHEINLTT 7V aryiZhoslthnrb i
EEZLND (K 21). £, T 7 A4AKE%A X/ — LI O @
K 5y fig %) Z UPLC-ESI-TOFMS" T/r#r L 72 & 2 A, TMF BN E#EH g 7 7
JaryrThr Il trnmRIhz(M23). 77K — vEEKIL,

HitsmE Chfsh, 77 YVarsreLTHEHRNIZERYAENLD Z &N
wEENLTNWD WY ok, FTTAELLELLEEND T TR
J—NVEFEKRL, KATHOMIhhTT 7 ) aroREICR D LT
MREFEMZ T LM MHF SN L. £ 2 T, DIAIONHP20 B & O

Chromatorex ODS 7 7 & Z JAW T, Z 77 A % 80% A % /7 — /L il i ¥ &
W, TIMFEEKZEEBICGL 777 va OB LT o7 (X 24).
TMFE K7 7 27 v a % ICR~ 7 2L L, 1RRHZOIM
ok E s LA, 77U 3o TMFRBKRE &z (X
25). ZORR LY, TMFEWEKZ 77 v a vPoEKIE, 77
JaroRETCMFICHFELTCVWELEEZDND. BE THRIILI
727 7 U 2 %, W IZ T glucuronosyltransferase & 7- I sulfotransferase | X
W7V ryBREELEMBRLE ISALPCHFET D ENHRE
ENTWVWD ™, KERTIXITIMFO 7 V7 uorBEaAskomBas
I shholld, FHICTZ V70 rBROMEB TRA S
WD HEIO TMF Z I 2 S | L7 &5 2 6 b, TMF BB (R 28 (KW
7 7V aryriE Ll THNREIATWDLZ Enn, 727U a3y d TMF

NENTHAERRZEET LI ENEZONDE. £21 50, |
U722 v ET T A0 TR BREER® MR,

TMF & bt @ L C NO £ 4 ) il 68 1L 48 {5, PGE: E A RE 1L 15215 T b 5 .
—FH T, 22XV, ED8%AK / — /I HWIZE T D TMF B
KOABFHMBEIX I 77X 2V D50, 727V 3o TMF #iHE

ARHMELENTH BETH- . ZADHDODIENL, T T 40
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BT HHREEMIZTRNY 7220 808 TMF2N K& < HHL
TV E&EE2bI 5.

LEXY, 277 AORKEHHEICO>WTIE, Y TFTH 2
IR, BREBREOA T 4 AV EBIOAS T o P RED
WEMPIhFEFTIZENALTWD., LML, 2T 7448 ERZEFA T
43, AT rFREALAEFERET, BEDOLE A, MY
THE A U REERHOEEARKEHEESI L TDE. LL
AL, AEOFE CENE»SHEL L T, TMF BB K23 EEHEH R
MREME LD ERHERSNT.
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EIE AT TADOHRAEABBEREE TCO7SR - LEBEAKOBEMRENTSS

FTFTAFHEATHS O EMAMEY L LT, MR, M, HER
FoHMTHAHISRhTE Y., Z20—FHTHARO—H O TIX
PTFTARETHEREORAMERELTCHBHASISATWD. EE R
HKERMEIZLDE, 2T T7TA0EEEFTEMT 22 & TAE, AW
K, Bobh, EH, ~"FRXZzoMmMBEBROFLEBIZHOEN D DH L
n<CTwa Y Fio, @®ETIX, ¥T7 7 A& Najuljok & FFIE 5 15 #
Mo REBETHY, B, MEAFHMTERNsALTVWD Y. #7577
A OBEEDEIZ O TIE, MIREDHDELLTEETFTRSND 7 = A
vBY, mMT Vv A —tERERT AT oYY, AN ang ok
—stvrVicH T I2MEEHR "2 T N TH R v, 664 K F
virSRnu— b, FrSna— B X TMF, bk EEEHR T %
TTWEELTCIMF, fiBEH "B IORREER 2 RTHE L
LThRU T2 2 UM EIATVWDS. T E TITE L O R E
TlE, #7774, FreFr, yoXn—n, YT ARF L,
ZLTCTTIMF %27 7 V) aryi3 231107 7K — VbR nSEET
HZ Ll EERL TS VY EHC, IMFEBEAB LI NALLOT
sV arpabAro—OERKRICED D HMG-CoA L ¥ 7 Z — &
FHEST LI LEEALMNMICLE Y. T, EB2ETE, ¥T T A IE
o> TMFEFE B IZEANTHME L TTY 7Y 23O TMF & 72 ) Hl &
EEHRHE T RN "I .

T TADENEREMELTHMBPBIhTER—-FT, BEFE (7
YY) LIS T T AL ELS S E L TH M E
nNTWw2 . 277 A4A0OELEFIT, 1HIZS~10gl U TRAT
HE, MBERBIOMAKL L THRID D LM ERREICER
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ShTkL? 2T T7TAHFICHLAEBRBEERE R TYWENFEL TW
LEBBZLONLD. THETICERADODHAET, 277 A4 EIZITT

ZHR =N OTMF%27 7V 2 &4 %5 TMFEFEKRDEEICHET

HZEMr o TWnD Y. TMFE X O TMF BB I, ¥ 7 7 4 LI
FFMMIcEEFEnL VW2 ER TN, Zhod, BricbadFh
TW520M0, PH2VIEFAFBRETEAREINTVDIONIEIAE TH
. Jang b %, T T AORF, KRARE, RALEZEOKIMBDY
WOWTHEBILES MITT v &2 A4 2 W CHEIMEEMEZH E L T

WAHR, MR SO EFIITo TR Y. Fh, ¥TT A O
FTELORAT I VO T7 FHK ) —IZOWTHEMICHEL 2 & 51T
TrxomaWBy L. i, 777, KALELEXL WV
THEEBBEBOY T TACEEND 7 IR ) — VbW ERAEL,
SHLIZBEEBERBICEBTLZ2Z2T 7Aoo EetEraiMs o2&
T, B2 EHMEH L L TCHBAIRLTEREY T T A 03K KR
RO —Bh b B2 bND. T TAETIEH, FEFEHKOD

AT TAWXCEEND 7 TR — VEBEEROMEEMRIT & &EFTEREIC
BOIL2ZTTAMEYORBAEIZSOD VTR EZIT - 2.

