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Isolation of Flavonoids from Carthami Flos and their Antioxidative Activity

Sung Hee Chung, Ye Ji Moon, Sung Gun Kim, Kyoung Young Kim, Kyoung Tae Lee,
Ho Kyoung Kim* and Wan Kyunn Whang”

College of Pharmacy, Chung-Ang University, Seoul 156-756, Korea
*Korea Institute of Oriental Medicine, Daejeon 305-811, Korea

Abstract — In this study, isolation of antioxidative compounds was performed for development of anti-oxidizing agent.
CHCl;, H,0, 30%, 60% MeOH, MeOH fractions were examined antioxidative activity by DPPH method, TBARS assay, and
SOD like activity. It was revealed that 30%, 60% MeOH fractions had significant antioxidative activity. From 30%, 60%
MeOH fraction, nine compounds were isolated and elucidated kaempferol 3-O-o-L-rhamnopyranosyl (1->6)-p-D-glu-
copyranoside (1), quercetin 7-O-B-D-glucopyranoside (II), quercetin 3-O-a-L-rhamnopyranosyl (1-56) B-D-glucopyrano-
side(rutin) (IIl), 6-hydroxykaempferol 3-O-B-D-glucopyranoside (IV), kaempferol 3-O-8-D-glucopyranosyl (1-2) B-D-
glucopyranoside (V), kaempferol 3-O-B-D-glucopyranoside (VI), luteolin (VII), quercetin 3-O-B-D-glucopyranoside (VIII),
apigenin 7-O-B-D-glucuronopyranoside (IX) through physicochemical data and spectroscopic methods (Negative FAB-MS,
'H-NMR, *C-NMR). Entirely, all compounds had similar antioxidative activity, but more OH group had more antioxidative

activity.
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AHF BES activity guided fractionation ol W&} DPPH
radicalol ©h3} scavenging activity =373 LDLY lipid
peroxidations ©]-83 TBARS assay”$} pyrogallol& o] &%
SOD fA} B8998 24 st &4e) eRlehd aws AT
HE 3j5ion, @R T HE ZE column chromatography
E ANse] 9% RS de, 1 RE sk, 2 Al
of$t Bkst ZAE B QokE Ao A TR S
7¥etzAt skt

qE o Uy

AEM=

B A%o) AMESE F3HCarthami flosy= 85, 55, QoA
FEEE A& AYHR T 63EFT-294, A, 4845
5,739 A, BE o, B FAT /55 s
FHUNE L FEARANES AN 25T S AN F
ARGEIG o AR Hejoh @4 Aol AR A B
g AF £3) 5kgE ARE AMESISICH

7171 W Alek

UV/VIS ¥-47]7]2% Human TU-1800PC(Korea)s A}Mg-3}1
27, Centrifuge= Centrikon T-1180(taly)E 2123153t} FAB-
MS spectrometer 57l ARl 22 VG 70-VSEQ(England)
0] 31 Source: ionized by 35keV Cs* ion beam? Matrix:
glycerots AMg31Tt 'H-NMR spectrometers= Varian Gemini
2000, 500 MHz(USA)E, BC-NMR spectrometer:= Varian
Gemini 2000, 125 MHz(USA)S AME315ICE. TLC ERIAIHell=
Kieselgel 60 Fy{Merck, Germany), Kieselgel RP-18 F,,
(Merck, Germany)E AM83193131 column Chromatography*l] AF
4% Gel Amberlite XAD-2(Sigma Chemical Co., US.A),
Sephadex LH-20(25~100 um, Pharmacia, Sweden), ODS gel
(400~500 mesh, Waters, U.S.A.), MCI gel CHP20P(75~ 150
pm. Mitsubishi, Japan)Z ARS-81ITE. Aibsls & 9% A)
k0 2= L-Ascorhic acid, Human plasma LDL, 1,1,3,3-
Tetraethoxypropane, Trichloroacetic acid(Sigma Chemical Co.,
US.A), Thiobarbituric acid(Fluka Chemika, Germany),
Ethylenediaminetetraacetic acid-2Na,

hydrazylg A3}

1,1-diphenyl-2-picryl-

Alere| Mz
0.1 mM DPPH(1,1-diphenyl-2-picrylhydrazyly= DPPH 39.4
mgs ethanol®ll &3AA 1000 mie] HX&F &4 ZA
Phosphate buffered saline(PBS: pH 7.4)-& Na,HPO, 3.58g,
NaCl 8.77 g, NaN; 0.20 gol SFHTE 713819 1000 mi©}

=z
S

ZAEI%cE 1 mM CuSO, £94& CuSO, 0.025 goll 5/+E 7}
3lo] 100 mo] HEE ZASITE 1 mM EDTA 8912 EDTA-
2Na 0.029 goll Z75E 71819 100 mle] H%E AT 1%
TBA A]92 Thiobarbituric acid 1 goll 0.05 N NaOHE 7}3}o]
100 mlo] HE=E ZABI T 25% TCA A% Trichloroacetic
acid 25.0 gl FFFE 71819 100 mio] HEF 24830,
10 nM 1,1,3,3-Tetraethoxypropane $%-2(TBARS 2188 MDA
TELM) 0022 g5 PBSO 718l 10 mo] HEE 3 F o] g
9] 0.1 miE 3k PBSE FXMAA 100mio] HES 3 §
A ZAEEC

