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Abstract: Hyperlipidemia is a major risk factor for blood vessel damage, which can lead to cardiovascular diseases.
Statins are the first-line treatment for hyperlipidemia and atherosclerosis. However, most patients receiving statins do not
reach the low-density lipoprotein-cholesterol (LDL-c) goal. Sarpogrelate (SP) has been shown to reduce blood lipids and
oxidative stress. Therefore, this study investigated the effects of SP plus atorvastatin compared to atorvastatin alone on
aortic damage in LDL-R⁻/⁻ mice with hyperlipidemia. Male LDL-R⁻/⁻ mice were randomly divided into four groups:
normal diet-fed mice (control group), high-cholesterol diet-fed mice (H group), high-cholesterol diet-fed mice treated with
atorvastatin (HA group), and high-cholesterol diet-fed mice treated with atorvastatin + SP (HAS group). Total cholesterol
(TC) and LDL-c levels were lower in the HA and HAS groups. SP plus atorvastatin was more effective in reducing TC and
LDL-c levels, compared to atorvastatin alone. Morphological and immunohistochemical analyses showed that lipid
deposition and macrophage infiltration were significantly suppressed in the HAS group, compared to those in the HA
group. CD36 expression was lower in aotra tissues of mice in the HA and HAS groups than in the H group. Furthermore,
macrophages and pro-inflammatory cytokine levels were lower in the HA and HAS groups than in the H group. There
were significant differences in macrophages, pro-inflammatory cytokine and CD36 levels between HA and HAS groups.
Therefore, SP plus atorvastatin might be more effective in ameliorating hyperlipidemia-induced aortic damage in LDLR⁻/⁻ mice, compared to atorvastatin alone.
Keywords: hyperlipidemia, aortic damage, LDL-R⁻/⁻ mice, sarpogrelate, atorvastatin
Introduction
LDL-R⁻/⁻ mice are considered a well-accepted model of
hyperlipidemia [1].
Hyperlipidemia leads to the development of cardiovascular
disease (CVD), which involves disorders of the heart and
blood vessels, and causes various fatal events [2,3].
Hyperlipidemia accelerates lipid deposition, atherosclerosis,
and chronic inflammation [4, 5]. However, the underlying
pathophysiological mechanisms of the relationship between
Hyperlipidemia and aortic damage are not yet fully
understood.
Statins, including atorvastatin, are a class of drugs which
exhibit a powerful hypocholesterolemic effect, as
revolutionized cholesterol-lowing agents. Treatment with
statins has been reported to markedly reduce morbidities and
mortalities of major cardiovascular events in patients [6, 7].
However, most patients treated with statins do not reach the
low-density lipoprotein-cholesterol (LDL-c) goal [8, 9] due to
poor compliance, variability in drug response, inadequate
titration of applied doses, and safety issues associated with
high doses [8, 9]. Therefore, the present study investigated
whether a combination of two different pharmacological
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drugs, statins and a non-lipid modifying agent, can achieve the
LDL-c goal. Sarpogrelate (SP), a serotonin (5-HT) receptor
antagonist, has been shown to reduce platelet aggregation and
thrombus formation [8-12]. Recently, the ability of SP to delay
atherosclerosis progression has gained much attention [13].
Several studies have shown that SP can upregulate endothelial
nitric oxide synthase (eNOS) expression [14] and lower blood
lipid levels and blood viscosity [15] in rabbits. SP treatment
has been effective in reducing restenosis in patients with acute
coronary syndrome [16]. In a study comparing the effects of
sarpogrelate and placebos in patients with stable angina,
restenosis rates, after coronary stenting in the SP group, were
significantly reduced from 28.6 to 4.3% [17]. Another study