3-2 EBMBEERLTE

3-2-1 EBHBEB LI CEBRHKSR

2T T A O FATH AR (k) GUE) 2 B 2016 F £ 72 iF 2017
AT 2 E L iE A L 7= . Quercetin-3-O-B-D-glucuronide, quercetin-3-O-a.-L-
rhamnoside, kaempferol-3-O-a-L-rhamnoside, 22-¥ 7 = = /L -1-¥ 7 U )L & K 7
Y ) (DPPH), 6-t K v &% > 25787 7 A F )7 v~ 20EK v
/% (Troloxe), 7 /A L& A4 > F K U 7 A, Folin-Ciocalteu reagent, HPLC A
7 & b= bk U L Sigma (St Louis, MO, USA) 7» & 1% 7= . Kaempferol-3-O-B-D-

glucopyranoside (astragalin) , isorhamnetin-3-O-B-D-glucopyranoside (% EXTRASYNTHESE
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(Lyon,France) o b o2 H Wk, rrivF v, oo — b, -~
A X L F 0, 2,2-azobis (2-amidino-propane) dihydrochloride (AAPH) 3 X Y %
OMmAEIT, ELT7 o METLTE (KBK) 25 %7 . DIAION
HP20 X =2 ¥ I A V7 77 « VU a—3a vy X(HAESA, BARBHEK)
(RR) &b B,

mH K 7 vm~ 827 7 7 4 — (HPLC) 43 #7 (X Shimadzu ( 3T #f )
% o LC-2010A & Chromatopac C-R8A % ff i L 7= . UPLC-ESI-TOF/MS"® (Z I%
Waters Corporation (Milford, MA, USA) ® ACQUITY Ultra Performance Liquid
Chromatography (UPLC) > A 7 A & SYNAPT G2HDMS ¥ A 7 A % fff HH L 7= .
HME R, 770y o BERERER (R~ Y 8, R
JI) & AW 72 WS W2 R M 1X, TOKYO RIKAKIKAI (3 5U) # o FDU-1110
M Wiz, v A4 27w 7L — bk U — &% — & Thermo FisherScientific (Waltham,
MA, USA) @ Multiskan GO # Hl W7z . # e~ A 7 v 7 L — kU — & —

1% TECAN (JI| & ) 8¢ infinite F 200 %2 F \» 7= .

3-2-2 FTFT7AHERY 77— NLOHHEBLOKERE

% 5 7 A ® fE + (voucher number,;16001) 58 g % . #k T FE #: %, 80% A
Z 7 —Jb 100ml Z Nz, BEREHFBEEZMBWT20C, 205# Y =
r— 3 a v L7. ADVANTECNo2 lEfl Z# HH W T Al %, WK % v —
Y —ZNKL—H—Z2ZHWTAHOCTRERERMLEZ. ZoMmHby
& K B K I iR L T DIAION HP-20 7 7 4 (200 X 30 mmid.) {2 ¥ A L 7=
%, ABAKS00m THEHEFL, A X = 400m THEHLEZ. 0K
Mikz NRL—F —CHEZBE®R, —BEETFr—%—IC T
Y, QIimgofHEWESEL. ¥5 7 A4 DA 7 7 K (voucher
number,;16002) £, 2016 4+ 4 A 2 A ICH M L 2%, 4 H 18 B 1T L 72
b ldgz MWW T, RO FETHEL 0Omgo Y z2/Hr. £
72 7H 20 BICILHEL =% T 7 A @ # %X (voucher number,;16003) 16.8 g 7> & ,
Atk FiE T a7y, 600mgo i a2/, Zhboy o7
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Jb % UPLC-ESI-TOFMS" T 73 # 1 JH wWio . 2017 4F o ¥ > 7 v id, H -+
(voucher number,;17001) % 2017 4 3 H 29 HIZHEE L =%, X7 7 U |
(voucher number,;17002) % 4 H 14 HICWWH#E L. £/, #7577 4 DHEX
(voucher number,;17003) (£ 7 A 3 HIZ UL # L, Ak & ®AEE D F ik THH %

T - 7.

3-2-3 7 5 &K J —)VEE K O UPLC-ESI-TOF/MS"® 43 #F

UPLC-ESI-TOF/MS" (Z & % 4y #r id, LAATIC R x OB FEE THE L7
% & AR I24T - 72 ' UPLC-ESI-TOF/MS® % Waters Corporation ( Milford, MA,
USA) @ ACQUITY Ultra Performance Liquid Chromatography (UPLC) ¥ A 7 A &
SYNAPT G2HDMS v~ A 7 A % ff H L 7=z . UPLC & 7 A X Waters ACQUITY
UPLC BEH Cis (100 X 21 mmid, ¥ £ 1.7um) % £l L 7= . & 7 & & E 1T 40
C, W& X 03 ml/min, # i X photodiode array (PDA) detector % H > T 340
nm TAT > 7. B#&HMIE, 1045 TO01%¥®, 7 & r="hFY/L9o:10
(V) 7> 5 50+ 50 (viv) O B Bt i 8 A Bl T L 72 . MS® % negative mode
THEL, BLF DL TIT o . Ml EE L sensitive mode & 5 W (%

high resolution mode T #| & L 7= .