& 9 22

53} 5kgoll MeOHS: 71a}e] “d&ollr 25743 33] 5%
o2 A% 553 IAE I9leH o] MeOH 558 5+
ol A F CHCLS 7sto] A" WiESEsla, E42)
71l 88 CHCLE S 55 253 F o1& AdsFs)
o} CHCl; 92 163 g& ¥3lom P2 E£5(650 )= Amberlite
XAD-2E 0] €3} column chromatographyS AAjsle] & &
HE 60g, 30% MeOH FEE 23g, 60% MeOH ¥32 30g,
MeOH #3& 12 g& 27 Ici(Scheme 1),

Carthami Flos (5kg)
Extracted with MeOH

Concentrated in vacuum
Suspended with water
Partitioned with CHCl

l

H0 layer(650g) CHCIl; layer (165g)
Amberlite XAD-2

| |

H>O Fr. 30%MeQCH Fr. 60% MeOH Fr. MeOH Fr.
(60g) (23g) (30g) (12g)
1 1) 3
2) 2) 5) 6 Crystalization D
Comp M Py Comp V Comp X
Prep (120m; Lc (30mg) Prep
1w’ g) (15mg) 4) LC
Comp I Comp IV
(100mg) {20mg)
Comp II Comp Vi Comp Vi Comp VI
(20mg) (870mg) (35mg) (15mg)

Scheme 1 - Extraction and isolation of the components from
Carthami flos. 1) SephadexL.LH-20C.C., 20% MeOH. 2)
SephadexLH-20C.C., 30% MeOH. 3) SephadexLH-
20C.C., 50% MeOH. 4) SephadexLH-20C.C., 60%
MeOH. 5) ODS, 40% MeOH. 6) ODS, 60% MeOH. 7)
ML, 50% MeOH.
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DPPHE 0|88} &Hiisks &8 - ¥ 43| A8 ¥ DPPH
(Diphenylpicryl hydrazyD)®] hydrazyt® A2} <3 A
glol 9leTg HA FAdAs wolEol: S XAl Qo]
aksbd B3 wisalo] SAUAE wolselo 74 214 9
AYE e AL o] &3

Hatano 2] 4pgol) 2J81e? 2} fraction & ©) E2¥ 3
AZE-S 100, 200, 500, 1000, 2000, 3000 ppm(99.5% ethanol)
9] 714 FEZ 2A3 g8 0.1 ml(control: 99.5% ethanol)°l]
0.1 mM DPPH-&94(99.5% ethanol) 1.9 m/%& 7}3}ich, Vortex
mixer® 1027F A8 & 37°CollAd 30% E<F incubation®] 3]
t}. o} gpectrophotometerE ©]-&5l] 515 mmelA SRS
S y=

ok T oFERE L-ascorbic acidZ 25, 50, 100, 200, 500,
1000 ppm(99.5% ethano)®] 6717 T2 &4 ZAEN =3
ek 7 A58 3abetag-2 DPPHe df$k HAEos
(Electron donating ability, EDA%)3} 1C.,%| (DPPH radical &
& 50% JABH=H F s W sE)E VeIt o1 A3
7t ¥ fractiont DUEE T2 FF 2A(25, 50, 100, 200,
500 ppmy) 8k B2 o =9It

EDA(%)= Control O.D.-Sample 0.D. %100

Control O.D.

Sample OD. : A|BE 7}t A|ale] Sae
Control OD. : A& A ethanole 713+ A& 2]

ol

.
BE

TBARS assay® 0{E8F LDL X nitsi0f o|k|l= g

Human plasma LDL(400 ug @94, Sigma), 1 mM CuSO,
16, 5582 AT 7 A525, 50, 100, 200, 500, 1000
ppm) 100 el PBS(pH 74)E 4ol A4 ¥-17t 1P} HE%
3l%i}. Vortex mixer2 Z3}510] 37°C 75 AdellA 4x)7F B3t
28 wjokalo] A13IA)7) & 1mM EDTA 20 WS 37kste] A
32 SAARATE AkslE LDL 4] 25% trichloroacetic acid
1miE Yol BAS JFarz) 3 2 359 1% thiobarbituric
acid 1miE 7151 95°CollA A1 & Az e
MDA %8 532 nmolA] spectrophotometerE ©)-§-8lo] &7
315t MDA EA 8% 10nM 1,1,3,3-Tetraethoxypropane

NG A ZARI] AgEiTY

MDA 55 @M/m)=(®F)x 10

F: BEFA89 §%%(532m)
f:AAS] F4%(G32nm)

Z} N29] LDL Adsitsl A aaE vlgdEshr] fisix
Cu*ol 28] F=s FASAAY S 50% AN 2
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Pyrogallol2 O|E8t SOD |AL &4 &3 - Superoxide
dismutase(SOD)E Q1A VoA superoxide(O5)E H,0,%+ 4T
deiel 0,7 AEA7IE 8L Gt

-CuZn-SOD/Mn-SOD/Extracellular SOD
205+2H" —H,0,+0,

SOD 4184 EAL ft ollA5E SODS} fAKSE g
& 3P AR} B4E FE pytochemicalel] 431 superoxide
o] whgAle edAjgit), mep o] SOD AREEE AdFsk <l
A e superoxideZ AATOZH ASHR AeHE Woldtal =
g4 £ 710E 5 QUch. SOD B EE ¢Ze AeelA
pyrogallol®] AFE Alzle] 2)5k dhag o] 85 Markland®) 3]
(19742 2 =43s9tk? =, 50 mM Tris-HCl buffer 2.8 m/3}
15 mM®] pyrogallol 0.1 mi& E35}0d 5°CollAl 5wt AREEA]
71 B AR 0.1mE 71sle] 25°ColA 1083t HE3A7)aL, 1M
HCL 0.1 miS 7hsled 3-8 E8A7) 3 420 nmol] S35 ¥
312 =730t tis-HCl buffer} oBd 7575 7R Ae
Hzrog 3. oFd Ui SFEEF L-ascorbic acidg 125,
250, 500, 1000 ppm(99.5% ethanol)] 47}4] FE 2 ZA|3ko]

