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Anti-oxidant Activities and Anti-inflammatory
Effects on Artemisia scoparia
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Yong-Hwan Jung, Wook Jae Lee, and Soo-Yeong Park*
Jeju Biodiversity Research Institute, Jeju Hi-Tech Industry Development Institute 4-8 Ara-1, Jeju 690-121, Korea
Abstract — We investigated the antioxidant activities such as DPPH radical scavenging capacity, xanthine oxidase inhibitory

activity, and superoxide radical scavenging capacity of the aqueous EtOH extract and its solvent fractions of Artemisia scoparia.
The ethylacetate fraction showed high antioxidant activity, compared to positive controls such as ascorbic acid, butylated
hydroxy anisole (BHA), trolox, and allopurinol in these assay systems. Moreover, we examined the inhibitory effect of solvent
fractions of 4. scoparia on the production of pro-inflammatory factors that the nitric oxide (NO), inducible nitric oxide synthase
(iNOS), cyclooxygenase-2 (COX-2) and prostaglandin E2 (PGE,) production activated with LPS (1 pg/m/) in murine mac-
rophage cell line RAW264.7. The amounts of protein levels were determined by immunoblottting. In the sequential fractions
of hexane and dichloromethane inhibited the NO and PGE, production and the protein level of iNOS and COX-2. These results
suggest that 4. scoparia may have anti-inflammatory activity through the antioxidant activity and inhibition of pro-inflam-

matory factors.
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(reactive oxygen species; ROS)2.2A] oxygen (102), super-
oxide (O, ), hydroxy radical (HO), hydrogen peroxide (H,0,)
5ol lom, olgdt B4 AAFELS G5 vkl TS
4.0 Azukee A 230 Z2)d o) Sera
4, AFD T oW 7193 WekE S eE dgol
7Hd w2 SR E 8 s = 71y, 9
Ap=o] ZFS|R| " 442 O F histamine, serotonine, brady-
kinin, prostaglandins, hydroxyeicosatetraenoic acid (HETE),
leukotrienes} 7+ 3 B4 EHo] fE|Eo] 3 Ty
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WE42 2 A4#H3 lipopolysaccaride (LPSYS —LH-273
9] AE9]Te] EAJ5IH, RAW 264.7 A¥9}F 2+ macro-
phage T+ monocyte®l Al tumor necrosis factor-alpha
(TNF-0), Interleukin-6 (IL-6), Interleukin-1p (IL-1B)} %
& pro-inflammatory cytokineS S7HA 71 Ao YA
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o 7]oA] L2 ethanol F=EE (10 )2 AFE FF Wil
2J3}ed hexane 8 (0.9006 g), dichloromethane (CH,Cl,) &
3] (13462 g), ethylacetate (EtOAc) -3 (1.3929 g), butanol
(n-BuOH) 8 (24916 g) ¥ water 3 (4.8026 gy L]
AYPAEE AR

DPPH radical £7{&40] o8 gitstaty 2 - 3
Akel8Ad-e |, 1-diphenyl-2-picrylhydrazyl (DPPHYS ©|-8-5}
of A|F2 )T &7 &7 (radical scavenging effect)E &
A8 Blois-g 24 3t DPPH ¢F 2 mgs ethanol
15m/ol] o] DPPHEHS Azstdch o] &4 12 m/ol
DMSO 625 miZ A7FE &, 517 nme] 3ol A thee]
UV-Vis. 37457} 0.94-0.97°] E=2 ethanol® 323} 10
27+ A% AZTh 283, S0 1 mll F2E FE2E AR
1 mge 442 3 83| =o|x, H]E DPPH 450 piefl Al
FEY 50 wE gol 42 5 AolA 1027 LR8I
7F 517 nmollX F458 S48tk R OEE ascorbic
acid, butylated hydroxy anisole (BHA) ¥ troloxE A}-&-3
SATH DPPHS| F4=7F 50% 4% o Uehhs A159)
TE (IC)E AN, 71 Al8% 33] whaale] 43
< ANt ks s

