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Abstract

The antioxidant activities of the ethanol extract of Arctium lappa were assessed by measuring the 1,1-diphenyl-2-picryl-
hydrazyl(DPPH) radical scavenging effect, inhibition of Fe*"-induced lipid peroxidation, inhibition of malondialdehyde(MDA)-
bovine serum albumin(BSA) conjugation reaction and antimutagenic capacities using the Ames test. The DPPH radical
scavenging activity and inhibition of Fe’'-induced lipid peroxidation of the Arctium lappa ethanol extract significantly
increased in a dose-dependent manner. In the radical scavenging assay using DPPH, the ICso of the Arctium lappa extract
was 296 ug/assay(1.29 mg of dry sample). In addition, the ICsy in the inhibition of Fe**-induced lipid peroxidation was 1,759
rg/assay(7.65 mg of dry sample). This extract also significantly inhibited the MDA-BSA conjugation reaction with an ICsg
of 57.58 mg/assay(250 mg of dry sample). However, no inhibitory effects against the direct and indirect mutagenicities in
Salmonella Typhimurium TA98 and TA100 were observed. Based on these results, the ethanol extract of Arctium lappa

was shown to display considerable antioxidative activities.
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3t Wang 5 2006).

oj9} o] L2 2 ARH F=, vl Y& FolAl oF
A, AE D AR SOR AgH] $1, 050 Tko
et Ae FE3] APHT ok Ty Lyl =
Sodoll e A7} o) Ao} AehE Lo A=A
(Lee 5 2003)0f 3t A% FLoof o] Fo X1 Q= AF
olth 949 7154 AT Ry 5(1986)9) EAvo| 94
AA| AT} Park 5(1992)0] SARO] 2 A & A=
o] 4 A adE HE o] A9 BIuER iy, £
A0 7]15 A (Lee 5 2009) o] T WEEw gk o
A 2 AtoflA= ol A e SFEE) S F4atEkE
A< 1,1-diphenyl-2-picryl-hydrazyl(DPPH) 2tt)Zr 4AA a3}
A A A oA &7 L malondialdehyde(MDA)-bovine serum
albumin(BSA) conjugation A 515 S AHEII, Ames
test ol golo] B0 A aTE HESIA T,
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SoJueL hAA FPANN FYste] SIS 52

AZT F, Bafstol YERA(- 003Gtk Ago] Age
|5E A2 ARG g)ofl 20812 eHE(100 ml)S 7}ste] 24
A7 52F Aol 323 F sk 9L 28] AXjslsrk
ofalele 324 2F5E7)EYELA, rolary vacuum evaporator
N-N series, Rikakikai Co., Tokyo, Japan)Z %=A]7]1 &, dimethyl
sulfoxide(DMSO)9]| o] 2| & 1}4ksL o A|&Hd, DPPH 2ht]Z
A2AZA, Ames testES Y3t A B2 ARSI, 0.1 M so-
dium phosphate buffer(PBS, pH 7.4)¢] o] MDA-BSA conju-

gation A ANE SA5h= A BE ARESHRTH

gt
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A 29| gulj2 AR DMSO, FHAtetehyd A3of AMg-gt
DPPH, linoleic acid, FeSOy - 7H,0O, thiobarbituric acid(TBA) %
BSA, 3}E5dHol5 Aol AR anthramine(2-AA), sodium
azide phosphate, histidine & biotin2 Sigma Co.(St. Louis, MO,
USA)o| A FA5HATE MDA A Zof AR&3H Dowex S0WX8-200
resin Supelco(USA)OA], FEF Mol AR A-g3t 2-
nitrofluorene(2-NF)-2 Aldrich Co.(Milwaukee, WI, USA), nutrient
broth®} agar= Difco Co.(Detroit, MI, USA)o|A], S9 mix.=
Moltox(11-01L Rat Liver LS-9, Japan)oj| 4] S35}t 1 9
of £ ABoIA AT BE AJORS BAE SFACLS AME

sheict.

