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In Vitro Antioxidant and Anti-inflammatory Activities of Jaceosidin
from Artemisia princeps Pampanini cv. Sajabal
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Oxidized low-density lipoprotein (oxLDL) plays a key role in the inflammatory processes of ath-
erosclerosis. Jaceosidin isolated from the methanolic extracts of the aerial parts of Artemisia
princeps Pampanini cv. Sajabal was tested for antioxidant and anti-inflammatory activities.
Jaceosidin inhibited the Cu2+-mediated LDL oxidation with IC50 values of 10.2 �M in the
thiobarbituric acid-reactive substances (TBARS) assay as well as the macrophage-mediated
LDL oxidation. The antioxidant activities of jaceosidin were exhibited in the conjugated diene
production, relative electrophoretic mobility, and apoB-100 fragmentation on copper-mediated
LDL oxidation. Jaceosidin also inhibited the generation of reactive oxygen species (ROS) con-
cerning in regulation of NF-�B signaling. And jaceosidin inhibited nuclear factor-kappa B (NF-
�B) activity, nitric oxide (NO) production, and suppressed expression of inducible nitric oxide
synthase (iNOS) in lipopolysaccharide (LPS)-induced RAW264.7 macrophages.
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INTRODUCTION

Artemisia princeps Pampanini (Family Asteraceae) has
been widely cultivated in Korea, Japan, and China, and
the leaves of A. princeps Pamp. have long been used as
tea, food, and traditional medicine in Korea. The recent
studies have reported that extracts of A. princeps Pamp.
possess anti-diabetic and antiallergic activities (Jung et
al., 2007; Lee et al., 2006). Various flavonoids, sterols,
and a lot of volatile chemicals were isolated from the
aerial parts of A. princeps Pamp. (Bang et al., 2005, 2006;
Umano et al., 2000). Sajabalssuk, a variant of A. princeps
Pamp., is particularly cultivated in Ganghwa County, a place
located in the west coast of Korea. It contains a high-
content of flavonoids such as eupatilin and jaceosidin

compared to the Artemisia herbs from other regions in
east and south coast of Korea (Ryu et al., 2005).

Bioflavonoids from citrus fruit peel, naringin and hes-
peridin, are known to have antioxidant and anti-inflammatory
activities and their anti-atherogenic effects in hypercholes-
terolemic rats and rabbits also are well known (Jeong et
al., 2001; Lee et al., 2002; Jeon et al., 2007; Wilmsen et
al., 2005). Four flavonoids, jaceosidin, eupatilin, eupafolin,
and apigenin, were isolated from the aerial parts of A.
princeps Pamp. cv. Sajabal (Bang et al., 2005). We in-
vestigated the inhibitory activities of four flavonoids on
atherogenic targets, low-density lipoprotein (LDL)-oxidation,
acyl-CoA: cholesterol acyltransferase (ACAT), lipoprotein-
associated phospholipase A2 (Lp-PLA2), and cholesteryl
ester transfer protein (CETP). Among them, jaceosidin
exhibited significant LDL-antioxidant activity. LDL is sus-
ceptible to oxidative damage, and oxidized LDL (oxLDL)
plays a key role in the development of atherosclerotic
lesions (Steinberg, 1997). OxLDL in vessel wall is subjected
to uptake rapidly by scavenger receptors on monocyte-
derived macrophages, leading to the formation of foam
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cells that accumulate cholesterol (Glass et al., 2001). LDL
oxidation is associated with the formation of a number of
highly reactive molecules which cause vascular inflamma-
tion (Steinberg, 2002). Experimental studies in animal
models and humans have indicated that reactive oxygen
species (ROS) mediate or enhance virtually every aspect of
atherosclerotic lesion formation (Griendling and FitzGerald,
2003). Atherogenesis is accompanied by increasing lipid
peroxidation in vivo. ROS promotes lipid peroxidation and
oxidative damage to LDL. Several lines of investigation
suggest that suppression of LPS-induced ROS results in
diminution of NF-�B activity and subsequent inhibition of
NF-�B responded gene expression (Park et al., 2005).
NO derived from iNOS protein plays a significant role in
regulating macrophage activation and proliferation in vitro
through regulation of NF-�B activity (Zingarelli et al., 2002).

In this study, the antioxidant activities of jaceosidin were
evaluated using several methods: Cu2+-mediated and
macrophage-mediated LDL oxidation in the thiobarbituric
acid-reactive substances (TBARS) assay; measurement
of the formation of conjugated diene; relative electrophoretic
mobility (REM); fragmentation of ApoB-100 on LDL oxida-
tion; and 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical scav-
enging activity. And we examined the effects of jaceosidin
on LPS-mediated ROS, NO, iNOS, and NF-�B activation
in murine RAW264.7 macrophages.

MATERIALS AND METHODS

Plant materials
The aerial parts of A. princeps Pamp. cv. Sajabal were

provided from Ganghwa County Agricultural Technology
Center, Incheon, Korea, which were harvested at Gangwha
County in 2003 and stored for 2 years in the air. The A.
princeps Pamp. cv. Sajabal was identified by Prof. Ryu S.
N. (Department of Agricultural Science, Korea National
Open University, Seoul 110-791, Korea).

