20 HH 111 o [ S8 U7 I 2 A R Vol.20,No. 11
2014 4£ 6 H Chinese Journal of Experimental Traditional Medical Formulae Jun. ,2014

oA 2R A5 W AR T 5T 2

EaH EHE
(1. BT FRFHFR,#HiE 67T-F 832002,
2. BFAFREFEFRE—WBER,HHiE &F 832008)

[(WE] EWECGWE R ZHETHRRATHZMAEALEGY, B A BT O SR S E b bR 522 HAE
FH o WFFER W 51 A 09 8 o Qa2 PR LG PR B SR 2 R . AR SCER IR T B 25 b & W i A A 53 3k e, LUID) Oy % B
0 S B 2T R AR ML S 2 XA JUAR (9 SCIR BEAT 20 BT L U9 490 R A2 43 ol e AR PN 1k A R 1 R R AR 1k A 4
i 2 Ak A5 W AR 5% T 9k 0 0 R R . T S o IR NIk TR B S T BE D R R R TR N UR 1k 2 R TR R 3 A v R Sh A T
TEMRVE RS T BB 1) i AR PR AM ik b E A8 T Caco-2 21 BRI RY 88 4401 11 38 P9 25 0 T 32 T W o A< o T 4 i
AR S TR 99 5 R i R T A AR Wl o 3 Ak LC-MS-MS 8 17 2 AR S5 A28 AT B I AN W7 & T R K4 = T 254 43 17 7 125 1 R
FERNL g M, e i 25 e BE DN s D7 T R HE T AR . Bb b, — S i A5 X AR i R A A TR A0 B I B R B R VR Ak B
WA T R K?rd]%ff%ﬁ“w}\ﬁwﬁﬂﬁﬁﬂﬂdv Eﬂ5&*”ﬁéﬂf@ﬂ?éﬂc’”ﬁE’H’mﬁiﬁﬁﬁwﬂT%ﬂﬁﬂ’JﬁﬁﬁEEE% Eﬁﬁi&?@ﬂ%ﬂ:
B R 5 & R, 25 R AR AL K 5 ks LA B R B O BI85 25 AR aE — 25 Bl R 2
245 09I & Bl R VL

[xggiRm] WEALEY; M Ko, A5

[FEH%ES] R285.5 [Ck#RiZE] A [XEHS] 1005-9903 (2014 ) 11-0226-04

[doi] 10.13422/j. cnki. syfjx. 2014110226

[P H AR HE]  hitp://www. cnki. net/kems/detail /11. 3495. R. 20140324. 1556. 012. html

[ M4 HEREHE] 2014-03-24  15:56

Research Progress on Metabolism of Flavonoids

WANG Li-ping' , WANG Xin-chun®®
(1. Pharmacy of College, Shihezi University, Shihezi 832002, China;
2. The First Affiliated Hospital of Medical College, Shihezi University, Shihezi 832008, China)

[ Abstract ] Flavonoids are polyphenolic compounds that are ubiquitous in nature with extensive
pharmacological activities, such as the treatment of cardiovascular diseases, antioxidant and anti-inflammatory.
However, the clinical application of flavonoids was often limited by first-pass metabolism in the gut and the liver.
This article reviews the studies on the metabolism of flavonoids in order to provide references for relative research
and new drug development. The paper analyzed and summarized the literature in recent years, the in vivo, the in
situ and the in vitro method were introduced. The in vivo method mainly included the zebrafish model, the flora
humanized animal models and the gene knockout models. The in situ method mainly introduced the rat single-pass
intestinal perfusion model. The in wvitro method included the Caco-2 cell model, the gastrointestinal contents
hatching method, the enterohepatic microsomal method and the genetic recombination metabolic enzyme method. In
recent years, The continuous development of instruments and means such as the LC-MS-MS, the micro dialysis

technology greatly improved the sensitivity and specificity of pharmaceutical analysis, which have played an
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important role in determination of trace drug concentration. Furthermore, Some new models,

model, the flora humanized animal models,

model provided some new ideas for the metabolism of flavonoids.

such as the zebrafish

the gene knockout models and the humanized liver chimeric mouse

The study on the metabolism of flavonoid

developed rapidly, Various metabolic models and methods is bounding to accelerate the pace of research in this

field and promote the new drug development and clinical application.

