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Ellagic Acids and the Physiological Activities from the Twigs of
Cercidiphyllum japonicum
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Abstract — 3'-Di-O-methylellagic acid 4-O-f-D-glucopyranoside (1), 3,3',4-tri-O-methylellagic acid (2), and methyl 4-hydroxy-
benzoate (3) were isolated from the ethyl acetate fraction of the twigs of Cercidiphyllum japonicum, and their structures were
confirmed by spectroscopic methods. These three compounds were found for the first time in C. japonicum. The ethyl acetate
and butanol extracts of C. japonicum exhibited stronger DPPH scavenging activity than ascorbic acid, which was used as a pos-
itive control. and among the isolated compounds, compound 1 showed inhibition of elastin-degrading enzyme activity. Compound
2 showed the strongest DPPH radical scavenging activity, and significant inhibition of tyrosinase activity. The antibacterial
activity of the solvent extracts was highest in the ethyl acetate extract.
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1= 2% Duksan pure chemical (Korea)ollx] —Fvuljsted
ARSI SR-FE 18 MQYem o3| "ole2 Alx=sie
ARSI S Eeloll AREEE A S de7PARA
Si 60 intertec 60-200 um (Intertechnologies, Korea)®} Octadecyl
(C18) Aqua (Yamazen Co, Japan)s A}8-3153.2™ TLC= TLC
Silica gel 60 F,s, (Merck, USA)E AR&-319 T il S 9]
gk HPLCOl AME-¥l AH-S Discovery C18, 250 x 4.6 mm,
5 um (Supelco, USA)|RIT & Z2]H| =3 2792 281
ARE-3F A2k Folin-ciocalteu (Sigma-Aldrich), Na,CO, (Shinyo
pure chemicals Co. Japan), galic acid (Samchun chemicals,
Korea), & ZetRol= =4S 913ke] AICL, NaNO,
(Duksan pure chemical, Korea), NaOH (Samchun chemicals,
Korea), quercetin (ACROS Organics, USA), DPPH 2}t]Z4
AL 54892 22-diphenyl-1-picrylhydraxyl (Alfa Acer,
USA), ascorbic acid (Sigma-Aldrich, USA), E}o| 241 E3j

Dried C. japonicum (1.3 kg)

MeOH ex. (180 g)
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a4 A 482 L-tyrosine, mushroom tyrosinase,
kojic acid (Sigma-Aldrich, USAYS A5t} A sli
s AsiEA 42 2181 N-succinyl-(Ala),-p-nitroanilide,
elastase from porcine pancreas (PPE), ursolic acid (Sigma-Aldrich,
USA)YE AMg-alaitt. a=t8A 5788 Alxt-2 Staphylococcus
aureus, Escherichia coli, Pseudomonas aeruginosa, Candida
albicans, Aspergillus niger KACC, Korea)E AM8-315 T} Alg1t
B ehG 7S 351 8387 Y8k SHIMADZU LC
(SCL-10A vp System controller, FRC-10A Fraction collector,
LC-6AD Pump, SPD-10A vp UV-Vis Detector; Shimadzu, Japan)
£ A3t 400l ARS-El HPLCE= Agilent Technologies
HPLC 1200 series (G1322A Degasser, G1329A ALS, G1311A
Quat Pump, G1316A TCC, G1315D DAD; Agilent Technologies,
USA)E A&ttt 1+ 54 AR8-gF PC-NMR, 'H-NMR
2 Bruker Avance NEO 500 MHz (Bruker, USA)°|® UV

spectrophotometer= Jasco-760 (Jasco, Japan)©] 31 t}.
4= F& 248 % 22| - AFAAFHR 7 (13 ke)
S(1.5 ) 24717 33] $HFFZF80] L2
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extracted with MeOH (1.5 L) for 24 h, repeated three
times, concentrated in vacuo

suspended with water (1 L), extracted with hexane,
EtOAc, BuOH, successively.