BE: F¥Y v 7V — 25kv, TV 73— 50V,
Extraction Cone 4.0 V

B . Y — A 150 °C, Desolvation 500 C

AP . 32— > H A 50L/h Desolvation 7 A 1000 L/h

AFx ¥ HA L 05

Colision energy: Function 1, [ Low energy ] Trap colision energy ON 6 V

Transfer colision energy OFF
Function 2, [ High energy]  Ramp trap colision energy ON 6-45 V

Ramp transfer colision energy OFF
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3-2-4 T TAETFHEOT VLY 4 ME

BTFTAEFOMME® 1.0mg &2, 50%A % / — /b 05ml il &L,
20% K AL Y v AR 05ml 2 N &, — BRI TS S .
Y5 B < Y Fo #% , Grace fI: (Columbia, Maryland , USA) ¢ Alltec Cis Maxiclean cartridge
BT LI EAR, AEAKSm THEFHF L, A ¥ —b5ml THIMH L.

DA K ) — )L EEH E 4 & UPLC-ESI-TOF/MS® (2 L v 44 L 7= .
3-2-5 HPLCIWC K B2 75 R ) — LV EBEEKOEEST

BFT AT, A7 70, BEOKBEBLEY & Wik T EHRH
R BV OEAEI1E900mg, A7 7 v & EX|THE I00mg % 15ml R
D7y Fa—TICARN, 80% A X J — L 10ml & N I IE U L
L T DMSO IZ ¥ & L 72 1.0mg/ml ~ X X L F ¥ # % 200 pl 0 2 7= . 30
BHMALT vy 7 X L%k, 7507y BEBREEKZ BV TAIER 2
Cc220mMy=r—varL LML, ZomMt®ms, =L5H
¥ % FH v T 3000rpm, Sy MmO L. EFEEEMEZ, B E, 8
Y% A% 7 — L 10mlZMxFHEOHMMBEIT>7. BIIWLZEFEE
Kiriyama No.4 Jig #& 2 H W T 5l g @@ L 72 %, 80 % A % / — L T 20ml
747 v 7 L. 2056 1.0m%EHRY, KT ATEEEZ,
HPLC O BB TH 5 01 % ¥ BAKBEIKR /7 & F=1F U (955,vv) 1
m CHEMLE., ZO0H% 7L E2AR02um D A T LT 44
— (Shimadzu GLC, # &%) CJE i %, HPLCIZft L 7. #» 7 A X YMC (2
#5) B > ODS-AM &7 F & (150 X 3.0mmid, K £ 5um) & W\ 7= . i &E 1%
0.4 ml/min, i H ¥ K1 340mm ([T E L 2. BEMHEIEL, 4045 T 0.1%F
KWWK,/ 78 b=HKFULo5:5(vv)»Nn5E 60: 40 (v/v) D E # I E 5
il THEH L. #7787 —LVEEEROE&EMIT, KB ok EE

TV DO~NAXLVF Y E (pgHesEgDW) & L T L 2.
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3-2-6 MRV 7 —NLEBIXUOHBAEORE

MARY 7 /) —NVE&EFI 7V F AL MEDICEIDHEL,
MR EE lghb /) O®E FEBHAE & (mgGAEgDW) TR L 72

Hydrophilic oxygen radical absorbance capacity (H-ORAC) @ #ll & 1%, LL A2 &
DW= CTHE L FEEREREE™IZ, Watanabe H O F i W 12 % U T
iTo7. 9%well v~ A 7 7L —~zZHwvw, #ERKE 20u, 75mM Y
v WEREE IR (pH7.0)1C 9450M 7 L F L & A E WK (pH7.0) 200 ul %
mz, 373CIZtkosle®t~A 277 L — K~ VY — & — infinite F 200
(TECAN #, JII &) Z H W T, 7/ L&A > o®tiRE %R
R 485nm, M & K 535mm TR E L. 1045 %, 75mM U > 8 H K
(pH7.0) IZ ¥ f# L 72 317 uM @ AAPH IR 75w %2 N %, & & # ## 1%
W 25y % 6 25 M BR T 90 4y [, | O R OEE o R Ry 2k &2 M E L 7z
W REEREBENICEBLEZZ 7 7ot FTHMEAZ BB L, HORAC
X Imol & 72 U @ Trolox #H % & (mol TE/mol) & L THE L 7=.

STFTAS, AT T UL, BED2222VT7 2= -1-E T )L E
K7 YNV (DPPH) 7 Y AV EBEOBE X B EICHREDO S D HE%E
— WL E L TIT o727 50% A ¥ J — VT IR i X & 7= 400 uM DPPH 30
ul, 200 mM MES #% & % (pH 6.0) 30ul & X O 50% A % /7 — L 30ul, 50%
A A — NI EIE RS L < IE Tolox30ul 2 96 75X 7 L — h(Z
SAE L 72 tk, 204 =AW AT TS S ¥ 2. K %, Thermo Fisher
Scientific K.K. (f# 23 JIl ) @ Multiskan GO < 4 7 v 7 L — K U — % — T 520 nm
OWHEZWEL, REALEBEERE 1gb 720 O Trolox #t B & (umol

TE/gDW) % % i L 7= .
3-2-7 WHEHALH
F— B TR EREEE TR L. EBRE R ORI,

one-way analysis of variance (ANOVA) fi #r #% Tukey #4512 & 2 B & & 17 \», p<
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0L5DHEEICHBETHL DL &L=
3-3 ®BHE

3-3-1 5 T7ARF, A7 b, BEOZ7F7KR) —NVEEKEKD
B 4y 4y B

xR ETEIRICHT T A EETLITED %A X / — vl il
M o7 IR —LVEERIZOWTHELTWDS Y. £k, 2%
THiik LB, 2T 74 XXX EFEEAETZ TR — VEERK
MAE GNP oTeN, 2774 EICIFTEZL O TIMFREEERLS S EhH
TWaAZERHLBMNERSTWSE., LML, 77404 BFEW%Z
WU CTIMFREEARRBZFAL VDI NIEAHTHL. 22T, X7
TAMTY, A7 79 bh, EEDS%AX /) — Nt HD 7 T K
—VEHEERE SN L., 2T TAET, AT T TN, EEXD S %

