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a b s t r a c t

Ethnopharmacological relevance: The flower of Chrysanthemum morifolium Ramat. (CM) with antioxidant,
cardiovascular protective and anti-inflammatory functions, has been widely used in China for hundreds
of years as a healthy beverage and medicine.
Aims of the study: The purpose of the present study is to investigate the effects of HCM (a hot water
extract of the flower of Chrysanthemum morifolium Ramat. [CM]), ECM (an ethanol extract of CM), and
the abundant flavonoids apigenin and luteolin in CM on the oxidized LDL (oxLDL)-induced expression of
ICAM-1 and E-selectin in human umbilical vein endothelial cells (HUVECs). The possible mechanism of
these effects was also determined.
Materials and methods: MTT assay was for cell viability. Western blot was used for ICAM-1 and E-selection
protein expression, and for activation of protein kinase B (PKB) and cAMP responsive element binding
protein (CREB) proteins. Fluorescence flow cytometry was for ICAM-1 and E-selectin expression on cell
surface. DCF-DA flow cytometric assay was used for reactive oxygen species (ROS) production.
Results: HCM, ECM, apigenin, and luteolin dose-dependently inhibited ICAM-1 and E-selectin expres-
sion and adhesion of HL-60 by oxLDL. HCM, ECM, apigenin, and luteolin reversed the inhibition of
phosphorylation of Akt and CREB by oxLDL; however, this reversion was abolished by wortmannin. In
addition, wortmannin abrogated the inhibitory effects of CM extracts, apigenin and luteolin on adhe-
sion molecule expression. The ROS scavenging capability of HCM, ECM, apigenin, and luteolin proceeded
dose-dependently in the presence of oxLDL.
Conclusion: CM is a plant with cardiovascular-protective potential and the inhibitory effects of CM on
ICAM-1 and E-selectin expression are, at least partially, attributed to its antioxidant activity and modu-
lation of the PI3K/Akt signaling pathway.

© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Increased LDL and especially oxidized LDL (oxLDL) are recog-
nized as risk factors for cardiovascular disease (CVD) (Middleton
et al., 2000). CVD is the leading cause of death throughout the
Western world and is the second most common cause of death
worldwide (Braunwald, 1997). Atherosclerosis is an inflamma-
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tory disease, and the early stages of atherosclerosis are initiated
by accumulation of oxLDL and activation of endothelial cells
with subsequent expression of adhesion molecules and increased
recruitment of leukocytes to the vascular endothelium (Aviram,
1993; Sigurdardottir et al., 2002). oxLDL has been shown to
increase the expression of intercellular adhesion molecule-1
(ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), and E-
selectin and the adherence of monocytes to human umbilical
vein endothelial cells (HUVECs) (Ou et al., 2006). In addition,
oxLDL is involved in the production of various proinflammatory
cytokines and growth factors (Ito and Ikeda, 2003), the prolif-
eration and migration of vascular smooth muscle cells (Taguchi
et al., 2000), and the retardation of endothelial regeneration
(Boissonneault et al., 1995), which are critical steps in atheroscle-
rosis.
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The flower of Chrysanthemum morifolium Ramat. (CM) has been
widely used in China for hundreds of years as a healthy beverage
and medicine. CM is reported to have various biological features
including antioxidation (Kim and Lee, 2005), cardiovascular protec-
tion (Jiang et al., 2004), anti-tumorigenesis (Miyazawa and Hisama,
2003), and anti-inflammation (Ukiya et al., 2001). Chrysanthemum
species have been shown to contain a wide variety of flavonoids,
phenols, and phenolic acids (Lee et al., 2003; Hu et al., 1994;
Matsuda et al., 2002), and the health benefits of CM are confirmed
to be associated with the flavonoids (Hertog et al., 1993). Apigenin
and luteolin are the 2 major bioactive flavonoids in vivo, as shown
when CM extract is orally administered to male Sprague–Dawley
rats (Chen et al., 2007).