Xanthine oxidase 2{M| % Superoxide &7 &4 ZM
— Xanthine/xanthine oxidase®l ] g} uric acid 8 /3-& 290
nmollA Z71E F3wol 93] AL superoxide®]
2 nitroblue tetrazolium (NBT) S-ubol olsf =38k
o} 2t mre e 7k A|g2 9] o8] %9 0.5 mM xanthine
¢} 1 mM EDTAE 200 mM phosphate buffer (pH 7.5)
100 piellAt 21181357 50 mU/ml xanthine oxidaseZ 3715}
o uric acid®] A48 =31t} Superoxide 2AEAIL 9
Hke-olef 0.5 mM NBTES #H7Fste] w3 AlZ T} Xanthine
oxidase &1#} & superoxide 2271 842 ztzt A uric
acid®} superoxide®] F2E7} 50% A4 wf vehhs Al
79| FE (IC,)= FAEIEeH, 7t AlEE 33 jHEs)e
RS AAEte] Hpkg Toiich

MIZ 2 A9 — Murine macrophage cell line RAW 264.7
X 3ZE KCLB (Korean Cell Line Bank)Z%E] #% o}
100 units/m/ penicillin-streptomycin} 10% fetal bovine
serum (FBS)°] gH+-¥ DMEM Hix|E AM&-3l] 37°C, 5%
CO, 27104 wFsision, 34l i Al eke
A13Y33At}. Lipopolysaccharide (LPS, E. coli serotype 0111:
B4)E Sigma®FH U8t ARSI

MZEMEIL - RAW 264.7 A E (1.5x10° cells/m)yZ
DMEM Aol A1 oFE3} LPS (1 pgm)HES B Helsh
o 2407k v 3 3w F viAIE Do 3,000 rpmellA] &
Aal%-2] 3193t} LDH (lactate dehydrogenase) /32 non-
radioactive cytotoxicity assay kit (promega, USA)E ©|-§38
of 23Fon, 96 well plated] AAF-)3led A ujt wi
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] 50 pie} reconstituted substrate mixZS 50 WkE Wi, AL
ol 30 WRSAIZl & 50 ple stop solution €o] 490 nm
NN FFEE SA AT 2 AET tE Hadt $H=
e Fargon, 2w (LDH control, 1:5000)9] F3=
73 viasted M EsdE Hrtsiinh

Nitric oxide &8 — RAW 264.7 A% (1.5x10° cellsm)Z
DMEM Wj#] & o]-&3}] 24 well plate o FE3I2, Al
EZ3 LPS (1 pgm)E 3 AlZ& viR]E FAlo A
gale] 24117k wiFEtATE. A E NO2| 42 Griess AoF
S o83l MEmgd Fol EAl3ks NO, 9 Hel2 =
Aok, AZE S A5 100 Wt GriessAF [1% (wiv)
sulfani-lamide, 0.1% (w/v) naphylethylenediamine in 2.5%
(v/v) phosphoric acid] 100 pfE £33l 96 well platesol|*]
102 &<t Wkg-A)1Z] & ELISA readers ©]-8-31%4 540 nmell
A FHREE 2439 ¥FEEFE 4L sodium nitrite
(NaNO,)Z serial dilution(14: 84])gle] AUt (1-100 uM).

Immunoblotting ~ RAW 264.7 M 3L (1.0x 10° cells/m/)
Z 18717+ A kS 31aL, LPS (1 pg/m)E A=E F3L
AR (50 pgmhE A HEste] A wjdat T 27d00A
24417k B3t st vidke] Bt &, A ¥E 2~35] PBS
(Phosphate Buffered Saline)® A% 3 300 p/2] lysis buffer
< AL, 308~1A17F Bt lysis A121 F AAEE (15,000
pm, 15 min)dte] AX= J& 5§ AASAT @i 5
S BSA (bovine serum albumin)g ¥ =3}38ted Bio-Rad
Protein assay kitZ A3l H#F 31t} 20~30 pgol lysate
€ 8% mini gel SDS-PAGE (poly acrylamide gel electro-
phoresis)Z ¥4 #2|3le, ©|& PVDF membrane (BIO-
RADYI 200 mAZ 2417t E3F transferstlth. 22]2. mem-
brane?] blocking< 5% skin milk7} &% TTBS (TBS+
0.1% Tween 20) Sl A Aol A 2417F F<F A8
ch. INOSSF COX-29] B 48 F4sP] s 13 A=
A] anti-mouse iNOS (Calbiochem)<} anti-goat COX-2 (BD
biosciencesyS TTBS £ llA 314 (1:1000)3t Zg-2ellA]
A7 ¥RSAIZL & TTBSE 33] A4 3T 23F A=
HRP (horse radish peroxidase)”} Z23¥ anti-mouse IgG}
anti-goat IgG (Amersham Co.)E 1:5000°2 3]43}e] A2
oA 3087k wkS-AIZ] &, TTBS= 48] Al43te] ECL 713
(Amersham Co.)3} 137+ ¥HE- 5 Xeray &0l 283kt