[ Key words ] flavonoids; metabolism

B RAL G YR — R T AT T 2R R R AR
W BR BB A R 23 5 R A, A 23 DL S 0 Y
XA, BB Y RA Y 5K B R HR
Al HC 98 BV AN LA 5 s S e e 2 R R A A e
WAL Y B W AE g CYPLAT B CYPIB1 i i 4 =5 0 i
0, DA TIT 40 4 i 30 20 Y 3 4 R A SO A I 9 R L 2
WA IE A B2 BT PR B O R T e TR
G PR AR A . R, 25 W AR AT 5 B 24 Y i ok
Bt DL PR 22 4 25 i 4 S i B A R R L

B2 AL S W A AU o 2 TR AT IR, th T A/ i 2
w24 1l R AR S A, AF AR L AR A Al A S HE RS 2
VA, T L Ji7 3 T R b 41 A R A8 TG 1 DAL 0 /N i X B 2
%A#’J%Ii_ﬂﬁﬁtﬁiLTﬁ@M o A HE RS Y
AT AR R ARG IT 7 A 9 37 2 Je AT 255, LU O B R 26 fE &
PRt —E 2%

1 EAREHE

PR Y AR T 5 3 2 T Bl BN 45 25 05 B4 ] T i

S VR PR BT s S A W R 8 A 20T L0 S R

SERE P ACT W, 0 E 25 A R AR R AR . PR N ik
R RLZE G 25 A5 b 1A oA IR 3R Xk 245 900 B4 5% ), BB A8 L S 4 TAT Y

25 ) QAR AE

AR P 245 9 e B G 1 v 1 AS A 3 2 4 1 1R i 5T
RIREREE, W OT5HAR K B eE: 1HAR 1 R B,
LC-MS,LC-MS-MS,NMR, TOF-MS 2 # T B 75 # B 2% b &
YR AC I = B A0 A P AR B0 T TTIZ AN L AR A B A
ThE AR R BT R L R 4y B R BORE T k4 2 AR Y
o+,
1.1 B E% B Danio rerio J&— Fp M 1% 10 0 L 24
MR K MG . BEDh 10 R S8 H 1981 41 k% 5 i 2 3R
SEFEMMTE, R TR SHR R R AEE
A3 W R B SR A 2 A B BTt
WP TR ARG & B G F R EE, ME k) 2
ﬁkﬁTﬁfﬁ*ﬁﬁ"HJﬁiﬁﬂ”ﬁ%(ﬁriﬁizﬁj\mm_g”ﬂ% & ff
Forh oL WA, BE I i fk P9 A R R 22 26 AR i A A A% 32 A dn
I il €6, 2% PASO il (CYPAS0) | bR = ff 192 1l 465 W I 1% % 7% g
(UGTs) Zeki sz k (PXR) .35 & )& % & (AHR) 4§, 7] H + 24
YA B 5T

A 25 0 5 1 T B I A0 T AR K B I 2y [ 3 4R
b DI S R T M2 W, 2 0 A A I At 2 B 2 B I £ A it
Yook % Sz b HE RN K 38 2k S A 25 WA B4 8 A TT LA R 2
Yooty o A B, EL A TR B R RE BRI T T R D

