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Effects and mechanisms of icariin on atherosclerosis

Yanwu Hu, Kai Liu, Mengtong Yan, Yang Zhang, Yadi Wang, Liqun Ren

Department of Experimental Pharmacology and Toxicology, School of Pharmaceutical Science, Jilin University,
Changchun 130021, Jilin, China

Received December 28, 2014; Accepted February 27, 2015; Epub March 15, 2015; Published March 30, 2015

Abstract: Purpose: Icariin, a flavonoid isolated from the traditional Chinese herbal medicine Epimedium brevicor-
num Maxim, has been shown to process anti-inflammatory, antioxidative actions and anti-atherosclerosis activity in
vivo and in vitro. The purpose of this study was to investigate the effects and mechanisms of icariin on atheroscle-
rosis by human umbilical vein endothelial cells (HUVECs). Methods: The effects of icariin on the activity of HUVECs
induced by oxidized low-density lipoprotein (ox-LDL) were detected by MTT assay. Then we studied the effects of
icariin on the adhesion of monocyte with HUVECs induced by ox-LDL. The secretion of E-selectin, intercellular adhe-
sion molecule (ICAM-1) and vascular cell adhesion molecule (VCAM-1) by HUVECs were measured by enzyme-linked
immunosorbent assay (ELISA) method. Finally the mRNA levels of ICAM-1, VCAM-1, E-selectin of HUVECs were
analyzed by real time RT-PCR. Results: MTT result indicated that icariin (10, 20, 40 ymol/L) could inhibit HUVECs
injury induced by ox-LDL in a concentration-dependent manner (P < 0.05). The adhesion of monocyte with HUVECs
induced by ox-LDL was inhibited by icariin in a concentration-dependent manner (P < 0.05). The levels of ICAM-1,
VCAM-1, E-selectin of icariin groups were significantly decreased in a concentration-dependent manner compared
with ox-LDL-simulated group (P < 0.05). The mRNA expressions of ICAM-1, VCAM-1, E-selectin of icariin groups were
also downregulated significantly compared with ox-LDL-simulated group (P < 0.05). Conclusions: Icariin can prevent
atherosclerotic lesion. Its mechanism may be that it can defend against the oxidation damage to HUVECSs, inhibit
the adhesion of monocyte to HUVECs, and reduce the secretion and expression of adhesion molecules including
ICAM-1, VCAM-1, E-selectin.
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Introduction cytes and the subsequent formation of foam
cells [B].

Atherosclerosis is a chronic vascular inflamma-

tory disease, characterized with the process of
lumen narrowing and rigid, as a result of cho-
lesterol and lipid accumulation [1, 2]. It is wide-
ly accepted that vascular endothelial cells play
an important role in initiation and amplification
of atherogenesis [3]. Endothelial dysfunction is
considered to be a key early stage of athero-
sclerotic lesions [4]. After endothelial damage,
low density lipoproteins enter the subendothe-
lial layer and become oxidized, then the injured
endothelial cells synthesize and express vari-
ous cell adhesion molecules and inflammatory
mediator, such as E-selectin, intercellular adhe-
sion molecule (ICAM-1), vascular cell adhesion
molecule (VCAM-1), monocyte chemoattractant
protein-1 (MCP-1), tumor necrosis factor-a
(TNF-a) and interleukin-6 (IL-6), which contrib-
ute to the adhesion and migration of mono-

Epimedium brevicornum Maxim, an important
traditional Chinese herbal medicine, has been
used widely for “tonifying kidney and strength-
ening bone” for thousands of years in China,
Korea, and Japan. Icariin (C_,H, O, ; molecular
weight 676.67; Figure 1), a flavonoid isolated
from Epimedium brevicornum Maxim, is consid-
ered as the main pharmacological active con-
stituent [6], and has been reported to possess
various pharmacological effects, including anti-
inflammatory, anti-osteoporosis [7], antitumor
[8], immunoregulation [9], and antioxidative
actions [10]. In addition, icariin has been shown
to have beneficial effects on cardiovascular dis-
eases such as atherosclerosis [11]. However,
the potential mechanisms of icariin on athero-
sclerosis remains incompletely understood. In
view of this, the present study was designed to
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Figure 1. The chemical structure of icariin (C_,H, O,
molecular weight = 676.67).

elucidate whether icariin can attenuates the
initiation and progression of atherosclerosis. In
this study, we want to investigate whether the
reduced secretion of cell adhesion molecules is
involved in the in vitro protective effects of icar-
iin on the ox-LDL-induced endothelial dysfun-
ction.

