REE : 1YLERZE NP (Phenolics: From chemistry to biology.

Pereira, D.M., Valentao, P., Pereira, J.A., and Antrade, P.B., 2009. Molecules,
14:2202-2211)

B R o sE By 8 ¥ (metabolites) &b » %5 By 48
(polyphenols) 4 2 2 HEFTARTE ©

WG ZRCHEIYEI0E 20818 » BN ES1ERFTEEIRK
20%3E N\F R SLE{E (phenylpropanoid pathway) @ AR
GEBIBIZEY)E (phenolics) ZEY0(48) = H%E(flavonoids) £d
TR (stilbenes) » BRASIHNER ¢ BEFRESENEE(monophenols)
BIIL0p-BEEE (p-coumaric acid) iR 2S48 @ SIEBEF
ST EEEY - RmiEs "IheEt2mEmEa ) o

Photosynthesis

1 <715 (=] f’lfﬁﬁi/ Proteins

FPrimary metabolism

Lipids
\\

Carbohydrates i Chilorophyll

Seaecondary metabolism
Terpenoids I \ Alkaloids
Cyanogenic

glycosidas
Phenolic acids <+ Phenolics

Coumarins
Lignins
e Chalcones

1 Anthocyanins
{colors of red MNowers)

Flavones

Flavanones

I ]

Dihydroflavonols
Pterocarpans N"\-‘

Coumestans

Flavanols

Flavonols

(colors of yellow flowears)

Condensed tannins

) —#REL — #B {1 (the primary and secondary metabolism)
BN G R

erythrose <4-phospate

phosphoencolipyruvate
3-deoxy-d-arabino-heptulosonate-7-

(PEP)
H2O phosphate synthase
- DAHPS1
= - DAHPS1 (putative)
- DAHPSZ2

S-deoxy-d-arabino-heptulosonate-7-phosphate
Fedehydroguianate synthase

Pi

ArSgE6120 - DHOQS
S3-dehydrogquianate
F-dehydroguianate dhydratase

H20 - At3IgO63IS0 - DHO/SDH
3-dehydro shikimate
NADPH shikirmrate S-dehydrogenase
rNADPY AT 350 - DHQU/SDH
arpshikimate shnicimate xinase
Al - SKT
ADP
—H-: —0—0—@;‘: Arag O SK2
7 E 2 shikimate S-phosphate
S-encipyruvylshikimate 3-
phosphoencipymuwats phosphate synthase
Pi AL2GAST - EPSPS
At1ga &C EPSPS

S-—encolpyruvylshikimate 3-phosphate

e ‘_i chorismate syrnthase
* o] o =
I\ 42 " At1g48850 - CS
J ¢ chorismate
S= K

FFEF{E (shikimic acid pathway) Z2HIE ~ BER  SBERF4
EPFBED PN —BRERRTE » EEMA BIEIRER (KR
fZf%phenylalanine ~ figiZEStyrosineX] & fZ B trptophan)

3

T R TR S IS
COO- cOOo- cOOo-

Pi-0” Ny
H “ OH
Ppi—o—C H, — H,
—< o<

I
_HC, Lo HO OoH ©
Ho HG S asa T COoo- COO-
o BEEEL  on S oH A " Isochorismate
Erythrose- 4-phosphate Shikimate ZE E3 iy Chorismate I}ﬁ@ﬂ
I P l
ch, ©°° ch, ©O° cooH
coo- OH
<
N ? NH_+
OH
Tryptophan Phenylalanine Tyrosine Salicylic acid
PAL -

Cinnamic acid

c, Stilbenes

Lignans
e | C ol D
2 \Slmp\ephenms
Tannins
¥ :|
.