Flavonoids or related compounds are involved in the prevention
of atherosclerosis by inhibiting LDL oxidation and by increas-
ing cellular resistance to the deleterious effects of oxLDL. In a
study in elderly Dutch men, an inverse correlation was found
between dietary flavonoid intake and the incidence of coronary
artery disease (Hertog et al., 1993). The flavones apigenin and
luteolin were shown to inhibit THP-1 cell adhesion to oxLDL-
activated HUVECs and to abolish the oxLDL-induced expression of
VCAM-1 and E-selectin in HUVECs (Jeong et al., 2007). Therefore,
apigenin and luteolin are qualified as anti-atherogenic agents in
LDL systems and may be implicated in the attenuation of endothe-
lial dysfunction-related atherosclerosis (Jeong et al., 2007). Jeong
et al. (2007) reported that the ability of apigenin and luteolin
to prevent the oxLDL-induced expression of adhesion molecules
may be attributed to their antioxidant capacity. Previous studies
showed that antioxidant systems inhibit the oxidative stress-
induced expression of adhesion molecules (Seguí et al., 2005;
Kokura et al., 2001). Hence, it is reasonable to infer that the cardio-
vascular benefits of flavonoids come from their local antioxidant
effect on endothelial cells and subsequent modulation of the intra-
cellular redox environment, cell signaling, and gene expression
(Lotito and Frei, 2006).

On the basis of the evidence in the literature that CM has anti-
inflammatory and anti-CVD effects, the present study was designed
to explore the effects of a hot water extract of CM (HCM), an ethanol
extract of CM (ECM), and the abundant flavonoids apigenin and
luteolin in CM on the oxLDL-induced expression of ICAM-1 and
E-selectin in HUVECs and the adherence of HL-60 cells to oxLDL-
activated HUVECs. We also studied the possible mechanisms of
these effects.

2. Materials and methods

2.1. Materials

HUVECs and monocytic HL-60 cells were obtained from Clonet-
ics Co. (San Diego, CA) and Bioresources Collection and Research
Center (BCRC, Taiwan), respectively. Apigenin and luteolin were
purchased from Sigma (St. Louis, MO). Medium 199 and RPMI
1640 were from Gibco-BRL (Grand Island, NY). Monoclonal anti-
bodies to ICAM-1 and E-selectin were purchased from Cell Signaling
Technology (Beverly, MA) and Santa Cruz Biotechnology (Santa
Cruz, CA), respectively. Polyclonal antibodies to Akt, phospho-
Akt (Ser473), cAMP responsive element binding protein (CREB),
and phospho-CREB (Ser133) were obtained from Cell Signaling
Technology (Beverly, MA). HEPES, heparin, CuSO4, and 2′,7′-
dichlorodihydrofluorescein diacetate (DCF-DA) were obtained
from Sigma (St. Louis, MO). bis-Carboxyethyl-carboxyfluorescein
acetoxymethyl ester (BCECF-AM) was ordered from Molecular
Probes (Eugene, OR). Dry Chrysanthemum morifolium Ramat. was
procured from Taipei, Taiwan, and identified by Dr. R. S. Lin (Depart-
ment of Horticulture, National Chung-Hsing University, Taichung,
Taiwan). Voucher specimens (No. 257) were deposited in our lab-

oratory, Department of Nutrition, and in the Institute of Chinese
Pharmaceutical Sciences, China Medical University, Taichung, Tai-
wan, for further reference.

2.2. Preparation of CM extracts

Powdered flower (1 g) was extracted with 25 ml of boiling water
for 30 min (HCM) or with 25 ml of 95% ethanol by stirring overnight
at room temperature (ECM). After cooling, the HCM and ECM
extracts were collected by centrifugation at 3200 × g at 4 ◦C for
10 min. HCM was freeze-dried and ECM was concentrated by using
a rotary evaporator, stored at −20 ◦C, and dissolved in dimethylsul-
foxide when used.