Hexane ex. (10g)  EtOAc ex. (150 g)

BuOH ex. (40 g)

Residue (100 g)

chromatographed on si-gel, eluted with
chloroform-acetone gradiently (9:1-1:9)

Fr. 1 Fr.2 Fr.3

Fr.5 Fr.5 Fr. 6

repeadedly chromatographed on ODS, eluted with
water-MeCN (8:2-2:8)

Compound 1 Compound 2 Compound 2

Fig. 1. Isolation of compound 1, 2, 3 from C. japonicum.
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FZE(100 g2 A27H(0.5 Lol S31E 5214360 x 5
cm)ol] 718la S22 EEOE(9:1-1:9, vivyS o542
2 8=351] ehe] B3 (Fr. 1~6) 2 E WUt} Fr. 3 (10.7 g)
< CI8 74](250 mL)E SXIgh -Fel2H (25 x 3 em)ell 7Fe}aL
ol Ao 7 E3 oA EYED TFEujEA(9:1-1:9) &
31715 W AAI5k] compound 1, 2, 32 EESHT)
(Fig. 1).

SIEIE 1, 2, 39 SRS X7 - Al THRER
B 223t sIEY] SR E ] flsl AR
(UPLC-Q/TOF), &#2}718H (NMR), AR2]A1#-3+2 (UVvis)
< TPk 7 sghEe] dEe g2l UPLC-Q/TOF
MS2 2 31912 WatersAF2] Aquity Ultra Performance LC
2 7} s19=-8 EElate] SRlsIGiT) ol ARS-gt A
ACQUITY BEH C18 column®] 3t} AZ7]1= Waters Xevo
Q TOF MSZA] ©]23} ¥F4]& ES[e]0th NMR ~HEHS
7] {15t 7+ -2 DMSO-doll =4 73193 UV 2~
HEHS A7 flste] 7} 2 mlgheel] o] St

3,3"-Di-O-methylellagic acid-4'-O-B-p-glucopyranoside
(1) - Yellow powder, UV (MeOH) A, nm (log €): 249 (4.09),
370 (0.70), ESI-MS: m/z 491 [M-H], 'TH-NMR (500 MHz,
DMSO-d,) &: 7.57 (1H, s, H-5), 4.05 (3H, s, 3-O-CH,), 7.82
(1H, s, H-5"), 409 (3H, s, 3-O-CH,), 5.15 (1H, d. /~7.04 Hz, H-
1. 3.4~3.7 (6H, m, H-2"~6"). SC-NMR (125 MHz, DMSO-d)
8 : 1124 (C-1), 141.4 (C-2), 140.9 (C-3), 61.6 (3-O-CH;), 151.7
(C4), 1125 (C-5), 113.1 (C-6), 158.8 (C-7), 114.9 (C-1"), 141.7
(C-2), 142.1 (C-3), 62.1 (3-O-CH,), 154.8 (C4), 113.1 (C-5'),
113.6 (C-6)), 158.6 (C-7"), 101.8 (C-1"), 73.8 (C-2"), 77.8 (C-3"),
70.1 (C-4"), 76.9 (C-5"), 61.0 (C-6").
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3,3',4-tri-O-methylellagic acid (2) — Yellow powder, UV
(MeOH) A, nm (log €): 246 (4.24), 370 (0.74), ESI-MS: m/z
343 [M-HJ, '"H-NMR (500 MHz, DMSO-d,) &: 7.84 (1H, s,
H-5), 405 (3H, s, 3-0-CH;), 4.10 (3H, s, 3“O-CH;), 401 (3H,
s, 4-0-CH,), 7.64 (1H, 5, H-5). ®*C-NMR (125 MHz, DMSO-d,))
& : 1121 (C-1), 142.1 (C-2), 141.4 (C-3), 62.2 (3-O-CHy), 153.7
(C4), 1088 (C-5), 113.8 (C-6), 158.8 (C-7), 110.8 (C-1"), 141.7
1(C-2)), 1409 (C-3"), 61.5 (3"-O-CH,), 154.8 (C4'), 56.8 (4-O-
CH,), 112.8 (C-5"), 113.8 (C-6'), 158.6 (C-7).

