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KT DT Z R, T IR ERED 3L, 5~
81, 3Ntk K T4 NITIKIEED 2 0 IE A R F T ED 1
~ THEHR LU TALETH B, BIAIE. KBTI E
#aL7eRY T 2/ —)VIT 53R D apigenin. luteolin,
quercetin 7% 13, BHEPLRMICZ I FI N, 1D
5. PURRAIEIER. JIRIEMERL. P AMER7Z E D4
WEEEET BT LMMBNTRE e —/, $RTA
FEFRIETEBENTRY A FFRTZ R (PMF)
@ nobiletin, tangeretin, 5,7,3',4'-tetramethoxyflavone

(Luteolin tetramethyl ether, DXNLTM &I89) /& &
. MHEREDH 2 VIEERS g U AREICZIFENT
BO. PUSEMER®® . MRERE0HEIER 2, 517 1L
F—1EMY . MERESGE R R ERHT BT &b
5, /ol (74 b3V ELTHEHENTW S, &
7z, diosmetin *® natsudaidain 7x & D X 5 IC /KL & A
FEUEMEELZESR T SRV EHMENTVS, T
NEDREND, EOXSBHRDT IRV, Fadd X
S IR BMER OTEMEARETH %0 BIKDF 72N 5%,

PMF $id, ®EICEIE N & DNEh IR E
N, Mg TRE#EEEDOT 7 1L P450 (CYP) 12&D.
A b FVEDBCNICHA FIULENTZD ., £z, 75
RUEROABRD %03 BERAKEILENS T &S
TNTWB P, MEgEE T, HIERE L) nobiletin
D&, Iy b BLEY FBRUE M 7Y -4

(Ms) 1€ & B A 27/ R, E e LT—HiX
FOUARD 3FEH (7-. 6- BRTA-BEXF VLK) L.
THHAF IR 2 R (3'4- BRTU6,7- ATV

k) EEhzcezH6McLEY, BT, b
FCYP  TREZHVTRE LI L TA, ABRX M+
HORIAFIUEICIE CYP3AFEED, — /5. BERAMF
TEOWE A FIUEICIE CYPIA R FICB G T2 2 &
LB LY, FRIETE, By 3 v HRERS O
1DTH2BLIMDZ v MMFMs i< & 5@ ZHN, 8
ORI, b5, 1 FEHO—KEE(LA, 2 R
DA F ALK, 2 FFAD A FIU LR, 2D
—EXF AL - —IKEE(EfR, & 51 1O =X F )V
{LRDERERE L, e, Thoodcid, A
B 5 MDRA F A2 2 TR 3L 2 2 e
5. ABRSHMORH A F LIS AFHREEED 1 D& LT
HETHD LR ENT,
Z T T, AWIETIE, ARSAICEBEDTNT TR
VHIZOWT, TOREZ =V EIHEMTT BT,
AT EDOYMNEIIRD LIM &[H LU TH 53,734
tetramethoxyflavone (Fisetin tetramethyl ether, L, T~
FIM &H89) i€D&Fw b, BIVEY FBXTE M
Ms IZ & % in vitro Ui 2 N7z, 7z, @SB G 9
% CYP 73 72 H#EE T % 7= 81T, phenobarbital (PB).
3-methylcholanthrene (MC) ¥ & U dexamethasone
(DEX) Znifl# L7zZ v M Ms T RERICH N7z,
=B, FIM &, < ARD Pongamia pinnata Oz H 5
mHENTVE'"Y,

RERTTE

1. HEHLTCeE IOV —L
Fisetin (& 7 73 X D A L 7z, NADP 8 & U
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glucose-6-phosphate (G-6-P) &4V T Z)VEERE K
b, 7z, G-6-PFikz=EFR (G-6-PD) IFHDEHRIHEEK D
WA U7zo PB (Nati), MC 35X U DEX I&. FIEHsE
KO, oo vMmET VT X VId, Sigma-Aldrich
XOMEA LT, 51T, hoilHs K UHBIBEE R
ML DAL, & MFMsid, AARED150%70 7%
& L7285 DT, BD Biosciences #h &k DA L7z,

2. FIM D&/

FIM (&, fisetin Z X F )WL L THK LT, DB,
fisetin 500 mg 7z, R#EH Y 7 L18.4 g, ¥ AF )UKl
64mLBIXT7EF100mL & &I, 300 mL D
FRADVICIA, BImEER 2T 72, 40°C T25HK;
MRS E e, ERaotat i adikra~x 757