2.3. Cell cultures

HUVECs with passages between 7 and 9 were used in this study.
Cells were grown in 10 ml of medium 199 supplemented with
20 mmol/l HEPES (pH 7.4), 30 mg/l endothelial cell growth supple-
ment (Upstate Biotechnology, Lake Placid, NY), 100 mg/l heparin,
20% fetal bovine serum (Biological Industries, Canada), 100,000 U/l
penicillin, and 100 mg/l streptomycin at 37 ◦C under 5% CO2. The
HL-60 cells were cultured in T-75 tissue culture flasks in a RPMI
1640 medium supplemented with 10% fetal bovine serum, 100,000
units/l penicillin, and 100 mg/l streptomycin.

2.4. LDL isolation and oxLDL preparation

Blood was collected from healthy volunteers to isolate LDL.
Written informed consent as approved by the Review Board for
Human Research of the Chung Shan Medical University was signed
by all participants. Plasma in the presence of EDTA was used to
isolate LDL by sequential ultracentrifugation (1.019 < d < 1.063 kg/l)
(Claise et al., 1999). Afterward, native LDL was dialyzed at 4 ◦C for
48 h against 500 volumes of PBS to remove EDTA. To initiate oxida-
tion, LDL in an amount of 0.5 g/l protein was exposed to 5 �mol/l
CuSO4 for 18 h. The generation of thiobarbituric acid-reactive sub-
stances was monitored by the fluorometric method as described
by Fraga et al. (1988), and the values of malondialdehyde equiv-
alents increased from 0.83 ± 0.17 nmol/mg protein of native LDL
to 18.9 ± 1.2 nmol/mg protein of CuSO4-treated LDL. The freshly
prepared oxLDL was dialyzed at 4 ◦C for 48 h against 500 volumes
of PBS to remove Cu2+ and was sterilized by passage through a
0.45-�m filter. The protein contents of native LDL and the oxLDL
preparations were measured by the Lowry assay (Lowry et al.,
1951).

2.5. Cell treatments

For each experiment, HUVECs at 80% confluence were incubated
with HCM, ECM, apigenin, or luteolin at the indicated concentra-
tions for 16 h and were then stimulated with 40 mg/l of oxLDL for
an additional 24 h. Cells were lysed in a lysis buffer (10 mmol/l
Tris–HCl, pH 8.0, 320 mmol/l sucrose, 5 mmol/l EDTA, 0.1% Triton
X-100, 1 mmol/l phenylmethylsulfonyl fluoride, 1 mg/l leupeptin,
1 mg/l aprotinin, and 1 mmol/l dithiothreitol). The cell lysates were
then sonicated at 20 W for 15 s. All of the cell extracts were
centrifuged at 20,000 × g at 4 ◦C for 15 min. The supernatants
were recovered and the total protein was analyzed by use of
the Coomassie Plus protein assay reagent kit (Pierce Biotechnol-
ogy Inc., Rockford, IL). The cytotoxicity of HCM, ECM, apigenin,
and luteolin was determined by MTT (3-(4,5)-dimethylthiahiazo
(-z-y1)-3,5-di-phenytetrazoliumromide) assay (Denizot and Lang,
1986).
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2.6. Immunoblotting

Equal amounts of cellular proteins were electrophoresed in a
SDS-polyacrylamide gel, and proteins were then transferred to
polyvinylidene fluoride membranes (Amersham Biosciences Co.,
Piscataway, NJ). Nonspecific binding sites on the membranes were
blocked with 5% nonfat milk at 4 ◦C overnight. Membranes were
probed with mouse anti-human ICAM-1 and E-selectin or rabbit
anti-Akt, phospho-Akt, CREB, phospho-CREB, and �-actin antibod-
ies. The membranes were then probed with the secondary antibody
labeled with horseradish peroxidase. The bands were visualized by
using an enhanced chemiluminescence kit (PerkinElmer Life Sci-
ence, Boston, MA) and were quantitated with an AlphaImager 2000
(Alpha Innotech).