=385

SOD §AF B4 (%) ={1-%} %100

A : tris-HCI buffer ol A|2 713t £ incubation 39| &35

B : 279 incubation 2] FHE

2ol £2] ¥ 7= ol

Compound I -FAB-MS(n/z): 563[M-HI, 447[M-Glc-HY,
"H-NMR: DMSO-dg, 8 ppm 7.98(2H, d, J=8.75Hz, H-2'6),
6.88(2H, d, J=8.75Hz, H-3,5), 6.40(1H, d, =19 Hz, H-6),
6.19(1H, d, J=19Hz, H-8), 531(1H, d, J=75Hz, Gic
anomeric H), 4.37(1H, d, J=3.4Hz, Rha anomeric H), "*C-
NMR: DMSO-dg, & ppm.

Compound 1I - FAB-MS(m/z): 463{M-H}, 301[M-Glc-HJ,
'H-NMR: DMSO-ds, 8 ppm 7.71(1H, d, J=2.1Hz, H-2),
755(1H, dd, J=2.1, 8.7Hz, H-6), 6.90QH, d, J=8.7Hz, H-
5), 6.76(1H, d, J=2.1Hz, H-6), 6.41(H, d, J]=2.1 Hz, H-8),
507(1H, d, J=7.5Hz, Glc anomeric H), ®C-NMR: DMSO-
dg, & ppm.

Compound III - FAB-MSGn/z): 609IM-HJ, 447[M-Glc-HJ,
301[M-Rha-Gle-HI', 'H-NMR: DMSO-d;, & ppm 6.38(1H, d,
J=195Hz, H-6), 6.18(1H, d, J=1.95Hz, H-8), 6.84(1H, d,
J=8.15Hz, H-5), 7.54(2H, d, J=8.7 Hz, H-62), 534(1H, 4,
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J=6.6Hz, Glc anomeric H), 4.37(1H, s, Rha anomeric H),
BC-NMR: DMSO-d,, & ppm.

Compound IV - FAB-MS(n/z): 463[M-HT, 301{M-Glc-H],
'H-NMR: DMSO-d,, & ppm 7.97(2H, d, ]=88Hz, H-2, 6),
6.80(2H, d, J=8.8 Hz, H-3, 59, 5.80(1H, s, H-8), 5.3(1H, 4,
J=7.45 Hz, Glc anomeric H), *C-NMR: DMSO-d;, & ppm.

Compound V ~FAB-MS(Gr/z): 609[M-HJ, 429[M-Glc-HT,
249M-Gle-Gle-HI, H-NMR: DMSO+,, & ppm 8.042H, d,
J=8.8Hz, H-2, 6, 6.90(ZH, d, }]=8.85 Hz, H-3', 5), 6.39(1H,
d, J=19Hz, H-8), 6.16(1H, d, J=19Hz, H-6), 5.70(1H, d,
J=7.1Hz, Gic anomeric H), 4.60(1H, d, J=7.85Hz, Glc
anomeric H), ¥C-NMR: DMSO-d,, 5 ppm.

Compound VI - (-FAB-MS(m/z): 447[M-HJ, 285[M-Glc-
HI, 'H-NMR: DMSO-d,, 5 ppm 8.02(2H, d, J=8.8 Hz, H-2,
6), 6.88(2H, 4, J=8.8 Hz, H-3, 5, 6.35(1H, d, J=1.9 Hz, H-
8), 6.15(1H, d, J=19Hz, H-6), 544(1H, d, J=75Hz, Glc
anomeric H), *C-NMR: DMSO-dg, & ppm.

Compound VII - (-)FAB-MS(m/z): 285[M-HJ, 'H-NMR:
DMSO-dg, & ppm 7.42~T7.40(2H, m, H-5, H-6), 6.90(1H, 4,
J=825Hz, H-2), 6.67(1H, s, H-3), 645(1H, d, H-6), 6.20
(1H, 4, J=1.8 Hz, H-8), ®*C-NMR: DMSO-dg, 5 ppm.

Compound VII - (FAB-MS(m/z): 463[M-H], 301[M-
Gic-HY, 'H-NMR: DMSO-d;, 5 ppm 7.56(1H, dd, J=1.95,
847 Hz, H-6), 7.72(0H, d, J=1.95Hz, H-2), 69(1H, d, J=
8.48 Hz, H-5Y, 6.77(1H, d, J=1.86 Hz, H-8), 6.42(1H, d, J=

R
Ry
Rs O
Ry Ry
CH O
Rl Rz Rg R«; R5
Compound 1 OH H O-Rha-Glc H OH
Compound 11 OH CH OH H 0-Glc
Compound I  OH OH O-Rha-Glc H OH
Compound IV OH H 0-Gle OH OH
Compound V OH H 0-Glc-Glc H OH
Compound VI OH OH H H OH
Compound VI OH H 0O-Glc H OH
Compound VB OH OH O-Gle H OH
Compound IX  OH H H H O-GlcUA

Fig. 1 - Structure of compound I~IX.