Methyl 4-hydroxybenzoate (3) — White powder, UV (MeOH)
Ay M (log €): 255 (3.98), ESI-MS: m/z 151 [M-HJ, '"H-NMR
(500 MHz, DMSO-d,) &: 6.01 (2H, d, /<799 Hz, H-2,6), 7.05
(2H, d, J=8.02 Hz, H-3,5), 3.03 (3H, s, 7-O-CH;). *C-NMR
(125 MHz, DMSO-d,) 8: 160.1 (C-1), 113.9 (C-2, 6), 130.5
(C-3, 5), 120.0 (C-4), 166.5 (C-7), 50.0 (C-8).
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Fig. 2. Chemical strutures of compound 1, 2, 3 isolated from C. japonicum.
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Fig. 3. HPLC analysis of methanol extrat of C. japonicum. A: Leaf of C. japonicum, B: Twig of C. japonicum. Mobile phase for
HPLC analysis: aquotic MeCN, 0—20 min (15—22%), 20—30 min (22—30%), 30—40 min (30—40%), flow rate 1 mL/min,

detected at 254 nm, column temp.: 40°C.

Tk Al 7EA] Bl g el S0, e,
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=] AlFPLH O F 3T 96 well plateol] Al =58 20 uLe}
100% Folin-Ciocalteu 40 pLE FY3}L 3 E7F 25°Co) W
213k F 700 mM Na,CO, E3H8-9 140 pLs #7lsie
25°CollA] 30 £7F Aol HEAIZITE HESA]EE 765 nm
X SFEE A3 gallic acidE XTFEZZ AR 7
2ol tiste] E=kS A=ESIItE 24 991+ GAE (gallic
acid equivalent) mg& A&-3}53 T}
& E2EL0|E e S AME - T EusdE 24
A3} FLeh wHo 2 Al zE AlF-EHS 96 well plate]]
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l";c 7 W83k 3 1 M NaOH 120 uL2 3713 3 25°Col|A]
15 27 HEERE & 510 nmell M F3=2 Sgsl] ==
/\},Q_‘l— qu uercetin® = X]—/\-] b‘]— 74 E]:/K—] oﬂ r,HCﬂ Q]—O:] 6]—%]:.5 }1\_]_—
19tk =4 ©21= QE (quercetin equivalent) mg/g®|t}.
e &Y Ay 7 Sl g ESel g &
TS v Lo R SAITH NAAl = SR/
1 Ll nutrient agar 23 g, PDABIA|= 574 1 Lol potato
dextrose agar 39 g& &3l NB HAwiR]= S5 1 Lo
nutrient broth 8 g, PDBAA| A= FF 1Ll potato
dextrose broth 24 g &3tate] Hitale] ARSSIALE ¢

1S, o FobHE o), FERE

o]o
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ol
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ABFaL 37.5°CoNA] 2441 7F Bt BlF & disce] &
735 EFE clear zone®] 715 STk FeHNETLES
phenoxyethanols A-&-3F3A T

DPPH ZIC|& 2945 £H - Ay 7H S8 =2t
7} 313HE(1, 2, 3)9] DPPH 22 27152 Bloise] W<
&3t &E g e 7t 3=l sEe A AEE 9
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ugmlL7t 2 JE=E DMSOe] Fo] HHoz s3It v
g2o] 813 02 mM DPPHEY) 150 uLE 7}3F & oba

oA 25°CE 30 7+ RES3IA Y. S45E 517 nmollA] =
Aot om FINZTLOZE ascorbic acidE AME-SFATE

EIO|2AH|0|= &M Nalls — 7} s1HE(1, 2, 3)0] &=
7z} A &5 96 well platedl] 20 L7t o 23 Fx=7} 62.5,
125, 250, 500 pg/mL7}F 2 4= =5 DMSO°] o Aoz
SISt 7 AIRE 96 well plateoﬂ 20 puL 7}k 3 mM L-
tyrosin &9 40 uLZ 333 & pH 682 A 0.1M
potassium phospate bufferel] 23115141 2000 unit/mL mushroom
tyrosinaseE 140 uLE Y 7 25°CllA 30 7+ vk-&-3h
Aok EEE 490 nmellX SN eH Feoi R
kojic acidZ St}