Prostaglandin E, (PGE,) 44 % H& - RAW 264.7
HEES DMEM ¥R S o]&3le] 1.5x10° cells/m/z =3
% 24 well plate o) BF312Z, 5% CO, F27114 1877+
AujoF 899t o1%F WA E AASIAL 108 5% (1 mg/ml)
2 2A8 AIFEZA 50 wet 450 /el LPS HEEE (1 pg/
m)E T3 A2 BiRE SAl Xzlet] At 5
&) Z7ollA njekaiict. 24217F & Prostaglandin E, (PGE,)
=2 245p7] 98 wjoF HIXIE 9l (12,000 rpm, 3 min)
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3] AEAS AJr}. PGE,S] A %2 PGE, ELISA kit

(R&D Systemes, Inc, USA)E o] &3t A &3l o

standardol] 3t BE2FAE] ¥ 2 0.99 ool ATt
¥n u g

DPPH radical 27{&M0l| 2|8t &rotstaty HA - &
2kal B2lo] 7P BAAQ 71#E K879k vk A
o7 §87] &7 Z8-e FACZ (free radical)oll A}
£ Foisle] A& Fo| gatst @it QIAlA =315 9
Ask= =2 AM-EY, DPPHE P8 #2712 cysteine,
glutathiones} 72 38Hf- o4k} ascorbic acid, aromatic
amine (p-phenylenediamine, p-aminophenol) 5o &3}
Ao} gAglng §itsl Eo] giksls 24 Bl o
57 rh? Hj2e] 232EE5 Zb7te] SR ES V)
o) 2 A = 3 FRBHAIQ! ascorbic acid, butylated
hydroxy anisole (BHA) ¥ troloxE th&r-2E 3l DPPH
gz 27l ojgk dbsleyd AYS AAlEth A8
A3} DPPH &/42it)z £AHoR W& 238 5 &3
B AR g3t 84S S4% A, 25555 ethylacetate
2 buthanol £ ENA & &0 & vl8)] 2
Oz 47 848 Ye o, 1 5 ethylacetate &<
A e 2 Hrz 27 848 BoiFSith DPPH] &
Ageizt 27184 0] vl =4 el ethylacetate T2
2] ICy, 72 9.27 pg/mi= AT (Table I).

Xanthine oxidase 24M| — Xanthine oxidase= ¥4
730l 4] xanthine dehydrogenase=5-E] A/d Ft}. Xanthine
oxidasex= hypoxanthine® AFIAA HFTHOZ uric acid2t
AnF AYAE Aafelr|9 FAHAIET T o] AR
2] wAlsHA ). Uric acidd] S3& o8 B3
S FEAZIM uric acid B3] JAAT ol AEE #g
g BEA2AM §83 Rolt}h Athr} xanthine oxidasedll
ols) AAY AafErlE AT 48 2t v
228 9 23E A5 F542 xanthine oxidase &4 &
Aol i3+ A= dichloromethane T8 E©] -2 xanthine
oxidase B4 A UehioH ethylacetate 3 EoA %
N3 =& FAGAES HoFth Xanthine oxidase &
2] 93A)71 &8 dichloromethane ¥-8&2] IC, % 93.01
pg/miZ EFSITE (Table I).