in vivo

n vitro

SRR, R B R R N T 25 T g i AR

ABFTE S FIBE Dt MR 2 58 T A P 4 R
RO E Y RN I i A Ml E C MRS,
HPLC-EIS-MS % 58 © TR AR ™= 4, & i £ 25 17 Wl /8
C A W J2 8 5 bt 25 C-7 o 7 2 4 0k ﬂﬁﬁfai@ﬁ“ I A
2"-0-rthamnosylicariside ( 2SR F R LR BT 1T ) , X L=
AR M PR JBE 25 T AV ) B4R i, 3 5k B AR O 0k T AR 1 4
—E, WA TN FEE TR A mEY, B
FTAR A0 A7 T 50 4R 38V = 78 v JH A Bk R 255 4 o )
A BRI, FEBE S R SRR E A Bk AR =
B D, SEERETMEEE C R
1.2 RS T T R AR T R
ST 20 0 A A7 T 10 B A X G , h R o HE BRI  BR B K
o A% PR 3R A S 0 4 R i T, e A, ST 3 W 1 I T T R
20 B ARG 1 5 AR 38 TR 22 S 3 M LR S i 2
St o B, ) TIC TR Sl A N I TR R T TR LT
AL /N Bl (human flora-associated , HFA ) % 1A &y & WF 58 A % 1 A=
SR EETLA,

Tamura 25" ] HFA /N BUBFSE 1 A o 188 6 B 568 100 3K A1
Jo e S BT (R 52 3 28R YLRE A BT ) (19 5 o R (B /D R
BEPL > 4 20, RO JC 77 -5 8 A /0N Bl ( GT) 4 TR AF A IR AL -3
B/ B CHT) 41, T8 -4 BRI B (G 4 0T BE N I AL -
MRCHC) A, Hod xd A /NIRRT 4 d LB, 5 250 Y
W 5E R HPLC, 2553 8R GI 41/ FUE W b ok o & i
PR B i AL B 5 T HI 4, HAE HI /DN B 5 1
PR 0 v G I AR A A PR, 3561 45 2R U6 B A1 i 1 T
X S B T F AR EE AR .
1.3 JLPaBRE Al JE R BR (gene knockout) J2: i ¥
— A G AL AN S PR 2 B, BT HE A T B AR B Y R R IROAR
SRT DA (R S 58 5 50 By 4 D00 AH O PR T B I B R . R A
AR B JE: 20 142 80 AEAXJE 2 I B ] DNA [a] 5 21 J 3
R R By, F T Z B AR AT ) % B A A28 P4S0 25 ) X3 Rl
JRARHERC NIEAL” A R, HETE # T Z 7/ CYP
P450-null /)N B AA B Y RS, o] H T WS AE 55 2 CYP I 2
R B 2 S5 1R 3 W X 245 0 A AT
1.4 NPEARJF R A D BRAEED  CIR AR IE 2 & 4/ B
RRFY e — Tt N TR 4 B 5 ol 6 A 3 52 445 U 9 2 S 1
BRI YRR, A AR B A S N AR R A R g
AR A5, T B v IRl 8] 22 55 R AL 225 M, T TG A
Y5 AL B A AR 10, L 55 A 0 i 47 25 2l 4y JFF 4 ik o A 3 3
A R B0 22 S, TR 25 W A U T B AT R Y

- 227 -



5520 55 11 4 b SR A R Vol.20,No. 11
2014 4£ 6 H Chinese Journal of Experimental Traditional Medical Formulae Jun. ,2014
AR HE g B 25 B LU S ) 7-0-a- LG T R 238 M L L0 2% 19 X

2 fTEEE FRERHIR) .

R Bl I 88 A A R — b s ) A AP BT A A
5 A BRI L, 2 R SE 8 A5 1F 2 5 T, AT LLHERR
Al 5% BB T R 2 455 i Y S R R 0 WA S S M
R A T H .

AWETE R B T R R B 8 T R R AR, &
BB R R0 5 T R 20 38 5 O T 0 4 0 1 TR
AWML &Y, 2 251 251 G 8 11 (MRP) 2 50 Y
9 5hHE . Liu %5 FH # i Ja E O 5C L % 48 T AT 25 4 48 R )
i B i ARBS 1 DL, Sz AT 24 1 B4 i R W W R B e A AE -
T I A 25 1, T B S A LR AR S UK AR I ( LPHD) 10 55
R AR N BRI, 75 PORE 8 1 (P-gp ) 410 0 550 77 7 6l A 36 6 R
A FEAE RIS OU R AR
3 fRSMREE