3. DPPH 2iC|2t A=A
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DPPH &)z 27|52 Chen 5(1998)2] W] ule} =4
S}t DMSOof| o] F=H R 3|43 Al= 10 10of] 200 M
DPPH/ethanol 190 /S 743t 3, 37°C oAl 308 £ HESA]
) o2 517 nmmoj|A EF=E =745} thMolecular Devices,
SpectraMAX 340pc). T ZTHDMSO 10 0] E3=o| tha)
A2E 99E o) FH=o) 2 H=E 24ste] DPPH
SIS 50% 2ABKE AR FE(CHE THHL, AoE
(inhibition rate, %) AAFSIA T

4. X|Zuitst xSt £EF

Fe''of| ol 525 linoleic acid®] THikstol| that o #|2HA
© Saija 5(1995)2 Haase & Dunkley(1969)2] Hh4o) we} =
A3t 10 m2] 10 mM linoleic acid £Mo] A|& 20 S
7}t 37°C shaking incubatorofl A 1A]7F 2t HFSA|7] &,
0.05 M iron sulfate(FeSO, - 7H,0) 20 nlE H7}sE oF2 thA]
37CoA 2417t S BEEAIA TS AR AEE
linoleic acid 828 800 (S 4Tol| A 10 52t temperingA| 7]
a1, 400 02 TBAZS H7}5le] & £318t & boiling water bath
oA 158 Fot A3t & 52 Bof Wz YyaE
£oHo|| n-butanol 1,120 S 713} 2 A& ohS 250xg= 20
B %o} 91415 25} (Hanil, Union SKR) butanol < 2|5}¢]
535 nmoj| A L =5 = (Molecular Devices, SpectraMAX
340pc)3tt). Fe™ ol 23] ¢-=5 linoleic acid®] THiFsHES
TBAZ BHAAIZ] A& 100%2 7HHsIHS o, £ ot
FEES Ut 4RSS S0%E FAaAE = Qe F
E(1C0)E T, AN ST

5. MDA-BSA Conjugation 9t X1} =X

MDA o3t i3 B3 & k= Park YH(2000)2] o
w2} BSAQ2 mg/ ml), MDA(20 mM), £ =5, 0.1 M PBS
£ E3sto] 37CollA 24A17F ¥HSAIFT ¥hgo] ' A&
500 10 centricon(Amicon, Centricon YM-10)o] 237 1,400xg
oA 2417t 59t AHE 25k (Beckman, Model J2-21 centrifuge)
MDA} BSAS] Z¥=5 £23t &, o9 ¢ Al # s}
7] 918t S/ 700 pbE WL ThA] 1,400xgol A 2417 F
< galselsiec Al 35 NStk e ARs
12% polyacryl-amide gel electrophoresis(SDS-PAGE)E 120V ]|
Al 3A17E 52t A3 T WAIA]A densitometer(Vilber Lourmat,
BIO-1D Image Analysis)2 =3t the, A3&(%)S AFE5}
g,

BSA tH 2 A2ES Bradford¥(Bradford M 1970y AR5}
11, MDA+ Gomez-Sanchez 5(1990)2] ®H o] wha} Al Z3stich

= O
[F=1
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AWolS5-e Sulmonella Typhimurium TA989} TA100
A5 o|-8sto] SAsItE A71H o= o5 w9 histidine
QA deep rough(rfa)yE A o], uwrB S Ho|9} R factor 5
o] FAFAS &It T) o]E W+ nutrient brotho] 3
Z, e ¥, @5 1 mig DMSO 90 pbE 7Fsho] HA4
2 B =(Thermolyne, Bio Cane™ 20)0] H.3a1H A AM&314
t}. Master plate®]] B3t -5 nutrient brotho]] 3£35}te] 37C
o| A 14~16A)17F 52t A g oK Vison Scientific CO., KMC-
84809)3t & 1~2x10" cells/me] W=7} EHEE 3to] AF o
AHgteich