A X ) —HEM O 7 TR 7 — )L kE K %2 UPLC-ESI-TOF/MS® T 43 #T L

ey

AR A 31, F# 31, 3217, £, SFER I, FE SN
7R —nNEHEEKOHEEXLEK 321K T,

ap
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231 ZFT7A4 75K —)E K DO UPLC-ESI-TOF/MS® 45 #7 f &

v — 7 No., ¥ 'E 4 m/z [M-H] ~ m/z product ion

1 Quercetin-3-O-B-D-glucuronide 477.06 301.04 [M-H-GIuA]

2 Quercerin-3-0-[6"-0O-(3-hydroxy-3-

methylglutaryl)-p-D-glucopyranoside] 60713 301.03 [M-H-HMG-Glu]

3 Kaempferol-3-O-B-D-glucopyranoside 447.05 285.02 [M-H-Glu]

4 Quercetin-3-0-o-L-rhamnoside 447.10 301.03 [M-H-Rha]

5 Isorhamnetin-3-O-B-D-glucopyranoside 477.06 315.03 [M-H-Glu]

6 Kaempferol-3-O-[6"-(3-hydroxy-3- 591.09 447.06 [M-H-HMG]
methylglutaryl)-p-D-glucopyranoside] 285.02 [M-H-HMG-Glu]

7 Kaempferol-3-O-o-L-rhamnoside 431.10 285.04 [M-H-Rha]

489.10 447.1 [M-H-acetyl]

8 Quercetin-3-0-[x"-O-(acetyl)-a-L-rhamnoside] 301.03 [M-H-acetyl-Rhal

489.10 447.1 [M-H-acetyl]

9 Quercetin-3-0O-[x"-O-(acetyl)-a.-L-thamnoside] 301.03 [M-H-acetyl-Rha]

10 Kaempferol-3-O-[x"-O-(acetyl)-a-L-rhamnoside] 473.10 285.04 [M-H-acetyl-Rha]

11 3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
) 475.10 313.03 [M-H-Glu]
3-0O-B-D-glucopyranoside
12 3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
. 489.07 313.03 [M-H-GluA]
3-0-B-D-glucuronide
13 3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
3-0-[6"-0-(3-hydroxy-3-methylglutaryl)-
B-D-glucopyranoside]

619.13 475.08 [M-H-HMG]
313.03 [M-H-HMG-Glu]

14 3,5,4'-trihydroxy-6,7-methylenedioxyflavone- 517.09 475.08 [M-H-acetyl]
3-0-[6"-O-(acetyl)-B-D-glucopyranoside] 313.04 [M-H-acetyl-Glu]

15 Kaempferol-3-O-[x"-O-(acetyl)-a-L-rhamnoside] 473.10 285.04 [M-H-acetyl-Rha]

16 3,5,4'-trihydroxy-6,7-methylenedioxyflavone- 531.07
3-0-[2"-O-(acetyl)-B-D-glucuronide] 313.03 [M-H-CH:COOH-GIuA]

& &5 : Glu, glucose; Rha, thamnose; GluA, glucuronic acid; HMG, 3-hydroxy-3-methylglutary;

X, binding site unknown. Flici o FZAEZE—2 No. & L Tmrd .
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£ 32

FTT7A7 7R —VEEEO U XAX7 FvgiER

v — 7 No., W'E 4

Wavelength for UV maximum (nm)

10

11

12

13

14

15

16

Quercetin-3-0O-B-D-glucuronide

Quercerin-3-0-[6"-O-(3-hydroxy-3-
methylglutaryl)-p-D-glucopyranoside]

Kaempferol-3-O-B-D-glucopyranoside
Quercetin-3-0-a.-L-rhamnoside
Isorhamnetin-3-O-f-D-glucopyranoside

Kaempferol-3-O-[6"-(3-hydroxy-3-
methylglutaryl)-p-D-glucopyranoside]

Kaempferol-3-0-a-L-rhamnoside
Quercetin-3-0-[x"-O-(acetyl)-o-L-rhamnoside]
Quercetin-3-0O-[x"-O-(acetyl)-a-L-rhamnoside]
Kaempferol-3-O-[x"-O-(acetyl)-o-L-rhamnoside]
3,5,4'-trihydroxy-6,7-methylenedioxyflavone-

3-0-B-D-glucopyranoside

3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
3-O-B-D-glucuronide

3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
3-0-[6"-0-(3-hydroxy-3-methylglutaryl)-
B-D-glucopyranoside]

3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
3-0-[6"-O-(acetyl)-B-D-glucopyranoside]

Kaempferol-3-O-[x"-O-(acetyl)-o.-L-thamnoside]

3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
3-0-[2"-O-(acetyl)-B-D-glucuronide]

255, 265sh, 351

254, 265sh, 351

265, 344
254, 265sh, 348

269, 337

265, 347

265, 344
253, 265sh, 347
254, 265sh, 347

264, 339

2717, 339

277, 340

277, 340

271, 340

264, 344

264, 344

% 55 : X, binding site unknown; sh, shoulder.

ELTmxwT.
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HO O=—CH, HoOC

HOH,C ° HO o
R OH CH; OH
OH
OH
OH oH OH OH OH  5u
OH

(5) (6) (7) (11)

(12) (13)  omu (14) OH (16) o

OH OH

OH o
rio —o. | (7),(10), (15) (8),(9)
H, R.=R,=H, Ry=acetyl or Y R,=R,=H, Ry=acetyl or
R,=R;=H, Ry=acetyl or CHs R,=R3=H, R;=acetyl or
or,0r, M1=Rs=H, R,=acetyl R:=R3=H, R,=acetyl
OR, OR,

M 32 T T7ARF, A7, BEDODIZ7ISR ) —NVEEEKD
% & KX
wmERNICHHMEoEFEZTIT, K31 &EHoFSZ2 T .
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ETFTTAFESf, AT T UL, BENPbETEALENLNAEDE Tl6D
7 IR = VEREERNE I . F 2, 2016 £k K O 2017 42 I
LELEboZEET 2L, MK EIRLECTHLoT7. 7 EF U F
T rr X =7 h) -2 EHETOIEEKRIT, 7T A0
FThroLD0HHERINTL., T, T T A4S %A K/ — L
WMaT7T vl DMKy, MBMAEET2S;Y EEL DS
AR A2 K 33103, T.