PR O BAT Y (o (8 B 50 9% AR X IR K 0E 5 R
AL W 10 2 3 27 i 08 S5 AL A B 2 B AUOG R (QSAR)
B S SEALBLALL (in silico modeling) J5 ik 9 A& e, P SN
VR R 25 P AR T b K ROk R H
BB G W PR SM Tk B Caco-2 S HEAEALTE |
T AT PGS P 7 R O R JH FRIORE AR R A 8 v L A A
A7 985 1 A DR 2 AR Tl S
3.1 ik sMU
3.1.1 Caco-2 ZHMIMERY  JTAFf , B A H 21 6 DAY il R
YT TF Bt Caco-2 4L P9 1R 4 i Bl 5% 12 25 11 %34
fY A R A H S ) A L/ I F 5 25 ) B AR AL . Chen
E T IR L Z N1 VETREIE S 4 BV IG NGRS
JEKEHE AR JEH TR A M ER) 1E Caco2
2 P AR e A AR 22 S o B B R B DURR R AL i R AU
AN H A Wy ¥ 32 B A W R AL BB O HE — 25
BT T 7 57 e k0 2 T R A ) T S AL T 4 A
R AL M — BB, ply T DU B S S 2 A
(1 b B AF AL S5 A KB PE . Zhang % £ Caco-2 2 g 1 43
TR H i SR b e BULZE R a7 s B Y AL R
FRALSS &), MRP A S AC P ) S0 4
312 ERHMAEN AL HETC T I R H
e r 285 15 6 410 R B 22, F 5 i 3 A R X 2K A S
{9 AR LA R T T A T AR R R
Jigo A TR 5 245 ) 8 S R O R F S M N B R 24 AR
A ROy BT & M N S BN ) ZE A B
29 RAE S T IR 3 e A 0 Je 7 245 4 R AR 7 A 1 e
SRFNHCE I T 25 ) AT

Aura %5117 36 07 7 UK M B R A 7 3 -3 4 0
T2 F LT, HPLC-DAS FI LC-MS 4387 i 18 A= ) % —
AW AL TESE T AR T BT TR A U BB T Y b
PRI AR . W Tt B MR R A I Mg P9 40 1 % 1 2
HHEAT TAREIE 20 Rk R HE €338 R 2 €035 0k 2 s ik,
TRE) 4 A A 8 N 40 e A= 9, Q2R By 3-0-a-L-

- 228 -

3.2 FFARSMCI A

3.2.1 SRR MARAME RS BRI AR R R A 8T
LA (— R P 22 3 0 W A 4 ) B0l DL SR i L A e, 7 £
AU A IR B R AR A EAT AR N, AR 3 A A D T B il
FE R T2 W) K ACH . BERORLAR & IR RSB R BT &
H5259 Y CYPASO i, i #5 1 A 77 B Qo R e, %
T 24 ke A 0 ) B A AR R A5 D TR AF S

Boersma 2" fj HPLC,LC-MS, ' H-NMR 4>#7 T A . BT
T SR A B Y A o R ORI B 2 AR L B SRR
TR IR R AL R T A3 A3k 47
FRHLTR 4y, 33 ol 287 IS T A X3 6 % P 6 75 A F UGT1A9 0 g
UGTIAL,UGTIA8 Xf A JB B 2% A K 22109 1 AH AR 0 e &
o RLEE 33 FhECERZE AL 4 9 A CYP450 6 Fl TE 7 (1)
BWE R Y 5 A Mok (R 3255 5, | HPLC-MS-MS 4% R & T
XA AP 6 Ffr CYP SV (1% 1 il 4 FH B AR P A B AR H o
3.2.2  JFANARAMEIEE A0 A AR A0 I I S 2 A
JHF 200 6 i LA 4 A T8 26l T, A 0 A B B R A R AT AR
W RN, 7 B 3k R v s DA R A FR i B A U A4t Y
W A A . AR SR A RN
KAR K- 1) g 22 A% IR 7, B O R 40 0 9 S8 B M L 38 TSR
il % A B 245 0 ok AR 0 7R D, £ DA 25 0 Qg o AR 2
(WA EAE R A A T 2 .

