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Isolation of Antioxidants from the Seeds of Xanthium strumarium

Yun Mi Lee, Dae Gill Kang, Myung Gyu Kim, Deok Ho Choi, Ho-Sub Lee*

Department of Herbal Resources, Professional Graduate School of Oriental Medicine, Wonkwang University

In the courses of in vitro screening for the antioxidant effect of the various extracts from medicinal plants,
n-BuOH soluble extract of the seeds of Xanthium strumarium was found to exhibit distinctive antioxidant activity.
Further purifications of this extract as guided by in vitro antioxidant assay afforded caffeic acid and 3,5-di-O-caffeoy!
quinic acid, which scavenged 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical in a dose-dependent manner of which IC50
values were 23.4 pg/ml (132.9 uM) and 29.8 pg/ml (57.9 uM), respectively.
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oA F&E Ao AISE B EE n-hexane, ethylacetate
(EtOAc), n-butanol (n-BuOH), methanol (MeOH), 3%} E54+8
Algon, 1S 3 filter paper (Whatman No.4: 110 mm)
ASHT) WERES 919 HH4 WEBEZ57)(Eyela, Japan)
Ol E3INT.
2) £EEHmES o W 58

Thin layer chromatography (TLC)+= silica gel plate (0.25
mm, polygram sil N-HR/UV254E. Merck, Germany)E A5}
R2m, silica gel (Kiesel 60, 230-400 mesh)2 MerckA|EE,
sandi= Sigma (St. Louis, MO, USA)HEE 0|1, glass
column (3.5 cm x 25 cm, Korea)& ARERICE High Performance
Liquid Chromatography (HPLC, CAVRO, model MSP 9000,
USAYE AlE3dI%id, HPLCE EgE EZE2 NMR
Spectrophotometer (JEOL-ECP 500, Japan)Z AME3IOH,
chemical shiftt= ppmQZ, W5 ZHEYBES tetramethylsilane
(TMS)E A28 1, 2= DO, acetone-d6E AMEFIATE
3) DPPHMoll 9gh eiig)l 849 #iR

DPPH  (1,1-diphenyl-2-picrylhydrazyl)@}  ascorbic acid
(Vitamin C), BHAY KantoAl| &(Japan)& AME5I3 ©H, ELISA
Reader (Bio-tek instruments. Inc, USA)Z0| &3l ST E &
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E dFollAl= Fo|x} 12 kg€ MeOH 3 Lojl U1 157Y &
O YoM £EF £ ITSIL 5530 McOH ZEE 574 ¢
& LArt O ¥ o] 240l HEAIA n-hexaneCE 23S A
3} n-hexaneZ 7.8 g& YU EtOACE B 1 B35l EtOAE
27 g2 @UoP, %30 Wl nBuOHE €I Rl
n-BuOHZ 9.6 g& ATk
2) Bzl g8 2y

n-BuOH Z&E 96 g& 100 ml &2 E¢lAT0 Eil,
MeOH (20 m)2 ol %ol &, Azl7hd 40 g2 Wo} Buje
At EFAIA silica gelol] loading A1ZJCt. loading® n-BuOH
ZFEEE t)A] silica gel 60 go] EF @ columndl] ol MeOH
3 HOE XA 28 do] EulE AU 5% AlA, 248 1
(4358 g), B8] 2 2347 g), B8 3 (300 mg), 22 4 (144 mg),
22 5 (373 mg), 22 6 (584 mg), B& 7(166 mg)2 AUt o]
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LB &d0] Viehd 88 29] 2347 g& 100 ml §2
g0 ©il, MeOH(S ml)E 2oi =01 &, C18 gel 1 g&
o] & 4 SFAIFA C18 geloll loading A1Z3T}. loading
A17] 22 28 C}R] C18 gel 60 go] &% % Flash columnoj &
o} MeOH# H,0Z SZA1H 28 2-1 (20.1 mg), 22 22 (249

o
=
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mg), B8 2-3 (1208 mg), & 24 (1293 mg), B2 2-5 (312.2
mg), B8 26 (1417 mg), BS 27 (983 mg), B 2-8 (699
mg), 23 29 (39.9 mg), 2 210 (30.1 mg), BE 2-11 (50.7
mg), B8 2-12 (1236 mg), F& 213 (2036 mg)S RIsI¥Ch
(Fig. 1). 919 22l 13719 B2g TLCE Eelgln eiist &
4 HEE o 23, g4l ekt 28 33 £ 48 Eold

