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BEAEFBRFF RGNS (REDOEL - BERRHEENRERE)
wEHEREE

BEFFESNG TRR(LBHIER DORRIC X 2 HiR{LRER CEER S OEBFHT

BERERE REETE RIURFRFR HEBR

WrREE

ABRETIE, BEFERMHO D CTHEHDE SV IERICER B, BERNY4AE
CERSh TV AREOBEMAN THEEOHEY (7 VBRMEBFILA) 2R, kL
BLUTENL DR B %, T2 ZL T, BMPOBEERORDOBRKLICE
H4ORET - OEBEBN L LTHRELER L. TR 21~22 FEO 2 F£FHET 10
mB (FZ7&3, =, vAFay, AV%, Ju—7, <D IETF, o—X<]
—, Fx, Ea—t—H, YvEE) COVWTHRHL, BEBFEAL L THERRTNDE
BIZET AH MR 2B

F7 & IHBEMIZOVWTIL, 50% <% ) — VRO B LEEE R L. &5
HEEFAM LU THEELZER, quercitrin ARy, PR SE LTRES R,
quercitrin 5% B RICRART A HFERED THD Z LR ENT.

=TI ONTIE, 50%TF ) — VSR ETERLEEL R L. SO
FBRLIEEE YOS FRD Z 0 L& Z 5, rosmarinic acid 2SFEREIE L OHERIR Y
& LTRE ST, rosmarinic acid &% BRICRMT 2 HFEBRED THB Z LBBAL N
Lo,

VA % a VHHZICOWTL, 2F0ICHBLEIIEE ClIhhof. BHEZS0E
SIEBMLEMEZIE LA LR ST, BEES AR OEFR TR I N2, Ry
G LI A, syringin & & HIZvAF—RaBBRHINE. Zhb~fF—RY
ZOWTRBEERNHTH B2, syringin 28 1 T L LTRAESE.

VA ERBICY o —7HEIIC OV TIE, W B IEEEE 5 OFEESEEIC A
o, BERZESITLIZEZ S, EE—27 & LT eugenol XRHEH, BRESTH
DI ENRROLONT-. N R eugenol ZRIFTE, TOEEL BHLITIHRRMS 5 HEHR
B THDZ LWRENE. FHEEENC O ABLEESRD bh, ABLRS TH
HBRY 7= ) —NEOFEERHLNE RolnZ b, KBREKEKED B - RERE
Mowmnm e LTORBLRR S,

< U VEFHEBICOVTIL, 50% & / — V#5538 B LIEHE (ORAC fE)
ALz, SORHEMERY L CRELEZER, £k chlorogenic acid 38 XL}
3,5-di-O-caffeoylquinic acid SRS, Thoh 7 = —BHEEREYDRITHDIZ L
WRENTE.

B—ZX< Y —HHIZ OV T, 50% =¥ J — A ESIB LA ¥ — Vi) 2 &
MBALTESEE R L. IS O5BMLIEES OEF RS % 5 L7z & Z 3, rosmarinic
acid BERTB L TAHZIM & LTRIEE N, rosmarinic acid & &% HRICHEE TS5
ERERTHEZEBHALNE 0T,




F ¥ fHMIC OV T, 2EMIZEVTTERLEENRD biLkds, 7 a— I ik
USNDOEBEE (TR by, BT L) ORI L DML, e e EHER5E1o
7=, HHOFBR(LEEE S Z ST L& 2 A, FEMs & LT epigallocatechin gallate

(EGCG), epicatechin gallate (ECG) 3 X T caffeine 3 Shiz. ZibibEMHDH
BALIEME 2SI L7z & 2 A, EGCG, ECG (ZHWHIEBLIEMED ZRO HALIZA, caffeine
DB LIESIXE» o 7. - 7C, EGCG, ECG 2 FE & T 207 F EHDOHERMLEE~D
FHBRBE NI

Ao—bp —FHHICONTYH, SEMICEVCTRBMEREZRLZ. TORTE=S/
— /LRI A b B OB LIEE 2 R L, KO 2 FoFBMELEL R LIz, Hilk
{LIEHEE SOV T L7 fE R, FEALS & LT chlorogenic acid, caffeine 23 H &
7=. Caffeine DFELEIXE V2 & 005, RIHPHOFEER S & L T chlorogenic acid %
LT EH T = —BFEEPREINT.

