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Abstract

Ligularia fischeri (LF) (Ledebour) Turczaninow (Compositae) has been used as a medicine to treat erysipelas, scarlet
fever, and rheumatic arthritis in traditional eastern Asia including Korea, China, and Japan. In this study, we inves-
tigated the anti-oxidant effect of LF using a variety of in vitro systems, DPPH, ABTS, and ORAC. To assess and
compare the anti-oxidant effect and production places of LF, the ethanolic extract of LF from different places in
Korea (Taebaek, Jeongseon, Yanggu, Pyeongchang, and Inje) were prepared. However, only the extract from Inje-
county did have anti-oxidant activity, while other extract had little or no anti-oxidant activity. In addition, the com-
pounds of LF ethanolic extract from Inje-area, such as chlorogenic acid, neochlorogenic acid, isochlorogenic acid
A, isochlorogenic acid B, and isochlorogenic acid C were investigated in the same analysis. Isochlorogenic acid B
and isochlorogenic acid C were the best effect of anti-oxidant among these compounds. Taken together, these find-
ings provide the first description of anti-oxidant activities of LF from different production places in Korea, and sug-

gest that LF from Inje-area has anti-oxidant effect.
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o] By HHA Hd= frefel kst A
WhskA] 3 E| 3 A tH(Song et al., 2002). 23}
S &4 7|H O 2= 22-diphenyl-1-picrylhydrazyl (DPPH)
H(Blois, 1958), 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid (ABTS)®H (Rice-Evans & Miller, 1994), oxygen radical
absorbance capacity (ORAC)H (Ghiselli et al., 1995) 5 °]
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HUEAEA oJF 9 A77)1548 A 952 A7t
P = do HZolls FF 9 ohdst AeE 4=
o] 3&4ksH(Choi, 2007; Shang et al., 2010), &< (Hwang
et al,, 2002; Choi & Kim, 2008; Kim et al., 2011), &¥]
TH(Cha et al, 2012) &35 AHtial B39, Cho
et al. (2013)2 +3
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ZF0 A olFs AT BT 22y = 1 (73 me)H 2 33 me)E 3o G49-3 (78.3 mg)

W A A me FHe] TR 2ol 7k YAl
B S5 AR L FAE Fusle] 94 g 4ol
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¥ % isochlorogenic acid B2} isochlorogenic acid C
(Chengdu Biopurify Phytochemicals Ltd., Chengdu, China)
SE 8% olde TYstel AgAAL, Srlt B
15 A9, column chromatography-& Sephadex LH-
(GE Healthcare Bio-Science AB, Uppsala, Sweden),
Diaion HP-20 (Mitsubishi Chemical Corporation, Tokyo,
Japan)2 A3} th TLC platex= pre-coated silica gel 60
F,, (0.25 mm, Merck, Darmstadt, Germany)& AH&-3}31 T,
T A2 10% HS0,& ARSI UV F3Es
254 nm, 365 nmol|A &<21&th. HPLCE HPLC 1200
series (Agilent Technologies, San Diego, CA, USA)%}
prep-HPLC (LC-8A, Shimadzu Corporation, Kyoto, Japan)
£ NMR spectrai= 700 MHz NMR spectrometer (Avance
700, Bruker, Switzerland)E, 22|31 MS+
Finnigan TSQ Quantum mass spectrometer (TSQ Quantum,
Thermo, Watertown, MA, USA)E Z}Z} o] &3l =43}
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=HWL zgularza f scheri) 3kgoll 50% EtOH (20L)Z 24

Z Z3ith FEAE AH3E Fof] oS
AerEE7E Olﬁo}O% 50% g FEE 750 g2 AU
o, FH2EZ FFF dEAIZ] F n-hexane (0.76 g),
CH,CI, (0.38 g), ethyl acetate (EtOAc, 1.32¢g) ¥ n-BuOH
(B759= &r w8 ¥ FAAXSIATH EtOAc w9 &
(132> &2EW=E 100% H,0, MeOH (20%, 40%,
60%, 80%, 100%)S AF&-3}lS] Diaion HP-20 ZHA Zw}
Oy E HAEe] 672 AR (G49-1~6) o7 F-F 5}
ATh G49-2 (92.5mg) EFELS CH,CN (10% — 100%,