Lignin _
|: z:| Chalcone < )>—C.
n synthase +

Suberin, Cutin Flavonoids

O
O] O =00

Flavones, Flavonols, Isoflavones
Anthocianidins
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Diversification of Phenylpropanoids Based on the General Phenylpropanoid Pathway. The
metabolites of the shikimate pathway and the central metabolite, 4-coumaroyl CoA, are
shaded in gray. S

s EYERENREMS  KSEFKRBHENER « FREE
AR RPLEL (phenylalanine) SYESAZES (tyrosine) o

15 LR ELRE AR R 12 P A PIAEBE 2B (cinnamic acids) @ BBEALER
AET o £EMBEIN—FBIBEREREREEA
— BN ELE  EFELLEYERIRE — BB
BIBIRIEIR | C6-C31 XA ES{ii(phenylpropanoid unit) o

BIE EEER R S0 EYENEE ¢
AAERL %S (cinnamic acids; C6-C3)
K EPELXE(benzoic acids; C6-C1) ~
X5 = %8 (flavonoids; C6-C3-C6) ~
B Z=%8[proanthocyanidins;
(C6-C3-C6)n]
EFE S Z=%8(coumarins; C6-C3) ~
TR NG E(stilbenes; C6-C2-C6)
RNEp==4E(lignans; C6-C3-C3-C6) Kl
KRE 48 [lignins; (C6-C3)n] o
FEEIEEBEETEE2 ©

Table |
Classes of phenolic compounds in plants
Class Strucrare
Simple phenolics, benzoquinones Ce
Hydroxybenzoic acids GG
Acethophenones, phenylacetic acids G Cs
Hydroxycinnamic acids, phenyipropanoids CeCs
(coumarins, socoumarins, chromones, chromenes)
Napthoquinones GG
Xanthones GGG
Stilbenss, anthraquinones L Cr-C
Flavonowds. soflavenoids LGy
Lignans, neolignans (Ce-Csh
Biflavonoids (GGl
Lignins (C-Cal,
Condensed tannins (proanthocyaniding or favolans)  (Ce-Ca-Cyl,

Figure 2. Main classes of phenolics (from [4]).

B2- B3RV EBR DR

e N i i = N
ERRHTEY Phenolic acids ST}
- - . _ @r\@ﬁ*a - . . . .
Benzoic acid derivatives DEXRR Cinrmamic acid derivarives
R R
/ COoOOH
HO COOH HO
R R"
R=R'= H:. p-hydroxybenzoic acid R = R = H: p-coumaric acid
R =0H, R'=H: protocatechutc acid R = OH. R'= H: caffi=ic acid
R =OCH,. R' = H: vanillic acid R = OCH,. R = H: ferulic acid
R — R' = OH: gallic acid R = R = OCH,: sinapic acid
R = R'= OCH.: svringic acid ;é%@@ig
Flavonoids
K A EoEe
g@@;ﬁg Flavones EIES  Flavonols = 50 Flavanenes

OH OH
HO

OH © OH O
Apigenin Cuercetin Naringenin

Flavan-3-ols Auithacyanidins

S-====ym OH
A=

r-3-848 "

HO

(+)-catechin Cyanidin
Koo FEXK — FXK
SSRE AR IE8
Coumarins Stilbenes
. |
HO. A~ 0. .0
6 #
HO : |
Fsculetin
6, T-—KEI=
HO ,
Resveratrol
BREE

Isaflavones

E =l

oX== ~

Genistein

ENEX
Lignans
OH

HO
2 7 OH
:©/ ono~LoL7 O
f] L .

OH DARENER

Secoisolariciresinol diglveoside




@ﬁiﬁﬁg—ﬂﬁ}ﬁ%{b%%ﬂ General antioxidant mechanisms of phenolics

BRMEFAMAENE BB
1. BpRBEVAE 2 RISEVE IR HE (hydrogen donor) @ 7E#%1E
[RfE » SIRHBENEAEAEINS  EERDTRE - P

ET B EIVERERN - BEMNRMOREED TR EIEA

SZNBILNBEBEER  LLEANBEBESIZTE © 8738
BUREARIE -SSR EER FIFRI00ME - R
B892 = & 5181t (delocalization) B E BB EBIBE D
%&Eﬁ?ﬁ%ﬁ‘ﬁg BEFEESISETI BB EAMENFEIY