Y EEMHSICOWTUL, AR LA TR TUCB W ORWTIEMLTEESR D 5
iz, R LI ONWTHET 5 &, BukKOARICL 2 XY bEKT L =—L
DIEMERTRMER A D - 7. I OTEWE S %255 LTz & 25, myricitrin 231EEE 1
B— 7 TR EN, ERSTHAZ ENTENT. i~vA T —m e LT EGCG 2 &

RY 7= ) — VRS HRHE ST,
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EEs
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AR IR Bidx
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oy BLOEEMNT — DWW B A {E)
E, BN EEEBROBBLREEIZLY, £
AEREDORWEDODOHIREE DB R~
L DOHD. —F T, BEERNMOZ
KR BREOHMHM THY, ZHEERD T
EEETH ThX BRI EMREL, B
Ry & R E T DI KA R R & NS

LD, BIENERICEFRVWRELDD. 2,

BICRKAWEREETHIENE, T —FDE
FEMEREMR DT DITIIER % B PRI LD HEH
MARF R THY, HINTHRELL . TOF
T, BEOBHEIZHOVWTHES R OBED—

LLTHITbND. BEIC>WTIE, BEfFERM
W) BIZFIEN RN, FIUEELIZ T IRICE
IRRIT DL KD, L LEOFERITES,
BUEIZ LV HEN DO R IEN R0 D FE
LARESNDS. FI O ARICS U e
ERRETDHIEL, RN OBEIEREAZEL,
FALFEOTICIVEREEARIZTDHILT,

LZEEOFMILFETH. ZOZLITRLE
RoAHissd, BAERORERBFIMBERIC
BIFARE, BRINCENAIENRBREIND.

F 7 TAME T, BEFEMS o T
DE VLI IEFNC B A 2 E X, SRR R4
IR s TV AREOREN TEEOH
Y (BT VERLBAIEAD) IR, PuB{LRE
BLOENS ORSH & i l, 32 2 &
PEHREE L. TR 21~22 F£E0 2 F£/MT 10
i B OEBEEHZ OW TR 25| L7, 21
EEIZRNZ2E, 82—V, A4 Fay, BEA
g, ru—7 REEIe-TIETF, T,
n—RAvl— Aa—t—FH, PvEEEXIR
2, LT3 A% EECHELS £ L, Y
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DEEFEHO-DORBIALICHFETIRET
— X DEFE BB LE.

OBEFE I N4 MERE4R 0 B HR I B L 7= 3%
BURIC L B T VBB LR 2 TR L, R
RERT OHERPEEDTEHRID
RN 2175 .

OERL L 7= %% 7 LR (KBS I F O HL R LI
i

@%E 7 VEBLEFIEFI O EER S & PIHEIC
L, B{EBAIER & LT BB U= BT
BN PRRT 5.

B. WFEF

1. RZREBCP R OREIC X 2 RATEIR
#r & KRR DGR

SRR & B S h T B ERMEES
IEFOHHHD 5 b, RSCETIEROZ
LW DB I UMERE&EE RS D2 ER
L. SEEOHERRE LTI, F7 &3,
-V, UL Fay, ¥AUE, Ju—TE
<V V&S, F¥, 2—RXvJ—, £a—t
—2, v~ EE, OL0EDREEREE Ls.
R 2 BB OBRIC L W AR L -fhity (£
7 VLB LA IZ oW TE R RS D LB AR
FEiTok. i onwTiEyosaru~<w b

TTT7 44— X D08, BRIABVIEL,

BEE L7 (LA O TR ERB ST —
ZIZESWTIBERNT, REZfTo7~. &6
WRRIERDIZOWTIIEERES ERE L
7.

2. RARBLBHIERI OBEIC L AHiB{LEED
FEVET

HRIRC X 2EFVERLBEFIC DN T
PUBLTEME 2 3000 L 7=, PUBMLiEtEI, KE
TIE< EA & TV BORAC (oxygen radical
absorbance capacity) IZ&ZVFHE L, #EIC &
SHBRILEEDOEBIEN 21T > /2.

3. KRB LEROREIZ L Z3EERSD
7R

Bk L HiBLRE, EERS OBRAHA L
[ZRolZ LT, #ENORET—FIZESN
TeRMESINY TER{LB5IEHRI ] & L THES R
BERE, BELE.

(REE~DOERE)

ARRICIBV T, b NSRS L OEZREY
RERET, b FEBRYERE LAVOT, &
B COREIXR.