1.0e-14

i Absorbance at 340 nm
8.0e-29

> Quercetin-Rha (m/z 447)

Kaempferol-Glu

3509.2: (m/z 447) \ _ Kaempferol-Rha (m/z 431)
e Quercetin-Glu
3 a TMF-Glu (m/z 475
20624 (m/z 463) \ e ( )

T T T T T T T T T T T T T T T y T T \
0.00 1.00 200 3.00 400 5.00 6.00 7.00 8.00 9.00 10.00
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£
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=
© m/z 463
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Retentlon time (min)

X33 T T AFBF80%AZ ) —NLVHHEBOTVEY KD MBE®R

D7 5 R ) — )V E K DO UPLC-ESI-TOF/MS® 4y ¥t % &
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& 55 : Quercetin-Glu, Quercetin-3-O-B-D-glucuronide; Kaempferol-Glu, Kaempferol-3-O-D-
glucopyranoside; Quercetin-Rha, Quercetin-3-O-a-L-rhamnoside; Kaempferol-Rha,
Kaempferol-3-O-a-L-rhamnoside; TMF-Glu, 3,5,4'-trihydroxy-6,7-methylenedioxyflavone-3-O-f3-

D-glucopyranoside

BT T AT D% AKX ) —VEIHBET VI Y ST DL,
&% No.8, 9, 10, 5O Vv EFrBLOTrr<e—1Lo7F
NT A - AREEOE -7 BRHEKL, LAWY N4, 7O
quercetin-3-O-a-L-rthamnoside 3 & ' kaempferol-3-O-a-L-rhamnoside @ & — 2 7% #§ /N
L. Zhbov—2F, REOZXZALENNOE -2 & —F L. #
FTRIAEFUOBIO Y R — DT vF T A — X EHEK
MERDTHLIN, EFEEPNATI vV MNTRhdE, ZhboRKE
R 1% # 38 = v ¥, isorhamnetin-3-O-B-D-glucopyranoside, kaempferol-3-O-[6"(3-hydroxy-3-
methylglutaryl)-B-D-glucopyranoside 2% & % 73 & 72 v, £ 7, TMF %= 7 7 U =
e L TR OB K (S Y No. 11-14, 16) 2 R S iz . b & % No. 12
@ 3,5,4-trihydroxy-6,7-methylenedioxyflavone-3-O-B-D-glucuronide |£, A 7 7 U |k (T
OHBmHENT. LAY No. 1l & 12 @ UPLC @ photo diode array T ¢ UV
AN bz LEE A, LI R KR T 277, 340 nm
Thol. ELE®WNo.RICODWTOHREIT, FTrOMDBMBYH F 727k
W EbID, A LLZEXTEIMALAEY No. 11, 13, B EHLT T
A=V EEERThHDo . H2ETRLEBY, 7T A4X0060F
quercetin-3-O-B-D-glucuronide &  quercerin-3-O-[6"-O-(3-hydroxy-3-methylglutaryl)-B-D-
glucopyranoside] ® 2 > L 2@ & ¢, TMFE KT Z EFn T wnw
EzHLENPIZLTWD., LER->2T, TALDEERT IR/ — L
R TIETCESGHR I LTV EEZXZOND. TP, A7 T U B
LFOEXOAFERICEW T, ¥FxTICRB SN OIF(LEY No 2,
6, 13 TH VO WF b KA IC 3-hydroxy-3-methylglutaryl % 2 5 9 5 & © T
»H o Tz
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3-3-2 T T7AREF, AT r, BEOIIR) —LVEEED
E B o

ETFTAHES, AT T UL, BEELVERLENLEDE T 16D 7
TR = IVERENFRAE S NS, T T HPLC I X 5 & &5
AT oz, EEAOMNMICH WL HPLC O R 2 K 34123 . £ L T,
ATFTAMES, AT T UL, BEDOT7 IR - VEEEKOEREMZE
#* 33, 34, 352K 7.
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X 3-4

Absorbance at 340 nm

WEELEBFT X T T A B+,

T . IS
9
4 |8
6
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y
. 13
l15
| -l
A7 7 b )
5
: 13
. IS
¥ IF
. 13
EX
11 14
Y
6
123 5 1S 16
NN\ \
0 10 20 30

Retention time (min)

A7 Z g b,

EX D 80%A F

—AHHEHO T TR —VEREKOEER HPLC & T &£ &
W& 35 : IS, internal standard (N A # TH W7o ~ A X L F )



# 33

EFTTABFOI7 IR —VEREEKEEHE

¥ — 7 No., ¥ 'H 4

7E & ff (mg HesE/g DW)

2016

2017

10

11

12

13

14

15

16

Quercetin-3-0-B-D-glucuronide

Quercerin-3-0-[6"-O-(3-hydroxy-3-
methylglutaryl)-B-D-glucopyranoside]

Kaempferol-3-O-B-D-glucopyranoside
Quercetin-3-0-o-L-rhamnoside
Isorhamnetin-3-O-f-D-glucopyranoside

Kaempferol-3-O-[6"-(3-hydroxy-3-
methylglutaryl)-B-D-glucopyranoside]

Kaempferol-3-O-a-L-rhamnoside
Quercetin-3-0-[x"-O-(acetyl)-a-L-rhamnoside]
Quercetin-3-0-[x"-O-(acetyl)-o-L-rhamnoside]
Kaempferol-3-O-[x"-O-(acetyl)-o-L-rhamnoside]
3,5,4'-trihydroxy-6,7-methylenedioxyflavone-

3-0-B-D-glucopyranoside

3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
3-0-B-D-glucuronide

3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
3-0-[6"-O-(3-hydroxy-3-methylglutaryl)-
[-D-glucopyranoside]

3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
3-0-[6"-O-(acetyl)-B-D-glucopyranoside]

Kaempferol-3-O-[x"-O-(acetyl)-o-L-rhamnoside]

3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
3-0-[2"-O-(acetyl)-B-D-glucuronide]

N.D.