(LC-MS) 1T KX MG, #9 5 REfiifzIciZ. 3XTD
fisetin 2 FTM IC 254 L T Wz, 155172 FIM 13100%
77X = MUV THAM L T, Bond Elute (Si. 10 g, 60
mL. Agilent Technologies ) 1Zff L7z1%. 100% 7" %
F=Z RUNLTIEH LIz, COWDZ, & SIS
Wk ax s 757 (HPLC) TH® LK, ZO0Hh
I, AT D@D TH 2. nFikkds. LC-10AT (it
%) 5 /15 L Inertsil ODS-HL (10 X 250 mm, 5pm
kif%. GL Sciences ) ; ##itH, 60% 7 =~V )L
-0.1%FW ; FiE, 5.0 mL/min; MHHEE, 340 nm,
RAYIIIC, FTM 23450 mg 35N, #iEI1399.5% TH >
2o

3. EN¥IRT Ms DFRR

Wistar REEFEZ v b (KEKI200 g) # & U Hartley
REEMEEIVE Y b ((REI300 @) &, ThZh12it%z
NEIEDIEAL, 1R 4PEE LT, RILBEE, PB Aill
HERE. MC AR X U DEX R LEERED 4 BEIC /01
720 PBI3/ERREL/KIC VAR L8O mg/kg DFIEZ,. MC
I3 31— S UNC VMR L 20 mg/kg DR, DEX 13—
HCTAME L 100 mg/kg DHEZZNEN1IH 1A, 3
HEEREANRS Llze T FBITEIVE Y MIEAER
HHOBHICEZR L, EBICHHEEfMEE%, Fikicko
fIF Ms ZFHBLL72", 7ods, AR APRZEEA RO H
BRENWE B R OERZGT2 %, THRYPEACB T %
IR OT-HOFEE ] ISRV, 1To 72,

4. KEMDOH

0.2 mM FTM. NADPH “: % % (0.33 mM NADP. 5
mM G-6-P, G-6-PD 1.0 unit). 6 mM MgClL,¥ X U Af
Ms (1 mg protein) %100 mM HEPES #%&f#i# (pH 7.4)
LLBICHF mL & LT, 37°CT2000M A > F 2 —
Mg, WA R/ —)U 3 mLimc & 0 Kz EIE Lz,

JKHNC T30 IfikiE U 721, 3,000 rpm T 1077 5.0
TEEEITV, B HPLC BX U LC-MS I L7z, 1R
#HMOERIZ, FETH S FIM OREREHNTIT->
7zo 7535, HPLC DS RD@E D TH %, I
Bess LC-10AT (348D ; 5 L. Mightysil RP-18

(250 X 4.6 mmid.. 5pmAifE, Merck &) ; FEIHH,
AK0.1% FEE, B#K100% 7+ b= K~VU)L, BiK20 -
60 % (10 min) - 60 % (8 min) - 100 % (5 min) ;
P, 1.0 mL/min ; M E. 340 nme £7z. LC-MS
DOWGFAFIRDEY TH %, 7HHiFEER. LCMS-8030

(J338) ; #15 L. Shim-pack XR-0DS II (150 X 2.0
mm, 2.2 pm kit B 4T LEE. 40°C ; BE)
. AWRO.1% FEE, B#K100% 7 = hFVU )L, Bk
20-60% (5min) -60% (4 min) - 100% (5 min) ;
i, 0.2 mL/min,

5. Zofth

F v MFMs D& 28 7RI, Lowry 5 D5k
> T T, ¥, BHEZ ST EE LTy i
TIVT I VT,

1. v MEFMs Ic & 248

FTM %25 v biF Ms 8K U NADPH iR & & &1,
37TCT200 MRS E Tz, F/e, AANCBEd % CYP
NTREEZEHSMCT B8, Ty FHFMs & 3 FEHD
CYP A EAIRTLIEZ v S SR L6 D2 iz,
Fig. Lic, R E N7z FIM AR@#YIO HPLC 7 ax F 75
L7279,

FTM (X {505 17.20 min ICM i S iz, R &
BbhzE—rid, KU Ms T4F5H,. PBAfLEE Ms
T 5 fEf. MC g/l Ms T 6 i, & 51C DEX aiflE
Ms Tld 5 it E e, NS oREIEHINg
FIM & O BB E N, FIMA SETANE, M1 (FREF
RFf#115.15 min), M2 (13.76 min), M3 (13.27 min).
M4 (12.48 min), M5 (12.04 min), M6 (10.41 min)
N ELY Oy