189 Hz, H-6), 51(1H, d, J=75Hz, Glc anomeric H), °C-
NMR: DMSO-dg, 3 ppm.

Compound IX - (OFAB-MS(m/z): 445[M-HJ, 269[M-
GICUA-HJ, 'H-NMR: DMSO-d;, & ppm 7.96H, d, J=86
Hz, H-2, 6), 6.95@H, d, J=8.6 Hz, H-3, 5), 6.87(1H, s, H-
8), 6.86(1H, d, J=2.0 Hz, H-6), 6.47(1H, d, J=2.0 Hz, H-3),
527(1H, d, J=7.1Hz, GicUA anomeric H), “C-NMR:
DMSO-dg, 6 ppm.
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DPPHE 0|88 giists &% - 5319 H0 £2%, 30%
MeOH #8Z, 60% MeOH ¥2E, MeOH ¥3%=, CHCl, &
FES 5 F (500~ 3000 ppm) ZA81 DPPH radical 24
shA)-8 243 A7 5849 radical scavenging activityt <1

EDA(%)

100
90
80
70 §
60 §
50 |
40
30
20
10 ¢

62.5 125 250 500 1000 2000

3000
ppm
Ce—H20 —®—30% MeOH  —4- 60% MeOH |

—3—100% MeQOH —¥%—CHCI3 -~ Agcorbic acid!

Fig. 2 - The radical savenging activities of fractions from carthami
flos on DPPH.

1Cs0

H20 Fr. 30%. 60% MeOH  CHCI3 Ascorbic
MeOH MeOH Fr. Fr. acid
Fr. Fr.

Fig. 3-1IC;, values of fractions from carthami flos on DPPH
method.
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3190 th2FEQ) ascorbic acids} B]wEkIS W 30% MeOH
£3, 60% MeOH %, MeOH ¥-2, CHCl, #3, H,0 £&
TO 2 #Ao] Yo, 53] 30% MeOH 23 2 60%
MeOH #&o| DPPH®l 2|3} radical scavenging activity”} -$-
A THFig. 2). 53] 1C52] A5 29 30% MeOH #3
(27.9£5.07 pgmlP] 60% MeOH 2 (32.7+0.29 pg/m)HTHE
478t radical scavenging activityE FERISITHFig. 3).

LDL itsfof| chgt NS &8 - 5352 7 B35S 250~
2000 ppm?] 4714 F=efl thsle] LDL 2| &zbatztel] tish o34
s AEE A} t)z2FEQ ascorbic acids} B wESS o
60% MeOH -2, 30% MeOH %, CHCl, %2, MeOH %3,
H,0 B8so7 @Ao] Yepkom o2 LDLY thgh 2Hits}
A A a=r} 9315 0 DPPHE o] 831 3Mks) 84 A)
ol Zo] 60% MeOH 22, 30% MeOH E&oA 3piks}
AAAA EAo] A veRdtTh 8 16,9 7% 60% MeOH
£8(2.3+0.75 pg/mlp] ascorbic acid(8.9+1.28 pug/mHHry= ok
A ke oAz VERSITHFig. 4).

iCso

H20 Fr. 30% 60% MeOH CHCI3 Ascorbic
MeOH MeOH Fr. Fr. acid
Fr. Fr.

Fig. 4 -IC;, value of fractions from carthami flos on Cu?*-induced
LDL lipid peroxidation.

ICso

250
200
150
100

50

0 . -
H2O Fr. 30% 60% MeOH CHCI3 Ascorbic
MeOH MeOH Fr. Fr. acid
Fr. Fr.

Fig. 5-1ICy, values of fractions from carthami flos on SOD like
activity.
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Pyrogallol& 0|88 SOD {AI &M &3 - 319 30%
MeOH} 60% MeOH ¥-2& 7} 500, 1000, 2000, 3000 ppm<)
P 58 AL Y thzrel Ascorbic acids= 125, 250,
500, 1000 ppm2] 4714 52 ZASF] pyrogallols ©] &3
SOD fAF 48 A8k A3 DPPH, TBARS assays 3 &
Ak} A3 5ABE 60% MeOH(IC, 66.6% 1.52 ug/mi), 30%
MeOH(ICs, 78.8+9.04 pg/m)2] &4o] 7H¢ £3roH, CHCL,
H,0 #-Fejxe= &2do] A9 VERR] dsithFig. 5).

E$MEE M 22lE S2e &l 3

Compound I - Compound F ¢34 2= 4] flavonoid 4
k29l FeClyel 9¥9& YeERSit). Negative FAB-MS
spectrum®l| A m/z 59314 [M-HI'2] molecular ion peakE T
2& 4 919l on m/z 4479014 rhamnose”} B3l fragment
ion peak® TS = QI%a1, m/z 285914 glucose?} rhamnose
7} 229 fragment ion peakS WS 4= ATt

'H-NMR Spectrumel|X] & 7.98 ppmelr] #2)= =875 Hz
2] doublet signals- H-22+ H-6'9] F 7 signalo] %] Lh&
Ao7 Ro|1l § 6.88 ppm?) J=8.75 HzS] doublet> H-55 H-
3o] A2 U2 signalE JSFSATH T3 H-8, 6] signalk>
Z}2y & 640 ppm¥}, § 6.19 ppmol A meta coupling®] <3t
doublet(=19Hz)2 = #Z=3lch. § 531 ppmellA] J=7.5Hz(B
A ¢l glucose®] anomeric proton®] H&=AT § 4.37 ppmell
A doublet(=3.4 Hz)2] rhamnose®] anomeric proton®| #2t%]
At} § 0.98 ppmell A rhamnose®] CHgoll 213 proton signal©]
HEH .