ARl BlEA KNolls - 7 shet=
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Z} A 25 96 well plated] 25 L7t o 2% F=7} 62.5,
125, 250, 500 pg/mL7}F 2 4= =5 DMSO°] o] Aoz
313tk 7+ NS 96 well plated]] 25 pL 718kl 2.5 unit/mL
elastase from porcine pancreas 20 uL2} 0.2 M Tris-HCI buffer
80 ULE EF 3 welloll 7F3aL 37°CollA] 15 B7F hasoilA]
H-8-31A T}, N-succinyl-(alanin);-p-nitroanilide 25 pL2} 0.2 M
Tris-HCI buffer 100 pL F7Fste] 37°ColA] 20 & 7+ ¢hamel]
A RS 5 410 nmellA S35 S80I Ul
ursolic acid3Tt.
dn # nF
Al 7] e EFE29] odomH|o|E MR
FH Algurela BaE vk QIAd 359 stes 2
stk 7+ sigteS = 2 22l 8 Foll Elgk TLC
A ERAQ v S FAst] Eelsision dejl7hd 3 o
FARPEI S W st golsiAl & ZAY
4 A THFig. 1). Compound 1= 'H-NMR £~ EH O 21
B Wald stol] EAlehs F RS 4 937t 6 7.57 (1H, s,
5-H), 6 7.82 (1H, s, 5-H)IA YeEREe ™ F 7]2] HEA]
=7} § 4.05 (3H, s, 3-O-CH;), J 4.09 (3H, s, 3'-O-CH,)°l|
A Yebgtr. B3 6 5.15 (d, J=7.04 Hz)°lA] 32] anomeric
Fa7t Uepskor 18] AX| & 25 B anomerdS
elalt}. § 3437004 1)) FogRE HRH F4
y|3Eo] FAEJTE BC-NMROIA ellagic acidZ5-E 14
Mol g4 137t FEAE N0 ™ glucoseZH-E 71213 671<]
¥ 37} FZE A UVis 2 EZ A= 246 nme} 370
nmelA SRS B o] sighEe] Al ESI-MS
2A] Z7gsle] 492 S ERISIAAL ©]= [M-H] ion peak?!
m/z 491 ZHE F5T 5 A3} o2l 4752 Nono 5
] Dissotis thollonii®] BEg]olA E2]ste] B 13} 3,3'-di-O-
methyllellagic acid 4'-O-p-D-glucopyranoside®] =¥ E7] 7k}
A2Fs] =513 tE Compound 2= 13} v 2 'THANMR
2HEY o 25 Wedel] Exlske 7 /e 4 9=
7} 6 7.84 (1H, s, 5-H), § 7.64 (1H, s, 5-H)ellA UeRgtom
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A7Re] HIEA] 3137} § 4.01 (s), 6 4.05 (), 5 4.10 (s)°A
el Zo2RE HEe FAVIES HAEA] e
t}. BC-NMROJA ellagic acid®] 5322 147119 €4 9=
7} #ZE 0 0™ UVivis SHEZ A E 246 nme} 370 nm
N FFFURE Bk o] s5Ee] EAES ESI-MS
22X 243l 34498 m/z 343 [M-H]' ©]& 9]32E E3}o]
gelslint. o)4de] A#2RE compound 2= Wardana &'
o] Syzygium polycephalumol|X 2|8} B3 33" 4-tri-
O-methyllellagic acid®Z 1= %I}t Compound 32 'H-
NMR ZHEeA] wagdste] EAlshs & 79 74
9]=7} AABB' pattern ©- 241 § 6.01 (2H, d, J/=7.99 Hz, H-
2, 6), d 7.05 (2H, d, J=8.02 Hz, H-3, 5|4 el omn 3t
el WEA] 337} 6 3.03 (3H, s, 7-O-CH,)ollA YElsit).
BC-NMROIIA 3 stollA] 71918 gkt 113.9 (C-2,6),
130.5 (C-3,5) ppmolIX] Webstom el $ke] p-OH7} A
3hl ©h27} 160.1 (C-1) ppmel A LFERIT acetoxy”} <] 8Hl
C-4= 120.0 ppmOl|A] acetylell £ 31= carbonyl carbone
166.5, methyl carbone 50.0 ppmollA4] YEFSITE UVivis 2=
HAEHol|A= 255 nmolX 5HAR FFStiaks Bt
o] 3}etEo] Bk ESI-MSEA 243 m/z 151 (M-Hy
ZHE 1522 31 5= YT} o] Ax2HE compound
32 2]F oA A2 A%+ methyl 4-hydroxybenzoate
(methyl paraben)= <1 =T},