R, B OERGETEZ FTM O &2 H» T
AHE U7z (Fig. 2), AR Ms T Y M1, M2,
M3, M5AMH E N, 2D 5B, ERBEIMIEMITSH
D, 2.33 nmol/min/mg protein TdH > 7z, KIZ. M5,
M2HB XU M3AKEE, £ ZN0.25, 0.09% K T0.03
nmol/min/mg protein T& - 7z, F7z. PBai L Ms
TlE, Hrzlc M6D KA H 5 N7z (0.03 nmol/min/
mg protein). FACEHYI M1IE, AU & [FFLRE D4 5L
TEIETH o 7e A, M2 AR D4.265%, M31E10.75,
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Fig.1 HPLC chromatograms of FTM and its metabolites formed by liver microsomes of untreated (A),
PB-treated (B), MC-treated (C) and DEX-treated (D) rats.
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Fig.2 Effect of CYP inducers on FTM metabolism by rat liver microsomes.
Con represents liver microsomes of untreated rats.
Each bar represents mean + S.D. of four rats.
*Significantly different from untreated rats, p<0.05.

M5iX1.3fF eI ns ARl L%z, —/. MCHi
WELMs Tld, M2Hh s £ <, M1, M5, M3& fil
Tzo ETo. ZNEOFHEEE MIDO AN AUEE & [EFEE T
HoleDERE, M2~ MEDW T NE R L LG
FTHEI U feo BFIC, M2IE R D4240%, M5I1E915,
M3iE245CThH o7z Fiz. Hiizic, MABBH E N

(0.11 nmol/min/mg protein), & 5 I, DEX i L
Ms T, PBH{ULH Ms DAEHR & K SHEIL TO72h,
M2D4: k&, PB I Ms D35 Tdh - 7z,

2. EIVEY MR Ms I KB
Zw b LRI, 4 FBOM Ms Z2 W TRGT L 7,
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Fig. 3ic. FIM R#i#o HPLC 7 0% F 7'5 L& 7T,
KB onz =7 Filzic, M6a (fR¥FH;
10.73 min) & M7 (fREFRERT9.11 min) DRI E Nz,
HRALEE Ms, PB 35 K U DEX fif0LH Ms Tl 6 fiifi. MC
ATALEE Ms Tld 7 BB AR E Nz, RiC, FTM O
R S BREHP O IEEZ R Uz, Fig 4119
Ko, RUHE Ms Ti&. M2AEEHY (3.35 nmol/
min/mg protein) T. X\T M5, M4, MIDJETH >

A) Untreated B) PB-treated

KHETHE At

7zo PBHIALEL Ms T &, M2AS RULFED1.7(%, M4lX
1245 F LN L A, M5E MU R &[G R
Tholz 2B, BIVEY MEFED M6a 1, RUHED
1A U7z, 2RI MC BifALEE Ms Tld, M2, M5,
MANE R E NI, M2 ARUEE & [AFEE, M5&
MAFWINE25EDHIMTH -7z, L L, MLIEE
WEHLDT 1 %ICAH I Uiz, & 51, DEX HifLEE Ms
Tid, RO Ms OFERE X UTWRA, M2E M5

C) MC-treated D) DEX-treated
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Fig.3 HPLC chromatograms of FTM and its metabolites formed by liver microsomes of untreated (A),
PB-treated (B), MC-treated (C) and DEX-treated (D) guinea pigs.
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Fig.4 Effect of CYP inducers on FTM metabolism by guinea pig liver microsomes.
Con represents liver microsomes of untreated guinea pigs.
Each bar represents mean + S.D. of four guinea pigs.
*Significantly different from untreated guinea pigs, p<0.05.
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T, WINE RUHD64% £55% Tk Uiz, ¥,
TBILEY TR AFHEDO Ms £ CIcHE VT, v T
Bz niz M3 e Mt E b -,

3. & MFFMs I & B8

FIAFEL504 D 7 —)V K Ms Z WV ThEf L7z, &
MHFMs T3, REH 5 f%E, 975 B M1~ M5H
BTN, ERBETIEMIE M2TH -7z (Fig. 5) X
IZ. FTM #Eii e v CE s L7RR. M1B XU M2
DERIEEE. N Z1N0.153% K T0.20 nmol/min/mg
protein Td > 7z (Fig. 6), &4, M3, M4E L U M5
WRMEETH - 7z,