Sulo] $UE 3 EAM] BURE 2AAE A}
85193, A FEAo] BAZE 2N sodium azide phosphate
£ AHg3I5Ich 2-AA} 2NFE DMSOC] 0] AH§31T,
sodium azide phosphate= E£RF40f o] AMESIHT 2 &9
Ho| FHHEE-2S 2-AA9] 739 TA98T} TA1009] 4] 2.5 pglplate,
2-NF= TA989]| A 4 ug/plate, sodium azide phosphate= TA100
oA 2 pgplate®] FE= AMESHETH

Ames®] B o] o3t srEdAHe| FEARS Y% viA] E
A|F2] A= Maron & Ames(1983)9] o] whe} 35130
™ Matsushima 52 W (Norphth & Garner 1980)¢ w2} A
A Pyt BE AT ice bath/Joll A P13 F5 A
Astch AR EZo] "asdt g Edde] 248 A
| = 89 mix. & H7F5HTE DMSO9] =<1 Al 90l
oF ujFet AE AT 0.1 ml, ARl FLEE 10 i, AH=
AHolHdol= 0.5 mle] 0.1 M phosphate buffer(pH 7.4)&, 7+
HAEddoldol= 0.5 mel S9 mixE BFE APl H7t
3t & 7PHA| vortexd}o] 37°C shaking water bath(Vision scientific
CO., KMC-1205SW1)of| A 30= &<t oH] gt 0.5
mM histidine/biotin 2992 100 m% 10 m¢ F7}3+ 45T A=
9] top agars 2 mlA Z} A|g o B3l 327 vortexdt &
minimal glucose agar plateo]] Fo 113 HX|A| 3t & 27| 5}
gtk 1 kL 37°C incubator(Vision scientific CO., VS-1203P3)
ol Al 48 A7 viFEt & Zt7He] B EAHO| o F(revertant
colonies)2 A3} R 1, SHAHo] 2JA|-&(inhibition rate, %)<

Ttk
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7. SAANzE]

EA| % 2= IBM SPSS Statistics 19(SPSS Inc., an IBM Com-
pany) packageE ©|-&3t¢ich AP AAEL 3 E= 5¥ §E
& SA5t] R eak® UehaL, AR = B
A 7k Fod AL BAREA 3, p<0.05 420l 4] Duncan's
multiple range test2 FHASIATh
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1. DPPH 2}C|2t AHEM

99 ogtE 559 DPPH 2] 22452 Table 13}
2t £ #2859 DPPH &)z AL AR5 E 5 ug/
2] A] 6.45%, 50 ug/A 2 Al 29.14%, 500 ug/Z 2] A] 70.46%
2 557} 274842 A8 o] 2715tk DPPH ehtjzt
2 50% AABRE AR FEQ ICoghe 296 0] 9L, o] 2
AzxA 2R SHAFSHE 1.29 mgo] ok

99 oz aAFo] B3 AFES AHEH, Duh
PD(1998)9] A4 49 & F+5E2 DPPH gtz &4
ol B9kR, geelEAoR arisel Fsckn ek
Yamaguchi £(2001)0] 187}A] JAE Ao 2 & &35}
DPPH-HPLCHC 2 o)zt £2AZYS 4T ARoA=
ol 7P =X, 7FEol siA BAdo] FTtst &
Wio] E3i7] diEe] AFA vlaes AT Chen F
(2004)9] AFIAME SF(HF)= A= &Fo] Sl o
2} DPPH gtz &A&A4o] S718t9aL, BEe ¥zl 2R
o A B71A| g2 49 BHE £7%F0] =Tk oY
3t Ag-5olA 92 DPPH |z 2750] wj¢ wtiehe
A= AR, Sz Aol 7hde osiA 57t
sk Aol gt Aot YX|8HR] gt} Duh PD(1998)2] <
TFollAE g 2AZA0] 7HER AlEet A Al& Thel 2
o7} AL} el bA] AR Chen 5(2004)9] AtolA= A
FRET 7FEe ofsf A B o] ot sk Ao E UE
%3, Yamaguchi 5(2001)9] -tollA= 7Fgell Yl 2z
2AZo] 23518 F7IEd], o= 7FEoll <)) polyphenol
oxidase7} E&AISIE o] ZH|=3} chlorogenic acid®] $HEFo|
2517 @t7] WR(Yamaguchi 5 2003)0]2k3 Tk