0.0454 = 0.0064

N.D.

0.129 £ 0.008

N.D.

0.0960 = 0.0067

0.0415 = 0.0023
0.152 £ 0.021
0.131 £ 0.015

0.0742 = 0.0058

N.D.

N.D.

0.0143 = 0.0012

N.D.

0.0233 = 0.0013

N.D.

N.D.

0.0286 = 0.0008

N.D.

0.0922 = 0.0005

N.D.

0.0541 = 0.0013

0.0295 = 0.0005
0.0838 = 0.0014
0.0747 = 0.0030

0.0444 = 0.0020

N.D.

N.D.

0.00934 £ 0.00015

N.D.

0.0155 = 0.0003

N.D.

% 5% : X, binding site unknown; N.D., not detectable. licRE oo FHFEE — 7

No.

L LTmxwT.
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# 34

FETFTARATTTRNDT TR —LEEEEEHE

¥ — 7 No., ¥ 'H 4

7E & ff (mg HesE/g DW)

2016 2017
1 Quercetin-3-O-B-D-glucuronide 0.501 = 0.061 1.49 = 0.03
2 in-3-0-[6"-O-(3-hydroxy-3-
Quercerin-3-O-{6%-O-(3-hydroxy-3 141 + 0.14 201 + 0.07
methylglutaryl)-B-D-glucopyranoside]
3 Kaempferol-3-O-B-D-glucopyranoside 0.349 = 0.075 1.38 = 0.12
4 Quercetin-3-0O-o-L-rhamnoside N.D. N.D.
5 Isorhamnetin-3-O-B-D-glucopyranoside 2.79 £ 0.33 8.01 = 0.23
K ferol-3-0O-[6"-(3-h -3-
6 Kaempferol-3-O-[6"-(3-hydroxy-3 3.83 + 035 571 + 0.16
methylglutaryl)-B-D-glucopyranoside]
7 Kaempferol-3-O-a-L-rhamnoside N.D. N.D.
8 Quercetin-3-0O-[x"-O-(acetyl)-a-L-rhamnoside] N.D. N.D.
9 Quercetin-3-O-[x"-O-(acetyl)-o-L-rhamnoside] N.D. N.D.
10 Kaempferol-3-O-[x"-O-(acetyl)-a.-L-rhamnoside] N.D. N.D.
11 3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
yETORYD, ey Y N.D. N.D.
3-0-B-D-glucopyranoside
12 3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
] 0.897 £ 0.104 1.50 £ 0.03
3-0-B-D-glucuronide
13 3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
3-0-[6"-0-(3-hydroxy-3-methylglutaryl)- 2.52 £ 0.27 2.69 = 0.02
[-D-glucopyranoside]
14 3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
0.884 £ 0.086 0.902 = 0.016
3-0-[6"-O-(acetyl)-B-D-glucopyranoside]
15 Kaempferol-3-O-[x"-O-(acetyl)-a-L-rhamnoside] N.D. N.D.
16  3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
1.36 = 0.14 1.57 £ 0.03

3-0-[2"-O-(acetyl)-B-D-glucuronide]

% 5% : X, binding site unknown; N.D., not detectable. 3-1 12

No.

L LTmxwT.
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£35 AT TAEZXZD 75K ) — LV EBEKEEME

7E & ff (mg HesE/g DW)

¥ — 7 No., ¥ 'H 4

2016 2017
1 Quercetin-3-O-B-D-glucuronide 1.76 = 0.03 1.91 = 0.02
2 in-3-0-[6"-O-(3-hydroxy-3-
Quercerin-3-O-[6"-0-(3-hydroxy-3 170 + 0.04 2.57 + 007
methylglutaryl)-B-D-glucopyranoside]
3 Kaempferol-3-O-B-D-glucopyranoside 1.78 £ 0.04 1.20 = 0.01
4 Quercetin-3-0O-o-L-rhamnoside N.D. N.D.
5 Isorhamnetin-3-O-B-D-glucopyranoside 4.16 £ 0.09 4.01 £ 0.03
K ferol-3-0O-[6"-(3-h -3-
6 Kaempferol-3-O-[6"-(3-hydroxy-3 6.62 + 0.61 7.19 + 0.06
methylglutaryl)-B-D-glucopyranoside]
7 Kaempferol-3-O-a-L-rhamnoside N.D. N.D.
8 Quercetin-3-0O-[x"-O-(acetyl)-a-L-rhamnoside] N.D. N.D.
9 Quercetin-3-O-[x"-O-(acetyl)-o-L-rhamnoside] N.D. N.D.
10 Kaempferol-3-O-[x"-O-(acetyl)-a.-L-rhamnoside] N.D. N.D.
11 3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
} 14.6 = 0.8 9.04 = 0.20
3-0-B-D-glucopyranoside
12 3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
yEORY® Y Y N.D. N.D.
3-0-B-D-glucuronide
13 3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
3-0-[6"-O-(3-hydroxy-3-methylglutaryl)- 274 £ 13 20.7 = 0.3
[-D-glucopyranoside]
14 3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
15.1 = 0.6 154 £ 03
3-0-[6"-O-(acetyl)-B-D-glucopyranoside]
15 Kaempferol-3-O-[x"-O-(acetyl)-a-L-rhamnoside] N.D. N.D.
16  3,5,4'-trihydroxy-6,7-methylenedioxyflavone-
4.60 £ 0.11 5.10 = 0.08

3-0-[2"-O-(acetyl)-B-D-glucuronide]

