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Abstract: Inflammatory responses in the blood vessel play a pivotal role in the pathogenesis of atherosclerosis. Eu-
patilin, a flavone derived from Artemisia princepsPampanini, has various pharmacological activities, including anti-
oxidant, anti-tumor, and anti-inflammatory capacities. However, there has been no research examining the function
of eupatilin on vascular inflammation. Therefore, the aim of this study was to investigate the effects of eupatilin on
tumor necrosis factor (TNF)-a-induced human umbilical vein endothelial cells (HUVECs) activation and the underly-
ing molecular mechanisms. Our findings showed that eupatilin reduced U937 cells adhesion to TNF-a-stimulated
HUVECs and attenuated TNF-a-induced the expression of vascular cell adhesion molecule-1 (VCAM-1) and intercel-
lular adhesion molecule-1 (ICAM-1) in HUVECs, as well as the production of intracellular reactive oxygen species
(ROS). Moreover, eupatilininhibits TNF-a-induced phosphorylation of NF-kB p65 and MAPKs in HUVECs. Taken to-
gether, the results of the present study suggest that eupatilin inhibited inflammatory reaction through suppressing
the ROS/MAPK-NF-kB pathway in HUVECs. Thus, eupatilin is proposed as an effective new anti-inflammatory agent

to suppress vascular inflammation, and further prevent atherosclerosis.
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Introduction

Atherosclerosis, a chronic inflammatory dis-
ease, is a major factor leading to cardiovascu-
lar complications [1]. Under inflammatory
conditions, monocyte recruitment to the endo-
thelium is enhanced on the surface of endothe-
lial cells by adhesion molecules, including vas-
cular cell adhesion molecule-1 (VCAM-1),
intercellular adhesion molecule-1 (ICAM-1) [2].
It is also well recognized thattumor necrosis
factor (TNF)-a can trigger inflammation and oxi-
dative stress responses in endothelial cells
[3-5]. Therefore, preventing TNF-a-mediated
inflammation or inhibiting the expression of cell
adhesion molecules in vascular endothelial
cells is considered to be a promising therapeu-
tic target for vascular inflammatory diseases.

Eupatilin[2-(3,4-dimethoxyphenyl)-5,7-dihydroxy-
6-methox-ychromen-4-one] is a pharmacologi-
cally active flavones derived from Artemisia

princepsPampanini, which has been widely use-
das an herbal medicine in Asia.An increasing
amount of evidence has demonstrated that
eupatilin exhibits radical scavenging, anti-aller-
gic, anti-tumor, and anti-inflammatory activities
[6-9]. For example, Choi et al. reported that
eupatilin decreased lipopolysaccharide (LPS)-
induced expression of inflammatory mediators
and pro-inflammatory cytokines such as cyclo-
oxygenase-2, monocyte chemoattractant pro-
tein-1, tumor necrosis factor-«, interleukin (IL)-
1B and IL-6 in macrophages [10]. In addition,
eupatilin has been demonstrated to possess
anti-atherogenic effect. Recently, one study
reported that eupatilin significantly inhibited
platelet-derived growth factor (PDGF)-BB-
induced proliferation and migration of human
aortic smooth muscle cells [11]. However, to our
knowledge, there has been no research exam-
ining the function of eupatilin on vascular
inflammation. Therefore, the aim of this study
was to investigate the effects of eupatilin on
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Figure 1. Eupatilin inhibited U937 cells adhesion to
TNF-o-induced HUVEC. HUVEC were pre-incubated
with various concentrations (6.25, 12.5 and 25 uM)
of eupatilin for 2 h and stimulated with or without
TNF-a for 4 h. U937 cells were layered over HUVEC
monolayers and incubated for 2 h at 37°C. Adher-
ent cells were photographed and analyzed by micros-
copy. The adherent cells were counted under a light
microscope. At least three independent experiments
were performed. The values shown represent the
mean * SD, the symbol * indicates differences from
control group at P < 0.05; the symbol # indicates dif-
ferences from TNF-a group at P < 0.05.

TNF-a-induced human umbilical vein endothe-
lial cells (HUVECSs) activation and the underlying
molecular mechanisms.

Materials and methods
Cell culture

HUVECs were from the American Type Culture
Collection (ATCC, Manassas, VA, USA) and
maintained in DMEM containing 1800 mg/L
NaHCO,, supplemented with 10% fetal bovine
serum (FBS), 100 U/mL penicillin and 100 g/
mLstreptomycin in an incubator (Life Te-
chnologies, Baltimore, MD) with a humidified
atmosphere of 5% CO, at 37°C.