HPLCE 0|88t AlTLIR S 1, 2, 39| &% - A= &
v 279 Al 7R (AT BT, CT, DN (DS ZRst
of et ¥ U= BHsl] U B ASE 71 gy
8] gol LA g7l ¥al 10 mL HIEHES 78t 244
7F BFFET § o Hg FEAS HPLCE B skilch
(Fig. 3, Table I). o]} 7t s}eheol] thal ey deje
ool ofsle] 7} slftEe] Aep e Hade ARATEY T
0.99992A] 53t 2149492 B9 compound 12] LOD=
7.72 pg/mL, LOQE 23.34 pg/mL, compound 2¢] LODE=
427 pg/mL, LOQE 12.94 pg/mL, compound 32] LOD=
8.41 pg/mL, LOQE 2548 pg/mLo 2 1wt} 7t 3l5t
o] AU AHEFAAEA 0.7% PRtollom A

Table 1. Content of each compound among C. japonicum individuals using HPLC/UV

C. japonicum

Content (pg/g)

2 3
AT 152 64 -

B! 124 Mean: 146 102 Mean: 89 86 Mean: 77
T SD: £15 SD: +£23 SD: 37
C 148 RSD: 10% 102 RSD: 25% 109 RSD: 48%
D’ 156 . 36
Dt 0 0 0

A, B, C, D each represent different individuals C. japonicum.
analyzed once. —: under limit of quantitation, 0: non detection.

T: Twig of C. japonicum. L: Leaf of C. japonicum. Each sample was
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& 3FEEA 105% PRIl EA4 5ol e EFEE 9
HEEA|IZHE} UVSFallel & vlarsied 81315 Compound
12 7F Y] 279] 7R 0IA 124~156 pg/g] TS Holw
ARNOH 10%°] FHEFHAES U Compound 2=
64~102 pg/g TS Btk 3 AADNME A A
oJate] W2 T E e iglem ks ERlE o+ e
A7) A ETEHAR= 10%°]1$1 . Compound 32 36~109
pg/gel FEE Holw nr AR g A (ANl = At
Al olste] FEEA AT T AU A o] A
EFHARE 48%=EA 7t 7MA 9] o)zt Alslslt. So
SHAIE Al delMe BT S AEEA &
ATt wWepA] Al 7B ol 3T ellagic acidFE The
oA HoAR]= A asS FU] Heksto] 2oofetro=r
8 W i o g ghFAol 7t Y compound 12 Al
W] A FAE 0 R sk Zlo] virA e o' wdE T