Material and methods
Cell culture

Human umbilical vein endothelial cells (HUV-
ECs) were purchased from American Type Cell
Culture (ATCC, Shanghai, China) and cultured in
100 mm dishes in Dulbecco’s modified Eagle
medium (DMEM) supplemented with 10% heat-
inactivated fetal bovine serum (FBS) and 1%
penicilin/streptomycin at 37°C, 5% CO,. THP-1,
a human acute monocytic leukemia cell line,
was obtained from ATCC and cultured in RPMI
1640 medium supplemented with 10% heat-
inactivated fetal bovine serum (FBS), 1% peni-
cilin/streptomycin, and 0.05 mmol/L 2-mercap-
toethanol at 37°C, 5% CO,,

Cell viability assay

HUVECSs in the logarithmic growth phase were
seeded into 96-well plates at a density of 1x10*
cells per well, then incubated for 24 hours at
37°C, 5% CO,,. After pretreatment with indicat-
ed concentration of icariin (purity: > 98%, Vic's
biological technology Co., Ltd, Sichuan, China)
(0, 10, 20, 40 umol/L) for 24 hours, the cells
were incubated with or without oxidized low-
density lipoprotein (ox-LDL) (Yiyuan Biotech-
nologies Co., Ltd, Guangzhou, China) (100 ug/
mL) for next 24 hours. After suction of the liquid
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in the wells, MTT solution was added to yield a
final concentration of 0.5 mg/mL, and incuba-
tion was continued for 4 h at 37°C, 5% CO,,.
MTT solution was removed gently and 150 pl of
dimethyl sulfoxide (DMSO) was added to each
well for 15 min incubation. The absorbance of
each sample was measrured on a microplate
reader at 490 nm as cell viability.

Adhesion of mononuclear cell to HUVECs

HUVECSs in the logarithmic growth phase were
seeded to 6-well plates for incubation for 24
hours at 37°C, 5% CO,. After pretreatment with
indicated concentration of icariin (0, 10, 20, 40
pmol/L) for 24 hours, the cells were incubated
with or without ox-LDL (100 pg/mL) for another
24 hours. At the same time, THP-1 cells were
labeled with the fluorescent dye BCECF-AM, at
a density of 1x10° cells/mL in RPMI 1640 cul-
ture medium at 37°C for 1 h. The labeled cells
were harvested by centrifugation, washed three
times with phosphate-buffered saline (PBS),
and the THP-1 cells suspension (150 ul per
well) was added to HUVECs growing in 96-well
culture plates, following incubation at 37°C for
1 h,and the detached THP-1 cells were removed
by stringent washing four times with PBS. The
adherent cells were measured through fluores-
cence intensity at 485 nm and emission wave
length at 538 nm using a fluorescence micro-
plate reader.

Secretion of ICAM-1, VCAM-1 and E-selectin

HUVECSs in the logarithmic growth phase were
seeded to 6-well plates for incubation for 24
hours at 37°C, 5% CO,. After pretreatment with
indicated concentration of icariin (0, 10, 20, 40
umol/L) for 24 hours, the cells were incubated
with or without ox-LDL (100 pg/mL) for another
24 hours. ICAM-1, VCAM-1 and E-selectin levels
in the cultural supernatants were measured by
enzyme-linked immunosorbent assay (ELISA)
kits according to the manufacturer’s instruc-
tions. The absorbance of each sample was
measrured on a microplate reader at 450 nm.

