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ENTWEAY, Bl HERKICEHE NS PMF
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DIilEd 2N 7V 7 a YV Bolaikz, Gl 1M
WMERENZZ EEZME LIz, LM LENS, TOHIC
& TetraMF HHoR & E X 5 N5, 2<FENT
lﬂtm‘of:o Z T T, RWFETIE, TetraMF O Z v MF

IZ X % in vitro (Rt ZFANTz, F7z, R 5 9
% CYP 73 7 HZHEE T 5 7-8IC, CYP2B 2, CYPIA
EFB XU CYP3A BMZDOFLEF L LTHAR, TNE
11 phenobarbital (PB), 3-methylcholanthrene (MC)
¥ & U dexamethasone (DEX) ZRiULFEL 725 v AT
Ms TE[FRIRRICHINTZ,

RERTE

1. HE

TetraMF (2 7+ a3 (Bk) KO A L%, NADP ¥
& U glucose-6-phosphate (G-6-P) &4V T > %)L #
RE (B &b, %7z, G-6-PRikEREE (G-6-PD) 1371
JeRiE (BK) KOBEA L7, CYPREEHITHS PB (Na
#), MCBXU DEX, X5, ZDMDAIE L H KA
BhE, FOEREE (B K OMEA LT
2. EEREM & EpnE

Wistar REEFEZ v b (KEK200 g) &, S (B
KOMEAL, 1REE4APEE LT, AKRUERE, PB iR,
MC RiRLEERE 35 K O DEX HifLERREOD 4 BEIC /31T 72, PB
AR KIS AR L8O mg/kg/day D&%, MC X
T— TR L 20 mg/kg/day DI, DEX 12 a—
M TAR L 100 mg/kg/day O EZZNZFN 3 Hi
EHEEIENIR G UTe, SERIY SRR G H OB HICE
MU, EBICHEzZ g, FEICK O Ms Zi%L
1270, Inds, AW PR REE A ORBBIEE R
DRI, THRZEERAC T 2 ) RERD 7
HOFEEH ITHE, 1157
3. REDHHh

0.2 mM TetraMF, NADPH 4% (0.33 mM NADP,
5 mM G-6-P, G-6-PD 1.0 unit), 6 mM MgClL, K U
Z v MFMs (1 mg protein) %100 mM HEPES #E ik
(PpH74) ElBiIcHFN mL & LT, 37°CT205 /M
A VFaN—1g, mAX /=) 3 mL BN K D KIS
ZAZ 1k Utz JKHIC T30 [IfRE L 72, 3,000 rpm
T107 0 21TV, B2 HPLC 35X U LC-MS

it Ui, R#@toEaE, HETH % TetraMF O
w7z W TIT 5 720 HPLC DA HIE R D3 O TH

%o MR, ik 1< 757 LC-10AT (&
D) 5 /15 L, Mightysil RP-18 (250X 4.6 mm id.. 5
pm RiPR) 5 BEIMH, AKO.1% ¥, Bik100% 7 2
= V)b, Bi#i20-60% (10 min) - 60% (8 min) -
100% (5 min) ; #ii#, 1.0 mL/min; #H ¥ E, 340
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o —/1, @O EEEICH W2 LC-MS D47
*ﬁm#éiﬁ(@ﬁ@’(%% oIk ER, ERIOHEHT S
MRk < s 757 LCMS-8030 (B 5 15 L,
Shim-pack XR-ODS II (150X2.0 mm, 2.2 pm fif%) ;
717 LI, 40°C ; BEIM, AKO.1 % ¥, BIK
100% 7t F=krV)l, Bi#i20-60% (5 min) - 60%

(4 min) - 100% (5 min) ; ik, 0.4 mL/min,
4. Zoft
Z v MFMs D& 287 E R, Lowry 5°° 05k
iKW T o Tz, 5k, BHEEXISTZHE LTy il
77 XY (Sigma-Aldrich 8) 727z,

RERER

1. v MEFMs lc & B8

TetraMF % < v b JIif Ms 3 & U NADPH 4 iR & &
£iC, 3T CTONMKIGE ¥z, £z, RBICBET
% CYP T HiZIAS M 278, 3HMHD CYP 758
FIRTUEE S » b SERE L 72 F Ms 27z, Fig. 11
AR E N7z TetraMF FREYI O HPLC I K 2 1A /32—
VIR