& CH,CN (30% —100%, .1% TFA)S ©]5422 prep-
HPLCE 4Al3te] &3HE 3 (11.5 mg), 4 (8.7 mg) 2 5
(8.7 mg)E E&tt 3L BuOH 3 E(790 mg)e
H,0-MeOH (2:1, v/v)& ©]%573 22 Sephadex LH-20 A
ARnEIY TS A8 s} fz}é%% 5 (26.0 mg)E 23}
Ak 229 FFES] T+E2= NMR ¥ ESI-MS data®
el T 7|Ee] £33 th}oq T AT

Chlorogenic acid (1)

'H-NMR (700 MHz, MeOH-d,) (caffeoyl group): & 7.42
(1H, d, J=16 Hz, H-7"), 7.03 (1H, s, H-2"), 6.98 (1H, dd,
J=8.2 Hz, H-6"), 6.76 (1H, d, J=8.0 Hz, H-5'), 6.15 (H,
d, /<16 Hz, H-8'), (quinic group): 5.06 (2H, m, H-3),
3.92 (1H, s, H-5), 3.42 (1H, s, H-4), 2.03-1.77 (2H, H-
2,6); "C-NMR (MeOH-d,, 176 MHz) & 175 (COOH),
165.8 (C-9"), 1484 (C-4'), 145 (C-3"), 145.6 (C-7), 125.6
(C-1"), 121.4(C-6"), 115.8 (C-5"), 114.8 (C-8"), 114.3 (C-2),
73.5 (C-1), 70.9 (C-4), 703 (C-5), 68 (C-3), 37.2 (C-2),
36.2 (C-6), ESI-MS (negative mode) m/z 179 [M-H]".

Neochlorogenic acid (2)

'H-NMR (700 MHz, MeOH-d,) (caffeoyl group): & 7.46
(1H, d, J=16 Hz, H-7), 7.02 (1H, d, J=2.0 Hz, H-2),
6.97 (1H, dd, J=8.2 Hz, H-6'), 6.76 (1H, d, /=8.0 Hz, H-
5, 6.20 (1H, d, /=16 Hz, H-8), (quinic group): 5.17
(2H, m, H-3), 3.86 (1H, dd, J=12.4 Hz, H-5), 3.54 (1H,
dd, /4.0 Hz, H-4), 2.02-1.85 (2H, H-2,6); "C-NMR
(MeOH-d,, 176 MHz) & 176 (COOH), 166.1 (C-9'), 148.1
(C-4), 1443 (C-3"), 145.5 (C-7), 125.7 (C-1), 121.1 (C-
6", 115.8 (C-5"), 115 (C-8), 114.6 (C-2"), 72.9 (C-1), 71.2
(C-4), 71 (C-3), 67.2 (C-5), 39.5 (C-6), 35.1 (C-2). ESI-
MS (negative mode) m/z 179 [M-HJ".

Isochlorogenic acid A (3)

'H-NMR (700 MHz, MeOH-d,) (caffeoyl groups); &
7.62 (1H, d, J~=159 Hz, H-3"), 7.57 (1H, d, J=15.9 Hz,
H-3"), 7.07 (1H, d, J=1.70 Hz, H-5"), 7.07 (1H, d, J~=1.7
Hz, H-5"), 698 (1H, dd, J=1.7, 8.2 Hz, H-9'), 6.96 (1H,
dd, /1.7, 82 Hz, H-9"), 6.78 (1H, d, J=82 Hz, H-8"),
6.78 (1H, d, J=8.2 Hz, H-8'), 635 (1H, d, J=15.9 Hz, H-
2"), 6.26 (1H, d, J/=159 Hz, H-2) (quinic qcid moiety);
5.43 (1H, ddd J=3.2, 3.9, 7.1 Hz, H-5), 538 (1H, m, H-
3), 397 (1H, dd, /3.2, 74 Hz, H-4), 232 (1H, dd,
J=3.9, 13.8 Hz, H-6a), 2.25 (2H, m, H-2), 2.17 (1H, dd,
J=7.1, 13.8 Hz, H-6b); "C-NMR (176 MHz, MeOH-d,):
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(caffeoyl groups); & 177.5 (C-7), 169.0 (C-1'), 168.5 (C-
1), 149.8 (C-7), 149.7 (C-7), 1474 (C-3"), 147.2 (C-3"),
147.0 (C-6"), 147.0 (C-6'), 128.1 (C-4'), 128.0 (C-4),
1232 (C-9), 123.1 (C9), 116.6 (C-8), 116.6 (C-8,
1158 (C-2), 1154 (C-5), 1153 (C-5"), 1153 (C-2)
(quinic acid moiety); 74.8 (C-1), 72.7 (C-5), 72.3 (C-3),
70.8 (C-4), 38.0 (C-2), 36.1 (C-6). ESI-MS (negative
mode) m/z 515 [M-HJ".