C. R -E8

1. KARMLES LRI X 5 RS EBERNT
L HEERAB L UXRABRP LA ORI X
5 G LR DL EBARLT

1-1. FZ7 ¥ IsiicB83 a8
50%T% J—ABILRTF J— VY
DEFST B L CHBRLIEMEC DV TR
BRMETo7. ETEARDEALNIITS
Te®OIZHPLC 53t & 4To 72 & 25, Wihb
ERGEEPREEL—7 | KL BEHEO~
AT == PRHENT. ENDRBIT
WTHRELELZA, ERERERSELT
quercitrin (quercetin 3-O-a-L-rhamnoside) & &
biZ 9D~ A F—Ry T BB, RELE.
KIZEREDITONT, HEELEME (ORAC
RE) 2HELZE A, S0%TF J —/LiHl
P OFEREIEMEA5R D - 7o, FIBR LIEMER
REALNCT B0, YOS EY
(~F ¥, BTN, KESEY) 25
B, MBMLIEMERIE L. TORBER, B
B F L EHH RS MO RE LIS SR
Liz. B = F V3 EWIZ- OV T HPLC S
EToTL 2 A, ERHZO quercitrin 3B X
ZOMDT FHR ) —NEEESBRH S, Z
NoVBER (B R ThHDZ &R
niz.



12, UA %= UHHBICET S8

BRLL 2B U4 X a vhbERE (50%
&)=, =8 ) =), KEIKE, KEX
KBYREHKEH) 2L 3D ERRL
HPLC i L7z & 25, Zh-ehoithmic
BNT 1~2 KOEL—7 BEBEDO~ A F—
-7 & EbIRHEI N BRSOV
THELL 2 A, syringin 72 £3t 6 DL
LS BB, RE L. F#BYRIC K AR
BETDE, 50%TH ) —NOERHBTIE
syringin & quercetin 3-O-B-D-glucuronide T
ol =¥ ) —NVHEWIIRRELEDEZ R
H L, AKEZEZWIL anethole IZHRT B E
1 E— 7 ABE bR, T ARIEEDRE
EHME®» LT,
1,3'-di-O-B-p-glucoside & syringin @ 2 E¥'—
7 BBERIN. FMEBIT OV THRERLTE
HERELE L A, £FEMICHERLEERZ
Fhot., TOFT, FEMLEERRP T
DI 50%TF ) — LB L UKERKEDR
ERHHTH o, Th b OB LD & B
LT BIEDIL, SEH (h-~F¥ 2, B
B FIL, KEDEY) LR, REBMLE
HERE L. ZO/KE, BT NVSEY
D bIRVIERLIEE SR LT, & 2 CHEiRR
TFASEHOBRRIITOWT HPLC 7
WMEToLERR, ERDDO 1 2THD
syringin MR &h, iz A F—RT bR
H&hi-, BE, £ OMRAIT OV TREH
Th5.

sinapyl alcohol

1-3. U BIT SR

50% =X ) —)b, =H ) —, p-~FH L,
KERBHD HPLC ir&iTo72 & A, %
NENOHHBICB T 1~3 RKOEE—2
BEEO~AF—Fu L L bilRbBESn.
EHERFICODVTHEELELEZ A,
rosmarinic acid 72 £'3 6 O{L &% BEE,
FET 32 L AH®EE. FREIC L RO
BEr35E, 50%TF ) —BXOKHEY

D E R HAR S 1L rosemarinic acid, luteolin
7-O-B-D-glucuronide 72 & TH Y, =&/ —)
HEBICbLEFRLE— 7 BREENENE
BB, n~FHUomEmiiiEe AL
B Ehd o, St OnEBR{LTESEE
RELIZEZ D, 50% 5 /) — VMY &
H5<, WHTRHHBEEEZR L. &
o OHBIERS ERALNICTH-DI, &
B (n-~FH 2, B, KEDEY)
PR, HEMLEERRE L. £ OfRER,
File = F LB D3RV VB LiEE 2R L,
% @ HPLC 43#71 rosmarinic acid % E &'—7
ELTRHLEZ DD, % (BE) B
D—DOTHDH I LBRBREINI.

1-4. EAZ By 2 RE
EREE )=V (50%, 80%) Ei=iF=H
J—NERWEHBT X R E2ERL, 15
DOHELAEL T L 2R R, 80% =¥ / —/
M= 2R LBRVERERO 7D, T
B LTEE T EE L L2 OFMRRIREE
TV, 1 BEOXMEREROLLED
[(28)-3-(4-hydroxy-3-methoxyphenyl)-propane-
1,2-diol 1-0-(6'-O-galloyl)-B-D-glucoside] % &
15 BOLAYEEREL, ToBEZHDL
Pz LTz, Zh b D{bEaiRiERst E L
HPLC iZ L3 &HH=F R (50%xF /) —/V
Y, 80% =% J — s, =%/ —N
HHY) L OESEEBR,D, 80%TF ) —L
% O E R K 771X eugenol 36 L T thymol
TH Y, ZhOARFMHOTBLIEHEIC K
L EFEELTWBZ ENTREN. —FT,
80% ¥ ) — LT X A DB F LY
B b e biEtEE =L, RY 7=/ —
NERRED LN D, TROPFETD
BV HLER LIS S E A v & i ) DBREIC
FELTWHLEZONI.