TetraMF (& fREFIFT14.72 min ISR E iz, ARG
Webnz ¥—2r13, R Ms T 4 %1, PB il
B Ms, MC #iLEE Ms 35 & U DEX gi/lLEE Ms T3 n
& 9 ffEmH S Nz (Fig. 1, Fig. 2), HE D TetraMF
ZHODICHTICHREENTZ 8O- %, Th
Z N ML (R £ K 14.25 min), M2 (13.04 min),
M3 (12.67 min), M4 (12.48 min), M5 (12.01
min), M6 (11.61 min), M7 (11.36 min) XU M8

(1044 min) & U7z, F7z, %50 3MHZ, BMI
(A FFIF R 15.09 min), BM2 (17.22 min) ¥ X U
BM3 (20.58 min) & L7z,

R, HREYOA K IE M2 TetraMF Oz H
WTEME LTz (Fig. 2). AU Ms Tl&, 4 FEOH
Y E Ny, EREMEM2TH D, ZDOERIE
PE1&, 0.86 nmol/min/mg protein Td - 7zo X\ T,
BM2, BM3¥% XU M8D, ZHZh, 0.10, 0.09F% K
1*0.03 nmol/min/mg protein Td -7z, £z, PB il
HMs T, RUWHMs &FERIC, M2hViE % < AR
TN, KU Ms D2.8f%F L L7z (2.45 nmol/min/
mg protein), & 5 I, BM2, BM3¥ X U M8%, K
WEMs DZNnZh, 1.2f5 1456 X T2.4651C8m
Ufeo 753, #ilzic 5 FEOMNHY (M1, M3, M5,
M6 KT M7) WEREI NI, ETEEEVING
0.01~0.18 nmol/min/mg protein & XA > 7z, — 77,
MC HiLEE Ms Tl&, MIAEREZ EREI N (1.48
nmol/min/mg protein), X7z, #Hi7zlc M4E KT BM1
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Fig.2 Effect of CYP inducers on TetraMF metabolism by rat liver microsomes.
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*Significantly different from untreated rats, p<0.05.
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Mt Eh, TN ZN047% X T0.21 nmol/min/mg
protein Tdh > 7z, %3, BM2, BM3B XU M8I, *
LR Ms D Z N7 14465, 6.6058 K T4.44%5 & BHEIC
B U7z, M2 R Ms D60 %I il Uiz,
X 51, DEX L Ms Tld, M2h & £ <, Kl
M Ms EHLLL TWizh, M8E BM3IX, AKMUHE Ms D
55 Eiethn U7z, F£7, RUFEMs TRLNE N
M6, M5, M3EB XU MIBFiZICEKE Nz,

2. KEOLEEE

TetraMF X# ¥ D> rEZH L NMICT 2 720,
TetraMF fSE#HlH# = LC-MS IZ Tt Lz, b b,
TetraMF Rl & LCld, MC RiLEE= v kAT Ms
DEOZFIHWED, M3BEIUMTICELTE, Z
NZFN DEX BX U PB il Z v MF Ms O & D7z i
TRz, ZDRER%Z Table 11/ LTz,

TetraMF (&, #45H5[16.56 min IC, m/z 343 [M+H]
tLTmitiE N, —H, REo5 5, M5, M2k
K O"BM3ld m/z 329 [M+H-14]' TH B T &h 65—t
AF LK TH B T L, M8, M6, BM1#5 & U BM2
& m/z 315 [M+H-28]' TH % T & 5 Jf A F I Llk
ThHasTENHLMNER STz, Fiz, M3id m/z 359
M+H+16]" 269 2 &b —/KiEbikTH 2 T &,
M7& M1l& m/z 345 [M+H+2]" 63 5 &h 5 —IK
gk« —H X FIL{Elk, & 51 M4ld m/z 331 [M+H-
12 Z#HT BT eh 6 —KiE(L « X FIVLIETH
5T EEHIAL Tz,
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4r[al, CYP sFEfAmTLI = v MM Ms I & % TetraMF
DR 2 F N T, LCMS DSR2 S &1, Fig 3 I
TetraMF O # @R Z R LTz, T FHFIZBW
T TetraMF 5 3 fEfHD — i X F)L1bk (M5, M2,
BM3), 4 fifH®O —fit A F)L{bik (M8, M6, BMI,
BM2), 1 fifHO—/KEg{ik (M3), 2 HEHO—KEE
b —BAF VbR M7, M), BXU 1 FHO—
KL « A F IV IR (M4) DERDIHS MR-
72o TNEDFERMS, TetraMF O ISIE 3 RS T
BT 5 T EHRBE Nz,