% 5% : X, binding site unknown; N.D., not detectable. licRE oo FHFEE — 7

No. & LTART. F—=F T FHEHEERE (0=3) THLIL.
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2HEFOETTAES, AT T UMKV EZXZDHL R % A X ) — b
wmh o778 7 — VEFEARZ HPLC TE & L 72 & 2 A, 2016
BXO2WTHE L TR PO EEMBMIIRAFLOMEM %25 L. &% No
B, WE T T7TANREETDICoNEML, ZhbETATT T K
U RTEZXTIOHFEULEOREE o, EXHoOT7 7K — VEd
BE R IC B 17 5 TMF B2 BE (£ o Bl A 1%, 2016 4 TIiX 794 %, 2017 4 T X
749 % ToH o 7o LLETIZ, x O %E 7 v —7 Tk, L& ¥ No 11, 13,
4, SEFXZENLOT 7Y arThd IMER 2L AT r—LDER
BRI b 28 FE DO HMG-CoA L ¥ 7 ¥ — B 2 [HE T 5 Z L 28 6 0
L™, &bz, F28ETHR @Y, LPSHIIM L 72 RAW264 Al fld %
MW7 B T, TMF 2" NO ¥ X " PGE. £ £ # M &l L, # RIEEH %
AT EEH LML TWVWD., IO & XD, TMF E B K2 4
BLEYT TADOEERT7 TR /) ARTHY, ZNBXTTAD
BRICH D> TW D RN RE SN

a0

2

3-3-3 57 A RF, AT b, BEORFRY 7)) —NVELE
ot b

aiick x ot E=7T, #7744 - BHEXDODIEFTI>NALE, ¥ =
U, ¥ XD AWA Hli H & % JH \» T H-ORAC 8 £ O DPPH 7 ¥ 7 /L {H
EEHECI 2 BAEEZEMB X OkiRLEZ A, —BHHEXOH T
KbBiLHEomroiE>NAE LKL T, ¥7T 74 0OH 81
P X H-ORAC 28 12 f%, DPPH 7 ¥ H L HIEME N S6 5/ v 2 & BN 5
MmooV, &, 77—V - FAIAMNEEHWT, T
TAULZTENLIRARY 7=/ —VEAREBEZWMANTLE A, 27T 4
ALy Yy oo I5EULEDORY 7= —AREENLTWDZ
ERH L MNERD Y, T T A OH VB EIIZRY 72— LD
HhHBIRKREVWEHERIND., 28T, 4T T4 HELCELEEND
TMFEFEERIZCOWTEHBEEEZERL TWVWDHIHA, ZTHETOER
BRIV, 2T T A EFRAT I UL, TLTEEXTEELRDL T
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TR - NVEEARPELRDZZERHLNER ST WD, AT T A0
T, ME, A, MRCADH TLILESERTWVWER?Y, X
TTADOHFEBFTBBEBICENT, KRbBEEEEZATLIEBA VSR O
NI TR, 22T, T T AT, A7 70U b, EXoOR
RNY 7= — &zl 7z (X 35).
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X 3-5

60

30

mg GAE/g DW

800

400

pmol TE/g DW

MR 7z ) — &

2016 2017 2016 2017 2016 2017

i1 AST 7 b HEX

600

H-ORAC

2016 2017 2016 2017 2016 2017

Ffi 1 ATk HEX

300

pmol TE/g DW

WOOEEBIVR2MTEEDODH T T A EF,

DPPH 7 U h kG & C

bab

2 ab

2016 2017 2016 2017 2016 2017
i1~ AT T bk > 3

27T 9 b,

¥ X

DAY 7=/ —VEERXUOHORAC, DPPHS U IV H E=EH A &

& R
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AT T AES, 2770, EXORKFI) 7=/ —VELHBIL

MEZ2 PR L 2R, 20066 B X OV2017 FE N E S O WT L EXORK
RV 7 =2/ —nVEREZL, Mgk rs L. 202 &5,
MmitywEO Y — AL LTCEHAEBRFRLEEXZNHAT 2008 #EY & &

b5,

3-4 EE

TxOMBEETEIRICHY T T A EFTRLITED %A X /7 — Vil
M o7 IR - LEEERERELTCEY, TO/KR, ¥T7 7 4 %
CIEZL<OTMFEBAIGEEN T DH I EBRoT WD Y Ln
L, 477 ADOEBFEMZELCTIMFEMAIGFEEL TV DI
KA THDH. AT T AL, A7 T U b, EEDSN AKX/ —JL
W o7 7K 7 — vk bR % UPLC-ESI-TOFMS® T o #r L 72 & 2 A,
STTAMS, AT T UL, BEEPDLETEALENRAEDE T 16D 7
N = VE RN R S (K31, 32, £ 31, 32). 2016 FF
2017 ICILFE L7 ¥ T 7 A4 THERREK 0 IZEWITR SR o
. SHEFEBO G2 T TAESF»PLOR, FAEF B LOSF
X = D7 LA - RAEEHETOIEBEERIER I, S HIT,
2T T AT D8N AKX ) — VI WE TNV T D&, b

A% No.8, 9, 10, 15O 4 Vv EF o BLITOrorXa— )17 & F L

= N

TZh) —2ARBEROE -7 BHKL, (LEW No. 4, TOD
quercetin-3-O-a-L-rhamnoside ¥ J ' kaempferol-3-O-a-L-thamnoside @ £ — 27 2% #4 ]I
TLHLZ R CTCERL (W33, £, T TAEFTEILET
VEBLO R - O T B FALT A - AR ERS TH D
N, AEABTBERESAT IV MNCRDLDE, 2L ORBEERITIER S NT,
isorhamnetin-3-0O-B-D-glucopyranoside 3 & % kaempferol-3-O-[6"(3-hydroxy-3-
methylglutaryl)-B-D-glucopyranoside 2% & % 73 & 72 v, £ 7, TMF %= 7 7 U =
yELTHESOEEER (L& Noll-14,16) DR Iz, Zhbo