HPLCE &2I51d 2709 28l AL 4 Flof gl eHial
gd 48 st

Thin layer chromatography A& : TLC= methyle chloride
9} methanol 2 EME 0|85t WAL &, TLC plateE
UV lamp&} iodideZ 248 A1 ZI5I9iCt

Xanthivm strumarium (seeds)

Methanal extract
Suspended in H.0, and seqentially partitioned
‘With 7+heane, BrOAC, and butanol
n-Butanok-soluble extract (10g)
vacuun liquid

drametograghy
with silica (0%~100%, 300 ml MeOHF,O stepweise gradicns)

T T T T T T 1
Fr-1 Pr2 Fr3 Pr4 s Fr-6 7

HO80%  HO80% HO40% HO 20%  HO0% HO0% MC50%
MOH2%  MeCHA%  MCH6P®:  MOHSP: MOHIOM  MCHI0% MOHS®
43581g g W 3o SMdrg 1663
FashCC
With Cy(MeOH- H,O stepmise gradiert)

EI'-Z-I E'I-Z-Z P\'—IZ-S F}‘[M Fk‘-TZ-S E‘[M F)!-2-7 nlzs F\!-2-9 FY—|2-10 F\J-Z-ll

HO100% HO%% HO HON HO HOS% HOA% HOXN% HO2% HO% HO ®
MCH (% MeCH10% MeCH20% MCH3% MeCGHA®%, MeCHS% MeCHOP: MeCHP6 MiCHSPs MCHI MeOH 100%
20ing  MSmg  IP8mg Moy 322y Mg Wiy Mg 395 Ding  1743ng

HPLC
Cg prep (20%-60%
CH,QNH,OHomic acid (0.1%9)

[ f I 1
Fr2-31 Fr-232 Fr-233 Fr2-34
Mag  S%g SO 197mg

componxi 1 compound 2
Fig. 1. Extraction and fractionation procedures for antioxidant
components from the seeds of Xanthium strumarium

3) DPPHHo oI5t 215} E40] #Hal

FHOIAL Z&E9 BEEE 10 mg/mid) 5%7} HEE 50%
EtOHo| =01 29| sk #&E0F AEE FHIsINCH BHis]
&2 free radical?] DPPHE 0|83l &1l 84 HE He
& ZAIEISCE DPPH 942 MeOHol 0.1 mMQ] =T & FH]
SRt AISE 50% EtOHo| £43] =od FHI8kL, 96 well
platecl] A]5 10 pl9} DPPH 8 190 pl1E H71510] 30271 42
ol YRlgt & 517 nm oA EBTE G0l 7189 &
Argirje! vitamin C % BHAZ Zo|Z}Q] sHtst &4 E&3k0
H]SIATE

% Scavenging activity

= Ab517 (control) - A517 (sample)/A517 (control) x 100
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1. 2&E9] iz a7
1) MeOH F£E9 23 ¥ aiis &4

ZO|XFE n-hexane, EtOAc, n-BuOH, EE ‘:’§J, 5 A=
270l ZEES 7N B{ISH 8 SE05I9Tt. Table 29}
Z30] n-hexane, H;O £&Z2 313l gipr} §1919m, EtOAc,
n-BuOH F&£&E2 @4I3l G371 UERTE (Table 1).