1-5. 7 o—7HHWicBT 5 8E
TRy, 50%TF ) —), 80%EF /) —
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N, =F ), KESEETHEHL, Th
DOTIBLTEEZRE L. ZORKR, K&
[EEDB LU 0% ¥ ) — NV HHWICER
EREEEZRDE. ZROMHMORSEE
EITo12#ER, £ eugenol THY, i
BILEERZOEERIEKELTHWAZ LR
BEIN:. E, 80%TF ) — VSO
BRORENS, XBRKRLEHEDO 1 BO{LEw
[6'-O-acetylisobiflorin] & & $iZ 16 FEDEEHn
{LEVZEEEL, TN ThoBELA LM
L.

1-6. b0 JEFHHIZEET 5Bt

K, 50%TF ) —NBIURTH ) — )i
MO EZHRTB L UHREBLEEIZ >V T
BRENZTo . ETEERSEHONCT
B Te DIZHHEPITOVT HPLC S %24T
2l ZAh, KBLW 50%=# /) — Vi
Db, EE—7 | KLBBEDO~ AT —E—
I BRHENT.. ERORFITOVTHEL
e 2 A, ERHARST & LT chlorogenic acid
(3-O-caffeoylquinic acid), = DHDEE4TE L
T 3,5-di-O-caffeoylquinic acid, caffeic acid,
methyl caffeoate , methyl chlorogenate |,
4-O-caffeoylquinic acid, 5-O-caffeoylquinic acid,
eriodictyol 5-O-glucoside % Eiff, RIEL7=. *
o, XEMALZH DAY (benzylalcohol
B-D-apiofuranosyl-(1 —  6)-B-D-(4-O-caffeoyl)
glucopyranoside] ZHijff, HEREL, FHi-ie
BRAaAEREMZ D LN TEE.

BURIC L2 B e 5L, ABLW
50%T 5 ) —ARHEPIZ VT, -2 &
L T chlorogenic acid 23t H X 7=, HiEg{big
t (ORACHIZE) ZBELIL 5, 50%=T
87—V OB LIRS 72,
N OFBRILEER S ZALNCT B0
I, MHOSEY (-~FY 1, FigTT
v, RESEY) ZFEL, FEBLEEEZR
EL. TOFRER, BT FL5EDHHED
BOHRMLIE M &R Lz, BB T L 5B

WZOWT HPLC S5#r&1T o e & 25, /RS
D chlorogenic acid ¥ X O
3,5-di-O-caffeoylquinic acid 238 S v, Zh
LXED (BB MY THEZLBRREIN
7z

1-7. v—X= Y —HHIicBE 3 5 8E

T )=, S0%TF ) —I, A B J—),
S50%AF /) —)v, K, ~FF HHBOER
53 L UHIBR LIS I oW\ T B Rt &
Tole. ETEFRAERALNICT H720IZ,
FHHEMIZOWT HPLC otfxfTolz bz
A, KB X UANF Y i 2B < i

BOWTIERKOEL—I R8BI Z0E

RHEMSZEEL, LFEEC OV TREL
7=k Z A, resmarinic acid *RELZ. iz
Z DO L5 & LT, carnosol 23[F
EIhr.

FH IOV THIERLIEME (ORAC &
) ZFELI=LZ A, SO%DEKRTS ) —
NBIUORAY ) —VOFBLEESRL, ~
Y HHBOFEBLEERFR LT/ o 7.
2fEHhD L, AEBREORIC X DO
FELEEEIHVVERARD L. Zhb
DPERILTEMER S 2B 50T 372912,
HHDSEY (n-~FH 2, BE=F L, K
Koy EY) B, LB LISt % PR L7z,
T OFER, B~ F /Loy EWICBEE 2 iER(L
EMEDED b, BRBR T F L QEIZ O
T HPLC ¥ &iTol b A, ERGD
rosmarinic acid 2MFiE 1 ©¥— 7 TRE I,
% Z C rosmarinic acid {2 DWW CHERLTEM 2
FHlE L7=& Z A, AT % epigallocatechin
gallate D 2{FLL EDOFE 2 ORACEZ R L,
F% () RO THEZ LN RBINTE.