Isochlorogenic acid B (4)

'H-NMR (700 MHz, MeOH-d,): &: 7.59 (1H, d, J=15.6
Hz, H-7"), 7.56 (1H, d, J~=15.6 Hz, H-7"), 7.05 (1H, d,
J=1.8 Hz, H-2"), 7.04 (1H, d, J=1.8 Hz, H-2'), 6.94 (1H,
dd, /~7.8, 1.8 Hz, H-6"), 6.93 (1H, dd, J=7.8, 1.8 Hz, H-
6"), 6.78 (1H, d, J/~7.8 Hz, H- 5, 6.74 (1H, d, J=7.8
Hz, H-5"), 630 (1H, d, J=15.6 Hz, H-8"), 6.27 (1H, d,
J=15.6 Hz, H-8), 5.65 (1H, dt, J=12.6, 7.2 Hz, H-3),
5.05 (1H, dd, /=10.8, 3.6 Hz, H-4), 434 (1H, dt, /=6.0,
3.6 Hz, H-5), 2.14~2.36 (4H, m, H-2, 6); “C-NMR (176
MHz, MeOH-d,) (caffeoyl groups); & 178.0 (C-7), 167.1
(C-1), 167.0 (C-1"), 1482 (C-7"), 1482 (C-7), 1459 (C-
3", 1454 (C-3"), 141.5 (C-6'), 141.5 (C-6'), 126.3 (C-4"),
1263 (C-4"), 121.8 (C-9"), 121.8 (C-9), 115.0 (C-8",
115.0 (C-8"), 113.8 (C-2", 113.8 (C-5"), 113.5 (C-5"), 113.5
(C-2) (quinic acid moiety); 76.5 (C-1), 753 (C-5), 70.4
(C-3), 66.0 (C-4), 418 (C-2), 372 (C-6). ESI-MS
(negative mode) m/z 515 [M-HJ".

Isochlorogenic acid C (5)

'H-NMR (700 MHz, MeOH-d,): &: 7.62 (1H, d, J=15.6
Hz, H-7"), 7.53 (1H, d, J=15.6 Hz, H-7"), 7.04 (1H, d,
J=1.8 Hz, H-2"), 7.02 (1H, d, J~1.8 Hz, H-2"), 6.94 (1H,
dd, /~7.8, 1.8 Hz, H-6"), 6.93 (1H, dd, J=7.8, 1.8 Hz, H-
6", 6.77 (1H, d, J=7.8 Hz, H-5"), 6.76 (1H, d, J=7.8 Hz,
H-5"), 630 (1H, d, J~=15.6 Hz, H-8), 6.21 (1H, d, J~=15.6
Hz, H-8"), 5.13 (1H, dd, J=7.8, 3.2 Hz, H-4), 438 (1H,
q, J=3.2 Hz, H-3), 2.10~2.33 (4H, m, H-2, 6); *C NMR
(176 MHz, MeOH-d,) (caffeoyl groups); & 175.6 (C-7),
167.1 (C-1, 166.8 (C-1'), 1483 (C-7), 1483 (C-7),
146.2 (C-3"), 1462 (C-3"), 1453 (C-6"), 1453 (C-6",
1263 (C-4"), 1262 (C-4), 121.7 (C-9), 121.7 (C-9),
115.1 (C-8"), 115.1 (C-8"), 113.7 (C-2"), 113.7 (C-5"), 113.3
(C-5), 113.3 (C-2") (quinic acid moiety); 74.7 (C-1), 74.4
(C-5), 68.0 (C-3), 67.6 (C-4), 38.0 (C-2), 37.0 (C-6). ESI-
MS (negative mode) m/z 515 [M-HJ".
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TEE 2mge FH3l 50% EtOH
S 7Fee] 10 mLE ZAIEIA T TFF 2 isochrologenic
acid B, isochrologenic acid C 22} 1.4mg, 3.5 mge 3|
50% EtOHO o] 25mLE EFUNS 5 A & A
o s5mLE F3| 50% EOHS 7Fet 25mL=E 3|43}
A ekt