TMF e B (K @ 5 B, b A& % No. 12 @ 3,5 4'-trihydroxy-6,7-methylenedioxyflavone-
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3-O-B-D-glucuronide (X 2 7 7 7 iz O A H Sz, L& % No. 11 & 12
@ UPLC @ photo diode array T D UV A X 27 h L & i Lz & 25, &b
2 W IR K B R X 277, 340nm T dH o 2. LA No. 1212 D W T D #
Hix, ZRxO0OMDBMBY TRV, EbC, KA LEZEXTEHILAD

(B

No.11, 13, R EERL 7T KR ) —LVEEKRKTH . H 28 TxrL
Y, X7 T A4 %D 5L quercetin-3-O-B-D-glucuronide & quercerin-3-0-[6"-O-(3-
hydroxy-3-methylglutaryl)-B-D-glucopyranoside] @ 2 -> L 7 ffg 78 & #uL 3, TMF fid ¥
TKErEdEFh T tamEBELTNDL. LEN-,T, ZThboE
HR7IR 7 —LVEBERKIETCESGRILRTWWD EEZXZLNLD. ¥
TTAES, AT T T, BEDSNAX ) —HBT DT Z
N - VR ERETEE LR L A (K 33, 34, 35), L& W No. 13, 14
TAT T FPHELHERTEXZTIOBEUL EORELERSLZENEHL N
Lo, EEX P DT IR — VEEERICE T D TMF B B (£ o |
A 0x, 2016 £ TIiE 794 %, 2017 4 TIX 749 % TH - 7= . LLAETIZ, K
2 OB 7 v — 7 T, E& % No.1l, 13, 14, 5K OZENDHOT
YV aryThhHTMER T L ZTu—LDESRICED HEHED
HMG-CoA L ¥ 7 ¥ — ¥ 2 EFT 2225 L. &6,
o2 T X7 v, LPS HI ¥ L 7= RAW264 Ml J2 2 Al W 7= & Bk T, TMF
W NOK X OPGEEAZMEI L, FIREEMZRT Z & 2B 60T
LTWd. ZhbOZ &Ly, IMFREBEEKEIAFTELEY T 740 E
W7 TR I A RTHY, TR XTTAOKEBIZED > TW5
ARER R ENND. EHiICAHE, FTFTTAES, AT T U, ¥
(XORANY 7= — B LB Z ML 2R R, 2016 4FF LT
017EWNELSONT AL, TIMFREEKRKZEEICGLEZXZORK Y 7
=/ =NV EFNEDEZL, BB EET T L a2 R L (N
35). AT T A0 TBLOERIEFELS 2LERMEY L L THHAHIM
T&En?, AHoEIY, FiBRikHED Y — A L L TIiE TMF &
WhZ2EBICHFLAFT LELEXZ2AAT 200 #5260 5.
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BA4E KR

4-1 EH (HAXE

% 7 7 A ( Polygonum tinctorium Lour.) %, HF 7 ¥ 7 & #E O — 4 £ il
T, BEROooEBEHNELTHAISATERL., L, EERRL
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Polygonum tinctorium Lour. (indigo plant) has been regarded as a useful medicinal plant for
traditional herbal medicine. The polyphenolic fraction of indigo leaves exhibited anti-
inflammatory activities as determined by the suppressed synthesis of nitric oxide (NO) in cultured
RAW264 macrophage cells. The acid hydrolysate of the fraction showed much more potent effect
than the unhydrolyzed one. In sharp contrast, those fractions of indigo stems had almost no effect.
3,5,4'-Trihydroxy-6,7-methylenedioxyflavone (TMF)-O-glycosides and tryptanthrin were detected
exclusively in the extracts of the leaves. The isolated flavonol species were furthermore tested for
their anti-inflammatory activities against the synthesis of NO and prostaglandin E: in the cultured
macrophage cells. More potent anti-inflammatory effects were recognized with different aglycones
of flavonols than their flavonol O-glycosides. Although the inhibitory effects of TMF were less
effective than those of tryptanthrin, the levels of flavonol O-glycosides with TMF were much more
abundant than those of tryptanthrin in the leaves. Oral administration of the fraction containing
flavonol O-glycosides with TMF into mice revealed the detection of free TMF in the blood
circulation, indicating that the aglycone moiety can be cleaved by digestive enzymes and absorbed
in the gut. Alternatively, the assay of hydrophilic oxygen radical absorbance capacity revealed that
the isolated species of flavonol O-glycosides with TMF and their aglycone had appreciable
antioxidant activities. Taken together, our findings suggest that the predominant flavonol
O-glycosides with TMF as an aglycone could be promising natural agents for the application to
herbal medicine, nutraceuticals, and food additives.

We have recently shown that flavonol O-glycosides with TMF are predominant flavonoids
in indigo leaves. However, no study has been performed regarding changes in the levels of
flavonoid species during the germination and growth of indigo plant. Here, we attempted to
determine the individual constituents of flavonol O-glycosides and the changes in their contents of
the seeds, sprouts, and aerial parts. These results revealed that only the seeds predominantly
contained flavonol O-(acetyl)- rhamnosides with quercetin or kaempferol as an aglycone. During
the development of the sprouts and aerial parts, flavonol O-glycosides with TMF as an aglycone
became mainly detectable and accounted for 79.4% and 74.9% of total flavonol O-glycosides from

the extracts of aerial parts harvested in 2016 and 2017, respectively. Of the plant organs tested, the
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aerial parts exhibited the highest antioxidant activities concomitant with greatly increased levels of
total polyphenols. Thus, we were able to conduct the identification and quantification of flavonol
O-glycosides from the seeds, sprouts, and aerial parts of indigo plant and to evaluate antioxidant
activities of their extracts. Taken together, our findings clearly provide the evidence that the aerial
parts of indigo plant are a rich source of flavonol O-glycosides with TMF and exhibit much higher
antioxidant activities, indicating the usefulness for the application to food and nutraceutical

purposes.
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