¥ ¥ #& Chinese Traditional and Herbal Drugs £ 39% % 1220085 12 B

* 1909 -

[21]

[22]

[23]

[24]

[25]

(28]

[27]

28]

[29]

(30]

ministration of quercetin and daidzein inhibits quercetin-in-
duced suppression of glutathione antioxidant defenses [J].
Food Chem Toxicol, 2005, 43(5): 793-798.

Choi E J. The prooxidant, rather than antioxidant, acts of
daidzein in vivo and in vitro: Daidzein suppresses glutathione
metabolism [J]. Eur J Pharmacol, 2006, 542(1-3): 162-
169.

Galati G, Chan T, Wu B, et al. Glutathino-dependent gener-
ation of reactive oxygen specics by the peroxidase-catalyzed
redox cycling of flavonoids [J]. Chem Res Tozicol, 1999, 12
(6): 521-525.

Galati G, Moridani M Y, Chen T S, et al. Peroxidative
metabolism of apigenin and naringenin versus luteolin and
quercetin: glutathione oxidation and conjugation [J]. Free
Radic Biol Med, 2001, 30(4). 370-382.

Awad H M, Boersma M G, Boeren S, et al. Identification of
o-quinone/quinone methide metabolites of quercetin in a cel-
lular in vitro system [J]. FEBS Lett, 2002, 520(1-3).: 30-
34.

van der Woude H, Boersma M G, Alink G M, et al. Conse-
quences of quercetin methylation for its covalent glutathione
and DNA adduct formation [J]. Chem Biol Interact, 2006,
160(3): 193-203.

Filipe P, Haigle J, Silva ] N, et al. Anti-and pro-oxidant ef-
fects of quercetin in copper-induced low density lipoprotein
oxidation quercetin as an effective. antioxidant against pro-
oxidant effects of urate [J]. Eur J Biochem, 2004, 271(10);
1991-1999.

Yamashita N, Tanemura H, Kawanishi S. Mechanism of ox-
idative DNA damage induced by quercetin in the presence of
Cu (1) [J]}. Mutat Res, 1999, 425(1); 107-115.

Yoshino M, Haneda M, Naruse M, et al. Prooxidant activity
of flavonoids ; copper-dependent strant breaks and the forma-
tion of 8-hydroxy-2’ -deoxyguanosine in DNA [J]. Mol Genet
Metab, 1999, 68(4): 468-472.

Harwood M, Danielewska-Nikiel B, Borzelleca J F, et al. A
critical review of the data related to the safety of quercetin
and lack of evidence of in vivo toxicity, including lack of
genotoxic/carcinogenic properties [J]. Food Chem Toxicol,
2007, 45(1); 2179-2205.

Kaldas M 1, Walle U K, van der Woude H, et a/. Covalent
binding of the flavonoid quercetin to human serum albumin
[J]. J Agric Food Chem, 2005, 53(10): 4194-4197.

[31]
[32]

[33]
(34

[35]

[36]
[37]

[38]

[39]
[40]

f41]

[42]

[43]

Moran ] F, Klucas R V, Grayer R J, et al. [J]. Free Radic
Biol Med, 1997, 22(5). 861-870.

Silva I D, Gaspar J, da Costa G G, et al. Chemical features
of flavonols affecting their genotoxicity. Potential implica-
tions in their use as therapeutical agents [J]. Chem Biol In-
teract, 2000, 124(1). 29-51.

FRY.Z &, 4 B. % ENHELOREANER
WM K) [J]. Chin Pharm Sci, 1999, 8(1): 15-20.
Oikawa S, Furukawaa A, Asada H, ez al. Catechins induce
oxidative damage to cellular and isolated DNA through the
generation of reactive oxygen species [J]. Free Radic Res,
2003, 37(8): 881-890.

Hirose M, Hoshiya T, Mizoguchi Y, et al. Green tea cate-
chins enhance tumor development in the colon without effects
in the lung or thyroid after pretreatment with 1,2-Dimethyl-
hydrazine or 2,2’ -dihydroxy-di-n-propylnitrosamine in male
F344 rats [J]. Cancer Lett, 2001, 168(1): 23-29.

Tsutsui T, Tamura Y, Yagi E, et al. Cell-transforming ac-
tivity and mutagenicity of 5 phytoestrogens in cultured mam-
malian cells [J]. Int J Cancer, 2003, 105(3): 312-320.
Matsuo M, Sasaki N, Saga K., et al. Cytotoxicity of
Flavonoids toward Cultured Normal Human Cells [J]. Biol
Pharm Bull, 2005, 28(2):. 253-259.

Wenzel U, Nickel A, Daniel H. Increased mitochondrial
palmitoylcarnitine/carnitine countertransport by flavone
causes oxidative stress and apoptosis in colon cancer cells
[J]. Cell Mol Life Sci, 2005, 62(24) . 3100-3105.

Ueda S, Nakamura H, Masutani H, et al. Baicalin induces
apoptosis via mitochondrial pathway as prooxidant [J]. Mol
Immunol, 2002, 38(10): 781-791.