BC.NMRo| 4= kaempferol® vl E-& o] C-30] § 133.2
ppmSE 3ppm % AAFFO 2 shift, C-27} § 156.6 ppmOF
°F 9ppm A& AREC R shift © Ao] BEo] C-3 carbon
o] ©do) x)8E]o] glycosylation shift”’} dojvt 2L Sl
algit}, § 1774 ppmellA C-49) carbonyl” |5 #2E 4= 9lict,
B3 § 1013 ppmell Al glucos® anomeric carbon®] peakZ,
§ 100.83 ppm©ll4] rhamnose®] anomeric carbon®] signalg ¥
zH8t 4= gl9lth § 17.75 ppmel A1 += rhamnose?] 6% CH,<)
carbon signats ¥ = QISIh. B8 § 66.9 ppmellA] glucose
o] 63 carbon®] 6 ppm AE AAFFOT shiftd AS wAT

9=t o)A ° % rhamnose$} glucose’} 156 AeS oS o

ool sl st ZRE 7171 9 #39e) nlnE
%3}o] compound I2 kaempferol 3-O-a-L-rhamnopyranosyl
(1-6)-B-D-glucopyranoside® &1 83Tt

Compound II - Compound IF= #42] 222 FeCl, HE5]l
okAJ o) H| Negative FAB-MS spectrumol| 4] m/z 463¢14 [M-
HIE, m/z 301114 glucose”} ©=t% fragment ion peakS
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"TH.NMR spectrum 4] & 7.71 ppm(H, d, J=2.1 Hz)°|A]
H-2'9} signal& #28 F 11 H-672 meta-coupling® £
13} J=2.1Hz%! doublet® = UEFstTE. § 7.55 ppmellAl= H-6'
9] signals #FEE F A= ol H2'7 H52] meta
coupling®} ortho-couplings £38) zk} J=2.1 Hz¢} J=8.7 Hz9)
double-doublet® & WERITE § 6.90 ppmei= H-59) doublet
peak(J=8.7 Hz)7} #2¥ =1 o] H-672] ortho-coupling
of oJ3 ZekA] veRd Zlojtt. § 6.76 ppm § 6.41 ppmelAi=
H-87} H-69) signale #&T & Q=1 o] A= ortho-
couplingell 2J3} J=2.1Hz= Z=ep4 JEht}, =3t § 5.07 ppm
4 J=75Hz% doublet signalS &AE 4= AUEH o]
glucose®] anomeric proton?) signal® BAIZ AEH] 9SS
o 4 AUATh

BC-NMR spectrumell 4+ quercetin#} B) Z 88 uf C-70]
162.76 ppm 2% 10ppm7bEF TAAOC R shift¥ 9 C-6
(98.8 ppm)3} C-8(93.8 ppm)°] lppm FAE AARF O R C-10
(104.2 ppm)°] oF 2 ppm AT AAAC R shiftgl Zlo] #AE=
2 (-7 carbone] o] *|§=0] glycosylation shift7} Yoft A
S 1T 4 U1, 176.08 ppmel C-49) carbonyl’ |5 B2
g 4 %I} 53 99.97 ppmollA glucose2] anomeric carbon
9l signals 3 & 4 ISIch

o] 7718 72 771w 2 BT vlaE Balo]
compound I+ quercetin 7-0-B-D-glucopyranoside® #<21 F
kit

Compound III - Compound = #|33e] 22ta i FeCl,
wh-2-of] 733t 9kAlo| v, Negative FAB-MS spectrumol A m/z
609914 [M-HI'2] molecular ion peakS #HZT 5= 9gion,
mfz 447IM-Glc-H], m/z 301[M-Glc-Rha-HJ °] A Z}Z} hexose
W methyl pentose’} €¥1F fragment ion peakZ #3345 9
o} flavonol E.3e]] 17§12} methylpentose?} 1712 hexose’} 2
¥ sEE 4T & ATk

'H-NMR spectrum %14 aromatic field?] & 6.38 ppm(1H,
d, J=1.95Hz), 8 6.18 ppm(1H, d, J=1.95 Hz)*}| 4] flavonoid A
ring® H-6 ¥ H-82 A#E 32 meta coupling®] #2310,
5 6.84 ppm(1H, d, J=8.15Hz)*l|A] H-5'% & 7.54 ppm(ZH, d,
8.7 Hz)olA H-67 H-2'°] A7) signal& 1% = 9l3lom,
glucose® anomeric proton®| § 5.34 ppmoiA ]J=6.6 Hz2
doublet ©. %, rhamnose2] anomeric proton®] § 4.37 ppmol 4]
singlet®® JER}E R 217} g 9l o AL 811 leE HoiF
9, & 0.9 ppmelA] rhamnose®] CHy7 & #R1E o= IStk

BC.NMR spectrum® #+o] Blislo] & wj C-30] mapgo
2 shifts]o] Qi A 22 Bol glucose’} quercetin® 3-OHo)
A3 dgEe] 3len] rhamnose?}t ] glucosed]] A= Sl

& 5= Qglth. o)E T 7 Al AF AXE AAE] st
of o] 35+E2] BC.NMR spectrums 7331 § 101.2 ppmel]
A} glucose®l anomeric carbon signald, & 100.8 ppmo] A
rhamnose®] anomeric carbon signalS &¢1g 4= glglod,
ol 22 rutinosed S sHeld 4 J3th § 17.8 ppmol Al
thamnose®] 6% carbong EHIs}Act. g § 177.4 ppmell A
C-49] carbonyl’)Z 48 & U, § 144.8 ppmels C-39)
carbon signal, & 148.5 ppmelM] C-4'¢] carbon signale] 27} &
5o} C-3'% C-4' $1X°l protore] hydroxyl”|Z *|§kslo] )
= % F AATh

o]Ate] 7171 %A Ztel B3 3e] vl E compound M
Quercetin-3-O-o-Lrhamnopyranosyl(1-6)-B-D-glucopyranoside
(Rutin)© 2 &1, 33t}

Compound IV — Compound IV 438 §4= FeCl, 9k
of A whe-S Yehfo] dEy HER FAE F AT
Negative FAB-MS spectrum®lA m/z 463°14 [M-H] 9|
molecular ion peaks #HEE F U, miz 301M-Gle-HI
2, m/z 301904 glucose’t B2H4 fragment ion peak® TAT
4 AT

'H-NMR Spectrum®]A & 7.97 ppm(2H, d, J=8.8 Hz)°l| A
H-27 H-6°] HHX signalZ ERlo| =33l 5 6.8 ppm(2H, d,
J=8.8 Hz)old H-37 H-5' =3t A7 signal® &Rlo] =it
5 5.3 ppmeid] doublet(J=7.45 Hz)E pAI?) glucose®] anomeric
protong #R1E = SISict.