Chemicals and reagents
Silica gel (63-200 mesh) for column chromatography was

purchased from Merck Korea. Human monocyte THP-1
cells and murine RAW264.7 cells obtained from American
Type Culture Collection (ATCC, Manassas, VA). The RPMI
1640 medium, Dulbecco's modified Eagle's medium
(DMEM), and antibiotics used in this study were purchas-
ed from Gibco Laboratories (Grand Island, NY). The fetal
bovine serum (FBS) was obtained from Hyclone Labora-
tories (Logan, UT). All of the reagent grade chemicals
were purchased from the Sigma-Aldrich Korea.

Extraction and isolation of flavonoids
The aerial parts of A. princeps Pamp. cv. Sajabal (4 kg)

were ground and extracted two times with 80% methanol

(15 L) for 24 h at room temperature. The combined
methanolic extracts were concentrated in vacuo, and the
resulting aqueous suspension was successively partitioned
with EtOAc and n-BuOH. The EtOAc-extracted residue
(47 g) was chromatographed on silica gel (�4�20 cm) with
a step gradient of n-hexane-EtOAc (7:1, 5:1, 3:1, 1:1, v/v)
to give 20 fractions (SSE-1~SSE-20) at the first column.
The SSE-16 fraction (1.53 g) was rechromatographed on
silica gel (�4�20 cm) with CHCl3-MeOH solvent pairs
(30:1, v/v) to obtain compound 1 (SSE-16-4, 127 mg) and
compound 3 (SSE-16-8, 13 mg). Among the second
column, SSE-16-6 (558 mg) was applied to ODS column
(�3�20 cm) eluting with MeOH-H2O (2:1, v/v) to obtain
compound 2 (57 mg). The other fraction, SSE-17 (409
mg) was purified by silica gel column (�5�12 cm) eluting
with CHCl3-MeOH (3:1, v/v) to obtain compound 4 (42
mg). The compounds 1-4 were identified as eupatilin (1),
jaceosidin (2), apigenin (3), and eupafolin (4) on the basis
of the physicochemical properties and spectroscopic
analysis (Bang et al., 2005) and by comparison with values
reported in the literatures (Ryu et al., 1997; Aguinaldo et
al., 2003; Miyazawa et al., 2003; Jin et al., 2005).

In vitro assay of ACAT, Lp-PLA2, and CETP
ACAT and Lp-PLA2 inhibitory activities of four flavonoids

were examined as described (Kim et al., 2005). CETP
inhibitory activity of four flavonoids was investigated as
described (Kim et al., 1996).

In vitro antioxidant assay
Blood was collected from normalipidaemic volunteers

with permission according to the ‘Guidelines of Blood
Donation Program for a Research’ of the Korea Red Cross
Blood Center and LDL was isolated from the plasma by
preparative ultracentrifugation as described (Lee et al.,
2005).

The LDL oxidation was determined spectrophotometri-
cally by measuring the amount of TBARS (Yagi, 1982). A
LDL solution (120 �g/mL) in phosphate buffered saline
(PBS) was supplemented with 5 �M CuSO4 as an oxida-
tion initiator. The oxidation was performed in a screw-
capped 5 mL glass vial at 37oC in the presence or absence
of test compounds. After 4 h incubation, the reaction was
terminated by addition of 1 mL of 20% trichloroacetic acid.
Following precipitation, 1 mL of 0.67% TBA in 0.05 N
NaOH was added and vortexed, and the final mixture was
heated for 5 min at 95oC, cooled on ice, and centrifuged
for 2 min at 1,000 � g. The optical density of the produced
malondialdehyde was measured at 532 nm. Calibration
was done with a standard curve of malonaldehyde bis
(dimethyl acetal) (MDA) equivalents generated by acid-
catalyzed hydrolysis of 1,1,3,3-tetramethoxypropane.

The formation of conjugated dienes was measured by
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monitoring of the absorbance at 234 nm (Esterbauer et
al., 1989) using an UV-visible spectrophotometer (Hewlett
Packard model 8453, Agilent Technologies, Germany).
Three mL of an LDL solution (120 �g/mL) in PBS was
incubated with 5 �M CuSO4 at 37oC in the presence or
absence of jaceosidin, thereafter the absorbance at 234
nm was measured every 10 min. The plot of absorbance
against time produces three phases: (a) a lag phage, (b) a
propagation phase, and (C) a decomposition phase. The
lag time (the extent to which the compounds protected
LDL from oxidation was reflected by prolongation of the lag
phase compared to that of control) was measured as the
intercept between the baseline and the tangent of the
absorbance curve during the propagation phase.

The REM of native or oxidized LDL was detected by
agarose gel electrophoresis (Reid and Mitchinson, 1993).
After LDL oxidation, samples were loaded onto 0.7%
agarose gel and electrophoresed in TAE buffer [40 mM
Tris, 40 mM acetic acid, and 1 mM ethylenediaminetetra-
acetic acid (EDTA)]. After electrophoresis, lipoprotein
bands were stained with Coomassie Brilliant Blue R250,
and REM was defined as ratio of the distances migrated
from the origin by ox-LDL vs native LDL.