1-8. F MBI+ 38k

K, BB, 50%H ) —N, =HF ) —),
AL )=, T b, BT ILHEHO
BRI E L OB LB IZ OV THBR

_5.._



METo. FTERFRDERALNICT D
DIZ, FHHIZ-OWT HPLC ot 24T 272
L2 A, EHEHIIBVTIERDEE— 7 A
BRIh, ERLOBEELRIZLY,
epigallocatechin gallate (EGCG), caffeine,
epicatechin gallate (ECG) (RIEL. €D
fb D R4y & LT, epigallocatechin (EGC),
catechin, epicatechin, gallocatechin gallate

(GCG), epicatechin gallate (ECG), catechin
gallate (CG) RvAF—E—27 L LTHRIHE
ni-.

EHHWIZ OV THERLIEME (ORAC &
) BEME L= 25, 2FMChiE LiEiX
o, TAa—VEIKUAOE
B (T b, BEBERTFL) OHTX SH
HP OFERLIEHEIISH VW EM AR D bk,
D OFEMEEERSEH NI T D
DI, MEMOLSEY (-~F¥, BFRT
Fv, REFEY) LHEHEL, HBRLEEE
BE L. TORR, BT LB R
IRV LIEE 2 R LT, BRBR =T /L5308
PN OWT HPLC i & fTo e b 25, R
4y® EGCG, ECG, caffeine 23 &7z,
hd 3 bEmIT oWV THEB(LTENE % 550
L7=& =5, caffeine ® ORAC fHITIEL,
EGCG B X TECG & HIZHE V) ORAC fHZ /R
L. #E-C, FritimoFs (58 &K
4y & LT, EGCGRB L TECGATRE NI,

19, Aa—e —GTHHBICET RN

K, S0%EH ) —, =& ) —/LEHHO
EH BB L OFBEEEIC OV THRR
MefTolk. ETEERSERALNICT ST
DI, FERHPIZ OV T HPLC S 21T - 72
&5, ERMEMIIBNT2ERADELY — 7 5
BEIh, ERELOEELRIZLY,
chlorogenic acid, caffeine & [FIE L7=. £ Dt
OEaELT, h7x—BFHEHK
(4-O-caffeoylquinic acid, 5-O-caffeoylquinic
acid, 3,5-di-O-caffeoylquinic acid) BREE S

7=, HHHEIC OV THERLTEYE (ORACTE
) ML= L 25, £FICHER{LAED
BB, =¥/ —VHHBRE B, KD
T 50%T ¥/ — /LR, KiiH#H OIRTH
ofc. TR OHFBLIEER S Z A b NTY
B, MHHOSEY (h-~¥¥ 2, B
BN, KESEY) AL, FER LS
MAFE L. TORR, KOEWH R bHH
<, RO CEEER = F VS EY BB LTEEZ
RLUTE. —F, ne~nFH U pEITIEEAL
EE RS Rd o T, KB HPLC 7347
iToT-& Z A, EmMAHD chlorogenic acid,
caffeine B LW 7 = —BBEEB BB EH
7z. Caffeine ® ORAC fHIXEVZ & 225, =
—b—GHHHOER (BE) e LT,
chlorogenic acid #F & L=l 7 = —ERFH
ERRE ST,

1-10. ¥~-EEhhHmIcBT SR

ok, gAkx=F ) —n (50%, 80%), =F
J—=NVEREZAZ ) —NERWEZHEETX
AEWBL, ZhbHOFEELEEZ ORAC i
THMEi L7, ZORKR, 80%=% /) — it
PR HEWERERO 0, TIBRLTEN
EEEL LSRR REZITY, 3D
XTMREBEBOILLAED
5-0-(6'-O-galloyl)-glucoside,
11-O-sulfate, juglanin B 11-O-sulfate] % &¢e
4 BolbéE®

myricanone,

[myricanone

myricanol

[myricitrin, myricanol,

acid,
prodelphinidin B-2 3,3'-di-O-gallate,
3-0O-gallate,
myricetin 3-0-(2"-O-galloyl)- thamnoside, (R)-,
(S)-myricanol 5-0-(6'-O-galloyl)-glucoside] %
HEgEL, ErHALMILE. ZhbDkE
M EEREREL L Lz HPLC T L5 &mt=
¥ 2 (Bukfiti®n, 0%/ — /vRiHY,
80%T 4 / — N, =& — /A,
A& — L) & OEEREYD, &b
H =% 2 OFERSTIE myricitin THY, =

gallic myricetin,

epigallocatechin actinidione,

.._6_



DL BAEBRMPD OGLBLIEHIC K E L F
ELTWSZ LR ENT=. 7, 80%T
) =MD SERD S5 b, £ DOBERT
R S NI LB Rk OB B =~ F L S E I
BB LIRSS b, RS D,
LB Tid myricitrin, BEFE T F LY EH T
/X myricitrin, myricanol, epigallocatechin
3-O-gallate K 2 D 2 B % THRR S & L
TR, ZDZ b, TNHDOFESERY
< ETHHHOBRNFBLERCHFE LT
WaEEZLND.