U937 monocyte-like cells (ATCC) were main-
tained in RPMI-1640 supplemented with 10%
FBS, 100 U/mLpenicillin and 100 pg/mLstrep-
tomycinin an incubator with a humidified atmo-
sphere of 5% CO, at 37°C.

Cell adhesion assay

U937 cells (1x10° cells/ml) were layered over
TNF-a-treated HUVEC monolayers and incubat-
ed for 2 h. Thereafter, the cells were washed
with phosphate buffer saline (PBS) and fixed in
4% paraformaldehyde in PBS. The adhesion
U937 cells were counted observed under a
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Nikon E600 fluorescent microscope and
expressed as adhesion U937 cells per high-
power fields.

RNA extraction and quantitative reverse tran-
scription polymerase chain reaction (RT-gPCR)

Total RNA of HUVECs was extracted using the
TRIzol reagent (Invitrogen). The complementary
DNA was synthesized from 5 pg of total RNA
using M-MLV reverse transcriptase (Abcam,
Cambridge, UK) according to the manufa-
cturer’s instructions.The obtained complemen-
tary DNAs were then used as templates for
RT-gPCR analysis.The primer sequences used
for RT-PCR were as follows: VCAM-1 sense,
5-CAAAGGTGGATCAGATTCAAG-3' and anti-
sense, 5-GGTGAGCATTATCACCCAGAA-3’; ICAM-
1 sense, 5-CAAAGGTGGATCAGATTCAAG-3’ and
anti-sense, 5-GGTGAGCATTATCACCCAGAA-3’;
B-actinsense, 5-TCT GTG TGG ATT GGT GGC
TCT A-3’ and anti-sense, 5-CTG CTT GCT GAT
CCA CAT CTG-3'. The primers were all synthe-
sized by Sangon Biotech Co., Ltd. (Shanghai,
China). The cycling conditions were as follows:
94°C for 2 min for initial denaturation; 94°C for
20 sec, 59°C for 15 sec, and 72°C for 20 sec;
2 sec for plate reading for 35 cycles; and a melt
curve from 65 to 95°C. B-actin was used as an
internal control. The expression levels of the
relative genes were calculated using control
B-actin mRNA and the 22T method [12].

Western blot

Proteins were extracted from HUVECs and pro-
tein concentrations were measured by using
the Bradford method. Equal amounts of protein
were separated by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and
then transferred onto nitrocellulose mem-
branes (Bio-Rad, Hercules, CA, USA). The mem-
branes were blocked in 5% skimmed milk for 1
h at room temperature and incubated with pri-
mary antibodies overnight at 4°C. After wash-
ing with PBS containing 0.1% (v/v) Tween 20,
membranes were incubated with horsera-
dish peroxidase conjugated secondary an-
tibodies for 1 h, followed by exposure us-
ing enhanced chemiluminescence detection
reagents. The following antibodies were used:
mouse anti-VCAM-1 (1:1,500), mouse anti-
ICAM-1 (1:1,500), mouse anti-phospho-NF-«kB
p65 (1:1,000) and mouse anti-NF-kB p65
(1:1,000), mouse anti-phospho-p38 mitogen-
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Figure 2. Eupatilin attenuated TNF-a-induced the
expression of inflammatory cytokines in HUVECs.
HUVEC were pre-incubated with various concentra-
tions (6.25, 12.5 and 25 pM) of eupatilin for 2 h and
stimulated with or without TNF-a for 4 h. A, B. VCAM-
1 and ICAM-1 mRNA expression was determined by
gRT-PCR. C. VCAM-1 and ICAM-1 protein expression
was determined by Western blot. At least three in-
dependent experiments were performed. The values
shown represent the mean + SD, the symbol * indi-
cates differences from control group at P < 0.05; the
symbol # indicates differences from TNF-a group at
P < 0.05.

activated protein kinase (MAPK) (1:1,000),
mouse anti-p38 MAPK (1:1,000), mou-
se anti-phospho-ERK1/2 (1:1,000), mouse
anti-ERK1/2 (1:1,000), mouseanti-phospho-
JNK (1:1,000), mouse anti-JNK (1:1,000) (all
purchased from Cell Signaling Technology
(Danvers, MA, USA).