HPLC?] ¥4z o 2= 242 Kromasil 100-5C 4 (5 pm,
4,6 mm x 250 mm) (Eka Chemicals AB, Bohus, Sweden),
ZHZE7]% UV detector 330 nmZ 3t} o] 542 &1 A
(0.1% trifluoroacetic acid& T-+¢t water)2} &1 B (ACN)
£ 71&7] £2](0-20 min, 90% A: 10% B; 20-30 min, 82%
A: 18% B; 30-64min, 82% A: 18% B)Z A A& o H

42 1.0 mL/min®] At}
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DPPH ﬂ—‘:]% 2252 Ozgen et al. (2006)3} Lee et
al. (2014)9] WS Mol ST B 34T
2K #3 EOH F2E 2 AJAAF #3 compound 100
uLel MeOHdl ﬁﬁ A7l 200 uM DPPH €9 100 uLE
HojA 305 F9F oA wH-gAZth ELISA reader
(SPECTRAmax 190PC, Molecular Devices, Sunnyvale, CA,
USA)E ©]&3te] 517 nmol|A] F3EE SH AT FH4
hzFoz a4ak3kA ¢l butylated hydroxyanisole (BHA)
(Sigma, St. Louis, MO, USA)E ARSI, AR 3
EtOH FE&53% AAALF 3 compound®] IC,, #tS 3l
jé 7]’01'»\‘:}.
ABTS itz &5 &8

ABTS 2tz 2752 Miller et al. (1993)3} Lee et al.
(2014)2] *HS MY st SA AT 7mM ABTS (Sigma,
St. Louis, MO, USAY&-<43} 2.45mM potassium persulfate
(K,S,0,) (Sigma, St. Louis, MO, USA)&4-& ABTS:
K,S,0,2:12 418 T 12-16A17F 21533510 HE-A]A o]
(ABTS)S FAAZIZL 734nmol| A FF=2] ko] 135+
0.05°] Yo == 34atqict 34 E 8§ 100 pLet &%=
HZ 343k A FF EtOH FEE 2 QAL &3
compound 100 pLE &4 6&7F Wk-g-A]7]3L ELISA
readerE ©]-&3lo] 734 nmolM FF=E =T &
o2 FH4skAIQl BHAS AHESFAAL, AHAE
EtOH FZ&=3 QUAIMF 3 compoundel] thdt IC,, 7=

T3l B7kekin

olf

ORAC &3

ORAC value®= Ou et al. (2002)3} Lee et al. (2014)2]
WS MYl ORAC activity assay kit (Cell Biolabs
#STA-345, San Diego, CA, USA)E °]&3}o] =43 T).
TEEE 345te] 96

Antioxidant standard®! troloxS
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well plate®l] 25 uLE ¥ 3 1 x Fluorescein solutionS 2}
well PFCE 150 pL Fol & 412 5, 37°CelA] 303 wi<F
SFAT}. Free radical initiator solutionS Z} well ®}C} 25 ulL
A @y 2 AS H excitation (480 nm)¥} emission (520 nm)
©2 37°ColA 60F7F 23 ZHA o= 309 fluorescence
9] ZFAE-(Victor3 1420 Multilabel Counter, PerkinElmer,
Hubbardston, MA, USA)S 439t A3 72 A
=% EtOH FZ=% A4 #3 compound 3712} blank
9] area under curve (AUC)ZS YERA T troloxE ©o]&
sto] g gk AeFdol oy ste] YR AT

AUC =1+ RFU,/RFU,+ RFU,/RFU,+ ....
+ RFU,/RFU,+ RFU,/RFU,

RFU, = relative fluorescence value of time point zero
RFU,_ = relative fluorescence value of time points
Net AUC (Area under the curve)

= AUC (antioxidant) — AUC (blank)

A M|

2 AN AL A HHeRTHAE JeEp o,
one-way analysis of variance (ANOVA) £S5 A% 3,
frelAdol 91-E 9 Dunnett's t-testS A3 3sle] FA g
2 frold e AU p<0.059] Aol SATHoR
ool e Zem B8, SPSS 14.0 SAZE
2 (Spss Inc., Chicago, IL, USA)S A& 3} th(*p<0.05;
**p<0.01).