Cao G, Sofic E, Prior R L. Antioxidant and prooxidant be-
havior of flavonoids: structure-activity relationships [JJ.
Free Radic Biol Med, 1997, 22(5): 749-760.

Rietjens I M, Boersma M G, van der Woude H, et al.
Flavonoids and alkenylbenzenes: mechanisms of mutagenic
action and carcinogenic risk [J]. Mutat Res, 2005, 574 (1-
2): 124-138.

Heim K E, Tagliaferro A R, Bobilya D J. Flavonoid antioxi-
dants: chemistry, metabolism and structure-activity relation-
ships [I]. J Nutr Biochem, 2002, 13(10): 572-584.

Skibola C F, Smith M T. Potential health impacts of exces-
sive flavonoid intake [J]. Free Radic Biol Med, 2000, 29(3-
4): 375-383.

HAPRRM S MRBREED SRR EE

o o, E A, TAR, WM
(1. PEBZEERYEBIRIT, B 2M 7300005 2. 2 M A4kt Hilt 2M  730000)

# EAARELEPEHYENEFRRSZ - SHAMBHRRERE YHSRNERER. ARSTFEY
REAMERIELEFRBGEN T EREYARERE TS, IFENTARNED S RERARENT#.
SRR PR A R A 9 R VLI B A O VR B ST IR L AR R 8 BB AR A BT T B B

X8R YA MEAREYWERER
RES¥# S R282.1 X WARIRE A

X EBS:0253 - 2670(2008)12 - 1909 - 04

Biosynthesis and regulation of ferulic acid in Angelica sinensis
LIU Jing', L1 Wen-jian', WANG Chun-ming?, XIE Hong-mei’
(1. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China;
2. School of Life Sciences, Lanzhou University, Lanzhou 730000, China)

Key words: Angelica sinensis (Oliv. ) Diels; ferulic acid; biosynthesis; gene

18 : 2008-05-28

K%E
ELHE . AR EBEA%EMA (0506160XL0) s ShF Bz Bz it 4 £ T B (0506040ZY0)
EEmEA N BA976 ) L AABKAN FEBFEIRYARETELE . FENEF TEYEMRE.

Tel: 13519314929 E-mail.liuj@impcas. ac. cn
»@REE FEXR



* 1910 -

¢ % %  Chinese Traditional and Herbal Drugs % 39 % 5 12 3§ 2008 £ 12 A

IR Y 2T Angelica sinensis (Oliv. ) Diels 23 H
EHEERAFERE.E.HR.AF. 082 RA LS
. 2L, E A E ST, E 22005 4F iR — 78
PREYHUF SRR IER ETRATE, ALK
BRMBEARBLT 0.05% ., It W, P8R A BT 25 5 5 R
FEEMNERER. MERAESEHYPHE —&H
0.03%Z&HM, YTk gy #7E 0.021%~0. 143% 2, YA
METMREPREV|PHARNERRS YAKEGHE
EgRZ— ETHEMN AXHMHBMMER. SR EE
REEEGPEBRINEOHFRIRBTER FRERTY
VL R 5 R R R
1 FRENGHERLFER

FIRBILEL R 3-(U-BE--FEFEE)-2-NHR. IR
WI-PEEA-RETFEM MR 3-HER . NHR, &
HYBRNBRFESEABHNAMGERSARERGEES5
MR W EERE SN ARD. BN B
44 3 f 2 BT B A0 R X S #9481 A 15  BLGE Ruan 41
FIREN KRB IBHEY hylonoma BB 43 B H AP BMM R
Wk EREHT EKPRERKAR X HRN,HE
PGB RSB . P 23% AR, T7% N
ER.

BAMRMEL G, A EEBRY, EEEEBR D 316
nm ZF B RESRY . KB HER AT ERK B R 64
REF R NS TFRER 194, AN 174 C,UETFH
W BRZERAK . ZRETHR . BBTESAM. BRT
HULBATFMMRREERE A EXFRNARSRE
S MBRIEATMEIR 4+ L2 HEMRIAR. 7 100 C,
PH4. 0 AU THRBIhFHBRSH 5. 2% R KESEL
PIS A R BB
2 FBRBRABRFEY

P SRRFT L 3 5o 38 SR LK R Oy Sk W R R A BOT Rk
FTRIA B A . FH ol 350 A8 T A0 28 RE 98 4% 30 JF L LI BL Y 4R
SEMNARRE. A SEBEHBITHRBRA OB
LT, BAMTRBEATEE N A ERFIEH RN
B0 RHEALRAE P RBE AR R, SRS R
BERGAYEA - SHRAEETHHE XELAFE
0 Bi7 988 A 119 [ 6 5 SU R 6 7E %o 988 E A AT oL AR R BB B
FERYS, PR T 8- T MR 4T 5L, 5 I AT B
B K3 T IR R B X BT,

FREFAFARE—®RTOLMERPHETHES
BAaz—00, AN BAMAMERD -4 GIRRYS
MY S BG4 8, ¥ 2 L i 58 A9 B2 AR (51 RS A 41 30 IR R 4
WH¥tE . Lowell KM EGE—WHBERFEHRT R, HK
MR A AE B AR AR 40 % FIZE R W I 2 B K & B (HDL)
B9 T K% B AR & B (LDL) T B 30% i 2 #5 2h B . i
EABMAT XN ETERRNBATI PR Y-54
K. CREEFHMEA NS LDL kg fEmat,