Superoxide 27 &4 - G AkslA QlAkske] 3t
AEd AR = AA 2FAe] 04-4% FEE free radical
superoxide (*0,)E &= A 0, = HE reactive
oxygen species (ROS)E H&=jo] 254 L= 7208
AFEESE U8 20R deiA Utk A eEE -0,
= WA gatsl o) ol 93l superoxide dismutase
(SOD)ll 2l8 whzA spdsheaz Agkdnk® g of
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Table 1. Comparison of antioxidant potential on EtOH extract and solvent fractions of Artemisia scoparia

1Cs (ug/ml)a)

Superoxide radical
scavenging activity

Xanthine oxidase
inhibitory activity

Treatment DPPH radical
scavenging activity

80% EtOH 48.38+1.68
hexane fr. > 1000
CH,CI, fr. 149.67+2.17
EtOAc fr. 9.27+£0.96
BuOH fr. 40.53+1.60
Water fr. 342.76+2.53
BHA” 22.70+0.61
Ascorbic acid 3904322
Trolox 8.62+2.20
Allopurinol NAY

311.81+2.49 > 1000
320.34+2.50 192.57+2.28
93.01+1.96 419.46+2.62
147.02+ 2.16 16.97+1.22
> 1000 17.88+1.25
381.67+2.58 34.48+1.53

NA® NA?

NA? NA?
288.60+4.4 189.9+2.03
3.1240.17 22.65+0.35

a)ICSO values were calculated from regression lines using five different concentrations in triplicate experiments.

®Butylated hydroxy anisole.
“NA: not available method.

A4 Ak oAAIZE A2 kst 34388 /X138
ol 2AI7F A4 79 dHF o E AASAEd 27 Yot
o] AtAEYAE AHA R AX AEA
dE QoTA Al2EGE doden TR 9T
Foh wb Atk 2719 RIS 2 S e
2w AbslA] £k o) §88 AS=E Al HT.
Superoxide radical 22 &0l g 3= ethylacetate 3}
buthanol H-&&0|A %2 superoxide radical 271845 1}
EFA O 1 hexane ¥ & E A% Bl ZH %2 superoxide
radical 27848 BTt} Superoxide radical 42784
o] A VERd ethylacetate ¥-82¢] IC,, 342 16.97 pg/m/
2 YERITY (Table 1).

MZ SMojl O|Xl= Y& - LDH= 2E AlXe Axd
QHol] EAS= BARA] pyruvic acid 9} lactic acid 7+] 7}
A2 Aghe] #ofst] Fujx-g-S stm, LDHE WES X
Zol gjd o g Fo 2 Fue} F LDt 45T
th RAW264.7 AE (1.5x10° cells/m/ol] A& =3} LPS
(1 pgmhE A Aelstd 2447+ wi kgt 3, LDH assay
WS o] &ate] ME 5AE 818 Z3, hexane 8=
oA ZAgo] vehkor thE EgEddM= Ao HA4o] vt
ERR] ettt (Fig. 1).
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G Fol| EAskE NO, 9 FE2 St A4+
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Fig. 1. Inhibitory effect of EtOH extract and solvent fractions
of A. scoparia on the nitric oxide production in RAW 264.7
cells. The production of nitric oxide was assayed from culture
medium of cells stimulated with LPS (! pg/m/) in the presence
of EtOH extract and solvent fractions of 4. scoparia (50 pg/
m/). NO production was determined by ELISA method. Cell
cytotoxicity was determined using LDH method. The data
represent the mean S.D. of three determinations.

2k 4 ATk (Fig. ).
iINOS2t COX-2 Mdof O|Xl= Y&k - INOSE Hio

thel NOB A4, A4E NOE WelHel Bna,
AZEY, 2989 S 28 QA A 482 e}
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LPS {1qafml) - + + +* + + + +
A. 500 (50 25 dml) - EtOH  hexane CHCl, FEtOAc BuOH Water
iNOS l s—— - - i ] 130 kDa
cox2 | oo — [ 82kDa

f-actin

“““““““”l 42kDa

Fig. 2. Inhibitory effect of EtOH extract and solvent fractions
of A. scoparia on the INOS and COX-2 protein level in RAW
264.7 cells. The protein level of INOS and COX-2 was
determined from the 24 hr culture of cells stimulated with LPS
(1 ug/m/) in the presence of EtOH extract and solvent fractions
of A. scoparia (50 pg/m/). The iNOS and COX-2 protein level
was determined using immunoblotting method.