Total RNA was extracted from HUVECs using
Trizol according to the manufacturer’s protocol.
RNA was reverse-transcribed with oligo (dT)
primers and real-time RT-PCR was conducted
with gene-specific primers in the presence of
SYBR Premix Ex Taq. gPCR was performed in
triplicate, using GAPDH as a the housekeeping
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Figure 2. Effects of icariin on ox-LDL induced altera-
tion of cell viability. The HUVECs were pretreated for
24 h with different concentrations of icariin, and
then exposed to ox-LDL (100 pg/mL) for another 24
h. Cell viability was assessed by the MTT method.
icariin pre-treatment significantly increased the cell
viability. "P < 0.05 vs. control group, “*P < 0.05 vs.
ox-LDL-simulated group.
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Figure 3. Effects of icariin on the adhesion of mono-
cytes to HUVECs. The HUVECs were pretreated for 24
h with different concentrations of icariin, and then
exposed to ox-LDL (100 ug/mL) for another 24 h. The
adhesion of monocytes to HUVECs were measured
by a fluorescent labelling technique. Icariin pre-treat-
ment significantly inhibited cell adhesion caused by
ox-LDL. *P < 0.05 vs. control group, P < 0.05 vs.
ox-LDL-simulated group.

control. The real-time RT-PCR amplification was
performed with 40 cycles (95°C, 10 s; 60°C,
15 s; 72°C, 30 s) with the following oligonucle-
otide primer sets (Generay Biotech Co., Ltd,
Shanghai, China): ICAM-1 sense: 5-AGATCATAC-
GGGTTT-GGGCTTC-3’, ICAM-1 antisense: 5’-TAT-
GACTCG-TGAAAGAAATCAGCTC-3’, VCAM-1 sen-
se: 5-TG-GGCTGTGAATCCCCATCT-3’, VCAM-1
antisense: 5'-GGGTCAGCGCGTGGAATTGGTC-3,,
E-selectin sense: 5-CCATTCGGCCTCTTCAAGC-
TA-3’, E-se-lectin antisense: 5-TGCAGCTCAC-
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Figure 4. Effects of icariin on secretion of ICAM-1,
VCAM-1 and E-selectin. The HUVECs were pretreated
for 24 h with different concentrations of icariin, and
then exposed to ox-LDL (100 pg/mL) for another 24
h. ICAM-1, VCAM-1 and E-selectin content was evalu-
ated by the ELISA method, which quantified the con-
tent as the optical density at 450 nm. P < 0.05 vs.
control group, P < 0.05 vs. ox-LDL-simulated group.
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Figure 5. Effects of icariin on expression of ICAM-1,
VCAM-1 and E-selectin. "P < 0.05 vs. control group,
“*P < 0.05 vs. ox-LDL-simulated group.

AGAGCCATTC-3’, GAPDH sense: 5-CATGTTCGT-
CATGGGTGTG-AACCA-3’, GAPDH antisense: 5'-
ATGGCATGGA-CTGTGGTCATGAGT-3..

The threshold cycle, ACt, was calculated as Ct
(target gene) - Ct (GAPDH). The relative expres-
sion levels in target gene in different treatment
groups were calculated with the 222°t method,
where AACt = ACt (treatment) - ACt (control).

Statistical analysis

Statistical analysis was performed using SP-
S$S17.0 statistical package (SPSS, Chicago, IL).
Data were expressed as mean + SE. One-way
analysis of variance (ANOVA) was applied for
multiple comparisons and least significant dif-
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ference test (LSD-t) was applied for intragroup
comparison. Values were considered statisti-
cally significant when P < 0.05.

Results
Effects of icariin on cell viability

Cell viability was measured in the present study
to evaluate whether icariin protect endothelial
HUVECs from injuries induced by ox-LDL. As
shown in Figure 2, exposure of the cells to ox-
LDL for 24 h significantly decreased the cell
viability compared with control group (P < 0.05).
However, icariin can inhibit cell injury induced
by ox-LDL in a concentration-dependent man-
ner, and have significant difference (P < 0.05)
compared with ox-LDL-simulated group.