BC.NMRej A &= kaempferols} 8] 3 w) C-30] § 132.8
ppmO.Z 3ppm AE TAFOE shiftslo] BAHEE C3
carbono]] @] X|3k=jo] glycosylation shift7} Yol 28 &<l
g 4= 9Jgich. § 177 ppmelld] C-49) carbonyV 1S B2E 4 9l
i}, T3 5 98.9 ppmolA glucose?] anomeric carbon®] peak
2 #3238 4 99929 compound VIQ! kaempferol 3-O-B-D-
glucopyranosides} H1iZ A] MS HlojElellA] 16 A& Z}o]7} Q)
o] hydroxy?)7} B £0] Q& Z2F FHE ¢ T

opdel Eulsletd gt 4% 71 E Eeeke] vuE
%3to] compound IVE 6-hydroxy kaempferol 3-O-B-D-
glucopyranosid® 21 533133tk

Compound V — Compound V& v|&ae] Balg Fe(l, -5
o] &Y HESS YEhio] HiEA SdEE FYsISITh Negative
FAB-MS spectrum®lA m/z 6099 M-H2] molecular ion peak
B AT 4 QAT miz 429904 glucose’t B3 fragment
jon peakE #TAE 4 AL, miz 249914 glucoses} glucose
7} 7)) Eetdt fragment ion peakE #EE 5= 9ITh

H-NMR spectrumoix] § 8.04 ppmollA] #&E = J=8.8 Hz
2} doublet signale H-23 H-62) 5 7 signalo] THA U
AO0F Holy § 6.90 ppm® J=8.85Hz doublet> H-57 H-

tlo
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3ol AA U2 signals 1sksich £ H-8, 69 signal&
Z}7} § 6.39 ppm¥}, & 6.16 ppmol Al doublet® 7 2= Qi)
8 5.70 ppm)A] J=7.1 Hz(BA)¢! glucose] anomeric proton
o] FAHAT § 4.60 ppmolA J=7.85 HZBA)S! glucose?]
anomeric proton®] doublet® % #EFQIT},

BC.NMReIA = kaempferol® Bl 23S @) C-30] § 132.8
ppmC.E 3ppm AL LAFO R shift¥o] #AHZFE C-3
carbonef] Zo] X)gh=o] glycosylation shift7} ot 2-& gl
& £ UG § 177 ppmeld C-49) carbonyV 1S 223t = 9l
Sieth. T3 § 103.6 ppm3t § 98.9 ppmolA glucose®] anomeric
carbon®] peakE LA 5 o™ § 82.3 ppmelAl glucosed]
24 carbon®) 10 ppm FE AAFOE shift H= Ag BF3
& o} F 719 glucose 7t 152 AEE s RS I &
A3

olke] EelsetA et 4 71719 W 23] vlnE
%39 compound VE kaempferol 3-O-B-D-glucopyranosyl
(1-52)B-D-glucopyranoside® &1 E33}3ic},

Compound VI - Compound VI& 3Zae] 342 sifica gel
TLCOA #75kaL UV lamp(254 nm)E 2G5S o) 4% UV &
F S B3lon 10% 3 25 1Al 3o g9
I FeCly Wduk3-0% flavonoid 33ME= F=d51510}. Negative
FAB-MS spectrum® A m/z 4472041 M-HS molecular ion
peakE HFY 4 AL mi 285904 gucose’t EEHEE
fragment ion peakE AT 4= QIch.

'H-NMR spectrumoll 4] & 8.02 ppmell Al #&5 = doublet
signal> J=88 HzZ H-2'%} H-6'2 signale] Yepd Aolx
5 6.88 ppme 2HY signat> H-37} H-5'9 signal® ThE]ct.
8 6.35ppm¥} § 6.15ppm?] signal® H-859} H-69) signal® AF
% meta-coupling®l] 2}3F doublet® 2 J=1.9 Hz= #2E o},
& 544 ppm2] doublet(J=7.5Hz) signal<- glucose&] anmeric
proton?] signal? pAIY-E & 4 U3

=% BCNMRAIME kaempferol® ¥a#e o C-3¢]
3 1331 ppm° % 3ppm PE LAPFORE shiftFlo} AFH TR
C-3 carbone]l Fo] X#E©] glycosylation shift’} Yot A&
gIgk 4= 910 § 177.2 ppmelA C-49) carbonyl’| S #&E
% T}, ES § 101.0 ppmoll A glucose2] anomeric carbon
signalte FEE = UAch

oldel Euisield A4t 7 71N 9 B3] v|uE
%31 compound VES kaempferol 3-0-B-D-glucopyranosides.
R T3kt