deix Qo

RAW264.7 A3 LPS (1 pg/mHE AME-ske] iINOSS] A
e A= F H% FEEH FHES AYsie @A
Ao t8lk AA H=E immunoblottingS- 53 LolH.St
o}, 2 Az 9lE 42345 hexane, dichloromethane 2
ethylacetate F-FE-o] LPS ©&E 2] H)3l] g JA)
3= JeRT (Fig. 2). ol8gh A= NO2| A4 o
A7} INOS HE A E T3 Aoz A

COX-2 Waio] D|Xl= ¥ — tre) 85 oA oF=s
o] 28714 & prostagladin 4 2AE JERH o=
COX-29] A4 2 EAAe ol &g Zlo|t}t. COXe COX-
13} COX-22 ‘irlo] Az Tt AlEoM 22 te
3 A YERAY, COX-12 ¢ 2 2137159 A, ¥
a2%e| Ao 23 prostagladin®] gl FH-&-shH, 4
o2 COX-2E SEON A7k FFHHE F-9lollA] &
HEoh™) webd CoX-200 2]3t prostaglading®] T4 A
Z9ks-S milsle Z10RE oJAZICE RAW 264.7 Al Zef LPS
(1 pgmh=E A= FiLH1E 3283 £9E55 Aty
918t A}, hexane?} dichloromethane F-&E<A 733k ¢
A 38 2AY (Fig. 2).

Prostaglandin E, (PGE,) 4430l 0|X|= & — Macro-
phage RAW 264.7 A XA B4R PGE, oA &3
£ ELISA kitE ©]8-3l st = 23 PGE, A4
4= dichloromethan -8 Zol|A £& oA a3& e+
ler, 8122 dichloromethan E3Eo] LPSel| o3
HHE PGE, AA FFE Frhe 2S 3 & F U
t} (Fig. 3). ©o|2g A= CcoX-29] B4 #17} PGE, A
2 AAE 53 AS=E A,

3 =

H|2: 2258 7FX| 3L DPPH radical 2484 oJg &
23184 AAAI} EtOH extractd} ethylacetate, buthanol
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PEG, inhibition (%)
—&— |LDH release (%)
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Fig. 3. Inhibitory effect of EtOH extract and solvent fractions
of A. scoparia on the PGE, production in RAW 264.7 cells.
RAW 264.7 cells (1.5x10° cells/m/) were stimulated by LPS
(1 pg/ml) with EtOH extract and solvent fractions (50 pg/m/)
from A. scoparia for 24 hr. Supernatants were then collected
after 24 hr and PGE, concentration from supematants was
determined by ELISA method. The data represent the mean
S.D. of three determinations.

B B4 =& radical 24 & VERY 21, xanthine
oxidase SAE 7= dichloromethanes} ethylacetate -2}l
A, superoxide 427 €/3-2 hexane, ethylacetate 2 buthanol
B EA Zpzt vElstth
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cetate -3 2o NO2} INOS A oA 2371 velhde
5, hexane¥} dichloromethane &34 COX-2% PGE,
A4 A E37F EFSTE SEAIRE hexane E8 &A=
AFE=Ao] Yehd Ao Hol AEEA o3 A &
go] vehd 7o F4gHr

B Ag 24945 goksld, v F2EY £8 B =
& kst 53 9 NO, iNOS, COX-2 2 PGE,9 44
AA EA7F JeRgeH, oleldt A= H|&dA a4
e

222 B9 297 239 97 e AL A
2% 5 e 9% oA 4R B2 2 2 F874d @
P

ol Fa3%k 712 A5/ 2 Zlojg}t Alsdr). B3 &
FEEEREH 9% A HES EFsa4 488
dichloromethane3} ethanol &3 &9l thsld E2]& 313
Zoll At

AL AL

B A7E AR Ad71EEAAN] (RTI04-02-07)
Aol ozt FYE UL
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