investigating the effects of SP and aspirin treatment in patients
with acute coronary syndrome showed that restenosis rates,
after percutaneous balloon angioplasty, decreased in the SP
group from 57 to 37% [16, 18]. In addition, a previous study
showed that SP exhibited anti-inflammatory and insulinsensitizing effects [17]. Therefore, the present study
investigated the synergistic effects of SP plus atorvastatin,
compared to atorvastatin alone, in aortic damage in LDL-R⁻/⁻
mice with hyperlipidemia.
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Materials and methods
Animal experiments
LDL-R⁻/⁻ mice were purchased from Beijing Vital River Lab
Animal Technology CO., LTD. (Beijing, China). All mice
were housed in a room with 12/12-hour light-dark cycles at a
controlled temperature (24°C). Male LDL-R⁻/⁻ mice (8 weeks
old) were randomly divided into four groups, as follows: mice
fed a normal diet (control group, n = 8), mice fed a highcholesterol diet (H group, n = 8), mice fed a high-cholesterol
diet + atorvastatin (10 mg/kg/day; Pfizer, New York, USA)
(HA group, n = 8), and mice fed a high-cholesterol diet +
atorvastatin (10 mg/kg/day) + SP (50 mg/kg/day; Mitsubishi
Tanabe Pharma, Osaka, Japan) (HAS group, n = 7). Highcholesterol diet contained 1.5% cholesterol and 15% fat. The
experimental diet was purchased from Shanghai Slac
Laboratory Animal Co., Ltd. (Shanghai, China). Mice in all
groups were fed with the appropriate diet for 8 weeks. Blood
samples were obtained from the inferior vena cava, collected
in serum tubes, and stored at -80°C until use. Longitudinal
sections of the aotras were fixed in 10% formalin and
embedded in paraffin for histological evaluation. The
remaining aotras were snap-frozen in liquid nitrogen for
mRNA isolation and immunoblotting analyses. All animal
experiments were performed in accordance with the Guide for
the Care and Use of Laboratory Animals. This study was
approved by the Ethical Committee of the affiliated
Zhongshan Hospital of Dalian University of China.
Serum lipoprotein profile
The blood samples were collected and serum was prepared by
centrifugation at 3000 rpm for 15 min. Following the
manufactural instruction, Total Cholesterol Assay Kit (CODPAP method) (Nanjing Jiancheng Biological Technology
Institute, China) was used for detecting serum total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-c) and
Triglyceride Assay Kit (GPO-PAP method) (Nanjing
Jiancheng Biological Technology Institute, China) for
triglyceride (TG).
Histological analysis
Paraffin-embedded aorta tissues were cut into 5 μm-thick
cross-sections and deparaffinized prior to staining using a
standard protocol. Hematoxylin and eosin staining was used to
for detecting the lesion area at the aortic .
Immunohistochemical staining was performed according to
the manufacture's description (Zsbio, Beijing, China) with the
antibody against CD68 (rabbit anti-CD68 antibody, 1:200;
Proteintech, Wuhan，China), NIH Image J software was used
for quantification.
RNA isolation and real-time RT-PCR
Total RNA was isolated from aorta using the ISOGEN
(Nippon Gene, Tokyo, Japan) according to the manufacturer’s
protocol. Complementary DNA (cDNA) was synthesized from
total RNA using a first-strand cDNA synthesis kit
(SuperScript VILO cDNA Synthesis Kit; Life Technologies
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Carlsbad, CA, USA), according to the manufacturer's
protocol. Gene expression was analysed quantitatively by realtime RT-PCR using fluorescent SYBR Green technology
(Light Cycler; Roche Molecular Biochemicals). β-Actin
cDNA was amplified and quantitated in each cDNA
preparation in order to normalize the relative amounts of the
target genes. Primer sequences are listed in Table 1.
Table1 Primer oligonucleotide sequences
Gene
TNFα
IL-6
IL-1β
βactin