My

ot g nE

MX|H ZF 50% EtOH FEE2| shitst &
A, A, F, B, AAD) 53 50% EtOH
F=E9] rtst 48 #As7] 918 DPPH, ABTS
3l ORAC assayE 3 st3ith. DPPHe) |3 &H4kst €
4 &4 e Fitsl B dAFgoeo® I 3
a3} olRlF To] FUEE AL AAR 5o itsl &
A3} free radical 2A%E 28t = 7P da o]
4 ¥ th(Blois, 1958; Bondet et al., 1997). AHx|¥ &
50% EtOH FZ%2| DPPH 2tz &7 35S =
A3}, Fig. 10141} 7o) QA &3

AC)

i

o o
off 1o A

AL, 100 ug/mL BThE 2318 50 pg/mLe] F=olA 7
= T1.77%8] 270 =AU, DPPH &7 &
g5l Uk IC, 7S 22.53 pgmlLE S = o] T2 AHA
H F3 FEERTD 22 ks g50] HEHAG
ABTS #UZ &7 ded JdFES i3 A5
H7F= Qs ABTS7} AFste] o] ghr]zh oFol<l ABTS 7t

F2ue) P B
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Sample ICzq (ug/ml)
Taebaek LF 50% EtOH =100
Jeongseon LF 50% EtOH =100
Yanggu LF50% EtOH 70.68
Pyeongchang LF 50% EtOH =100
Inje LF 50% EtOH 22.53"
BHA 18.16
100 7
S _
=< 80
& a
Ty
= &
|~
— - 40 -
A g
&
= 20
0-l

3.125

6.25

125 25 50

Inje LF (ug/mL)

Fig. 1. Anti-oxidant activity of Ligularia fischeri ethanol extract
(LF) by DPPH assay. Free radical scavenging activity of LF
(3.125-100 mg/mL) was determined as described in Materials and
Methods. Butylated hydroxyanisole (BHA) was used as a positive
control. IC;, values represent the concentration required for 50%
inhibition of radical scavenging. Values represent the mean+SD of
three independent experiments.

A= S 0] R 8] Bl E S ste] ksl S-S S5
HH © 2 (Dudonne et al., 2009), ]

DPPH gtz 2753 7 de o] &Hth A F3
EtOH FZ&d| °g ABTS &z &A%
DPPH |z 475 Aot frAksHAl <14
FEENAM =2 LAl #FEIIL, 25 pg/mLe] FEol
A 7P T 98.95%2] ABTS gtz A7so] HE=
o, Q1AL =3 EtOH FF=¢] ABTS @tz 275
o gk 1C, 7S 13.03 pg/mLE =% = A thFig. 2). "HAl
2o = ORAC assays &3l #3 EtOH F=E9] itst
S SH33TE ORAC assay= H-SAgte] ol o
S g o]§3ty Fitstes A= WHOE(Ou
et al, 2002) EFEAQ Troloxe} vl sl A ZFatt
ORAC activity assay kitE ©]&3l 60&7+ 2&wir}
fluorescence®] ZAE&8 =43 A3} Fig 3948 7ol
JAIMF FH EtOH FEE0IA 7S w2 kst &4 o]
#2E A, ORACE Trolox equivalent (TE)F 2 AH&E
st A3 100 pg/mLe] =014 290.1945.79 uM TE/gS.=
=2 s 2A4ES eI & d3E Fste] DPPH,
ABTS 18|31 ORAC assayE ©]-8-3lo] AR (e, A,
F, B, AA)FFH ] ks &8 A S A QA

2F F3H 50% EOH FEE°] 714 573 ditst S4&

N

<
filo
() !

~s
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Sample ICzg (ng/ml)
Taebaek LF 50% EtOH 31.74
Jeongseon LF 50% EtOH 39.59
Yanggu LF 50% EtOH 32.25
Pyeongchang LF 50% EtOH 49.77
Inje LF 50% EtOH 13.03"
BHA 3.57
100 ~
—
— = 80
5
8
= =
& o W
&8
= -
2 £ 40
< 3
o
=
e
0-

3125 625 125 25 50 100
Inje LF (pg/mL)

Fig. 2. Anti-oxidant activity of LF by ABTS assay. Free radical
scavenging activity of LF (3.125-100 pg/mL) was determined as
described in Materials and Methods. Butylated hydroxyanisole
(BHA) was used as a positive control. IC,, values represent the
concentration required for 50% inhibition of radical scavenging.
Values represent the mean=SD of three independent experiments.