—f&ic, PMF $iZ, A F WX N TKEERICK %
&, WHHHRHPLCIZBWT, RMEEME D BAHRE
nz= W, ULhLED D, Foll, PMF RO AR50
IKBALARDS, TDX MFIRKD, BIFHEns L
WG E 7 27, KB o BM3i3, m/z 329[M+H-
4" ZHTB5T e —AXFIVILIATH - 72,
L&D TetraMF X O 6 N TR SNz &h
5, BM3!d5-0H-7,3 4-TriMF Th % L #HiEE iz, %
7z, LC-MS OFSHEM 5, BMIB XU BM2id W he =
A F IR TH o 7=h, BM3 L FICEHEEYI &L D
BlEHEINTENS, MEELEE HAFIVEDS
5, —DRARD MDA F IS N TH %
T DR ENTZ, —J7, BMIDAERKIE, MC il
TOHRERE NI LA DE, TOEKICIE MC FFEME:

Table 1 LC-MS data of TetraMF and its metabolites formed by rat liver microsomes
Retention Molecular weight .
Compound time (min) (m/2) Metabolic pattern
M3 5.61 315 [M+H-28]" Di-demethylation
M7 6.19 345 [M+H+2]' Hydroxylation and mono-
demethylation
M6 6.21 315 [M+H-28]" Di-demethylation
M5 6.41 329 [M+H-14]* Mono-demethylation
M4 6.7 331 [M+H-12]* Hydroxylat.ion and di-
demethylation
M3 6.89 359 [M+H+16]" Hydroxylation
M2 6.99 329 [M+H-14]* Mono-demethylation
M 771 345 [M+H+2]* Hydroxylation and mono-
demethylation
TetraMF 7.88 343 [M+H]"
BMI 8.18 315 [M+H-28]° Di-demethylation
BM2 9.44 315 [M+H-28]" Di-demethylation
BM3 11.74 329 [M+H-14]° Mono-demethylation
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Fig.3 Postulated metabolic pathways of TetraMF in rat liver.

CYP1A B227S, %7z, BM23 & U BM3D A, MC
BRUDEX il KO BZ MLz &h 5,
TN 5 DERICIE MC FHEM: CYP1A B2k & DEX #%4
1 CYP3A BERMBE 595 C L AVRB E Nz,

XIS, M2EB KU M58, BM3E [aIBRIC—Bi X 7 )U1k
KTHoTc, TDS B M2IE, KRUH Ms TERBWT
HO, PBEIMLHIC X > C2.8f5Icifm U7z, T OFEH
1&, BER™ 2 0 nobiletin fX# D/ S 2 —>2 LHABIL TH
D, TNEHETSE, M21Z AR 7O XF IV EE

(7-OH-5,3'4-TriMF) TH % L#ETE %, —/, M5
IZDOWVTIE MC B XU DEX sl cAHEICHEMM Lz T
5, BB GO AF UL (4'-0H-5,7,3-TriMF)
EEZLNS,

—7J, M3i&, PB 5 & U DEX §iLERAF COMER &
Nize TNETT TR/ A REORBCHBWT, Kb
FIGIEFEICARD 6 (B XU BEDI i T/KEILEI N
BT EMREETNTVS??, ABI%ED TetraMF Tl
INMMAPFTHEHTEBEN TS LMD, M3,
6-OH-5,7,3-TriMF T % L £ Z 5N %, —/J7, HHBD
Mekjaruskul 52 OB 3 7 A K25 b T
@ in vivo G Tl&, #EIRHH 5 1 TFEHEOREY 28
LTW5a, LMLENS, ThoDOHRITKBLE N
BMEETEN TRV, HEE, AHZETE, M3, K
M T ERESNEN 5T, TOFEIE, M3AHPB
FHEE CYP2B £ % I3 DEX B CYP3A IS
K0, FEEMICEREINS T EEREL TN S,