After the oxidation with or without jaceosidin, samples
were denatured with 3% SDS, 10% glycerol, and 2-
mercaptoethanol at 95oC for 10 min. SDS-polyacrylamide
gel electrophoresis (SDS-PAGE, 4%) was performed to
detect the apoB-100 fragmentation (Miura et al., 1994).
The electrophoresis was processed at 100 V for 80 min.
After the electrophoresis, the gel was dried and stained
with Coomassie Brilliant Blue R250. Density of each spot
was measured at 550 nm by a Shimadzu Dual-wavelength
flying-spot scanner CS-9000.

Radical DPPH scavenging activity
The radical DPPH scavenging activity was measured

according to the procedure described (Bursa and Oleszek,
2001). In brief, freshly made radical DPPH solution (2 mL,
final conc. 100 �M) was added to 1 mL of jaceosidin (final
conc. 100 �M) in methanol. The absorbance of DPPH
radical remaining was measured at 517 nm against a
blank of pure methanol including only DPPH radical for 35
min using the UV-visible spectrophotometer at room
temperature. The radical DPPH scavenging capacity was
calculated from the difference in the absorbance with
tested compounds and expressed as percent DPPH
radical remaining.

Human macrophage-mediated LDL Oxidation
Human monocyte THP-1 cells were cultured in RPMI

1640 medium with phenol red containing 100 U/mL of
penicillin, 100 �g/mL of streptomycin, and 10% FBS at
37oC under 5% CO2 in air. THP-1 monocytes were in-

cubated at 1�106 cells/well in PMA (150 ng/mL) for 4 day
to induce differentiation into macrophages. THP-1 macro-
phages were replaced with phenol red-free and serum-
free RPMI 1640 media. To examine the effect of jaceosidin
on macrophage-mediated LDL oxidation, cells were in-
cubated with 100 �g/mL of LDL in the serum-free culture
medium with or without jaceosidin, supplemented with 2
�M CuSO4 for 24 h at 37oC. The extent of LDL oxidation
was determined directly in the harvested medium using
the TBARS assay (Lesnik et al., 1997).

Culture of RAW264.7 cells
RAW264.7 cells were cultured in DMEM containing 2

mM L-glutamine, 100 U/mL of penicillin, 100 �g/mL of
streptomiycin, and 10% FBS at 37oC under 5% CO2 in air.

Measurement of intracellular ROS generation
To investigate the effect of jaceosidin on LPS-induced

ROS generation in RAW264.7 cells, a fluorometric assay
using 2',7'-dichlorofluorescein diacetate (DCFH2-DA, Mole-
cular Probes) as a probe was used for the presence of
hydroxyl radical. The intracellular production of ROS was
measured as described (Lesnik et al., 1997) with modifica-
tion. ROS have been implicated in the pathophysiology of
many vascular disorders. Confluent RAW264.7 cells (1�104

cells/well) in 96-well plates were treated or not with various
concentrations of jaceosidin for 2 h, followed by incuba-
tion with 1 �g/mL of LPS for 16 h. After the removal of media
from wells, the cells were incubated with 10 �M DCFH2-
DA for 1 h. The fluorescence was measured on a spectro-
fluorometer (Wallac 1420, Perkin-Elmer, Turku, Finland)
at 485 nm excitation and 530 nm emission wavelength.

Measurement of NO production and iNOS ex-
pression

Nitrite accumulation, as an indicator of NO production,
was measured in culture medium (Eigler et al., 1995).
RAW264.7 cells were plated at 1�106 cells/mL and treated
or not various concentrations of jaceosidin for 2 h, followed
by incubation with 1 �g/mL of LPS for 16 h. The isolated
supernatants were mixed with an equal volume of Griess
reagent [1% sulfanilamide and 0.1% N-(1-naphthyl)
ethylenediamine in 2% phosphoric acid] and incubated for
10 min at room temperature. Sodium nitrite was used to
generate a standard curve, and the nitrite concentration
was determined by measuring the optical density at 540
nm with a Microplate reader (Bio-Rad, Hercules, CA).

The expression of iNOS in the cell lysates was mea-
sured as described (Yadav et al., 2003) by Western blot
analysis. RAW264.7 cells were treated or not with jaceosidin
for 2 h, followed by incubation with 1 �g/mL of LPS for 16
h. The cells were washed twice in ice-cold PBS. The cell
lysates were prepared by suspending 1�106 cells in 100
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�L of lysis buffer [140 mM NaCl, 15 mM ethylene glycol-
bis(2-aminoethyl ether)-N,N,N',N'-tetraacetic acid (EGTA),
0.1 mM sodium orthovanadate, 15 mM MgCl2, 0.1% Triton
X-100, 100 mM PMSF, and 20 mM leupeptin, pH 7.5],
disrupted by sonication, and extracted for 30 min at 4oC.
The cytoplasmic extracts were centrifuged at 15,000 g for
10 min. Samples of equal amounts of proteins were sep-
arated through 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE). After electrophoresis,
proteins were transferred to an Immobilon-P membrane
(Millipore Co., Bedford, MA). The membrane was incubated
for 2 h at room temperature with iNOS antibody (BD
Transduction Laboratories, Lexington, KY). Immunoreactive
proteins were detected with the ECL Western blotting kit
(Amersham).