ROS production assay

ROS production was determined by using
5,6-chloromethyl-2’,7’-dichlorodihydrofluores-
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Figure 3. Eupatilin attenuated TNF-a-induced intra-
cellular ROS production in HUVECs. HUVEC were pre-
incubated with various concentrations (6.25, 12.5
and 25 pyM) of eupatilin for 2 h and stimulated with
or without TNF-o for 4 h. ROS level was analyzed by
fluorescence intensity values. At least three indepen-
dent experiments were performed. The values shown
represent the mean + SD, the symbol *indicates dif-
ferences from control group at P < 0.05; the symbol
#indicates differences from TNF-a group at P < 0.05.

cein diacetate (CMH_-DCFDA) (Sigma). HUVECs
(3%10° cells/ml) were pretreated with various
concentrations of eupatilin for 2 h, followed by
addition of TNF-a (10 ng/ml) for 4 h. Then, 5
MMCMH,-DCFDA was added to cells and incu-
bated at 37°C for 30 minutes in the dark. DCF
fluorescence was determined using a Multi-
detection microplate reader (BioTeke, Beijing,
China) with an excitation wavelength of 485 nm
and an emission wavelength of 530 nm.

Statistical analysis

Data were expressed as the mean + standard
deviation (SD). The statistical significance was
determined by using the Student’s t-test for dif-
ferences between two groups and one-way
ANOVA for differences among multiple groups.
P-values less than 0.05 were considered to be
a statistically significant difference.

Results

Eupatilinattenuates TNF-a-activated HUVEC-
monocyte interaction

Monocyte adhesion to endothelial cells is an
essential event in the initiation of atherosclero-
sis development. To explore the effect of eupa-
tilin on TNF-a-induced monocyte adhesion to
HUVECs, we adopted a cell adhesion assay. As
indicated in Figure 1, TNF-a treatment signifi-
cantly increased the ability of monocytes to

Int J Clin Exp Med 2015;8(12):22191-22197
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adhere to HUVECs, while treatment with eupati-
lin reduced U937 cells adhesion to TNF-o-
stimulated HUVECs, exhibiting a dose-depen-
dent manner.

Eupatilin attenuated TNF-a-induced the ex-
pression of inflammatory cytokines in HUVECs

VCAM-1 and ICAM-1 are key adhesion mole-
cules mediating leukocyte recruitment to early
lesions in inflammatory vascular disease
including atherosclerosis [2]. As shown in
Figure 2A and 2B, TNF-a treatment resulted in
a significant increase in the mRNA expression
levels of VCAM-1 and ICAM-1 compared with
the control group. However, eupatlin significant-
ly inhibited TNF-a-induced the mRNA expres-
sion levels of VCAM-1 and ICAM-1 in a concen-
tration-dependent manner. Consistent with the
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Figure 4. Eupatilin suppressed the TNF-a-activated
NF-kB p65 phosphorylation in HUVECs. HUVEC
were pre-incubated with various concentrations
(6.25, 12.5 and 25 yM) of eupatilin for 2 h and
stimulated with or without TNF-a for 30 min. A.
Protein levels of p65 were detected by Western
blotting. B and C. Protein expression was analyzed
using BandScan 5.0 software and normalized to
B-actin. At least three independent experiments
were performed. The values shown represent the
mean + SD, the symbol *indicates differences from
control group at P < 0.05; the symbol #indicates
differences from TNF-a group at P < 0.05.

results of RT-PCR, Western blot analysis dem-
onstrated that eupatilin also drastically inhibit-
ed TNF-a-induced the protein expression levels
of VCAM-1 and ICAM-1 in a concentration-
dependent manner (Figure 2C).

Eupatilin attenuated TNF-a-induced intracel-
lular ROS production in HUVECs

It has been reported that TNF-ainduces oxida-
tive stress in cells and increase intracellular
reactive oxygen species (ROS) generation.Thus,
we investigated the effect of eupatilin on the
production of TNF-a-induced ROS in HUVECs.
As shown in Figure 3, TNF-a obviously increased
the level of intracellular ROS, as compared with
untreated cells. However, pretreatment with
eupatilin significantly decreased TNF-a-induced
ROS levels in a concentration dependent
manner.

Int J Clin Exp Med 2015;8(12):22191-22197
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Figure 5. Eupatilin suppressed the TNF-a-activated
phosphorylation of MAPKs in HUVECs. HUVEC were
pre-incubated with various concentrations (6.25,
12.5 and 25 pyM) of eupatilin for 2 h and stimulated
with or without TNF-a for 30 min. A-C.Protein expres-
sion of p-p38, p38, p-ERK, ERK, p-JNK and JNK was
analyzed by western blot analysis, and protein ex-
pression was analyzed using BandScan 5.0 software
and normalized to B-actin.At least three independent
experiments were performed. The values shown
represent the mean + SD, the symbol *indicates dif-
ferences from control group at P < 0.05; the symbol
#indicates differences from TNF-a group at P < 0.05.