MC FLEERFC &, M1 (—/KEE{E - —fi X F U4
Db EZERE N, LA LAEND, KEEbikD M3
&, MCRIUUERFCe< ERENEh 2Tz, TNH D
BG5S, MCHILHEFIC X2 MLIE, EIHXAFILE
nitg, KBS NTER SNz D EHREING, F
7z, MC iiflEE = v ST, M4 (—/KEEeft - i
AF LR BFRERAICHEM U7z, D M4k, M1H
RAFILE NI D EHEE SN D, TORITSHZD
HETH D, Fiz, TetraMF S M1, & 5icid M4

ANDO—HDORBISITIBNT, MC AEMED CYP1A 1%
FENR ST 5 T A REE NI,

AT, IKEERLN 1 ~ 3 (& 1 X 7z PMF Fih 4= #
EHEEET S LV MENEZ TETVBES, filz
¥, nobiletin {X# Y D3',4"-diOH 14 DS 1 4 SE1E FH 72 R
gk, £/, H3PMF O5-0H B HiMDALEH &R
Tk, 5T, H D PMF OKEE{LAAR AN HI I 5 FH
EVEHZRT T R EDPPALMIENT, T RET
&, TetraMF 05,6-diOH {4 %> TriMF @ = i X F )L 1t

(5,6,4-triOH) #BH7 LIVF—1EfZRT T & DR
HEnk®, b0k, By a v HE4A0PMF
FVRSAEIEMRICB LT, RHEBWRZI Tidix<, R
FERELBEG L TWVAARENEZ/RL TV, TDx
E5%OBETH %,

w1

1. 5,734 Tetramethoxyflavone (TetraMF) @ Z
MAF Ms 12 & B Rz iz, F7z, CYP AR
PRORHRE N Tzo

2. TetraMF @& LT, HAatl1EEDHTE N,
LC-MS DR, nr@Eh 5, —XFIVLARD 3 1
¥ (BM3, M2, M5), —I/KEE{bfhkn 1 F% (M3),
ZIRAFIOVAEIRDY 4 HEL (BM1, BM2, M6, M8),
—IKEEAL « —BEX FIULED 2 Bl (M1, M7), —
IKBEAL « IR AF UL 1 #8 (M4) TH o7z,

3. RUEES v FAFCIE, M2HBEREYITH - 72,
PB HMLPFRIC & D, M2, M6 XU M8MWH EICHE N
L 7zo MCHGRLEE T, M1, BM3, M4, BM2% &
U BMIMAE RIS L 7z £7z, DEX millF T,
BM3, M3, M1, BM2EX T M8WVHEREICHIINL 7z,
DLEDOFERM S, TetraMF OHHICIE, CYP1A EE%

XU CYP3A BN BG4 5 T LAVRE E N,
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Abstract

Polymethoxyflavones (PMFs) such as
5,7-dimethoxyflavone, 5,7,4'-trimethoxyflavone
(TriMF), 3,5,7-TriMF, 5,7,3',4'-Tetramethoxyflavone
(TetraMF) and 3,5,7,3',4"-pentamethoxyflavone are
found abundantly in the rhizomes of black ginger
(Kaempferol Parviflora) and have been reported to show
various biological effects such as inhibitory effect of
P-glycoprotein, anti-inflammatory effect, cytotoxicity
against cancer cell lines, anti-gastric ulcer effect and
anti-allergic activity. To elucidate whether parent
compounds or their metabolites possess their activities,
we examined the in vitro metabolism of TetraMF by
rat liver microsomes and the effects of cytochrome
P450 (CYP) inducers such as phenobarbital (PB),
3-methylcholanthrene (MC) and dexamethazone (DEX)
on the metabolism of TetraMF. In this study, eleven
metabolites were detected and determined by LC-
MS. They consist of a hydroxy (OH)-TetraMF (M3),
three monodemethylated TetraMF (BM3, M2, M5),
four didemethylated TetraMF (BM1, BM2, M6, M8),
two OH-monodemethylated TetraMF (M1, M7) and
a OH-didemethylated TetraMF (M4). M2 was the
main metabolite in untreated, PB-treated and DEX-
treated rats. PB treatment increased M2, M6 and M8
significantly. MC treatment increased BM3 and BM2
significantly and resulted in three new metabolites,
M1, BM1 and M4. DEX treatment increased BM3,
BM2 and M8, and also produced M1 and M3. These
results suggest that MC- and DEX-induced CYP, CYP1A
and CYP3A enzymes, are most important in TetraMF

metabolism.
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