Table 1. DPPH radical scavenging activities of solvent-partitioned
fractions from MeOH extract of the seeds of Xanthium strumarium

Scavenging activity (%)*

Voucher specimens number  Partition solvents

DH58-1 n-Hexane 400
DH58-2 EtOAc 26.76
DH58-3 n-BuOH 60.72
DH58-4 H,0 2.00

¥ 100 we/ml 24 (1=3)

Table 2. DPPH radical scavenging activities of fractions of silica gel
chromatography

Fraction numbers

Scavenging activity (%)*

DH58-3-1 4505
DH58-3-2 59,51
DH58-3-3 7181
DH58-3-4 51.90
DH58-3-5 2719
DH58-3-6 244
DH58-3-7 152
£ 100 we/ml 24 (n=3)
2) n-BuOHO] 29| B4}3} 4
oI nBuOH FEBE £ +83 B 2UE
B EE silica gel column chromatography o2 25t & &

Atsl @42 SO 2H4is &¥o] 28 2 (69.53%), &
(71.85%), 28 4 (5L18%)ollA] A LIERIT) (Table 2).
3) DH583-2 239 ghatgl g &5

?19] n-BuOH ZEE0|A] £ SHIEl GHE HOl1L 52
$8g Hoj= 28 25 Ci8-flash column chromatography
OF E2ISIF L, Table 39] 137] B8 5 22 3, & 404 &
gl =2 g4 UsiIrk

(@8]

Table 3. DPPH radical scavenging activities of fractions from Cig
column chromatography

Fraction numbers

Scavenging activity (%)*

DH58-3-2-1 20.80
DH58-3-2-2 3361
DH58-3-2-3 7256
DH58-3-2-4 1697
DH58-3-2-5 49.06
DH58-3-2-6 3262
DH58-3-2-7 36.31
DH58-3-2-8 33.06
DH58-3-2-9 2281
DH58-3-2-10 1207
DH58-3-2-11 380
DHE8-3-2-12 -1.54
DH58-3-2-13 -4.79

* 100 w/ml 24 (1=3)

4) HPLC 2] 29| 8is} 84 &5
DH 58-3-2014] 22I3t o] 289 aiisl 84 vlush
o}, 2 SHH8l BHS HolL &2 488 Holk 58 38
reversed-phase HPLCE O] BIA(71€717} 2000141 60% CHZCN
489, 50 min 7}) £4= B2 1, 28 ASITHTable 3).
5) 22ld & Ql%‘ 1, 29 il g
HPLCE 0|83l d& &4 SEE 1, 29 i3l 8488
HlWE A3 Fig. 28} Zo] &3 HRrh

EEEREER I EREER:
Compound 1 (ug/mi) Compound 2 (ug/m)
Fig. 2. Dose-dependent DPPH radical scavenging activities of active
principles isolated from the seeds of Xanthium strumarium

2. gIE} SlghES FREN
1) NMR spectrum £4]
ARl BEIHAE AZR & <5354 doirl AR FEE

9] glet & SZole NMRE AHSSIC)
(@]
X OH
H
Compound 1 OH
HQ
Hi \ o)
o o}
OH
H
OH 0,
o \ OH
Compound 2 oH

Fig. 3. Chemical structures of caffeic acid (compound 1) and
3,5-di-O-caffeoylquinic acid (compound 2) isolated from the seeds of
Xanthium strumarium
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Compound 1.

1H NMR (500 MHz, acetone-d6): § 6.33 (1H, d, J=15.55), &
6.82 (1H, d, J=8.25), & 6.97 (1H, dd, J=1.85, 1.85), 5 7.11 (1H, d,
]=1.85), 8 7.56 (1H, d, J=16.05) ; 13C NMR: 3113.2, 114.3, 115.6,
1221, 126.1, 145.6, 146.6, 148.5, 166.5
Compound 2.