Vacek 25" FT K5 55 09 T 400 7 o8 80 6L 097 12 BF 92 T 4
KR TR R A AR A R 9 8, HPLC-ESI-QqTOF
MS B0 AR 4 . 45 5 R B AT 32 3 A A a7 4 T
Ak T T R A 2 B T TR Ak W, A HE RS 3R AR W e b R i
L FEGHEAL IR AW W Z MR R A (O
TR S ) B S e A AR
3.2.3 RMNEAWEEE P A R R 3
PR TR R A TR 4 DR s AR Al R SR A W S A B K
oS I RN A A e ] R 2 U T S AN = e
WA R, s Ak 5 T R B R S s — W7 . i F CYPs
M1 UGTs J& 8 F 21k & 9 o 22 A9 A I, B A LA 0 AR gt
i 1% 3 PR B 20 O H L

Si & CYP2C9 RECO ZZHFZ T CYP2C9 5 — &
B ) % R R 2 Ak G 0 0 A AR D BR T R AR, b A
PIxt CYP2CO A F BTN R 4" 5 AL M s A /e A
6 137 5 HAL FE B S CYP2CY 19 3F 32 4 M 1 70, oAy 2 5% 4
PRI . Haza 25 I35 T A CYPIAL Al UGT1A4 (4T
AR 75 200 M0 5 5 4 # 2 R R R Bz 28 3T 2% 35 i & DNA 41k
0T B TR R U 2 R R AR 4 DNA 41k 15455 10 7
RS MG CYPIAL BEiG M A 56, FaOF%" BT 2 #
T2 R A0 0 R R 5% B i UGT1A9 R UGTIAL0( 43 51 &
FAEAE T NE AU 18 ) X5 Je kb AR 2 AR E L, R B = 3 *
PRl R R B A B MNUAEH, B & Wk A5 i, UGT1A9
S0 T PR A AR B R R PR R Y 32 A AL R AT



+

<t

P A5 B SE A0 A W 0 AR 5

JE , 19 18 2 5 38 73 AC
4 #iE

B R 26 Al A W TR FG ok N 2 Al B 14 1 22 1 b i 52 30 AT

Bz R o R BRI SRS B A A JRE AR R 1 S B AR
Ah R 51 i S A R BRI PRV A BN R
I B B R 2 245 0 1 AL A 0 HC I 245 T 4 A i R 1o AT T
TR BT, GG TR LB ULE N A 1 SRS BT S B Bk
Iz L T A A B Bt E A R i U
R, 53 WAk ST TR B0 1 3T 0 3 A SRS AT BER R
P T 2T T IR REUE R B, CTE RO 25 MR R
M2 AR AR TG T A T EEAE T Ak, — 2B
A W R RS R B 1 BN BXE ) £ R 48 HFA /DN B AR 5 B
3 TR BRI /0 Bl L A VR T TR 5 S /s BRUASE 280 45 A o L 45 1
R B DI S5 I AR AR 35 I 2 1 0 A U 5 19 25 4K

[ &% k]

[1]

[2]

[3]

[5]

[6]

[7]

[9]

[10]

Olsen K M ,Hehn A,Slimestad R, et al. Identification and
characterisation of CYP75A31, a new flavonoid 3’ 5'-
hydroxylase, isolated from Solanum lycopersicum [ J].
BMC Plant Biology, 2010,10:21.

Androutsopoulos V P, Papakyriakou A, Vourloumis D, et
al. Dietary flavonoids in cancer therapy and prevention:
substrates and inhibitors of cytochrome P450 CYPI1
enzymes|[ J]. Pharm Ther,2010,126:9.

Leoni C,Balduzzi M ,Buratti F M, et al. The contribution
of human small intestine to chlorpyrifos biotransformation
[J]. Toxicol Lett,2012,215:42.
THER, W e Rk R AN s UKk A A
ENE S MEER AL S YR S e [T, R S T
) 2F 24 ,2011,17(16) :63.

XS], BRI B, J 0 28 s BT B R 7E 254 JR) 48 245 3l
PR RN [T]. v B 528 07 ) 2 20 75,2011, 17
(23) :264.