NF-�B activity assay
NF-�B activity was determined by using RAW264.7

cells stably transfected with a plasmid containing 8 copies
of �B elements linked to secreted alkaline phosphatase
(SEAP) gene (Lee et al., 2002). The cells were kindly
provided by Dr. Jung Joon Lee (KRIBB, Daejeon, Korea).
NF-�B activity was performed as described (Xu et al.,
2006).

Data analysis
All values are expressed as mean ± standard deviations

(S.D.) of two independent experiments performed in
duplicate. Statistical analysis was done using Student's t-
test. A value of p<0.05 was considered statistically signi-
ficant.

RESULTS AND DISCUSSION

As described in the extraction and isolation procedures,
phytochemical investigation on the aerial parts of A. princeps
Pamp. cv. Sajabal led to the isolation of four flavonoids,
jaceosidin, eupatilin, eupafolin, and apigenin (Fig. 1) (Bang

et al., 2005). Four flavonoids were investigated the inhibitory
activities on atherogenic targets, LDL-oxidation, ACAT, Lp-
PLA2, and CETP. From the screening results, jaceosidin
exhibited significant LDL-antioxidant activity (64.6 ± 0.4%
inhibition at 5 �g/mL) and eupatilin has mild ACAT1 inhi-
bitory activity (56.9 ± 7.6% inhibition at 100 �g/mL (Table
I). And so, jaceosidin was first evaluated for its potential to
inhibit LDL-oxidation using several methods. At first, jace-
sodin showed potent Cu2+-induced LDL-antioxidant activities
with IC50 value of 10.2 �M in TBARS assay (Fig. 2).

Oxidation of LDL was assessed by the formation of
conjugated dienes at 234 nm. The lag time of conjugated
diene production, indicating of the resistance of LDL to
oxidation, was prolonged when LDL was incubated with
jaceosidin. As shown in Fig. 3, the LDL (120 �g/mL) was
incubated with 5 �M CuSO4 alone to have a lag time of 67
min. In the presence of 1, 3, and 5 �M jaceosidin, the lag
time was extended to 75, 80, and 89 min, respectively.
Thus, jaceosidin delayed LDL oxidation much greater
than that of control.

To evaluate another parameter that is affected by LDL
oxidation, jaceosidin was applied to REM assay. As shown
in Fig. 4, The LDL was incubated with 5 �M CuSO4 for 12 h

Fig. 1. Chemical structures of jaceosidin, eupatilin, eupafolin, and
apigenin isolated from the aerial parts of A. princeps Pamp. cv. Sajabal

Table I. Inhibitory activities of jaceosidin, eupatilin, eupafolin, and apigenin on LDL- oxidation, ACAT, Lp-PLA2, and CETP

Flavonoids
Inhibition (%)

LDL-oxidationa)

(5 �g/mL)
hACAT1b)

(100 �g/mL)
hACAT2b)

(100 �g/mL)
Lp-PLA2

c)

(100 �g/mL)
CETPd)

(50 �g/mL)

Jaceosidin 64.6 ± 0.4 20.1 ± 1.0 22.9 ± 8.6 10.3 ± 5.1 0
Eupatilin 25.8 ± 1.6 56.9 ± 7.6 34.8 ± 7.4 25.3 ± 1.5 0
Eupafolin 30.8 ± 4.2 0 0.8 ± 0.1 24.4 ± 0.3 29.2 ± 0.5
Apigenin 25.5 ± 1.2 11.6 ± 1.0 0 11.5 ± 1.1 20.5 ± 2.0

a)The inhibitory activity of low-density lipoprotein (LDL) oxidation was measured in thiobarbituric acid-reactive substances (TBARS) assay. b)In vitro
acyl-CoA: cholesterol acyltransferase (ACAT) inhibitory activity was measured using expressed hACAT-1 and -2. c)Lipoprotein-associated
phospholipase A2 (Lp-PLA2) inhibitory activity was measured using isolated human LDL (15 �g protein). d)Cholesteryl ester transfer protein (CETP)
inhibitory activity was measured using partially purified protein sources isolated from human plasma. Data are shown as mean ± S.D. from two
independent experiments performed in duplicate.



Antioxidant and Anti-inflammatory Activities of Jaceosidin 433

to induce the oxLDL (lane 2). The REM of LDL in jaceosidin
was reduced dose dependently. In the presence of each
40, 20, 10, and 5 �M jaceosidin, the LDL oxidation was
protected in 81.0 ± 0.5, 31.0 ± 0.8, 7.1 ± 1.0, and 4.8 ±
1.6%, respectively, as compared to that of oxLDL.

It has been reported that products of lipid peroxidation
such as malondialdehyde (MDA) could cause fragmenta-
tion of apoB-100, a major component of LDL (Tanaka et al.,
1999). The inhibition of the oxidative process by jaceosidin
was evaluated by the densitometric area of band of apoB-
100 through SDS-PAGE (Fig. 5). The band of apoB-100
was observed on native LDL (lane 2), which had been
incubated without 5 �M CuSO4 for 12 h at 37oC, but the
band completely disappeared when the LDL was incubat-
ed with 5 �M CuSO4 (lane 3). Jaceosidin at 10, 20, and 40
�M protected the fragmentation of apoB-100 in 11.5 ± 0.5,
58.3 ± 0.3, and 86.3 ± 0.7%, respectively.