2. RABRILBSILAIOMIKIC X 3 EERY D
"”E

BREtL 10 Bt (k=T UEF, u—X
< Y-, F¥, £a—t—F, ¥vEE,

) B L = —0 U G ORI
X DRy AR L UER LIS O LB R B
WCHESE, BEBSIER L L TR emHER
JUEELRVBIRFITOVTER L.
K27 # I Tix quercitrin, & — Y TiX
rosmarinic acid, VA % 3 7 TiX syringin, £
AV Z, Fa g Tik eugenol ZIBIER S L
LI-RRBERHRN THLI/RENE LN,
Flea—H IV TRERY 7= /) —VERGE
EFEECFEL WD I ERREhE. b
VDIBFRBLUVAEa2—Et —FE TiX
chlorogenic acid, @ — X< U — G} rosmarinic
acid, ¥ TIXEGCG, ECG, ¥<EETIX
myricitrin % HAER G & Uiz FHREE SR
ThoERRENRELNE.

D. &R

RIRBR(LBS LA D BUEIC X B Ry BT
LHEERH B X UHIRRLEE O BB OB 3E
T, /¥, 28—, UA4F37, PR
Z,70—7, <V YEF, a—X< Y —,
F¥, Fa—t—FH, YvEETZEHRIH
WEERL, ENEROBBSIESEICEET
BDEAEALDRETAIENTE, Zhb i

BIC LB RBIHIENTE . K2
F I B OV T, quercitrin £ B % B &
WaKeZ ) —VTRET 2 HFENREHT
HDZEWRENT. B—=URIHSIZONT
I%, rosmarinic acid E &% BRIZEKRTF /
—VTRETIFENEDTHD Z L HBH
Lk oz, UA % a vHEMIZ OV T,
2ERICHEMLRBITERE Tid e o 72, &
HESIZE RS OESH PR S syringin
EebileAT—aPREEhiz. Zhb
VAT —RPE OV THEHBRERN T TH B
25, syringin 2% 1 £ & LTHRES .
VA FBROY v —T IOV T,
WL S BBREE S OTFEESEEICHS,
eugenol BHFRT THB Z L BFD b,
Tz eugenol #RFFTE, ZOEEEE
BICTAMT 2 HFEREHTHD Z L RS
Wiz, — 5 CRBHAEE D IC b TR LIS AR
b, LRI THERY 7= ) —VED
FERELNE RofeZ b, KEKEE
YEBRWEREMEBHORMG L L TOF
AbRBEhi, b=V VEFRHSIZoWn
T &, acid B X U
3,5-di-O-caffeoylquinic acid % B &= &K= &
J—NTCRBTHFEREHTHD M
RENT. v—X< U —fHmI OV T,
rosmarinic acid &% BLIZKRLE KT /
—VCHRBT 2FERESHTH D Z L HBH
bt Role. FriMmiconTiE, Tk
FUREEBR T T L E Vo e E RO R T
OHWHXY S, K, TAI—AFEHIIEKRT
M=) THH L b 00N EmPiER ks
FRLEZ. REINEDT R EDOPT, &
{2 EGCG, ECG i3BR#E 25370 & LB LG
ZRL, ZThOBHEBLEICFESE L TV
LT IR, Y B EHHBIC SWTIE,
W ORIEIZ BV TR LEEEZ R L
LB, BKDA LY bEKRT NV a—VERIZ
T a— il KO L0553, FiBg{beed’
mAofz. ERSS L LT myricitrin 23131E 1

chlorogenic
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Abstract: Plant tannins, including hydrolysable and condensed varieties, -are well known
antioxidants in medicinal plants, foods, and edible fruits. Their diverse biological
properties and potential for disease prevention have been demonstrated by various in
vitro and in vivo assays. A number of ellagitannins, the largest group of hydrolysable
tannins, have been isolated from dicotyledoneous angiosperms and characterized. This
diverse class of tannins is sub:-grouped into simple ellagitannins, C-glycosidic
ellagitannins, complex tannins (condensates of C-glycosidic tannins with flavan-3-ol),
and oligomers up to pentamers, This review outlines and describes the chemotaxonomic
significance of structural features in various types of ellagitannins found in plants

' belonging to the Myrtaceae, Onagraceae, and Melastomataceae families, which are all
included in the order Myrtales. Any biological activities that have been reported,
including antitumor and antibacterial éffects as well as enzyme inhibition, are
also reviewed.