2. BREILEMNMBILNNERRNBBEEED I RINES
EEBES 2 - BipiEolERERIVE  BEEESEE
MmiEF e EEL TSNS NSEBEERERE @ 8
IEeHEMBBEMEES ©

3. BB YRR EEFRAREBDE @ #EihHE
Gk RIRFB PR ENSHIEE D o EFBEE
EMBLE BREESLE NG R EBEER
N—EEER EWNSENERDEFEPISOEFE
(cytochrome P450 isoforms) > HEE%@@(Iipoxygenases) N f%%
S5 (cyclooxygenase) EA S IZ0SF/ES (xanthine oxidase)

4. KN - BRI H T M S L EIENIRIMEE « B-AFES
FEda-4 B2 2 BBV E1EF (synergistic effects) » [
R RAENABRE ABVRE ERORE o
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{288 IUPAC (International Union of Pure and Applied Chemistry)8Y6p 23
($8)&E0%A(flavonoids) DA% -

o =M%E(flavones)2R B 2-phenylchromen-4-one (2-phenyl-
1,4-benzopyrone) #&1% @ 5l 20151 52 3= (quercein) » =& 3=
(rutin) o

o E(X8)=Ma%E(isoflavonoids)ZR B1R 3-phenylchromen-4-one
(3-phenyl-1,4-benzopyrone) #5k& o

o F1(X8) =048 (neoflavonoids) 2R B8R 4-phenylchromen-4-one
(4-phenyl-1,4-benzopyrone) #5k8 o

11

O A Flavonoids oI 00 SR Tovnebocioon

REFNRE A — B F E AL (phenylbenzopyran) K51 R4S EY -
—A% 2 BIE15%R(C6-C3-C6) B 58 — (B MmIR (chroman ring;
benzopyran moiety) * IR 2RI FIRFECIE © FARASHNA
SRIRBAIR - REMENES DFEBIS ©

AIEB BRI | B=FKEVEIREER =E)EY (phloroglucinol type)
&~ FK BB B EY (resorcinol type) © BIRDJEBFECEAL,
- RE B =K E  PRMIZTPFE RN ¢
Otb0RE(pyran) ~ DELIRgES (pyrilium) | Sy-(LL IRl (v-pyrone) ©

m ? | &R (chromone; 1,4-benzopyrone)
RUILIREIR - 5H EUCETE 2 A 0t IR

Benzc)/gvran (— o BT&EM -

ﬁ%?;é Cyl U chﬁ%i%m:b ~ g;ﬁ‘ﬁ(chromami; E:nzogi'nydropyrza::)?i\_ﬂb

chromene ’f):'ﬁiﬁﬁ, %fﬁ%HmOZ\%ﬁa’HﬁE%(i ﬁ@%&

chromene BB RBEBIERER o




s REBERLIFRES NS SHRIRMUE - SR D I0ET

F B1E=%8 (major flavonoids; 2-phenylbenzopyrans)
Hrfa = NEE (neoflavonoids; 4-benzopyranes) Eil
/Y EJEEEE (minor flavonoids) ©

LAY TR AENEE « RERE ST R
MR+ SNREIREEIBY) o

A= EUREOV I E L E EFI0E D8R8V - BEU0HPLC-DAD g
LC-MS - BLERFIRINCRINLE - EERKREDAEH
B48 o o ISIREME B EYfEHPLC-DADES © SEZBEA]
By BB BRI IRINBSEFLE Y - SLE B EERTE
BEMERERERTE  ENFERERIGHEEN 2R
il - B0 LC-MS o

LN SORBNAESMRHA - BRSHFIEANM
B o BIEIEEK ORISR ~ BERIG ~ AR ~ JdE -~ M
EABREMHNNEBE G  NACIHEREREIN
BMRRSN—I8 @ LOBERELA(LFEHRERES
#2069 ° fI0 - —L iV SYHTREMEREREREHEZ
A270 - B e e P ERGVEABAREE - IKIh - hBIRSIEM
SHREIERINVEE - (SR s RIS SEEHR
1SB0PERH - IH B E R EEBA - ASHRET -
AT  SLEER » R RIFEADNMSESBRIOVER
el DRGRRAHIFEE