1H NMR (500 MHz, acetone-d6): 2.18 (1H, m), 2.31 (1H,
ddd, J=2.73), 3.62 (3H, m), 4.01 (1H, dd, J=4.8), 541 (2H, ddd,
J=5.0), 6.20 (1H, d, J=14.0), 6.30 (1H, d, ]=15.5), 6.87 (2H, dd,
J=4.1), 7.01 (2H, dd, J=1.85), 7.13 (2H, dd, J=2.3), 752 (1H, d,
J=18.3), 7.55 (1H, d, J=18.3) 13C NMR: 29.41, 34.62, 70.75, 71.16,
7333, 113.77, 113.92, 114.25, 115.12, 121.64, 121.71, 126.47, 126.58,
145.46, 145.70, 145.93, 148.18, 148.27, 166.68, 167.70, 175.93.

o} ZmE= B33 ulmsie] o] 3lEHE0] caffeic acid9
3,5-di-O-caffeoylquinic acid!S Q151IC)

QT HIES HE AMRER UAE o881 4H FXA
ol 2Q3 MARE vk HElA] HIEEER( - O, HOy -
OH)E9 #iFd gt A Al gol7|78 7K Uk
ZREQ Yoi7IFolA szl HA £8F 844 23 89 4
2I1® Hsh 1 &, gk, HR 59 JWASH £ sdol Bt
o AF e UYECE A9 BHEE do7)s HIoR &
A AT FHAAE LB UE BiEBmRE ST
(302)7} EHAEHA] superoxide radical(Oz), 3H4HEL 4 (H0y),
hydroxyl radical (- OH) 0] MAHEr} Oh—‘H % J4kA7
AROZ AAFIR] LIS uf free radlcalE St A5l AEY)
27t AR Holl 71A 2L 8 59 ol /}K] BARS -?:9_
ol T YT =8 A WollAls Tl &bav) ofy] B4
29 44 713E AlEsld Y YA 4 HE2Q] Tyt R
fHFRERSERE S4oio] MEE ERRL FRECI} Byl Z#o)
DNAL} RNA EEHE 2 ZZo] 1 8ol Kige et &
24 AT, 018 (U HoE B9 282 HAiTt A0l
ol =lvd 24 g 4+ = M }ﬂzﬂoﬂ BS GF7t guks] 1Y
I ok YA W GAAQ! superoxide dismutase, catalase,
glutathione peroxidase SI} HH FHAIGHAQL
ascorbic acid, carotenoid, flavonoid, glutathione 52 & 4ta
ol 9t X9 4ekE AABd MARES &bk Liopr} &
H LS ARETYD.

mH e Eille AS, B B8, R a0 Y9 &
Ql &, 8, A8, /\PXV*FA J] ﬁl te 85

oo
s B

_,d
0%

tocopherol,

é;l 23 ?E%METE% 7t a}ﬂx} ololl #EFY MeOH F
EEYN 28 FE 2o uiet g4I 458 EF6I T2 Z
& ¢} DPPH radical AHE B3 #0)A MeOH 2£E
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2 7t I W2 235l goiXl n-hexane, EtOAc, n-BuOH,
H0 ZEEo] thole] £F3 A3 n-BuOH REE0] 71& 2
3t E4E UEMIUTE n-BuOH FEEE silica gel column
chromatographyE AA Cis column chromatography® 2o}
‘2EEE& DPPH radical 2AHE A183l] £83 23 22
2-30] 7}g A% €S VERNRICE B8 238 HPLC 8P &
1H-NMR, 13C-NMR spectrophotometer 241 Z 3} caffeic acid
2} 3,5-di-O-caffeoylquinic acid 2 & 4= JAAUCE AOIAIZEE]
E22)¢t caffeic acid®} 3,5-di-O-caffeoylquinic acid®] DPPH
radical 4 SHQ! ICp2 242} 234 pg/ml (132.9 uM)S} 298 p
g/ml (57.9 pM)o| Tt

old9 ZHNE HEFY n-BuOH ZEZNAM &F 22|
caffeic acid%} 3,5-di-O-caffeoylquinic acide DPPH radical ##%
BEO] =2 FOE Hot BEHT HBstAEdl tidh B8 RaYA
OF AIFEC

arel 2

o] J7E 20033% Fxohk= 21(BK-21) AKGQ Xiu 3
HEXHO| xA1% Shated F4E] (03-PJ9-PG6-5002-0001)9) &
TH] X of Yol = FERAFUICE
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