Keywords: ellagitannins, C-glycosidic ellagitannins; oligomeric ellagitannins; Myrtales;
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1. Introduction

Plant tannins, one of the major groups of antioxidant polyphenols found in food and beverages,
have attracted a lot of attention in recent years because of their multifunctional properties beneficial to
human health. These diverse tannins may be divided into two large groups: condensed and
hydrolysable. Condensed tannins are formed through the condensation of flavan-3-ols (catechins) and
are often referred to as proanthocyanidins. Among the more than 500 hydrolysable tannins hitherto
characterized, ellagitannins, which produce ellagic acid upon hydrolysis, constitute the largest group;
the remaining group is gallotannins (galloylglucoses). The ellagitannins include: (1) monomeric
ellagitannins, (2) C-glycosidic ellagitannins with an open-chain glucose core, (3) condensates of
C-glycosidic tannins with flavan-3-ol (complex tannin), and (4) oligomers which are produced through
intermolecular C-O or C-C bonds between monomers [1,2]. Unlike the condensed tannins that are
widespread throughout the plant kingdom, ellagitannins have been found only in dicotyledoneous
angiosperms. Among the plant families rich in ellagitannins are the Myrtaceae, Lythraceae,
Onagraceae, Melastomataceae, and Combretaceae [3]. These families belong to the order Myrtales
according to the plant classification systems of New Engler, Cronquist, and APGII (angiosperm
phylogeny group) [4]. Ellagitannins have also been isolated from plant species of Trapaceae and
Punicaceae, which belong to Myrtales in Cronquist’s and the New Engler’s systems. This review
outlines and describes the chemotaxonomic significance of structural features found in various types of
ellagitannins, focusing on representative examples found in the plants of Myrtales. Any observed
antioxidative and antitumor effects of these ellagitannins are also reviewed.

2. Monomeric Ellagitannins
2.1. Simple Ellagitannins

Ellagitannins are characterized by the presence of one or more hexahydroxydiphenoyl (HHDP)
unit(s) on a glucopyranose core. The HHDP group is biosynthetically formed through intramolecular,
oxidative C-C bond formation between neighboring galloyl groups in galloylglucoses [5]. They are
easily hydrolysed, either enzymatically or with acid, to liberate a stable ellagic acid as the dilactone
form of hexahydroxydiphenic acid. In addition to the HHDP group, other constituent acyl units in
ellagitannins  include a galloyl group and HHDP metabolites such as valoneoyl,
dehydrohexahydroxydiphenoyl (DHHDP), and chebuloyl groups. Variations in the number and
position of these acyl units on the glucose core provide a variety of analogs such as tellimagrandin I
(1), and 1T (2), pedunculagin (6), casuarictin (7) [6], chebulagic acid (14), and chebulinic acid (15) [7]
(Figure 1). Note that the chiral HHDP group at O-2/0-3 and O-4/0-6 of the glucose residue has an
S-configuration, whereas that at 0-3/0-6 has an R-configuration, as indicated by a positive and
negative Cotton effect around 230 nm in their respective circular dichroism (CD) spectra [8].

Representative ellagitannin monomers thus far isolated from the Myrtaceae, Melastomataceae,
Onagraceae, Trapaceae, Combretaceae, and Punicaceae families are summarized in Figure 1 and Table 1.
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Figure 1. Structures of monomeric ellagitannins 1-15.
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Table 1. Ellagitannin monomers found in the Myrtales.