© ERIERT > MNECTEEBENRESEL - thEE58
SHIMINIRENZ @MV D S - —ERSHRE A
BROVEE] © B EYOVE I B BRI — SN SR
(estradiol estrogen) 58 + fE HIRIEEMERIER ZEERIBN0IF
ARBARN > WIEIKEZIBRT » E5&Heenistein K&
daidzein 2aJHR1H8I D5 ©

- MESEPEHEFIRET B RIS - BIREMEENRIE
R - IBERMIBIR ©
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o PFERLAE Cinnamic acids

EC6C3EREIRA L- A RIZEE A L-B32EE RIRSBERIAEY
BURIBEYE °

wEY  BROE—TEBRAIRRERIMEN trans-(E)-
cinnamic acid * BHA R ILEEFLE R A RL (cinnamic acid)
IS LRI E44-B5 2B4(4- or p-coumaric acid) o (MFFTEE
YE B EIRF AL EE = AR RERS (phenylalanine ammonia lyase; PAL)
BRMETRIRBIRIRRZEED @ BESIREENBEE SR
fl - EERRARAREY o

RO PIEELAE R I DEEL (caffeic acid) » FEKR ~ X
AIMGE - EE2 2 ZE=ZE8E (quinic acid) 2 BB B8 (1% R 85
chlorogenic acid &Y, 5-caffeoylquinic acid) BYZI T IE1E ©

O BELAR0VM A LRI D S PEVE RS B I EHR o

ES A% (mono-phenols) B SV ER S /ES- (ortho-) SU¥Y- (para-)
UEESAE ERENFERK  BERER » £508-
UE E—s " EFPAERNTRFENM

O AR = BARRRIR B IR IL B S — iRE Mk {E 8N
REBRNDNTTE » BrBEXA3H# 0o FAHPLC-DADEELC-MS
HE  HBEEHMIHREGEMRGCCMSDIT - RIRE=EREA
F - RSBELARE T HUSIR E G » SNBEIMBRHEEVIETE - 1B
SIRBYTTEANE B R E B RAA 2= RS S B G R BV TT 4N
SREE(CAI  SECEYRISIRMLC-MS o

O AR SHZEAAHE - AEEEBRRIR SN AICEE -
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 NEZ(lignin)FIAHE7 244 (lignans)

PR AE L BIRE LIC6C3E IR BVIRIZ S TNME R H B R EI)D
ZERE  BE—PIREYRSYIARE Z lignin) - VERHE
MR E SR U B BAREE o

RERNEXRESENBENKNFEE @ R ELEEEH
ERMZBRFE » FMARBEER (wood-rotting fungi) BI1FFE I BE
ERBMBIE °

RNE F= B FEEPIFEES (hydroxycinnamoyl alcohol) B8 ST ASEIBIB AL,
B (peroxidases) B% 3& £ 11, 69 &) 11, 14 38 S (phenolic oxidative
coupling) M % A%, * £ & B 89 &8 Jt §8 /& 4-hydroxycinnamoyl
alcohol (p-coumaroyl! alcohol) ~ coniferyl alcohol &0 sinapoyl
alcohol » #SAEY)NEPAFIABVEE SRS ELE) o A4S M
AR ES - MACIELAINIERET Y - (BESAZBLBIINHS
MHERRER °
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REPZREE lignans BN S 1-AEMARST (1-phenylpropane)ST4EH)
(8-8' link) » TE{RIREBYPBTR 2 BEIEAS RNV B S ©

R EVEBIHMRERNNEMDOHROVEM » FHE
ERERIOVEYD S o PAM{Z podophylotoxin (B8, \ A&
Podophyllum peltatum 1RZE) BV SR TTEMRBIEE ARG
B o S ABMEHROVOEECMEE WIS  AMPc
phosphodiesterase E22K 5 1F0R 58 K b MEXEM4HEVBE SR o

I

Podophyllum peltatum
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N

g\ Flavylium skeleton
. b%%‘gi‘ﬁ Anthocyanins of anthocyanidins

EBERETEE /AT EYEE ' DFEBFRITHR40021200 -

DEF2EMDAEHEEVEE « LA BR ©

BSEALEWRE 2-phenylbenzopyrylium (flavylium) EERYEEE 0%
KENZBFENTAEY)  BROBEABEEE - FILNE
EZSHERPIRIBEE @ BEEESECREIMUENBIRES R 7
5 DASEHE » RS =MRAL NG - R - thoJsE%EB
B3 4 5 IBEEEAL ©