Compound VII - Compound VI 3249} §i2 H,S0, %
Aol g 1 om FeCly BHgol g viEhfo] s
FFHEYS 53559 th Negative FAB-Mass spectrumi| A
mfz 285914 M-HS] molecular ion peakZ #HE3F = 9t
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'H-NMR spectrumol|A] & 7.42~7.40 ppmel| A 2HS] AEX]
2 zk= multiplet signal® H-2'6°]™, ] & H-6< 5 6.90
ppmelA J=83HzE 7t doublet signal?dl H-57 ortho
couplings 3= A E #A=HSITE § 6.45 ppmT § 6.20 ppm
oA Hol:= singlet signak> ZH H-6v H-82 #&E3Ich

=3 BC.NMROIAE 5 1816 ppmell 4] C-42) carbonyl”] &
EA48 5= 9191, & 145.7 ppm & 149.7 ppmeid C-3, C-4'9)
peakZ ER1El C-3, C-49] $1%1¢] proton®] hydroxyl’|E X]
FES & & YAk

ool Bl Akl 2 7718 9 Beale) uwE
%3}0] compound VIIE luteolin® 2 31 F43rh.

Compound VIII — 34 Bul2 FeCl, ¥F5-7} Mg+HCI ¥H&-
of 713t ¥4 S el 1, Negative FAB-MS spectrum i 4]
m/z=463 o M-H molecular ion peakZ #2  iglon
m/z=301°1% hexose’} €2t} fragment ion peak® #EE 4
AT,

'H.NMR spectrum©] X & 6.42(1H, d, J=19 Hz)ppm %
$ 6.77(1H, d, J=1.9 Hz)ppmoi~ H-63} H-83°] meta coupling
S Yepigion § 6.9(1H, d, J=8.48 Hz)ppmellA] H-5¢] H-6'
3} ortho couplinggS #ASIFT). § 7.56(1H, dd, ]=1.95, 8.47
Hz)ppme A H-6'9 proton®] H-2, H-57 Z+Zt meta, ortho
coupling 3t} double doublet®.® HEE I, & 7.72(1H,
d, J=1.95Hz)ppmol A H-2'2] proton signal®] H-6'2} meta
coupling 31 93-S #1815t § 5.1(1H, d, J=7.5 Hz)ppmel
Al glucose®] anomeric protone] FEE T

BC.NMROIWXE quercetin} Bl < w} C-271 9.9 ppm, C4
7} 21 ppm AAFFCE shift EHeo] TR, C-30] 1.8ppm T
20 F ghiftslo] BEE|ER -39 Bo] 8o} glycosylation
shift7} Lot 20 & AT 4 ATt § 176.0 ppmelA] C-4
9] carbonyl 715 #28 & 3903 § 101.8 ppmeolA F2
anomeric carbon®] ¥o]™ § 77.2 ppmoIAl 60.6 ppm7tA] el
2% 570¢] carbong S 4= ISITt.

olate] EelastA AAE) 7 717184 ¢ 8] wlaEs
%3]o] compound VIIEE quercetin 3-0-8-D glucopyranoside®
R T

Compound IX ~ Compound IXx= 48419 22X FeCly
ukLoff 748t ok o]n, Negative FAB-MS spectrum®l| 4] m/z
445901 [M-HT8) molecular ion peak® #2He 4 Ul od,
m/iz 269904 glucuronic acid’} E#% fragment ion peakE &
3 Qe

'H-NMR spectrum <l & 7.96 ppm(2H, d, J=8.6 Hz)*lA]
H-23 H69 #HAHZ signalS AT F 302, § 695
ppm(2H, 4, J=8.6 Hz)ollx} H-33} H-59 XA signal® €<l
e = A, § 6.87 ppmell A singlet® = H-3& RIS
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5 6.86 ppm(1H, d, J=2.0 H2)%} § 647 ppm(1H, d, J=2.0 Hz)
2 #=ge ule}l H-60) H-89 meta coupling®] o}F% Z&
#1813 5 5.27 ppmelM glucuronic acid®} anomeric proton
signale] doublet® 2 J=7.1HzE veRio2A g Ajlsh 3=
< I & sk

BC.NMR spectrumZ apigenin¥} vlwslo] HEE u) § 182.3
ppmE carbon signalo] el wlel C-42] carbonyl’ & 54
& 4 gdglon, 'H-NMR spectrumol 4] H-63% H-80] meta
coupling® & 162.5 ppmoliA C-79] X2 F <I3te] upfield
shiht® signats- & §= AT o] HAeA] Fo] AEE S
3% 47 9lon § 75.6ppm, 8 753 ppm, & 72.8 ppm,
5 71.2 ppme} 470} carbon signalo] AL, § 99.3 ppmed]
4} anomeric carbon signai©], & 170.1 ppmelA 1712] -COOH
carbon signale] #Z¥o] A3E FE glucuronic acidZ 774
g 4 AT w8 § 161.3 ppmolA C-4'2) carbon signal
o] #elElo] proton©] hydroxyl|E A¥=e] Y& 4 5 %
Act.

ol EEj3lety At 21 77IeA 2 B39kl vlnE
5319 compound IX& #41) CyH 02! apigenin 7-O-p-D-
glucuronopyranoside® 21 %381t}

slelEe] By AE AN

Eol8 Mol ahiia) g - F3le] Zjze] FEEo| sl &
avel 24 AY A 95 @45 29l 30% MeOH 33}
60% MeOH H#8ojA 223t 97) compound?] Hitsl 84 S
38 98l DPPHY o 2%t 24242 radical scavenging activity
¢} LDLS] #jduiibalel] st oA &7¢l pyrogallol & o183t
SOD At &g S43kdth

DPPHE 0|83} &Msls &3 - 7} compoundE 47149 &
(250~ 2000 ppm)E 2A|3k] Z+2he] compound?] DPPH
radicalel] th3} scavenging activity® ¥t A7 EE compound
oA ¥ UiFokE R A3 Leascorbic acid®} A8 radical
scavenging activitys UERASItH(Table 1, Fig. 6).