The antioxidant activity of jaceosidin in macrophage-
mediated oxidation of LDL was examined (Table II). The
cellular oxidative modification of LDL to a form recognized
by the scavenger receptor requires the presence of transi-
tion metal ions in the medium. In the case of the LDL
incubated in the presence of THP-1 macrophages without
CuSO4, the MDA-like product formation (32.3 ± 1.5 MDA
nmol/mg LDL protein) was too low. The copper-induced
LDL oxidation in the absence of the cells slightly increased

Fig. 2. Inhibitory activity of jaceosidin on Cu2+-induced LDL-oxidation in
TBARS assay. LDL (120 �g/mL) was incubated for 4 h at 37oC in PBS
buffer (pH 7.4, 10 mM) with 5 �M Cu2+ in various concentrations of
jaceosidin.

Fig. 3. Effect of jaceosidin on the generation of conjugated diene during
the copper-mediated oxidation of LDL. Conjugated diene formation was
measured by determining the absorbance at 234 nm every 10 min for 4
h. One of three representative experiments is shown.

Fig. 4. Effect of jaceosidin on changes in REM of LDL. Lane 1, native
LDL (absence of CuSO4); lane 2, ox-LDL; lane 3, jaceosidin (40 �M);
lane 4, jaceosidin (20 �M); lane 5, jaceosidin (10 �M); lane 6,
jaceosidin (5 �M).

Fig. 5. Effect of jaceosidin on apoB-100 fragmentation in Cu2+-mediated
LDL oxidation. Lane 1, marker; Lane 2, native LDL (absence of CuSO4);
lane 3, ox-LDL; lane 4, jaceosidin (10 �M); lane 5, jaceosidin (20 �M);
lane 6, jaceosidin (40 �M). 

Table II. Effect of jaceosidin on macrophage-mediated LDL oxida-
tion

Incubation conditionsa) MDA nmol/mg LDL proteinb)

LDL + Cu2+ 256.4 ± 24.1
LDL + cell + Cu2+ (control) 277.1 ± 26.5
 LDL + cell + Cu2+ + 20 �M jaceosidin 107.3 ±2 0.1
LDL + cell + Cu2+ + 10 �M jaceosidin 204.0 ± 17.6*
LDL + cell + Cu2+ + 5 �M jaceosidin 270.0 ± 26.1*

a)LDL (100 �g/mL) was incubated for 24 h at 37oC in serum-free RPMI
1640 medium with 2 �M Cu2+ in the absence (control) or presence of
each 5-20 �M jaceosidin.
b)The extent of LDL oxidation was directly determined in the harvested
medium using the TBARS assay. Data are shown as mean ± S.D.
from two independent experiments performed in duplicate. *p<0.05 vs.
control.



434 M.-J. Kim et al.

the MDA-like product formation (56.4 ± 4.1 MDA nmol/mg
LDL protein). Surprisingly, the copper-induced plus macro-
phage-mediated LDL oxidation (277.1 ± 6.5 MDA nmol/
mg LDL protein) was 5-fold higher as compared with only
the copper-induced LDL oxidation. Therefore, the antioxi-
dant activity of jaceosidin was tested by macrophage-
mediated LDL oxidation with 2 �M CuSO4. The content of
the MDA-like product in the presence of 20, 10, and 5 �M
jaceosidin was reduced 69.3%, 29.9%, and 2.9%, respec-
tively. These results indicated that jaceosidin has the
significant antioxidant activities on macrophage-mediated
LDL oxidation. Macrophages have essential functions in
all phases of atherosclerosis, from development of the fatty
streak to processes that ultimately contribute to plaque
rupture and myocardial infarction. Although macrophages
may not be required to initiate LDL oxidation, they are
likely to amplify oxidative reactions in macrophage-rich
areas of atherosclerotic lesions (Li and Glass, 2002). The
antioxidant activity of jaceosidin on macrophage-mediated
LDL oxidation provides a basis for in vivo anti-atherogenic
efficacy test of jaceosidin.

The radical DPPH scavenging activity is an important
parameter to determine antioxidant activity. The activity of
jaceosidin was measured as decolorizing activity following
the trapping of the unpaired electron of DPPH (Fig. 6).
After 35 min, 82.0 ± 4.9% DPPH radicals remained at the
presence of 100 �M jaceosidin. Therefore, jaceosidin
showed mild radical scavenging capacity.

Since ROS plays an important role in atherosclerosis
and other cardiovascular diseases, we determined whether
jaceosidin inhibited ROS generation in LPS-stimulated
RAW264.7 macrophages using DCFH2-DA. Prior to our
study on the anti-inflammatory effect of jaceosidin, the 3-

(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
bromide (MTT) assay was performed to determine the
potential toxicity of jaceosidin to RAW264.7 macrophages.
The jaceosidin at a concentration up to 40 �M had no
effect on cell viability (data not shown). RAW264.7 cells
were incubated with LPS for 16 h to increase ROS
generation about 5.6-fold as compared to control (LPS
absence). Pretreatment with various concentrations of
jaceosidin for 2 h was significantly reduced LPS-induc-
ed ROS generation in a dose-dependent manner (Fig. 7).