2.7. ICAM-1 and E-selectin expression on cell surfaces

The suppression of HCM, ECM, apigenin, and luteolin on ICAM-1
and E-selectin expression on plasma membranes was measured by
fluorescence flow cytometry. After treatment, cells were detached
with trypsin and centrifuged at 400 × g for 5 min. Cells were
reacted with FITC-conjugated goat anti-mouse ICAM-1 and E-
selectin antibodies (Serotec, Oxford, UK) at 4 ◦C for 45 min in the
dark. After incubation, cells were washed three times with cold
PBS, re-suspended in 500 �l of PBS and immediately subjected to
cytometric analysis performed with Becton Dickinson FACSCalibur
(BD Biosciences, San Jose, CA).

2.8. ROS determination

The state of ROS production in HUVECs was measured by using
a DCF-DA fluorescence flow cytometric assay. At the end of HCM,
ECM, apigenin, luteolin, and oxLDL treatment, the fluorogenic sub-
strate solution was added to the M199 medium and was incubated
for an additional 45 min at 37 ◦C under 5% CO2. Cells were washed
twice with cold PBS. The cells were kept cool and were then quickly
analyzed by Becton Dickinson FACSCalibur.

2.9. LDL peroxidizability

LDL used for the peroxidizability assay was prepared by equilib-
rium density-gradient ultracentrifugation from freshly withdrawn
blood. LDL was co-treated with various concentrations of HCM and
ECM and 5 �mol/l of copper sulfate. Conjugated diene formation
was monitored at 37 ◦C every 5 min for 2.5 h by use of a U-2000
spectrophotometer (Hitachi, Tokyo, Japan) and with the results
expressed as absolute absorbance at 234 nm. The LDL oxidation lag
time was obtained from curve analysis according to the description
in a previous study (Yoshida et al., 2005).

2.10. Monocyte adhesion assay

One milliliter of 1 × 108 HUVECs/l was plated in 24-well plates
and was allowed to grow to 80% confluence. At the end of HCM,
ECM, apigenin, luteolin, and oxLDL treatment, a total of 4 × 105

BCECF-AM-labeled HL-60 cells was added to each well and the cells
were co-incubated with HUVECs at 37 ◦C for 30 min. The wells were
washed and filled with cell culture medium, and the plates were
sealed, inverted, and spun at 100 × g for 5 min to remove nonadher-
ent HL-60 cells. Bound HL-60 cells were lysed in a 1% SDS solution,
and the fluorescence intensity was determined in a PerkinElmer
HTS 7000 plate reader (PerkinElmer Instruments, Norwalk, CT)
with an excitation wavelength of 490 nm and an emission wave-
length of 520 nm. A control study showed that fluorescence is a
linear function of HL-60 cells in the range of 3000–60,000 cells/well.
On the basis of the standard curve obtained, the results are reported

as the number of adherent HL-60 cells per well (Yoshida et al.,
2000).

2.11. Determination of apigenin and luteolin in CM extracts by
LC/MS

The identity and content of apigenin and luteolin in CM extracts
were determined by LC/MS according to the method of Lai et al.
(2007) with some modification. Because of the high amount of gly-
cosides in CM extracts, hydrochloric acid (2.5 M final concentration)
was added to hydrolyze glycosides prior to determination of api-
genin and luteolin. HCM contains 309 and 1149 �g/g dry weight of
apigenin and luteolin, and ECM contains 2110 �g/g and 1689 �g/g
dry weight of apigenin and luteolin.

2.12. Statistical analysis

Data were analyzed by using analysis of variance (SAS Institute
Inc., Cary, NC). Values are expressed as means ± SD (n = 3). The sig-
nificance of the difference between mean values was determined
by one-way analysis of variance followed by Tukey’s test; P values
<0.05 were taken to be statistically significant.

3. Results

3.1. Cell viability

By use of the MTT assay, we found no adverse effects of HCM,
ECM, apigenin, or luteolin on the growth of HUVEC at concen-
trations up to 2 mg/ml of HCM, 0.5 mg/ml of ECM, and 50 �M of
apigenin and luteolin for 24 h, respectively. On the basis of these
results, the maximum concentrations of HCM or ECM, apigenin,
and luteolin used in the following experiments were 1000 �g/ml,
250 �g/ml, and 50 �M, respectively.