FagsSasnMrREAEEEREBEENER

AUV, e/ B U FE ST 1 b , B SRR 5 40 3F ifL B T HE
F—E AR RABEK G bR PELRRERERY,
3 4MABRER

FAMBENERRREYHRRYEERE. HELM
TRERREEDEAGED SR,

B B S AR A (o AR 3-4E-F B A A (COMT) B
LUSILE 1 XA RN B E R AN EN (PALMBR
MMER(TAL, UEETRELX MY PO S HEALERE
MABEMRERRA-RERAM-FEK, - FIMREE
B 615 A A A T DL R AR (S-BR L FRLERD
J R AE 7 COMT Mgk FAERPT#HM . BREEMLR
FRARNER-BER=BREAERNTEY . B RAR
FHMBEER. BAYRRRK CHRCEHM RS EELR
FRAL L A8 o R A R A A R

EERN—FHARREEZVEHBEABMOED S
B3R 2 5 3 BT 7E B0 45 8 000 A0 40 T A A 4 4 6Bk SR R
EAPTRBE SRR R L5 KB A-H-F &
B M (CCOAOMT) A MIA 1), K@ R KR IH RN H =2
NERERABERFRY, ARX IR LIREL
# HBEEXEE CCOAOMT K285, EXt@iEL A
B R B A I ol 38 AR 2 BT 4 K SR B o 1) = 4 . COMT
5 CCoAOMT Z [ fEH R 2 EM A TFHPHE
EHHETRE S RATE.

MBLETR UE S MR ERK SRR E A
BRENASRATEFHR . HEL EMAMKKAENKEER
AERESRERCHBLTES  BRE LFRM A B R P
XMEEU T TRRN B LR ERS ARG AREER
BREREHEMEMTARERMNTLHCABREAN
Brggtw B AMARSABEEZ BN ENXR  MEARE
FA BB 1R oM R B TS HEX K R 9K R, 7T DA i T 3
B A BB LB MR ) 5 A .

HREA EREAARB N X R E COMT f1
CCoAOMT WR M FHEEZHM. WERF 2 HAREK
COMT A, MEMREEFMAH 3 B K[ #y COMT #
PO 25 CCoAOMT pER B B AR MK E b A
ER HWEYDE I~2 . FHEYNE K 104, 5B
B EBPAL ZELE SHERG-FIMMEEAEES
(4CLYA 2 Frae B A REES BM & MR 72 LA XK R
FESERAZEAR RHGEFNARS EARHHXEE
HERFEEHMER.

ABREAGWECHBEBEMNARTEMTRR S BA
PHMEERARAN. BNESARIATERIENE
PAL.C4H.4CL,CCR.COMT . F E: B i S B (CAD) H £ 1
EYRE. PAL N TERARERBREMNE LI ANS5E
HERERBINAHIE, ARERFNS SRHAM R AR
FHARER. i TPALBLABMERMRELRAR
BEH A SR H I H PAL BHK E SR WY IEH
AR TR E RS, ACL AT AL 7 TR ol e A BT L



% %A Chinese Traditional and Herbal Drugs & 39 %% 12 1 2008 &£ 12 B

* 1911

RO A
AL
R AL
C4H
A
waam || wsameon |5
| E
«C3H :CQT
! H
WA HEUBME Y
:COMT
(T P

POV 2 T S RSN Y L3 4
csT |
C3H oot \2
"""" M quim [T ek coa
CCOAOMT |
v
Y23 DU R BT 8% C o

PAL-%75 8 MM &8 TAL-B S MF 88, COMT-3-K-F £EH B8, C4H-WHEM-4- B8 .CH-F T M-
B CCH-B IR MM A-3- B UM ACL---FE MMM A E&H, CCOAOMT-IHRH M A3-O-F &
HBM . CCR-HEMMM A ERR CST-2ENERBMN A FEMBSEAEREBE CQT-RENERA
A ERMBENERE B, CCoOAOMT &4 ,—— COMT ##

PAL-phenylalanine ammonialyase, TAL-tyrosine ammonialyase, COMT-caffeic acid O-methyl transferase, ’

CH4-cinnamate-4-hydroxylase, C3H-coumarate-3-hydroxylase, CCH-coumaroyl-CoA 3-hydroxylase, 4CL-
4-coumarate-CoA ligase, CCoOAOMT-caffeoyl-CoA 3-O-methyltransferase, CCR-cinnamoyl-CoA reductase,

CST-hydroxycinnamoyl-CoA: shikimate

hydroxycinnamoyltransferase,

CQT-hydroxycinnamoyl-CoA :

quinate hydroxycinnamoyltransferase; == pathway by CCoAOMT, =~ pathway by COMT

B1 F#EAESEYS % (COMT &2 CCoAOMT &)
Fig.1 Two biosynthetic pathways of ferulic acid (by COMT and by CCoAOMT)
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