MR, X E , BeA RE . A A A BE T £ 7 oh 25 R 52 v Y
REHLT]. 25575741 ,2012,47 (4) :434.
TS, TH , O, 5. B T B AR Y b 2GR
TR BB 5 5[] h 25,2009, 40(7) :1009.
Wei Y J,Li P,Fan H W, et al. Metabolite profiling of
four major flavonoids of herba epimdii in zebrafish[ J].
Molecules,2012,17 :420.

Tamura M, Hirayama K, Itoh K, et al. Effects of human
intestinal flora on plasma and caecal isoflavones, and
effects of isoflavones on the composition and metabolism
of flora in human flora-associated ( HFA ) mice [ J ].
Microb Ecol,2004,16:18.

Strom S C, Davila J, Grompe M. Chimeric mice with
humanized liver:tools for the study of drug metabolism,
excretion, and toxicity [ J ]. Methods Mol Biol, 2010,
640.491.

Li C R, Zhang L, Zhou L. M

et al. Comparison of

’

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

intestinal absorption and disposition of structurally
similar bioactive flavones in radix scutellariae [ J ].
AAPSJ,2012,14(1) :23.

Liu Z Q,Jiang Z H,Liu L, et al. Mechanisms responsible
for poor oral bioavailability of paeoniflorin: role of
intestinal disposition and interactions with sinomenine
[J].Pharm Res,2006,23(12) :2768.

Sridhar J, Liu J W, Foroozesh M, et al. Insights on
cytochrome P450
through QSAR studies[ J]. Molecules,2012,17:9283.

Chen J,Lin H M, Hu M. Absorption and metabolism of

enzymes and inhibitors obtained

genistein and its five isoflavone analogs in the human
Caco-2 model [ ] ].
Pharmacol ,2005, 55(2) :159.

Zhang L.,Zheng Y ,Zuo Z,et al. Investigation of intestinal

intestinal Cancer Chemother

absorption and disposition of green tea catechins by
Caco-2 monolayer model [ J]. Inter J Pharm, 2004,
287:1.

MR, E52, OB, % T 25 oy 1l B R AR
BB g Bk R (D], b I 52 U5 N 4k Ak, 2012, 18
(5):251.

Aura A M, Martin-Lopez P, O’Leary K A, et al. In vitro
metabolism of anthocyanins by human gut microfloral J].
Eur J Nutr,2005,44 :133.

I e 8 A K B R TP N A S N R B
FACBTIE[ )], 25272441 ,2005,40(8) . 717.

Boersma M G, Woude H V D, Bogaards J, et al.
Regioselectivity of phase II metabolism of luteolin and
quercetin by UDP-glucuronosyl transferases [ J ]. Chem
Res Toxicol ,2002,15 :662.

AU, #8050 T, 55 LC-MS/MS 12 BF 57 8 i 28
Ao W6k AT BIOKL A 4l S (2 3R P40 i 6 Al B Y 14
SMMEIE R LT ] BT 25 2 & ,2009,18 (24) :2340.
Vacek J, Papouskova B, Kosina P, et al
Biotransformation of flavonols and taxifolin in hepatocyte
in vitro systems as determined by liquid chromatography
with various stationary phases and electrospray ionization-
quadrupole time-of-flight spectrometry [ J ]. J
Chromatogr B,2012,899:1009.

SiD Y, Wang Y, Zhou Y H. Mechanism of CYP2C9
inhibition by flavones and flavonols [ J]. Drug Metab
Dispos,2009,37(3) :629.

Haza A 1,Coto A L,Morales P. Comparison of the ability

mass

of myricetin and quercetin to modulate the oxidative DNA
damage induced by heterocyclic amines [ J]. Food Nutr
Sei,2011,2:356.
T B, BRI ME, A5 2 b 2 A R Ak R
R AL 7 g Xk e SR R AR AAE BT SE [T ). PR 2y
53,2009,20(13) :976.

[DiATa4E  ARmEAR

- 229 -