2 %017 72 £ & ( 5 ) 3 (anthocyanidins; 16 @ 3= T BC 2 82
anthocyanin aglycones) ' (26fBE 2B EBRR | £EBEH
cyanidin ~» TE 2 Z /R E E delphinidin ~ ZFZFZEFTE =
petunidin ~ 5j%£3% peonidin ~ K22 pelargonidin X833
malvidin o

=
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o bR 3 3-E5F 18 == 48(3-deoxyanthocyanidins) ER EL T
ERAIIN - C3EEE E—EEE - 258
RSt DT BIAREIR °

WEEB K5 BFEEL B @romatic acids) B (acylated)
KBBD FRFSE PIAEEEES (hydroxycinnamic acids) ((J01F

% caffeic acid ~ ¥g/EFL ferulic acid ~ p-BE /L p-
coumaric acid ST =82 sinapic acid) * AR BIF
ABIHEREEE - WR —BRAIESES o SELARED
MBEFREFEENEBIC-3IE ©

TSR E R BEEAE DU BB R (anthocyanidin)
BREKEHPFEPUERHE @ BEE
LB XENAREM NWEEHERIZMLED
BRIEXEBIR600i2 L 5= HLE °
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0 L]

85 Z£%8 tannins

BEEREMENSCEEBNLEY -

1. o]/kERESEE%E(hydrolysable tannins; 8275 8% ellagic acid 89
e~ RB SRS ES R ENE) Al

B S RUESEE%XE(condensed tannins) » &= Y52-3-f2(flavan-3-ol)
BT RENEEMA
BRSO HMEDE ML L RN RSB NLE S 2
O ERENBEMBERERE  hnEmRER -

™~

4

M
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BRAMSE R ESINENEDE SEEBEEREET/NE
1tk BREBEED BEEBHTENENME MR
EEECBINMGEBRITH - ARBEREETHE
(galloyl groups) (B EE D 526980 ~ AR FIAI —FKE
(ortho-dihydroxy)BU157E @ {FE BB HIRS @ MKE
RIRALSLVEYNES HABBEBIFRDZHTE ©

ROMAR IR R EEB R ER B NEEEAIHIRBIL ERZ
gEN - AMEIERERIKBENERFYEE » JEREE
BYZEY) o

Fai 2 ESECIRE @ EEHNNELEEHEERasE
HEB@ENEYHE - SR-3-ER8AZBEEMHIET
BOMEBERLVEER © MEL ~ UMK LH
RItBEREANE 3-SR ENREREEE
HPHILDLEAY, » AR SRR HIRR L RS R B M L& 2]
MFRAZ A2 /) IR REHTEREREE o
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« BSF%E Coumarins
SBEi0#1300f8 & 2 F48 © £ 25,6-benzo-2-pirone (-
chromone) (XEEAIR E % OH ~ OCH, 5 CH, EM{Y) ) » B
SEENE IR WEECENIGE (Cprenylated) R10-F
X EEL (0-prenylated ) BU T o

BENSEREBNTEY - HEBRtEMEWN LRSS
=48 (furanocoumarins) » ‘B IEB L RIS (furanic ring) ~ #RARILL IR

BTG F 4B (linear pyranocoumarins) » &K (angle)ItL B T =48

—ERETFRB Hb » EE T FH(dicoumarol) B —HI ¢
furanochromonestil £ o

RREIMNESS RV MANHIRET] » 2R E oI R M L

warfarin (5% : Coumadin » OrfarinZ » YRS : A&7  I{LEEE)

BYBHSSE » S0E—IREERILEINEMILE - KR

ENBSRRANE - LHEDDSE - ORI ZMEREE

B0 - SSR\OVTEMSZER © BWA1L(fluorinated)
F1-BRES AR (1-azo coumarins) XKIBBEVARIEE
FRISEVINE X RIVMEPIEE o
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