3.2. Effects of HCM, ECM, apigenin, and luteolin on the
oxLDL-induced expression of ICAM-1 and E-selectin and HL-60
cell adhesion

In our previous study, the optimal concentration of oxLDL for
the induction of adhesion molecule has been determined and it
was 40 �g/ml (Lei et al., 2008). In the following experiments, we
used 40 mg/l of oxLDL to induce the expression of ICAM-1 and E-
selectin. oxLDL induced the expression of ICAM-1 (Fig. 1A) (F = 26.5,
P < 0.05) and E-selectin (Fig. 1B) (F = 25, P < 0.05) on the cell sur-
face, and this increase in expression was inhibited by HCM, ECM,
apigenin, and luteolin in a dose-dependent manner. Apigenin and
luteolin showed similar potency at inhibiting the oxLDL-induced
expression of ICAM-1 and E-selectin.

Immunoblots indicated that oxLDL significantly induced total
cellular ICAM-1 and E-selectin expression in HUVEC, and this induc-
tion was inhibited by the pretreatment of cells with HCM, ECM,
apigenin, and luteolin (Fig. 1C). ECM was more potent than HCM
at inhibiting the oxLDL-induced expression of both ICAM-1 and
E-selectin.

Consistent with the induction of expression of ICAM-1 and
E-selectin on the cell surface, oxLDL significantly increased the
adhesion of HL-60 cells to HUVEC compared with that of control
cells (4-fold, F = 59.2, P < 0.05; Fig. 1D). Pretreatment of HUVEC with
HCM, ECM, apigenin, or luteolin inhibited the adhesion of the HL-60
cells to oxLDL-induced HUVEC in a dose-dependent manner. A 25%,
37%, 29%, and 33% decrease in the adhesion of HL-60 cells was noted
in HUVEC treated with 250 �g/ml of HCM and ECM and 50 �M of
apigenin and luteolin, respectively.
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Fig. 1. Effects of HCM, ECM, apigenin, and luteolin on the oxLDL-induced expression of ICAM-1 (A) and E-selectin (B) on cell surfaces, on the total cellular expression of
ICAM-1 and E-selectin (C), and on the oxLDL-induced HL-60 cell adhesion (D). Cells were pretreated with HCM, ECM, apigenin, or luteolin for 16 h before being challenged
with 40 �g/ml oxLDL for another 24 h. Control cells were maintained in the vehicle before challenge with oxLDL. Values are means ± SD, n = 3. Bars with different letters are
significantly different within the group (P < 0.05). One representative immunoblot out of three independent experiments is shown.
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Fig. 2. Effects of HCM, ECM, apigenin, and luteolin on oxLDL-induced dephosphorylation of Akt and CREB. Cells were pretreated with 100, 250, or 1000 �g/ml HCM; 25, 100,
or 250 �g/ml ECM; or 20 or 50 �M apigenin or luteolin for 16 h before being challenged with 40 �g/ml oxLDL for another 24 h. Control cells were maintained in the vehicle.
One representative immunoblot out of three independent experiments is shown.

3.3. Effects of HCM, ECM, apigenin, and luteolin on
oxLDL-induced Akt and CREB activation

To test whether the phosphorylation or dephosphorylation
states of Akt and CREB were involved in the amelioration of
adhesion molecule expression by HCM, ECM, apigenin, and lute-
olin, we performed an immunoblot assay (Fig. 2). As noted,
oxLDL caused a significant dephosphorylation of Akt in HUVEC.
With pretreatment with HCM, ECM, apigenin, and luteolin,
however, the dephosphorylation of Akt induced by oxLDL was
dose-dependently reversed. Furthermore, restoration of the phos-
phorylation of Akt by HCM, ECM, apigenin, or luteolin paralleled
their inhibition of oxLDL-induced ICAM-1 and E-selectin expres-
sion.

In addition to Akt, CREB was significantly dephosphorylated in
response to oxLDL as well (Fig. 2). Also, the phospho-CREB level

was significantly reversed by the pretreatment of cells with HCM,
ECM, apigenin, and luteolin.