Primers
F:5′-TCTCATGCACCACCATCAAGGACT-3′
R:5′-ACCACTCTCCCTTTGCAGAACTCA-3′
F:5′-TACCAGTTGCCTTCTTGGGACTGA-3′
R:5′-TAAGCCTCCGACTTGTGAAGTGGT-3′
F: 5′-TGCCACCTTTTGACAGTGAT-3′
R: 5′-TGTGCTGCTGCGAGATTTGA-3′
F:5′-CGATGCCCTGAGGGTCTTT-3′
R:5′TGGATGCCACAGG
ATTCCAT-3′

Abbreviations: TNF-α, tumor necrosis
interleukin- 6; IL-1β, interleukin- 1β

factor-α;

IL-6,

Western blotting for aortic tissue
Proteins were extracted from renal cortical tissues using radio
immunoprecipitation assay buffer (P0013B; Beyotime,
Shanghai, China). Samples were electrophoresed on 10%
SDS-PAGE gel, and proteins were transferred to
polyvinylidene fluoride membrane (Immobilon, Millipore,
Billerica, MA, USA). Membranes were blocked in Trisbuffered saline with 0.1% Tween-20 (TBS-T) containing 5%
skim milk, and then were incubated in primary antibody
diluent (P0023A; Beyotime) and gently shaken overnight at
4°C. Primary antibodies against CD36 (rabbit anti-CD36
antibody, 1:1000; Proteintech), Phospho-Erk (Rabbit antiphospho-Erk,1:1000; Proteintech), anti-β-actin (1:1000;
Proteintech). Membranes were then incubated with secondary
antibody (anti-rabbit Ig-G, 1:1000; Cell Signaling Technology
for 1 hour). This analysis was carried out independently three
times. Protein levels are expressed as protein/β-actin ratios to
minimize loading differences. The relative signal intensity was
quantified using NIH ImageJ software.
Statistical Analysis
All data are presented as the mean ± SEM. Statistical analysis
was performed using SPSS software version 23.0 (SPSS Inc.,
Chicago, IL, USA). Inter-group variation was measured by
one-way ANOVA and subsequent Tukey’s test. The minimal
level for significance was P< 0.05.
Results
Metabolic characterisation
According to the metabolic characteristics, we found the
results of serum lipid measurements (Figure1) indicated that a
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hyperlipidemia mouse model had been successfully
established. Body weights (BWs) and TG did not differ among
the four groups. LDL-R⁻/⁻ mice in the H group showed a
marked increase in TC and LDL-c levels. TC levels decreased
in HA and HAS groups, compared to those in the H group.
Treatment with SP plus atorvastatin were more effective in
reducing TC and LDL-c levels, compared to treatment with
atorvastatin alone.

Fig 1. Metabolic data from the LDL-R⁻/⁻ mice of the four
groups after treatment. Body weights, TC, TG and LDL-c
expressions of the four groups after treatment are presented.
Data are mean ± SEM; n = 7–8 per group. *P < 0.05, #P<0.01.
Histopathological changes in aortic tissues
To evaluate aortic tissue damage，we used the HE, CD68
staining (Figure2) facilitated the visualisation of aortic
structural disorder, inflammatory cell infiltration, macrophage
infiltration with aortic damage as seen in hyperlipidemia. Mice
in the HA and HAS groups showed a marked reduction in
aortic damage compared to that in the H group. In addition,
HE and CD68-positive staining were significantly lower in the
HAS group than in the HA group. Those results indicate that
SP plus atorvastatin was more effective in reducing
inflammatory cell infiltration and macrophage infiltration in
LDL-R⁻/⁻ mice with hyperlipidemia, compared to LDL-R⁻/⁻
alone.

Fig 2. Sarpogrelate and atorvastatin reduce the plaque lesion
areas and macrophages. H&E staining shows the plaque
lesions and bar graph presents the lesion area. Macrophages
（CD68） stained brown by immunohistological staining and
bar graph presents the quantification of macrophages. Scale
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bar=100 μm. Data are mean ± SEM; n = 5 per group.*P <
0.05, #P<0.01.
mRNA expression of IL-1β, IL-6, and TNF-α in aortic tissues
Pro-inflammatory cytokines, including interleukin-1β (IL-1β),
interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α),
were upregulated in the H group, while attenuated in the HR
and HAS groups. IL-1β, IL-6 and TNF-α expression was
significantly lower in the HRS group than in the HR group
(Figure 3).

Fig3. Expression of pro-inflammatory genes in the aortic
tissues from the LDL-R⁻/⁻ mice of the four groups after
treatment. Relative mRNA expression of IL-1β, IL-6 and TNFα in the aortic tissues of the four groups after treatment. Data
are given as mean ± SEM; n = 6 in each group. *P < 0.05,
#
P<0.01.
CD36 protein expression in the aortic tissue of LDL-R⁻/⁻ mice
Immunoblotting was performed to measure CD36 protein
expression. It was found that CD36 protein expression in the
aortic of mice in the H group increased, compared to that in
the control group. However, mice in HA and HAS groups
exhibited markedly reduced CD36 expression in aortic tissues,
compared to that in the H group. In addition, CD36 protein
expression was significantly suppressed in the HAS group,
compared to that in the HA group. Results indicate that PS
plus atorvastatin was more effective in reducing CD36
expression in LDL-R⁻/⁻ mice with hyperlipidemia (Figure 4).

Fig4. CD36 protein expression in heart tissues of four groups.
Immunoblotting for CD36 in aortic tissues. Bar graph showing
quantification of CD36 protein expression. Data are given as
mean ± SEM; n = 6 in each group. *P < 0.05, #P<0.01.
Phosphor-ERK expression in the aortic tissue of LDL-R⁻/⁻
mice
Protein kinases play a role in lipid deposition, thus phosphorERK protein immunoblotting was performed (Figure 5). We
found that phosphor-ERK protein expression in the aortic of
mice in the H group increased, compared to that in the control
group. However, mice in HA and HAS groups exhibited
markedly reduced phosphor-ERK protein expression in aortic
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tissues, compared to that in the H group. In addition, CD36
protein expression was significantly suppressed in the HAS
group, compared to that in the HA group.