We next examined the effect of jaceosidin on NO pro-
duction and iNOS expression in activated macrophages.
NO production was monitored in RAW264.7 cells stimulated
by LPS in the presence or absence of jaceosidin for 16 h.
LPS (1 �g/mL) increased the level of nitrite in culture
medium by 6-fold as compared to control (LPS absence),
and 40 �M jaceosidin inhibited 90.7% NO production (Fig.
8A). Western blot analysis confirmed that 40 �M jaceosidin
markedly suppressed the expression of iNOS protein
stimulated by LPS (Fig. 8B).

Transcription factors of the NF-�B proteins play an
important role in the regulation of genes involved in pro-
inflammatory and prothrombotic responses in human
atherosclerosis (Monaco et al., 2004a). Therefore, many
authors addressed NF-�B as an important therapeutic
target in atherosclerosis and thrombosis (Monaco et al.,
2004b). To investigate a molecular mechanism in the anti-
inflammatory effect of jaceosidin, NF-�B transcriptional
activity was monitored using RAW264.7 cells stably trans-
fected with a plasmid containing 8 copies of �B elements
linked to SEAP gene. The LPS-induced cells increased

Fig. 6. Effect of jaceosidin on radical DPPH scavenging. Jaceosidin
(100 �M) was incubated with 100 �M DPPH in methanol for 35 min at
room temperature. The absorbance of jacoesidin solution was mea-
sured at 517 nm. The antiradical activity was expressed by the
percentage of remaining DPPH.

Fig. 7. Effect of jaceosidin on the intracellular ROS level in LPS-
induced RAW264.7 macrophages. RAW264.7 cells were pretreated
with 5-40 �M jaceosidin for 2 h, followed by incubation 1 �g/mL of LPS
for 16 h. Cells were washed twice with PBS, and the intracellular levels
of ROS were analyzed by VICTOR3 (485/538 nm). The data represent
mean ± S.D. (n = 4). #p<0.01 vs. media-treated group. * p<0.05,
**p<0.01 vs. LPS-treated group.
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SEAP expression to about three-fold over the basal levels.
As shown in Fig. 9, jaceosidin inhibited the SEAP expres-
sion in a dose-dependent manner. This is the first report
demonstrating NF-�B inhibitory activity of jaceosidin in
LPS-induced RAW264.7 macrophages.

In summary, jaceosidin, isolated from the methanolic
extracts of the aerial parts of A. princeps Pamp. cv. Sajabal,
showed potent antioxidant activities in the Cu2+-mediated
LDL oxidation in TBARS assay as well as the macrophage-
mediated LDL oxidation. In addition, jaceosidin inhibited
the conjugated diene formation, REM of oxLDL, and frag-
mentation of apoB-100 on Cu2+-induced LDL. There has
been known that NO and ROS are responsible for regula-
tion on the transcriptional pathways of NF-�B. Jaceosidin
inhibited ROS and NO production and iNOS expression in
LPS-stimulated RAW264.7 cells. In addition, jaceosidin
inhibited the LPS-induced NF-�B activation. These results
are suggested that jaceosidin may constitute an additional
antioxidant and anti-inflammatory agent for anti-atheros-
clerosis. Further studies remain to be elucidated how
jaceosidin regulates the NF-�B activation. And the anti-
atherogenic efficacy test of jaceosidin in high cholesterol
diet-fed LDL receptor-deficient mice is underway.

ACKNOWLEDGEMENTS

This work was supported by a grant from the Ganghwa
County Agricultural Technology Center for ‘Evaluation of
biological activity and pharmacological efficacy for plants
indigenous to Ganghwa’.

REFERENCES

Aguinaldo, A. M., Padolina, W. G. Abe, F., and Yamauchi, T.,
Flavonoids from Mikania cordata. Biochem. Sys. Ecol., 31,
665-668 (2003).

Bang, M. H., Kim, D. H., Yoo, J. S., Lee, D. Y., Song, M. C., Yang,
H. J., Jeong, T. S., Lee, K. T., Choi, M. S., Chung, H. G., and
Baek, N. I., Development of biologically active compounds
from edible plant sources XIV. Isolation and identification of
flavonoids from the aerial parts of Sajabalssuk (Artemisia
herba). J. Kor. Soc. Appl. Biol. Chem., 48, 418-420 (2005).

Bang, M. H., Chung, H. G., Song, M. C., Yoo, J. S., Chung, S.
A., Lee, D. Y., Kim, S. Y., Jeong, T. S., Lee, K. T., Choi, M. S.,
and Baek, N. I., Development of biologically active com-
pounds from edible plant sources XIV. Isolation of sterols
from the aerial parts of Sajabalssuk (Artemisia herba). J. Kor.
Soc. Appl. Biol. Chem., 49, 140-144 (2006).

Bursa, S. Y. and Oleszek, W., Antioxidant and antiradical activi-
ties of flavonoids. J. Agric. Food Chem., 49, 2774-2779 (2001).