3.4. The role of the PI3K/Akt signaling pathway in the inhibition
of ICAM-1 and E-selection expression by HCM, ECM, apigenin, and
luteolin

Wortmannin, an inhibitor of the PI3K/Akt signaling pathway,
reversed the inhibition of ICAM-1 and E-selectin expression by
HCM, ECM, apigenin, and luteolin in the presence of oxLDL (Fig. 3A).
Wortmannin also prevented the restoration of phosphorylation of
both Akt and CREB by HCM, ECM, apigenin, and luteolin (Fig. 3B).
These results suggest that the PI3K/Akt signaling pathway plays
an important role in the inhibition of expression of ICAM-1 and E-
selectin exerted by the CM extracts and flavonoids. The expression
of ICAM-1 and E-selectin may be regulated by the phosphorylation

Fig. 3. Effect of wortmannin on the inhibition of the oxLDL-induced expression of ICAM-1 and E-selectin by HCM, ECM, apigenin, and luteolin (A) and on the reversal of
phosphorylation of Akt and CREB by HCM, ECM, apigenin, and luteolin (B). Cells were pretreated with 100 nM wortmannin for 1 h; then HCM, ECM, apigenin, and luteolin
for 16 h; and finally 40 �g/ml oxLDL for another 24 h. Control cells were maintained in the vehicle. One representative immunoblot out of three independent experiments is
shown.
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Fig. 4. Effects of HCM, ECM, apigenin, and luteolin on oxLDL-induced ROS production. Cells were pretreated with 100, 250, or 1000 �g/ml HCM; 25, 100, or 250 �g/ml ECM;
or 20 or 50 �M apigenin or luteolin for 16 h before being challenged with 40 �g/ml oxLDL for another 24 h. Control cells were maintained in the vehicle without oxLDL
challenge. The oxLDL group consisted of cells pretreated with nothing but challenged with 40 �g/ml oxLDL for 24 h. Values are means ± SD, n = 3. Bars with different letters
are significantly different within the group (P < 0.05).

or dephosphorylation states of Akt, which affects the activation of
transcription factors such as CREB.

3.5. Effects of HCM, ECM, apigenin, and luteolin on
oxLDL-induced ROS production in HUVECs

In the DCF-DA assay, treatment of cells with oxLDL significantly
increased intracellular fluorescence intensity, which represents the
cellular levels of ROS (F = 15.4, P < 0.05; Fig. 4). Pretreatment of cells
with HCM, ECM, apigenin, and luteolin inhibited the cellular pro-
duction of ROS induced by oxLDL in a dose-dependent manner.
Significant inhibitory effects were observed for 250 and 1000 �g/ml
HCM, 100 and 250 �g/ml ECM, 50 �mol/l apigenin, and 20 and
50 �mol/l luteolin (P < 0.05).

3.6. Inhibition of LDL oxidation by HCM and ECM

The antioxidant activity of HCM and ECM was also measured by
using an in vitro CuSO4-induced LDL oxidation assay. As shown in
Table 1, the LDL oxidation lag time was 43.9 min; however, the LDL
oxidation lag time was dose-dependently increased by both HCM
and ECM. ECM showed better antioxidant potency than did HCM.

Table 1
HCM and ECM inhibit LDL oxidation.

Treatment CM concentration (�g/ml) Lag time (min)

oxLDL 43.9 ± 8.0e

oxLDL + HCM 0.5 66.1 ± 1.8d

2.0 87.4 ± 12.5c

5.0 124.0 ± 9.0b

oxLDL + ECM 0.5 67.1 ± 6.4d

2.0 143.8 ± 28.1b

5.0 204.0 ± 7.5a

Values are the mean ± SD (n = 3–6). Values were analyzed by one-way ANOVA fol-
lowed by Tukey’s test. Values not sharing the same letter are significantly different
(P < 0.05).