Tannin 1

2

3

4

s 6

7

8

9

10

11

12

13 14

15

Plant source [Ref]
Trapaceae

Trapa japonica [9] +
Melastomataceae

Bredia tuberculata [10]

Heterocentron roseum [11]

Melastoma malabathricum [12]

M. normale [10]

Tibouchina semidecandra [13]
Myrtaceae

Callistemon lanceolatus [14]

Eucalyptus alba {15]

E. consideniana [16]

E. globulus [17)]

E. rostrata [18]

E. viminalis [16]

Myrtus communis [19]

Pimenta dioica [20]

Svzygium aqueum [21]

S aromaticum [22]
Onagraceae

Epilobium angustifolium [23]

Oenothera erythrosepaia [24)

0. laciniata [25)

O. tetraptera [26]
Combretaceae

Combretum glutinosum [27)

C. molle [28]

Quisqualis indica [29] +

Terminalia arborea [30]

T. arjuna [31]

T. brachystemma [32]

T. calamansanai [33]

T. catappa [34]

T. chebula [35]

T. citrina [36]

T. macroptera [37)

T. myriocarpa [38]

T. triflora [39]
Punicaceae

Punica granatum [40]
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Ellagitannins having a *C)-glucopyranose core, ¢.g., 1-8, have been isolated along with gallotannins
from various other plant families and show little chemotaxonomic significance. The considerably rare
tannins punicalagin (9) and punicalin (10), both of which contain a gallagyl unit and were first isolated
from the pericarps of pomegranate (Punica granatum Punicaceae) [40], were a characteristic
component in some Terminalia species. This supports the hypothesis that Punicaceae is
chemotaxonomically proximate to Combretaceae as classified by Cronquist and Engler. The
punicalagin analogs tergallagin (11) and terflavins A (12) and B (13) were also isolated from T.
chebula [35] and T. catappa [34].

Some Terminalia species produce ecllagitannins with a 'Cs-glucopyranose core and a unique
chebuloyl group, such as chebulagic acid (14) and chebulinic acid (15). Although 14 and 15 have also
been found in plants of the Geranium [41] and Euphorbia genera [42], their co-occurrence with 9
and/or 10 is a chemotaxonomic feature of Terminalia.

2.2. C-Glycosidic Ellagitannins

C-Glycosidic ellagitannins have been found in many plant families, including Lythraceae,
Myrtaceae, Combretaceae, Melastomataceae, and Punicaceae, as well as Fagaceae, Betulaceae,
Casuarinaceae, Rosaceae, Theaceae, and Elasagnaceae [1]. They are categorized into two types:
castalagin-type, which contain a flavogalloyl unit participating in the C-glucosidic linkage, such as
castalagin (16) and its C-1 epimer, vescalagin (18), and casuarinin-type, which contain an HHDP unit,
such as casuarinin (20) and stachyurin (21). In addition to these tannins, their metabolites, i.e.,
grandinin (19), casuariin (22), and 5-desgalloylstachyurin (23), have been isolated from various plants
of the Myrtales (Figure 2). Lagerstroemia flos-reginea and L. speciosa (Banaba) belonging to the
family Lythraceae are particularly rich in C-glycosidic tannins including 16, 18, and 20-23 and
casuarinin-type metabolites including punicacortein A (24) and lagerstroemin (29). Punicacortein A
(24) and its analogs epi-punicacortein A (25) and punicacorteins B (26)-D (28) were isolated from
Punica granatum. Tannins 27 and 28, which both contain a gallagyl unit, were obtained together with
punicalagin (9) from Terminalia arborea and T. macroptera, respectively.

The plant sources of C-glycosidic ellagitannins obtained from the order Myrtales are listed in Table 2.

Table 2. C-Glycosidic ellagitannins in the order Myrtales.

Family Plant species C-Glycosidic tannins Ref.
Combretaceae Anogeissus acuminata 16,17,18,19 [43]
Anogeissus leiocarpus 16 [44]

Lumnitzera racemosa 16 [45]

Terminalia arjuna 16,20,22 [31]

Terminalia macroptera 27 37

Terminalia arborea 28 [30]

Thiloa glaucocarpa 16, 18,20, 21 [46]

Lythraceae Lagerstroemia flos-reginea 16, 18, 20, 21, 22, 23, 24, 29 [47]
Lagerstroemia speciosa 16, 18,19,29 [48]

Melastomataceae Osbeckia chinensis 20, 22,25 [49]
Tibouchina semidecandra 16, 18, 20 [13]
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Table 2. Cont.

Myrtaceae Callistemon lanceolatus 20 [14]
Eucalyptus alba 21,22 [15]
Eugenia grandis 16,18 [50]
Kunzea ambigua 20 [511
Melaleuca squarrosa 20,21 [52]
Pimenta dioica 16, 18, 20, 22 [20]
Siphoneugena densiflora 16, 20 [53]
Syzygium agueum 16, 18,19 [21]
Syzygium aromaticum 20, 22 [22]

Punicaceae Punica granatum 20,22, 25,26,27,28 [40]

Trapaceae Trapa japonica 20 9

Figure 2. Structures of C-glycosidic ellagitannins 16-29.
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