Eigler, A., Moeller, J., and Endres S., Exogenous and endogenous
nitric oxide attenuates tumor necrosis factor synthesis in the
murine macrophage cell line RAW 264.7. J. Immunol., 154,
4048-4054 (1995).

Esterbauer, H., Striegl, G., Puhl, H., and Rotheneder, M., Con-
tinuous monitoring of in vitro oxidation of human low density
lipoprotein. Free Radic. Res. Commun., 6, 67-75 (1989).

Glass, C. K. and Witztum, J. L., Atherosclerosis. The road ahead.

Fig. 8. Effect of jaceosidin on NO production and iNOS expression in
LPS-induced RAW264.7 macrophages. RAW264.7 cells were pre-
treated with jaceosidin for 2 h, followed by incubation 1 �g/mL of LPS
for 16 h. (A) Inhibitory effect of jaceosidin on LPS-inducible NO
production. Nitrite accumulation, as an indicator of NO production, was
measured in culture medium. (B) Inhibitory effect of jacoesidin on LPS-
inducible iNOS protein expression. The data represent mean ± S.D. (n
= 4). #p<0.01 vs. media-treated group. * p<0.05 vs. LPS-treated group.

Fig. 9. Inhibition of NF-�B-mediated transcription of the reporter gene
by jaceosidin. RAW264.7 cells transfected with a NF-�B reporter
plasmid were pretreated with jaceosidin for 2 h, and then stimulated
with LPS (1 �g/mL) for 24 h. NF-�B activity in the culture medium was
measured using SEAP assay. #p<0.01 vs. media-treated group. *p<0.05
vs. LPS-treated group.



436 M.-J. Kim et al.

Cell, 104, 503-516 (2001).
Griendling, K. K. and FitzGerald, G. A., Oxidative stress and

cardiovascular injury: Part II: animal and human stidues.
Circulation, 108, 2034-2040 (2003).

Jeon, S. M., Kim, H. K., Kim, H. J., Do, G. M., Jeong, T. S., Park,
Y. B., and Choi, M. S. Hypocholesterolemic and antioxidative
effects of naringenin and its two metabolites in high-
cholesterol fed rats. Transl. Res., 149, 15-21 (2007).

Jeong, T. S., Lee, C. H., Choi, Y. K., Hyun, B. W., Oh, G. T., Kim,
E. H., Kim, J. R., Han, J. I., and Bok, S. H., Anti-atherogenic
effect of citrus flavonoids, naringin and naringenin, associated
with hepatic ACAT and aortic VCAM-1 and MCP-1 in high
cholesterol-fed rabbits. Biochem. Biophys. Res. Commun.,
284, 681-688 (2001).

Jin, Y. Z., Han, S. K, and Row, K. H., Extraction and purification
of eupatilin from Artemisia princeps PAMPAN. J. Kor. Chem.
Soc., 49, 196-200 (2005).

Jung, U. J., Baek, N. I., Chung, H. G., Bang, M. H., Yoo, J. S.,
Jeong, T. S., Lee, K. T., Kang, Y. J., Lee, M. K., Kim, H. J., Yeo,
J. Y., and Choi, M. S., The anti-diabetic effects of ethanol
extract from two variants of Artemisia princeps Pampanini in
C57BL/KsJ-db/db mice. Food Chem. Toxicol., 45, 2022-2029
(2007).

Kim, D. H., Jung, S. J., Chung, I. S., Lee, Y. H., Kim, D. K., Kim,
S. H., Kwon, B. M., Jeong, T. S., Park, M. H., Seoung, N. S.,
and Baek, N. I., Ergosterol peroxide from flowers of Erigeron
annuus L. as an anti-atherosclerosis agent. Arch. Pharm.
Res., 28, 541-545 (2005).

Kim, Y. K., Son, K. H., Nam, J. Y., Kim, S. U., Jeong, T. S., Lee,
W. S., Bok, S. H., Kwon, B. M., Park, Y. J., and Shin, J. M.,
Inhibition of cholesteryl ester transfer protein by rosenono-
lactone derivatives. J. Antibiot., 49, 815-815 (1996).

Lee, J. H., Koo, T. H., Hwang, B. Y., and Lee, J. J., Kaurane
diterpene, kamebakaurin, inhibits NF-kappa B by directly
targeting the DNA-binding activity of p50 and blocks the
expression of antiapoptotic NF-kappa B target genes. J. Biol.
Chem. 277, 18411-18420 (2002).

Lee, M. K., Bok, S. H., Jeong, T. S., Moon, S. S., Lee, S. E.,
Park, Y. B., and Choi, M. S., Supplementation of naringenin
and its synthetic derivative alters antioxidant enzyme
activities of erythrocyte and liver in high cholesterol-fed rats.
Bioorg. Med. Chem., 10, 2239-2244 (2002).

Lee, S. H., Shin, Y. W., Bae, E. A., Lee, B., Min, S., Baek, N. I.,
Chung, H. G., Kim, N. J., and Kim, D. H., Lactic acid bacteria
increase antiallergic effect of Artemisia princeps pampanini
SS-1. Arch. Pharm. Res., 29, 752-756 (2006).

Lee, W. S., Kim, J. R., Im, K. R., Cho, K. H., and Jeong, T. S.
Antioxidant effects of diarylheptanoid derivatives from Alnus
japonica on human LDL oxidation. Planta Med., 71, 295-299
(2005).