4. Discussion

CVD receives extensive attention owing to the large popula-
tion worldwide affected by it; CVD is among the 10 leading causes
of death worldwide (Braunwald, 1997). There is increasing inter-
est in the utilization of traditional medicine to reduce the risk
of diseases, including CVD. Atherosclerosis, one type of CVD, is
an inflammatory disease and substances with anti-inflammatory
properties may have a cardioprotective effect. oxLDL is recog-
nized to be one of the risk factors for CVD, and the increased
expression of adhesion molecules by oxLDL contributes to their
CVD-promoting effect. In fact, the accumulation of oxLDL and acti-
vation of endothelial cells with subsequent expression of adhesion
molecules and increased recruitment of leukocytes to the vascu-
lar endothelium are the early stages of atherosclerosis (Aviram,
1993; Sigurdardottir et al., 2002). Inhibition of the expression of
endothelial adhesion molecules induced by inflammatory stimuli
is regarded to be protective against CVD (Stangl et al., 2005). CM
is reported to offer cardiovascular protection in isolated rat heart
(Jiang et al., 2004) and to have anti-inflammatory properties in
12-O-tetradecanoylphorbol-13-acetate-induced mice (Ukiya et al.,
2001). Although in vitro cardioprotective effects and in vivo anti-
inflammatory effects of CM have been shown, the mechanism by
which CM acts to prevent CVD is not clear. In the present study, we
used HUVECs treated with oxLDL to simulate the in vivo cardiovas-
cular condition and determined the effects of HCM and ECM and
the major bioactive flavonoids in CM, apigenin and luteolin, on the
oxLDL-induced expression of adhesion molecules.

Inflammatory cytokines, including TNF-�, have been impli-
cated in atherosclerosis, and oxLDL enhances TNF-� secretion in
macrophages (Jovinge et al., 1996). TNF-� upregulates the expres-
sion of ICAM-1, VCAM-1, and monocyte chemoattractant protein-1
(MCP-1) in the vasculature and also increases the expression of
scavenger receptor class A (SRA), leading to oxLDL uptake into
macrophages (Ohta et al., 2005). Mice in which the TNF-� gene
is disrupted develop significantly fewer atherosclerotic lesions in
the proximal aorta than do their normal counterparts (Ohta et al.,
2005).
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In recent years, interest has increased in the anti-inflammatory
and anti-atherogenic effects of health foods and their active phy-
tochemicals. Their protective effects are believed, in part, to inhibit
the abnormal induction of adhesion molecules. For instance, api-
genin and luteolin significantly inhibit the TNF-�-induced protein
and mRNA expression of ICAM-1, VCAM-1, and E-selectin in
HUVECs and THP-1 monocyte adherence to HUVECs in a dose-
dependent fashion (Choi et al., 2004). The mechanism by which
apigenin and luteolin inhibit the expression of adhesion molecules
is via suppression of nuclear translocation and transactivation of
NF-�B. Cinnamaldehyde found in the stem bark of Cinnamomum
cassia, inhibits the adhesion of TNF-�-induced monocytes to the
human endothelial cell line EA.hy926 and the expression of ICAM-1
and VCAM-1 (Liao et al., 2008). Cinnamaldehyde abolishes TNF-�-
induced nuclear translocation of NF-�B in both time-dependent
and dose-dependent manners. Cinnamaldehyde exerts its anti-
inflammatory effects by two distinct mechanisms dependent on
exposure period. In short-term pretreatments, cinnamaldehyde
blocks the degradation of the inhibitory protein I�B-�, whereas
over long-term pretreatments, it induces the expression of the
Nrf2-mediated gene heme oxygenase-1 (HO-1). Elevated HO-1
protein levels are associated with suppression of TNF-�-induced
ICAM-1 expression. Treatment of the EA.hy926 cell line with zinc
protoporphyrin, an HO-1 inhibitor, partially reverses the anti-
inflammatory effects of cinnamaldehyde.