2 ATE B S AU, A $9E BAAE
# F RS 233 AR0|BR 9o ATEN BFHe

Table 1. DPPH radical scavenging activity of Arctium
lappa extract

Conc.(g/assay) Inhibition rate(%o)
5 6.45+1.821
20 13.38+1.17°
50 29.1442.50°
200 46.66+0.70"
500 70.46+1.12°
ICs” 296 g

Y Values are mean+SE,

%) Values followed by different letters are significantly different at p<0.05,

? Inhibitory activity was expressed as the mean of 50% inhibitory
concentration of triplicate determines, obtained by interpolation
of concentration-inhibition curve.
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2 | S QAR AR 9 G4 DPPH et 47
ol £1 FEAEHOR 1 Bl F7HsHe

2. X|&pAts oAx =t

Fe*o] 9] 3= linoleic acid®] T}Aks}o] that oJA|24
< Table 29} At} £ FE559 AFI4E JAES A=
2% 10 ug/A g Al 5.38%, 100 ug/AE] A] 15.42%, 1,000 pg/
A A 30.67%% 9 FEEY vE7F TS 2A
do] F7eHth 994 5289 =0 W& AF A o
AE&EZ G ICsofkZ 1,759 1go] L, o8 AXRARE S
A 7.65 mgo] Atk

99 et ot AF¥ ez 5743 Duh PD
(199)9] AN = 49| & FEENA FeCl-HO:-stimulated
linoleic acid peroxidation®] A&7} 1.63 mg(AZRA|=E 2.5
ne, SAE 50% WAL FAs] ZstEt 1 ol Fi
F7Heo] 3= 0] 3.26 my(AXRAIR 5 mg) o] oA A&
o] oF 70% FE=E AL UATh & A= Duh PD(1998)
o] Ao Ao} FE e 2 FE3 A RE AREA7] w
Zoll 4E3s] H|lwslr]= oA HARE 1 BFRFE H|sirka A
ZrElth. &, Duh PD(1998)9] AtolA 492 22 F232
of &SR FEI ARY $&o] 2368 AL, FAEA
= thiocyanate®| 0 2 SZPS o & F550] oehE FE55
Hh of7h 22(9F 4%) A4S UEhitaL gttt o= |2
o] Duh PD(1998)2] A A5 oetE FEEE vpte] B
A A& 50% W& Uetll= ARAIR Y ol ¢F 6 mgo]
QL £ Ao 7.65 mge 2 Z zfol7t itk
X|&2aitsiEnt EHiElol 25 Ax| St

0] A2 iHtekE el MDA} Tl d(BSA)o] 2

=
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Table 2. Antioxidative effects of ethanol extracts of Arctium
lappa on Fe'-induced linoleate peroxidation

Conc.(g/assay) Inhibition rate(%)
10 5.38+0.23"*
30 7.89+0.79"
100 15.42+1.48"
300 22.64+1.77
1,000 30.67+1.13¢
ICs” 1,759 ug

D Values are meantSE,

% Values followed by different letters are significantly different at p<0.05,

* Inhibitory activity was expressed as the mean of 50% inhibitory
concentration of five times determines, obtained by interpolation
of concentration-inhibition curve.

Z = FIFTA

Table 3. Inhibition rate of ethanol extracts of Arctium
lappa on the conjugated MDA with BSA

Conc.(mg/assay) Inhibition rate(%)
2.5 12.94+3.0204
5 22.48+4.69°
10 27.9842.37
20 26.25+1.54°
40 44.9241.70°
80 59.98+1.49°
100 68.03+0.18°
ICsY 57.58 mg

D Values are mean+SE,

2 Values followed by different letters are significantly different at p<0.05,

Y Inhibitory activity was expressed as the mean of 50% inhibitory
concentration of triplicate determines, obtained by interpolation
of concentration-inhibition curve.