Eupatilin suppressed the TNF-a-activated NF-
kB p65 phosphorylation in HUVECs

Activation of the NF-kBis involved in the expres-
sion of inflammatory mediators. Therefore, we
investigated the effect of eupatilin on TNF-a-
induced phosphorylation of NF-kB p65. As indi-
cated in Figure 4, TNF-« significantly induced
phosphorylation of p65, whereas, eupatilin pre-
vented the TNF-a-induced phosphorylation
of p65 in HUVECs. These results suggest
that eupatilin inhibits TNF-a-induced NF-kB
activation.

Eupatilin suppressed the TNF-a-activated
MAPK phosphorylation in HUVECs

The MAP kinase (MAPK) pathways are involved
in controlling the expression of the pro-in-
flammatory mediators in endothelial cells.
Therefore, we investigated the effect of eupati-
lin on TNF-a-induced phosphorylation of MAPKs
in HUVECs. As indicated in Figure 5, when
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HUVECs were treated with TNF-ot alone at 30
min, the levels of phosphorylation of p38
MAPK, ERK1/2 and JNK wereincreased com-
pared with untreated control. However, pre-
treatment with eupatilin inhibited the TNF-a
induced phosphorylation of MAPKs in HUVECs.

Discussion

Atherosclerosis is a cellular response to a con-
tinuous insult of vascular inflammation result-
ing in successive intimal thickening. In the
present study, our findings showed that eupati-
lin reduced U937 cells adhesion to TNF-o-
stimulated HUVECs and attenuated TNF-o-
induced the expression of inflammatory
cytokines in HUVECSs, as well as the production
of intracellular ROS. Moreover, eupatilininhibits
TNF-a-induced phosphorylation of MAPKs and
NF-kB p65 in HUVECs.

Monocyte-HUVECs adhesion is an early step in
inflammatory disorders such as atherosclerosis
[13]. Thus, reducing monocyte adhesion to
HUVECSs is a promising pharmacological target
for the prevention of atherosclerosis. In this
study, we found that eupatlinsuppressed the
ability of monocytes to adhere to HUVECs
induced by TNF-a. In corroboration of these
results, eupatilin significantly inhibited induc-
tion of expression of adhesion molecules in a
concentration-dependent manner after stimu-
lation with the inflammatory cytokine, TNF-a, at
the level of protein and mRNA. These results
suggested that eupatilin suppressed TNF-o-
induced monocyte/endothelial cell interactions
by downregulating the expression of the adhe-
sion molecules ICAM-1 and VCAM-1.

Several reports have shown that the oxidative
stress was correlated with pathophysiological
damage in endothelial dysfunction [14-16].
Moreover, previous studies have shown that
cytokines such as TNF-a could induce the pro-
duction of intercellular ROS in endothelial cells
[17, 18]. Consistent with the above-mentioned
studies, in this study, we observed that eupati-
lin inhibited TNF-a-induced ROS generation in
HUVECs. These results suggested that free
radical scavenging effects of eupatlin may con-
tribute to its anti-inflammatory effects.

Nuclear factor-kappa B (NF-kB) is a transcrip-
tion factor which has been considered to be the
critical regulator of the inflammatory process

Int J Clin Exp Med 2015;8(12):22191-22197
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[19, 20]. It is well known that NF-kB is involved
in the regulation of VCAM-1, ICAM-1 and
E-selectin expression and cytokine production
[24, 22]. Moreover, it has been reported that
TNF-a induces oxidative stress in endothelial
cells and increase intracellular ROS generation,
leads to the activation of NF-kB [23]. In line with
these results, in this study, we found thateupa-
tilin inhibited the TNF-a induced phosphoryla-
tion of NF-kB p65 in HUVECs. These results
suggest that eupatilin attenuated the TNF-o-
induced inflammatory mediator expression
through inhibition of NF-kB activation in
HUVECs.

MAP kinases are a family of serine-threonine
Kinases, participating in the regulation of cell
adhesion molecules expressed on cells in
response to external stimuli including TNF-o
[24, 25]. Furthermore, there is growing evi-
dence shows that MAPK signaling pathways are
involved in the regulation of NF-kB activation in
TNF-a-induced endothelial cells [26-28]. In this
study, we found that eupatilin inhibited the
TNF-a induced phosphorylation of MAPKs in
HUVECs. These results suggest that eupatilin
inhibited TNF-a-induced NF-kB activation and
adhesion molecules expression involved of
inhibiting MAPK signaling pathway.

In summary, the results of the present study
suggest that eupatilininhibited inflammatory
reaction through suppressing the ROS/MAPK-
NF-kB pathway in HUVECs. Thus, eupatilin is
proposed as an effective new anti-inflammato-
ry agent to suppress vascular inflammation,
and further prevent atherosclerosis.
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