In addition to the NF-�B/I�B pathway, the regulation of
the expression of adhesion molecules is related to mitogen-
activated protein kinases (MAPKs), protein kinase A (PKA), and
PI3K/Akt signaling dependent on different stimuli. In ischemia-
reperfusion-induced myocardial infarct, p38 MAPK activation plays
an important role in the upregulation of ICAM-1 and P-selectin
and the subsequent polymorphonuclear leukocyte accumulation
in ischemic-reperfused myocardial tissue (Gao et al., 2002). PKA
was shown to be involved in the suppression of oxLDL-induced
VCAM-1 expression by the garlic organosulfur compounds dial-
lyl disulfide and diallyl trisulfide in HUVECs (Lei et al., 2008). It
is also reported that HDL-associated sphingosylphosphorylcholine
inhibits the expression of adhesion molecules in TNF-�-induced
HUVECs (Schmidt et al., 2006). Interaction of the HDL-associated
sphingosylphosphorylcholine and sphingosylgalactosyl-3-sulfate
with the G-protein-coupled endothelial differentiation gene recep-
tor initiates a signaling cascade that activates the protein kinase
Akt as the underlying mechanism. In human coronary artery
endothelial cells, oxLDL causes dephosphorylation of Akt, increased
expression of ICAM-1 and P-selectin, and enhanced adhesion of
monocytes to the cells (Chen et al., 2003). In the present study,
HCM, ECM, apigenin, and luteolin inhibited the oxLDL-induced
expression of both total cellular and cell surface ICAM-1 and E-
selectin (Fig. 1A, B, and C) and the dephosphorylation of Akt
(Fig. 2). Pretreatment of cells with wortmannin, an inhibitor of
the PI3K/Akt pathway, abolished the inhibitory effects of HCM,
ECM, apigenin, and luteolin on the oxLDL-induced expression of
ICAM-1 and E-selectin and the dephosphorylation of Akt (Fig. 3A
and B). These results suggest that the Akt signaling pathway is
likely to play a critical role in the suppression of the oxLDL-induced
expression of ICAM-1 and E-selectin by HCM, ECM, apigenin, and
luteolin.

In addition to Akt, oxLDL dephosphorylated CREB (Fig. 3B),
and this effect was suppressed by pretreatment with HCM, ECM,
apigenin, and luteolin. The transcriptional activities of CREB are
induced by phosphorylation at serine 133, and CREB is phospho-
rylated at the same serine residue by both PKA and Akt (Du and
Montminy, 1998). The reversal of the phosphorylation of CREB by
pretreatment with HCM, ECM, apigenin, and luteolin in the pres-
ence of oxLDL was abolished by wortmannin (Fig. 3B). This suggests
that the PI3K/Akt signaling pathway plays an important role in CREB

phosphorylation and is consistent with the notion proposed by a
previous study (Du and Montminy, 1998).

Several studies have demonstrated enhanced ROS production
caused by TNF-� and that pretreatment with an antioxidant pyrro-
lidine dithiocarbamate inhibits TNF-�-induced ROS production,
NF-�B activation, and expression of E-selectin, ICAM-1, and VCAM-
1 in HUVECs and pulmonary artery endothelial cells (Weber et al.,
1994; Rahman et al., 1998). In the present study, oxLDL treatment
of HUVECs significantly increased ROS generation (Fig. 4); however,
pretreatment with HCM, ECM, apigenin, and luteolin decreased the
oxLDL-induced intracellular ROS levels in a dose-dependent man-
ner. These results suggest that the inhibitory effects of HCM, ECM,
apigenin, and luteolin on oxLDL-induced ICAM-1 and E-selectin
expression may be related to their antioxidant activity, which is
demonstrated to scavenge ROS. Water extracts of four CM vari-
eties are shown to have antioxidant properties in vitro (Duh, 1999),
and their antioxidant activity is much superior to that of buty-
lated hydroxyanisole and tocopherol. In the present study as well,
both HCM and ECM were shown to be effective in inhibiting CuSO4
induction of LDL oxidation (Table 1).

In summary, HCM, ECM, apigenin, and luteolin could effec-
tively inhibit the expression of ICAM-1 and E-selectin induced by
oxLDL and subsequent HL-60 monocyte adherence to HUVECs. The
inhibitory effects of HCM, ECM, apigenin, and luteolin are at least
in part attributed to their antioxidant activity and modulation of
the PI3K/Akt signaling pathway. According to the results of this
study, we deduce that CM is a plant with cardiovascular-protective
potential.
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