Fote WSS AAlsts aE A 2 A= Table 33}
Fig. 13} 2t} £ 3289 ¥=7} 25 ngA2ge 1< o
AlEo] 12.9%%L, 5 myA2FE 20 ng Aol A= oF 25%
Az o] AL HATHL AREE 40 myA oA 44.9%,
80 mg/=] 2] ol ] 59.98%, 100 mg/=] 2|0l A 68.03%2] A&
Uehf £ $259 v=rt $7184E A-aistEat
T o] A3 A BT SR AL R e ol

a b c d e T g h i

Fig. 1. Inhibitory effects of ethanol extracts of Arctium
lappa on conjugation of malondialdehyde with protein. SDA-
PAGE of extracts with MDA and BSA on 12% acrylamide
gel, a: BSA(100 )+PBS(900 uf), b: BSA(100 wl)+MDA
(100 pLy+PBS(800 wf), c: BSA(100 l)+MDA(100 ply+extract
(2.5 ©l)y+PBS(797.5 10), d: BSA(100 ly+MDA(100 pl)+extract
(5 1)+PBS(795 L), e: BSA(100 10)+MDA(100 gl )+extract
(10 ly+PBS(790 1f), f: BSA(100 £y+MDA(100 pl)+extract
(20 10)+PBS(780 1), g: BSA(100 0)+MDA(100 pf)t+extract
(40 pl)+PBS(760 (L), h: BSA(100 0)+MDA(100 pf)+extract
(80 10)+PBS(720 0), I: BSA(100 1)+MDA(100 pf)textract
(100 ©0)+PBS(700 l).
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Fig. 194 £ 289 %7 37145 MDAS} BSA9)
A% band7} A ARl = A= RIS =7 ISict A1 Fat
AsHEo] Tl Ajtshs A& 50% JA|Sh= 1G> 57.58
mgo|om, olF AXA|R FARZ EAFsHA 250 mgo] it
A A4} MDAE gHgo] vi-9- Z)sfiA] DNAS} thald
< cross-linkingA| 7| 22 A|EZE £t kA o] A
Sk AEFE AFlske 2AE A o 9 k315 Aqiete
o] S23ttiMiquel 5 1990). Y] | Aits= d
o] A% AAaTE SH5] Hl & A= MDAS} BSAS
A4 REEAZIAL A&7} o5 Ak B ST RS
ARESEET], 9 FEES o9 FU o 4%
A= QAU FLSH WS ofU Rk rat liver homogenate©]]
] FeCly-ascorbic acid-stimulated lipid peroxidation2 %3t Duh
PD(1998)9] QA7 A3E AvnE, S B 2HEL Fx
gEHo2 MDA FHL SASHATL 35 mg olAel M
tocopherol Tk 5P £& AEIE LrepgT. o] &
AN 99 2B Fwr} 271342 MDASH BSAY
A% band7} 2H4ske 23} vlsgt Aveln AzhEc

4. SEH0|

Ames Ho® ZHT 9 FEE9 F=AWol 52 Table
48} 2t} 21428 EdR o= Q] 2-NF(4 pgplateyE S
7 Wo|F2Ql Salmonella Typhimurium TA989Y|, sodium azide(2
rgplate) S F7|1% X8 ¥o|FQl Salmonella Typhimurium
TA1009] Z2J3t &, 99 &g FE2ES == Asty
21428 FEAolsS SFsH e, Ayt UehR] gisk
of E3F ZHHENE Eddo] E4Ql 2-AAQ2S pghplate)E At

or
e
0z

EAEEIS 77

L3510 FJEHHoSS A1 o, Salmonella Typhimurium
TA98%} Salmonella Typhimurium TA100 5ol A =S H
ol5o] UehtA] ghskeh