Lesnik, P., Dachet, C., Petit, L., Moreau, M., Griglio, S., Brudi P.,
and Chapman, M.J., Impact of a combination of a calcium
antagonist and a beta-blocker on cell- and copper-mediated

oxidation of LDL and on the accumulation and efflux of
cholesterol in human macrophages and murine J774 cells.
Arterioscler. Thromb. Vasc. Biol., 17, 979-988 (1997).

Li, A. C. and Glass, C. K., The macrophage foam cell as a target
for therapeutic intervention. Nat. Med., 8, 1235-1242 (2002).

Miura, S., Watanabe, J., Tomita, T., Sano, M., and Tomita, I., The
inhibitory effects of tea polyphenols (flavan-3-ol derivatives)
on Cu2+-mediated oxidative modification of low density
lipoprotein. Biol. Pharm. Bull., 17, 1567-72 (1994).

Miyazawa, M. and Hisama, M., Antimutagenic activity of flavo-
noids from Chrysanthemum morifolium. Biosci. Biotechnol.
Biochem., 67, 2091-2099 (2003).

Monaco, C., Andreakos, E., Kiriakidis, S., Mauri, C., Bicknell,
C., Foxwell, B., Cheshire, N., Paleolog, E., and Feldmann,
M., Canonical pathway of nuclear factor kappa B activation
selectively regulates proinflammatory and prothrombotic
responses in human atherosclerosis. Proc. Natl. Acad. Sci. U
S A, 2004, 101, 5634-5639 (2004a).

Monaco, C. and Paleolog, E., Nuclear factor kappaB: a potential
therapeutic target in atherosclerosis and thrombosis. Car-
diovasc. Res. 61, 671-682 (2004b).

Park, J. Y., Cho, H. Y., Kim, J. K., Noh, K. H., Yang, J. R., Ahn,
J. M., Lee, M. O., and Song, Y. S., Chlorella dichloromethane
extract ameliorates NO production and iNOS expression
through the down-regulation of NF kappa B activity mediated
by suppressed oxidative stress in RAW264.7 macrophages.
Clin. Chim. Acta, 351, 185-196 (2005).

Reid, V. C. and Mitchinson, M. J., Toxicity of oxidized low-
density lipoprotein towards mouse peritoneal macrophages
in vitro. Atherosclerosis, 98, 17 – 24 (1993).

Ryu, S. N., Han, S. S., Yang, J. J., Jeong, H. G., and Kang, S.
S., Variation of eupatilin and jaceosidin content of mugwort.
Kor. J. Crop Sci., 50, 204-207 (2005).

Ryu, S. Y., Kim, J. O., and Choi, S. U., Cytotoxic components of
Artemisia princeps. Planta Med., 63, 384-385 (1997).

Steinberg, D., Low density lipoprotein oxidation and its patho-
biological significance. J. Biol. Chem., 272, 20963-20966
(1997).

Steinberg, D., Atherogenesis in perspective: hypercholesterolemia
and inflammation as partners in crime. Nat. Med., 8, 1211-
1217 (2002).

Tanaka, K., Iguchi, H., Taketani, S., Nakata, R., Tokumaru, S.,
Sugimoto, T., and Kojo, S., Facial degradation of apolipo-
protein B by radical reactions and the presence of cleaved
proteins in serum. J. Biochem., 125, 173-176 (1999).

Umano, K., Hagi, Y., Nakahara, K., Shoji, A., and Shibamoto, T.,
Volatile chemicals identified in extracts from leaves of
Japanese mugwort (Artemisia princeps pamp.). J. Agric.
Food Chem., 48, 3463-3469 (2000).

Wilmsen, P. K., Spada, D. A., and Salvador, M., Antioxidant
activity of the flavonoid hesperidin in chemical and biological
systems. J. Agric. Food Chem., 53, 4757-4761 (2005).

Xu, M. Z., Lee, W. S., Han, J. M., Oh, H. W., Park, D. S., Tian,



Antioxidant and Anti-inflammatory Activities of Jaceosidin 437

G. R., Jeong, T. S., and Park, H. Y. Antioxidant and anti-
inflammatory activities of N-acetyldopamine dimers from
Periostracum Cicadae. Bioorg. Med. Chem., 14, 7826-7834
(2006).

Yadav, P. N., Liu, Z., and Rafi, M. M., A diarylheptanoid from
Lesser galangal (Alpinia officinarum) inhibits proinflammatory
mediators via inhibition of mitogen-activated protein kinase,
p44/42, and transcription factor nuclear factor-�B, J.

Pharmacol. Exp. Ther., 305, 925-931 (2003).
Yagi, K., Lipid Peroxides in Biology and Medicine, In Yagi, K.

(Ed) Academic Press, Orlando, FL, pp. 223 (1982).
Zingarelli, B., Hake, P. W., Yang, Z., O'Connor, M., Denenberg, A.,

and Wong, H. R., Absence of inducible nitric oxide synthase
modulates early reperfusion-induced NF-kappaB and AP-1
activation and enhances myocardial damage. FASEB. J., 16,
327-342 (2002).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