SESE & Edlull=, & E2tE 0= & - ATy

=
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I 7EA€] F, o dotAH|o E, FERE B & MR E =l
&t gallic acids FF=2E o83 F Z2julse] =
ZAFSITHFig. 4). L A3} 4T 7H8= 69.04 £ 1.42 GAE
mg/g, AIEoMEIO|E 7F-F= 485.86 = 6.56 GAE mg/g,
FehS 7185 200.64 £2.96 GAE mg/g, & 7H-5= 343+
0.86 GAE mg/ge|lth. & SetE o] =2] e quercetin
FEEdEsl el o A4t /M= 295+0.19
GE mg/g, “EoEIo|E 7187+ 39597+3.95 GE mg/g,
FERS 7= 109.92 £2.19 GE mg/g, = 7H-5-= 16.12
+2.19 GE mg/g3ith. ol olrE o] E 2 HEke 71804
T s ¥ STk eo)E o] =& A2 el A
H3l gallotannins, ellagitannins, anomeric tannins>} flavonoids
2 ZEuEsiEe] EAlol 71R1% Ao R Ak
SHESE 7Y - AU 7] g4t dldopA]
HolE, Heke 2 & 71858 50| )3} phenoxyethanolS
PIELO R st TAASIPHO RN E. coli, S. aureus,

=

ool ot

500 485.86
395.97

400 -

300
-
oo
£

200.54
200
109.92
100 r 69.04
16.12
2.96 3.43
0 .
Hex. EA. BuOH water

Fig. 4. Total polyphenol (gallic acid equvalent, GAE mg/g, Bblack bar) and total flavonoide (quercetin equvalent, QE mg/g,
[] white bar) in each solvent extracts from twigs of C. japonicum. Each quantitative value was obtained through three repetitions,

and the error bars represent the standard deviation.

Table I1. Growth inhibiting activities of solvent extracts from C. japonicum against bacteria and fungi

Phenoxyethanol Hexane fr. Ethyl acetate fr. BuOH fr. Water ft.
E. coli -+ + ++ - -
S. aureus +++ + -+ ++ -
P. aeruginosa - + ++ - -
C. albicans -+ - - - -
A. niger ++++ - - - -

As a growth inhibition zone mark; ++++: 25~20 mm, +++: 20~10 mm, ++: 10~5 mm, +: 5~1 mm, — 0 mm, each sample was dissolved
in DMSO and injected at a concentration of 10 pg/disc. The experiment was repeated three times.
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Table III. Bioactivties of solvent extracts and isolated compounds from twigs of C. japonicum

ICs, (ng/mL)

Samples -
DPPH tyrosinase elastase
hexane ex. 215.9+5.9 / /
ethylacetate ex. 9.9+0.1 / /
butanol ex. 28.2+0.4 / /
water ex. - / /
1 48.6+2.5 70.3+3.4 403.6+2.9
2 22.0+£2.9 - -
3 99.1£2.4 - 382.5+3.4
ascorbic acid 45.1+1.4 / /
kojic acid / 5.6+0.7 /
ursolic acid / / 306.0+£5.9

Each IC,, value was obtained through three repetitions, / : not test, — : IC, value exceeds the tested range.

P, aeruginosa, C. albicans, A. niger®l| I3F A5 &
2SI TH(Table 10). 2 A3} o oAE|O| E 71850 Tl
E. coli, S. aureus, P. aeruginosa®) "5 A8k A 52 &=
AR 8.0, 14.0, 8.0 mme|o™ ik 7F8-H= 1.0, 1.2,
0.8 mme| AT}t Feh2 7[R E= S aureuso| A9 8.0 mm
2 S eI & 7 RollM e 8ol b
ERR] A9kt C. albicans, A. nigerdl| DsldX = 2E 7}
SHoA] ASAA o] AR Attt wEbA o dolA]
H|o|E 718 ARE fefn] st gtedo] HEElom ol
odolAlg|o]E 71870l 4] 2] g+ methyl 4-hydroxybenzoate
(3)°] s A sl = FPEh