Effects of icariin on the adhesion of mono-
cytes to HUVECs

Using a fluorescent labelling technique, the
effect of icariin on the adhesion of monocytes
to HUVECs was measured. As shown in Figure
3, exposure of the cells to ox-LDL for 24 h sig-
nificantly increased the adhesion of monocytes
to HUVECs compared with control group (P <
0.05). However, icariin significantly inhibited
cell adhesion caused by ox-LDL, in a concentra-
tion-dependent manner compared with ox-LDL-
simulated group (P < 0.05).

Effects of icariin on secretion of ICAM-1,
VCAM-1, E-selectin

As shown in Figure 4, exposure of the cells to
ox-LDL for 24 h significantly increased the con-
tent of ICAM-1, VCAM-1, E-selectin in culture
fluid compared with control group (P < 0.05).
However, icariin significantly reduced the secre-
tion of ICAM-1, VCAM-1, E-selectin caused by
ox-LDL in a concentration-dependent manner
compared with the ox-LDL-simulated group (P <
0.05).

The RT-PCR result is as shown in Figure 5, ox-
LDL induced a significant increase in expres-
sion of ICAM-1, VCAM-1, E-selectin compared
with control group (P < 0.05). However, icariin
significantly reduced the expression of ICAM-1,
VCAM-1, E-selectin, and have significant differ-
ence (P < 0.05) compared with the ox-LDL-sim-
ulated group.

Discussion

Atherosclerosis is a chronic vascular inflamma-
tory disease [12]. It is characterized by the for-
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mation of atherosclerotic plaques consisting of
foam cells, leukocytes, platelets, inflamed sm-
ooth muscle cells and endothelial cells (ECs)
[13]. It is increasingly recognized that ox-LDL
play a critical role in the initiation of atheroscle-
rotic lesion formation [14]. Ox-LDL can impair
endothelial function, induce the ECs shrinkage,
upregulate expression of adhesion molecules
on ECs, recruit monocytes to the subendotheli-
al space, change the secretory activities of
endothelium, reduce the antioxidant capability,
and enhance ECs apoptosis [3]. In conse-
quence, injury of ECs is a critical event in the
development of atherosclerosis [15].

ECs at rest do not interact with adhesion mole-
cules and cytokines, however when treated by
ox-LDL, ECs upregulate the expression of cell
adhesion molecules such as VCAM-1 and ICAM-
1, E-selectin, P-selectin [16], which in turn me-
diates monocytes and lymphocytes recruitme-
nt and adherence to the ECs [17]. At the same
time, ECs upregulate the expression of various
pro-inflammatory cytokines, such as interleu-
kin-6 (IL-6), tumor necrosis factor-a (TNF-a),
and interleukin-1 (IL-1), which are important
mediators of atherosclerosis [18].

In this study, HUVECs were incubated with ox-
LDL, the cell viability was decreased and the
adhesion to mononuclear cell was increased
significantly, icariin can inhibit cell injury and
adhesion made by ox-LDL in a concentration-
dependent manner. It showed icariin can atten-
uate the impairment induced by ox-LDL, reduce
the adhesion ability of HUVECs to inflammatory
cells. At the same time, icariin decrease the
secretion and expression of ICAM-1, VCAM-1
and E-selectin activated by ox-LDL, which are
important adhesion molecules. ICAM-1, VCAM-
1, E-selectin are all best characterized in leuko-
cyte trafficking and monocyte recruitment dur-
ing the biogenesis and formation of atheroscle-
rotic lesions. E-selectin is thought to mediate
monocytes to attach to and to roll along the
activated vascular endothelium, and ICAM-1,
VCAM-1 are believed to be associated with
adhesion and transendothelial migration of
monocytes [19].

In summary, our results demonstrate that
Icariin exhibit a protective effect on HUVECs
injury induced by ox-LDL, and the exact mecha-
nism is associated with anti-adhesion and anti-
inflammation. The present data raise the pos-
sibility that icariin can reduce the development
of atherosclerosis.
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