Fig5. P-ERK protein expression in heart tissues of four
groups. Immunoblotting for P-ERK in aortic tissues. Bar
graph showing quantification of P-ERK protein expression.
Data are given as mean ± SEM; n = 6 in each group. *P <
0.05, #P<0.01.
Discussion
Most importantly, results of the current study suggested that
SP plus atorvastatin was more effective in ameloriating aortic
damage in LDL-R⁻/⁻ mice with hyperlipidemia, compared to
atorvastatin alone. In particular, SP plus atorvastatin
significantly attenuated lipid deposition, inflammatory
cytokine levels, macrophage infiltration in hyperlipidemiainduced aortic damage.
TC and LDL-c levels increased in the H group, compared to
those in the control group. Interestingly, TC and LDL-c levels
were significantly suppressed in both the HA and HAS
groups, compared to that in the H group. There was a
significant difference between HA and HAS groups. Results
indicate that atorvastatin plus SP synergistically lowered TC
and LDL-c levels in LDL-R⁻/⁻ mice with hyperlipidemia.
Present results are consistent with those of Park et al[19]. The
present study did not include a group of LDL-R⁻/⁻ mice fed a
high-cholesterol diet + SP alone. Thus, this study could not
compare the effects of SP and atorvastatin in hyperlipidemic
LDL-R⁻/⁻ mice.
Recently, statins have
been shown to exhibit
immunomodulatory effects, reducing inflammatory cytokine
secretion, T lymphocyte activation, mononuclear cell
proliferation, and antigen-presenting capacity [20-22].
Previous studies have shown that statins reduce the production
of proinflammatory cytokines, such as IL-1β, IL-6, IL-10,
interferon-γ, and TNF-α, and stabilize vulnerable
atherosclerotic plaques, which might be partially attributed to
their immunomodulatory effects [19, 23-25]. Present findings
are consistent with the results of a previous study. Atorvastatin
plus SP reduced the progression of plaque lesions due to its
anti-inflammatory properties, including suppression of IL-1β,
IL-6 and TNF-α levels. The present study showed that IL-1β,
IL-6 and TNF-α expression were upregulated in the H group.
However, these increase in expression of pro-inflammatory
cytokines was attenuated in HA and HAS groups. In addition,
IL-1β, IL-6 and TNF-α expression significantly decreased in
the HAS group, compared to that in the HA group.
Hyperlipidemia-induced aortic damage is usually associated
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with an increase in macrophages. Macrophages are major
innate immune cells that play a principal role in the transition
from inflammatory response to regeneration. CD68, an
important macrophage biomarker, reflects macrophage burden
[26, 27]. In the present study, immunohistochemical staining
of CD68 showed that mice in the HA and HAS groups
exhibited obviously reduced CD68-positive staining in the
aortic tissues, compared to those in the H group. In addition,
there was a significant difference between HAS and HA
groups. Results suggest that SP plus atorvastatin was more
effective in reducing macrophage infiltration in LDL-R⁻/⁻ mice
with hyperlipidemia, compared to atorvastatin alone.
Cellular lipid homeostasis involves the regulation of the
influx, synthesis, catabolism, and efflux of lipids. This
pathway is mediated by several independent pathways
including class B (CD36) [28]. CD36 has been reported to
mediate oxLDL internalization in macrophages, and have been
implicated in the pathogenesis of atherosclerosis[29, 30]. The
present study measured CD protein expression significantly
increased in the aortic of mice in the H group, compared to
that in the control group. This increase in expression of CD36
was suppressed in HA and HAS groups. There was a
significant difference in CD36 expression between HA and
HAS groups. These findings indicate that CD36 might be a
critical factor involved in lipid accumulation in the aortic of
LDL-R⁻/⁻ mice. Atorvastatin plus SP effectively ameliorated
lipid deposition. Hu et al reported that compared with normal
vessal tissue, or the aortic media of cholesterol-fed rabbits,
there was a marked increase in the amount of ERK1/2 proteins
from atherosclerotic lesions[31]. In the present study, we
found that P-ERK protein expression significantly increased in
the aortic of mice in the H group, compared to that in the
control group. This increase in expression of P-ERK was
suppressed in HA and HAS groups. There was a significant
difference in P-ERK expression between HA and HAS groups.
In conclusion, present results suggest that TC and LDL-c
levels substantially decreased after atorvastatin and SP
combined therapy, compared to atorvastatin alone treatment.
Treatment with SP plus atorvastatin demonstrated superior
effects to atorvastatin alone in terms of attenuation of
inflammatory cytokine expression, macrophage infiltration,
lipid deposition. The findings of this study may be beneficial
in developing novel strategies for prevention and treatment of
hyperlipidemia induced cardiovascular disease.
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