4. KEDILFEEE

FIM (#0778 ZH 5 M % 7z, A
7 LC-MS I Tor#t Uiz, fREHMmER & L Tid, PB,
MC 35 K U DEX piiLEEZ v MFMs TR#@ L7z & D%
AWz, %8B, BIVEY MREEORHYITH % Mba &
M7DHE. MC HILELEILE Y FFMs D& D% H»
7z Table LICZFDFERERT,

LC-MS D &5 58, M1l m/z 329 [M+H-14] " TH % C
& B —i X F Uk, M21& m/z 359 [M+H+16] " ©
BT eh bk Ek, DURFERIC, M3IE A5
WAt A (m/z 315 [M+H-28] 7). M4 & M5i& —Jiii X F
WAL« —KE bk (m/z 345 [M+H+2] 1), & 512 M6
F =X F VR (m/z 301 [M+H-42] 7)) LH#HEEE N
Jzo F 7z, FIM &, R F K5 RH9.52 min 1<, m/z 343
IM+H] & LTt E Nz, B, EILEY MEFAED
M6a & M7i&. SERETERMN o T,

FTM
e Table 1 LC-MS data of FTM and its metabolites formed by
rat and guinea pig liver microsomes
Retention Mole.cular Metabolic
Compound . . weight
time (min) pattern
(m/z)
M7 4.93 N.D.
M2 M6 5.56 301 [M+H-42] ©  Tri-demethylation
. 2/“ M6a 5.74 N.D.
Hyd lati d
M5 6.41 345 [Ms+Hsz) = Y Croxylation an
mono-demethylation
Hyd lati d
M3 M4 6.65 345 [MsHez]® oo oxyiationan
\ mono-demethylation
MS?:T M3 7.08 315 [M+H-28]* Di-demethylation
‘ | ‘ M2 7.35 359 [M+H+16] " Hydroxylation
10 B 2 M1 8.13 329 [M+H-14] ©  Mono-demethylation
Retention time (min)
n
Fig.5 HPLC chromatogram of FTM and its metabolites M 9-52 343 [M-H]
formed by human liver microsomes. N.D,, not detected.
1
)
=5 08
£
1
S 06
e E
ZE 04
T .. ey
- \ S
g, ND BD BD N ;\\\
M6 M5 M3 M2 M1

Fig.6 Metabolism of FTM by human liver microsomes.
Each bar represents mean + S.D. of triplicate determinations.
ND, not detected. BD, below detection limit.
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z K

S, Fwv b, BELVEY FBEIUE MFMsICE 3
FTM R Zd8, Lz, v hE&EILEY TR
FTM REHC M IF 3 CYP B AR LB D& R & FHX 7z,
ZORE, Ty MFTRRHIE LT e M1~
M6) W, £iE'ILEY MFTIEHTZE 2 HEZMA T
7FEE (M1, M2, M4~ M6, M6a, M7) H', &5
v MAFTIE 5 (M1~ M5) DB E Nz, LC-MS
DOFERE D MUZ i A F IV A, M21&—7KEB LI,
M3 A F U bfk, MaE M5 —fit X Fuik - —
IKEBEAR, MBI = A F IR TH % T E DS I
Tolce B, Mba & MTIZESHIAGMMICTEEM -
720

B D= FAFMs I & % LTM ARG Cik. 11/
DI ERE NI, 2D 5B, 3 DOMEYIH
HEEIOEATHEEENET, BT, PMFH0D5- /K
fgftik7z, WifHHR HPLC THMid s &, 5- A MFTHE
ZEOEEME D, BLBHENE MG EINT
WB L LN, AFFZRIC BT FTM RH
BOIFNE FIM & A E iz, 2o enb,
FIM fREHC BV T5- KBRS N Tz e &
Z5N%,

ZRIZ, MIDIEAXAFIVEDAIETH B, ARTHhid
ZVEBEA MHNEZOND, YHRETIEIINET
4" FEDREA F )WL, MC FiLEHC K D B I tEE
% PO BHIELTOAH, AMRICBENT, MLIZ
MC FiLBI D82 22 2T ah > Tz, EHIT, MLE

1%t oxidation

RIWFEZ » MCBWTERBITHoTT L Z2EAD
&L MUEA- A TFIALKR TR < ABRT- X )L
Lk TH s LhRMmENT, FE Burapan 513, t
KB 72 0T PMF O X F UG Z G LTz &
TA, THi>4' (=3 > 50> 3MDNEICET b
TN LBWMELTNEY,