DPPH EICIE 2HE — Al 71 9] 83, oldotAl
Ho|E, Fe-g & 715 2 E2] A compound 1, 2, 39
5ke] ascorbic acid® FAHNZETCZ sl DPPH 2it|Z
2755 BB THTable II). YAItHZ+2! ascorbic acid®]
L 2758 IC,, #OZ 45.1 pgmLole™ ik 7}
4R 2159 po/mL, o 2oIAE|O|E 7FERE 9.9 pg/mL,
FEke 7R-H = 282 pgml & 7RRE S 2R
it} oleotAHlo|E 725 H2]E compound 1
48.6 pg/mL, 2= 22.0 pg/mL, 32 99/1 pg/mLe| AT}, WA
oolME|o] E 7F8-HolA] #2]gt $FEE 5 compound
27} 713 733 DPPH 22 27152 B o) o dopAE)
o|E 7}&-Re] i)z AAGTHT A e E4S B
Atk Min 59 A28 228 7Rl edo]
733t DPPHEA S UER AL 58 HArgh vf Qi) whetbk
ofolrE|o| E 7hgele & At2A] o)A &3k st
st sigtEo] EARHE FAE St

ElO|ZA|L[0|= EMXsH — Elo]2AV|o]=2= 7]-<] L-
tyrosine®] DOPAS 713 DOPA quinine® 2 2}s}= = 24
S ZFujsle] dephdg A%l Compound 1, 2, 35 A4

20 2 AM-H kojic acide} Bl sle] Efo]2AY|o]| =&
K ANAES 10,05 =4 SHATH Table 1), 72 2} %A
iz kojic acid®] IC, #tel 5.6 pg/mLo]2}.2 ™ compound
2= 703 pg/mLEA] Fdoztol Hlste] eFstA| R A g%
o] A=t Compound 1, 3= Efo]2A|o]= B/ A]a)
ol Sl A= =l

ALl BolEA AN — R F94, A5/
Fodetal Qe depiEl s Eallehe A9 elastase®] 29
QA 5& AT SAGAA == 1C, 7= ¥ 23k
TH(Table III). FFHZTLCZA ursolic acids ARSI
0] 9] IC,;#-2 306.0 pg/mLe] AL compound 1= 403.6 pg/
mL, compound 32 382.5 pg/mL 24 FAHZT2] AT
I vjwe of ofn] Qe defiRlEs e oAlsS Bt
Compound 2= Asl50] gl A2 A=) Ity o
2 PINRTLOZE AREE= ursolic acide] AAEIRS| S
A A 5E 1C, HO-EAM 100 pg/mL Pl #2E = A
o2 Byigle] glo} B A= 306.0 ug/mLO2 1}
ERGAL Qlot.

4 =

AT 71Ae] olldotAEle]E 8o 33di-O-
methylellagic acid-4-O-$-D-glucopyranoside (1), 3,3',4-tri-O-
methyllellagic acid (2), methyl 4-hydroxybenzoate (3)= &
glsto] gH WHo R F2E IRl £ElE 35
seta2 AlFurolr A e seEE sl
2219 3HE 5 compound 12 AlGUE- 7ER|AA 7H
=3 AR S Holal 3Rl olotAHlo| Egt
e FEEAA PR SE AME-H ascorbic acidE
o} 73k DPPH &27150] &gl om fejd sigha Fol
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& compound 27} 714 738k DPPH 2Ht]Z &~75S Ko
oL ok ey 28 AAE SERD FEE Y
Al Zol|A] =& DPPH jUZ 245 YER I JE Aoz
Hol B A3oA 2] FAE =5 Hrf =2 3iks)
AR ggEo] S Ao g AL ETE compound 2E E}
o|ZAHo]= ATl AAA Frofmist AoE Bl
32 o™ compound 1-> FEkAEl Fal g4 SAA TS
YeRaL Tt ZEjvles SetH o= gk odo}
AEIO|E FE=00A 7HE =4 e 4845 E 5
o FEEMNA 7P =4 Yehhs 2102 Kol Al 7
| 9] o ofAH|o] E 718 g ol A theFst Aeleds 7
Ao SAE AR 7[ther). &% A7 ol
A ojefeld o2 w712 e sPEdES e st
o ddotAHlo|E 718 $HrE HdA=dS Bt MY
5] wEste] AEAS HARRIAL tlEe] ZEfRxols U
Zold=e] $hekat DPPH &7 40 =2 AlFUT 714
o] HekE 718 tigh i A7 875 o] It

[ =]
oIEE
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