OpgmL
25ug/mL
S0pg'mL
100pgmL

RFU

A 4

Time (60 min)

Sample pg/ml  Trolox (uM TE)

o 25 269.59+246

nje 9 23

LF5EOR 0 279382231
100 290.19£5.79

Fig. 3. Anti-oxidant activity of LF by ORAC assay. Oxygen
radical absorbance capacity of LF (25-100 pg/mL) was determined
as described in Materials and Methods. Relative ORAC values are
expressed as Trolox equivalents (UM TE/g). Values represent the
mean+SD of three independent experiments.

UeRlE 2 S 5 Uitk

=% compound?| &St £

AA #3 50% EtOH FEE==25H FaE4 50
(chlorogenic acid (1), neochlorogenic acid (2), isochlorogenic
acid A (3), isochlorogenic acid B (4), isochlorogenic acid

'H

rH
s
>
=]
X
offt
;
f
N
>

A  OH  oOR o
I | e Ji H
A 13 S S
HOOBZ LN e I
7 T R-O0Ry  HOTY
OR3 OH
Caffagyl
1R, =caffeoyi R;=HR3;=H
2 Ri=H R;’ = H R, = caffeoyl

3 R, = caffeoyl R, = H Ry = caffeoyl

4 R, = caffaoy! R; = caffeoyl Ry =H
S Ry = H R; = caffeoyl R = caffeoyl
(B) z
ample IC 3z (uM)
Compound 1 73.71
Compound 2 80.09
Compound 3 =100
Compound 4 38.37"
Compound 5 38.36""
BHA 2463
100 7
m Com4d
= é 80 1 g Com35
i
=1
B4
= e
=2
= g 40
[--]
2
20 1
0 . L.

LF Compound (pM)

Fig. 4. Anti-oxidant activity of compounds from Ligularia
fischeri by DPPH assay. (A) Chemical structures of compounds
(Chlorogenic acid (1), Neochlorogenic acid (2), Isochlorogenic acid
A (3), Isochlorogenic acid B (4), Isochlorogenic acid C (5)). (B)
Free radical scavenging activity of compound 4 and 5 (3.125-100
uM) were determined as described in Materials and Methods.
Butylated hydroxyanisole (BHA) was used as a positive control.
IC,, values represent the concentration required for 50% inhibition
of radical scavenging. Values represent the meantSD of three
independent experiments.

C (S T tA(Fig. 4A), 3 A € sietEe] 3
23t %“é—% BA48H7] 918 &3 EOH 553 TUsH
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Fig. 5. Anti-oxidant activity of compounds from Ligularia
fischeri by ABTS assay. Free radical scavenging activity of
compound 4 and 5 (3.125-100 uM) were determined as described
in Materials and Methods. Butylated hydroxyanisole (BHA) was
used as a positive control. I1C;, values represent the concentration
required for 50% inhibition of radical scavenging. Values represent
the mean+SD of three independent experiments.

Sist 22| EareN

AAEE 50% EOHE F2ES A3 5 ol 5 &
2ksl &do] 9473 isochlorogenic acid B9} isochlorogenic
acid C9] %S HPLC ¥4 o2 A FF3I3 T Table 19
A B npe} ho] QIAGke] dikst &de] 7Y il
isochlorogenic acid B<} isochlorogenic acid C2] ¥&o]

Table 1. Isochlorogenic acid B and isochlorogenic acid C
contents in Ligularia fischeri in different district

Amount (%)
District Isochlorogenic Isochlorogenic
acid B acid C
Taebaek 0.096 0.444
Jeongseon 0.062 0.413
Yanggu 0.021 0.357
Pyeongchang 0.014 0.174
Inje 0.532 1.543
(A) 12
1.0
03 OpM
25uM
=Y 25
= 50uM
04 100y
02
0.0 _
Time (60 min) -
(B)

OuM
25uM
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25 349.17+5.74

Compound 4 50 356.05+5.11
100 362.56+5.91

25 348.73+4.82
Compound 5 50 358.48+4 64
100 362.35+192

Fig. 6. Anti-oxidant activity of compounds from Ligularia
fischeri by ORAC assay. Oxygen radical absorbance capacity of
compound 4 (A) and 5 (B) (25-100 uM) were determined as
described in Materials and Methods. Relative ORAC values are
expressed as Trolox equivalents (WM TE/g). Values represent the
mean£SD of three independent experiments.
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Fig. 7. HPLC chromatogram of Ligularia fischeri in different districts. 1: neochlorogenic acid, 2: chlorogenic acid, 3: isochlorogenic

acid A, 4: isochlorogenic acid B, 5: isochlorogenic acid C.
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