EHlc, M2 (—IKEgfetk) DIKBEILDNIETH %
M. M2D HPLC I 1) 2 (REFIF RIS FTM K O HL
Wolz, TORFENL, M2135- KiELik T &L, 6-
IKIBILIATH 2 LHEEES NI, £l Ty FEEIVEY
F TR MR ERE NI eh S, REBIGH 3 B
THERMICKE T > TS T EARKE NI, Fig 7IC.
FTM O#EE RS 2R LTz,

Fwv k. BILEY FBXUE MFMs Ic X% FIM 1R
WCBNT, RELEANRON, £ M1 M2
DERBICKZZREZND T ThDH, MUIERML
Iy FFMs TR E 2 WY (2 nmol/min/mg
protein) TH B M, KRUHMEJNLEY FTIETY D
10%BETH> Tz, —H, M2ERLEELEY MF
Ms Tt 2 WY (3.4 nmol/min/mg protein) T
HBHM, KRUWHEZ Y FTEZED3% EFHL KD > T,
TNSDERMNE. Ty b TEIEAFIVEEED D
TE. WICEILEY b TIROKBIEIEED BV T & AVUR
I Nz, £l —HAF IV - —IKEE(LAD M4
XUMSZEHZ &, MEDEREE CYP FAEAI DR
IEIY CHALIL Tz DR L. MADE BRI B
TREL G 5Tz, ToICEokRaR RS &,
EIVEYE>TY RS> THoT, —J. FIMAK

2" oxjdation 3rd gxidation

M6 (7,3',4'-triOH)

MS5 (6,4'-diOH)

Fig.7 Postulated metabolic pathways of FTM in rat, guinea pig and human liver.
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BT CYP AR DR E R kXD &, T M T
MC RiLEHIC K D, RUBD3S5FICEE X NS DI %t
L. B)LEY T PBHIAEIC XD, RUBLD2.415
IKEEE Nz, ThbDFEFIE, KHNCB S5 % CYP
DTENEEIYI CRESEERZ T ERREL TN,
TN ETIC, PMF R TlE, MC#HEEMED CYP1A B
# (CYP1Al. CYP1A2, CYPIB1) & DEX # & 1 o
CYP3A 43 (CYP3A1. CYP3A4) DBLGMHEENT
W3O KR DEVE w B OB, PBEEEMED
CYP2B %3, HHic, CYP2B18™ DELGMAZ N &,
F 7z DEX BRI & © % < ORBYIDER LIz &
5. CYP3A BERDBE W, Mz DKWV T L AHVRE
N,

i, PMF OGN, FROKEEEZ 1 ~3 A7
500X, LA X O EMEY TS E
DONEDOM > T3, HlZIE. PMF FHD5- IKEB{LAAN
FIMSAER 24 L7z 0?9 nobiletin 3',4'- i X 7
LR FIRIEER ZE LT 0%, & 5ic, RE &
L T RMH TH % D nobiletin 05,6- i X F )L b4k
5,64 = AFIVILED I LIVF—VERZH S %
TEPMEETNTVEY, KK TR, SRIREHY &
LT, M4 (—IKIgIE « —B X F)U{bik) > M6 (=i
AFIUEIR) DR ZHERL THB O, PMF YA
YEMICKRE KB5S 2 REMED IR E N5,

w1

1. v bk, ENVEYFBXUERFI 70V —LICK
%3,7,3' 4" Tetramethoxyflavone (FTM) ® {3t 7% &
N7z,

2. RUEZ v b Tl 4 BEONBVDME TN, M1
(=X F k) DERBEICTH T, Xz K
WHEI)VE Y b TE 4 FEORBPIDRI E N,
M2 (—/Kigfeik) NER#TH -7, —/5. B b
TIEMLIE M2 ERBEYICRIBETH > 7 KB,
ke, EVEY F>F Y F>>E MDOJIET
Hote,

3. CYP FEAINTUBL DR R 2Tz T A, Tv b
TiE MC RifLEE T, M2, M5 (—fit A F Uk« —7k
b)Y M3 (T A F)UARAR) MBI L 7z,
—Ji. BIVEY FTid PBRIUEED JTH K D ZIHRAT
HH. M2, M4 (—iAF )Lk « —KEB{EAK), M6a
MU 7z,

M EDKERM S, FIM ORI, T b, ELVEY

FBEEUE MRHSBWT, B FINERIS & KEIERIES

THEFT L7, RS x—ic RE AffiENR SNz,

&

AW E AT B TBHEE R M E (BOR
HERHEERTZY S 3E, H30- &4 - 5:€ -005 HE1E%)
OUKEZ T 28D THB, TTICRHLUTHEEZRLE
9, £le. FIM YOt Ti/iviziZwizta
FIAICEHLET,
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