Table I-1C;; Values of compound against the DPPH radical

Sample 1C;y (ug/ml)
Comp. 1 21.7+1.09
Comp. II 19.3+1.85
Comp. 1IL 4.2+047
Comp. IV 18.7+1.23
Comp. V 25.9+3.70
Comp. VI 21.8+1.95
Comp. VI 34.6+0,79*
Comp. VI 17.3+2.53
Comp. IX 30.3+1.69
L-Ascorbic acid 9.7£0.02%*

LDL Akiol| CHsl SRS & - 30% MeOH T-EE, 60%
MeOH £8 504 2213t 7} compounds FEEF (125~ 1000

ICso

S TSI LS LS &
c)() C)Q (:)O QQ o 00 ()0 C)Q 00 @
&
&

Fig. 6 —ICy, values of compound I~IX on DPPH method.
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Fig. 7 - 1Cy, value of compound from carthami flos on Cu’*-induced
LDL lipid peroxidation.

ICso

MeOH
MeOH MeOH Fr. Fr. acid
Fr. Fr.

H20 Fr. 30% 60% CHCI3 Ascorbic

Fig. 8 - IC,, values of fractions from carthami flos on SOD like
activity.
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ppm) LDL XA aiislo] vk AAE38 A3s A ojxok
E<1 ascorbic acid?} H| w313 W 2= compound’} ascorbic
acid®} AR TRl oA 2R -2 eI CH(Fig. 7).
Pyrogallol& O| &8I SOD TAI &M X — 2312 30%
MeOH#} 60% MeOH E&lefr F-2]st 2t compounds 7} 125,
250, 500, 1000 ppm¢] 4714 FET ZAST Y h2FQ
Ascorbic acid= 125, 250, 500, 1000 ppme] 4717 L5 24|
3} pyrogallols ©]8-%F SOD fAF 248 AAE 23 7 e
compound’} % thZF<) ascorbic acid®} A2 GARE A4S

vehisithFig. 9.
4 =

312 MeOH I91E CHCS ©)43to] X3 3 CHC,
F8S 41 92 H,0 £35S amberlite XAD-2Z ©]&, H,0,
30% MeOH, 60% MeOH, MeOH £33 H3)11 o] K] &
2 &) thallA activity guided fractionation **Hel| ==} DPPH
radicalell gt scavenging activity®} LDLS] lipid peroxidation
£ ©]83F TBARS assay9} pyrogallots: 183 SOD SAF 24
o% 3t &S A¥sIIct. oL A 30% MeOH(C,, 27.88
pg/ml), 60% MeOH ¥ (32.76 pg/mhollA Atsta st 91l
o ol A tiZ<l ascorbic acid(ICy, 2.56 pg/ml)R TH=
oF&FA] Wk -9} radical scavenging activityS 2 % T} [H,0
2 <CHCl; ¥ <MeOH #3%<60% MeOH 3 <30%
MeOH #3). =3t #Akexjd 3o 31014 % ascorbic acid
(Csy 5.02 pg/mhETh= oFakA|RE 55 22 [H,0 £3
<MeOH #-8 <CHCl, +& <30% MeOH #2(IC;, 18.08 ug/
ml)<60% MeOH & (IC,, 12.31 ug/m)}e #2385 YAt
Pyrogallols: ©]8-3 SOD fAF &4 Adels &) F71A) &4t
3 24 At} oy R o tZ<) ascorbic acid(Cy,
9.76 pg/m)ETH= AT 30% MeOH 283} 60% MeOH +
ol 945t B4 B [H,0 28 =CHCL, $8 <MeOH
3 <30% MeOH #3(IC,, 78.78 ug/ml)<60% MeOH +-2
(Icso 66.65 ug/ml)].

FE At d4e] #EE 30% MeOH Y81} 60%
MeOH #2£ gel column chromatographyE A8} 97]]2]
SHES EElEith

30% MeOH FrelAl compound I, H, II, IV VE 60%
MeOH Fr.olA4] compound VI, VII, VIII, X2 Ztz £a8l5t8.0
o o259 BT AT 215 71714 (Negative FAB-MS,
'H.NMR, ®C-NMR) Z#2 %3 compound I kaempferol 3-
O-a-L-rhamnopyranosyl(1->6)-B-D-glucopyranoside, compound
I+ quercetin 7-O-B-D-glucopyranoside, compound I
quercetin  3-O-B-D-glucopyranosyl(1—2)B-D-glucopyranoside

Vol. 52, No. 4, 2008

(rutin), compound IV 6-hydroxykaempferol 3-O-B-D-gluco-
pyranoside, compound V= kaempferol 3-O-3-D-glucopyranosyl
(1-2)B-D-glucopyranoside, compound VI kaempferol 3-O-
B-D-glucopyranoside, compound VI luteolin, compound
VIS quercetin 3-O-B-D-glucopyranoside, compound IX<
apigenin 7-O-p-D-glucurono pyranoside® 221 57831t}
zZizho] AJRo) tst ksl 4 A8 d3t 97129 compound
ol A BF okX o9l ascorbic acid$} v]wsHiS W DPPH
radicalell t]3t scavenging activity®+ LDL2] lipid peroxidation
< o]+ TBARS assay®} pyrogalloks ©]-8-3F SOD A+ &4
oA B fAKSE dHlkst 84S BGlom HRkdlo® OHY|7t
w2 compoundd = kst BAdo] w2 Ao F et o]
= 23le) IRkl Aptel] TR 7FsdE BolEr & 4 Qiaith
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