SEUElA 9499 FEAVolsS ST AT=S A
HiY, £919] AZH(1.0~2.0 mgplate)©] Salmonella Typhimurium
TA98OJ| A 2-amino-3,4-dimethylimidazo(4,5-f)quinoline(MelQ) 2}
aflatoxin B, o] Hgt FEHHo|50] E3Th= Ryu 5(1986)2]
H 0} Park 5(1992)0] u]A S 53l A& & 2785
o] Aslet A3}, Salmonella Typhimurium TA1009A4] N-methyl-N'-
nitrosoguanidine(MMNNG) £} N-nitrosdimethyamine(NDMA)©]| 2]
3 SeMo] AL 242} 80% 67% ARk Bzt 9l
o gk 7 wEE ol rlo A BRES HakE
=22 U4HA okadaic acid®] Adf|ZEL2 =4St Ohara &
Matsuhisa(2002)9] A oA e £F & FE2E52 86%9] &
o AeES ehiehn gk e 2 Aol 35
Holgol UehA] gsh=dl, ol & F&&°] oid o<
FEEOIUN A2 59 BHEES FET AR ol
7] HEo 2 AR EHth =, Ohara & Matsuhisa(2002)2] S
ol 4] anti-okadaic acid /0] & FEE it FEElA
£ 7%t @45 vEhd vHd WeE 55T o"otAlH 0]
E FE2o4e 84S UEhliA] &2 A= n|Fo] & o,
& FEEIANE FEaHolEo] UEA & 5= §L
S8 AAE ¥ 4 ook

=2
;

;

i

A4t (e o) ASkEH S DPPH radical 4743

Table 4. Effects of ethanol extracts from Arctium lappa on direct and indirect mutagenicity in Salmonella typhimurium

TA98 and Salmonella typhimurium TA100

Revertants/plate
Extracts
Salmonella typhimurium TA98 Salmonella typhimurium TA100
Conc.(mg/plate) D 3 5 3

—S9 +S9 —S9 +S9
Positive control” 724 29V 2,280+137 2,028+ 23 2,882+267
1.0 926+106 2,9834+284 2,408+ 50 4,222+ 48
3.0 939+118 2,932+188 2,371+ 26 4,124+ 62
5.0 873+ 86 3,062+ 33 2,503+181 37444285
7.0 769+ 53 2,990+ 41 2,241+ 18 3,653+290
9.0 774+ 20 3,070+ 67 2,330+ 12 3,566+335

" Direct mutagenicity mediated by 2-nitrofluorene in Salmonella typhimurium TA98 and sodium azide in Salmonella typhimurium TA100,

? Indirect mutagenicity mediated by 2-anthramine in Salmonella typhimurium TA98 and Salmonella typhimurium TA100 with S9mix.,

% Positive controls are 4 g of 2-nitrofluorene in Salmonella typhimurium TA98(-S9), 2 ug of sodium azide in Salmonella typhimurium
TA100(-S9), 2.5 pg of 2-anthramine in Salmonella typhimurium TA9(HS9) and Salmonella typhimurium TA100(+S9),

? Values are mean+SE.
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1, A A AA| &7 2 MDA-BSA conjugation A &1}
£ S AHHE I, Ames testE o]t ZA™O] fI A
s HES A= o3 2ok 99 dghE &89
DPPH gtt|Z £2AEL 527t 37FHE 2AEol 571
sttt DPPH 2tz &75-9] ICs03k2 296 1ol L, o=
AZARE 129 mgoll sigatact. Fe''ol| 93 9-=H linoleic
acid®] ZHiksto] tfgt ¢4 et FEEY JAGLLS &
=7t 37 E ket 9 228 Ad e o
A5 ICsZE 1,759 1g0] AL, ol= HARAIR 7.65 mgo| 3
o E3 949 FEEY FEF FUESE AdEE
(MDA)} T A(BSA)S] A3 At 7kt A&
HiksHEo] Sl AR At RS 50% AASh= [Cso
57.58 mgo] o H, ol= AXRA|RE 250 mgoll = et 1
U 2949 AgetE FE2E Salmonella Typhimurium TA98}
Salmonella Typhimurium TA100 5ol A =dHo| 50| Y
ERtR] ohottt. whekA] 2 A Aah, 999 deE FEE
2 APH o & FEAMol S UEtA = ESkA 2oz
A%} Q- AAE ARH O R T f Qs w2 P4

o FRHA FFL v & rky Bk EF AFAL 9
o ARSI FEACSS 23] Thoksy] s
TR FEW3t ofo] W2 7)54 B BAjo] S
ook & Roz A=Wk
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