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Abstract: The present study was conducted to investigate the effects of rosuvastatin on the atherosclerotic plaque
formation and their underlying molecular mechanisms. Male Apolipoprotein E gene knockout (ApoE”") mice fed high-
fat diet were given saline or rosuvastatin for 8 weeks, respectively. Rosuvastatin significantly ameliorated the pro-
gression of atherosclerosis lesion formation without changes in body weight, blood pressure and heart rate, but with
significant reductions in plasma total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C).
Furthermore, rosuvastatin attenuated the MOMA2-labeled macrophage infiltration, and the secretion of vascular
endothelial growth factor (VEGF) and placenta growth factor (PLGF) in atherosclerotic plaque. The results indicate
that rosuvastatin impedes the progression of atherosclerosis plaque formation via reducing lipid accumulation and

down-regulations of VEGF, VEGFR and PLGF.
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Introduction

Atherosclerosis is characterized to be a poly-
genic pathology progressing of blood vessels,
among which chronic inflammation plays a criti-
cal role in the formation of an atheromatous
plaque in the aortic artery [1]. Atherosclerosis
is the crucial contributor to cardiovascular dis-
eases such as coronary heart disease and mio-
cardial infarction, which is also considered as
the leading cause of cardiovascular death [2].
Therefore, the prevention and treatment of ath-
erosclerosis may be propitious to the prognosis
of the subjects with cardiovascular diseases
[3].

Lipometabolic disorder is one of the important
events in the formation of atherosclerotic
lesions [4]. The increased levels of total choles-
terol (TC), triglyceride (TG), low-density lipopro-
tein-cholesterol (LDL-C) are present in the
experimental atherosclerosis rats [5]. The dys-
regulated lipid metabolism is a hallmark of ath-
erosclerosis, and the abnormal accumulation
of TC, TG and LDL-C acts as a stress signal to
accelerate the development and progression of
atherosclerotic plaque [6]. Macrophages infil-

tration is pivotal to the development of athero-
sclerosis associated with the deterioration of
chronic lipid-induced inflammation [7]. Acti-
vation of macrophages aggravates the uptake
of LDL-C and induces the disruption in cellular
cholesterol homeostasis, which stimulates the
regression of foam cells in the artery [8]. High
fat diet-fed ApoE”- mice exhibit the macrophage
infiltration in the vessel wall during the progress
of atherosclerosis [9]. Vascular endothelial
growth factor (VEGF) family and placenta
growth factor (PLGF) are two key factors for the
physiological and pathological conditions of
atherosclerosis [10]. VEGF-VEGFR system is
involved in angiogenesis via modulation of non-
inflammatory and inflammatory responses in
atherosclerotic plaque, and it is an important
target for suppressing vascular diseases includ-
ing atherosclerosis [11]. PLGF is identified as a
proinflammatory factor, and recognized as a
potential therapeutic target in atherosclerosis
[12].

Rosuvastatin is reported to retard the progres-
sion of atherosclerosis lesion formation via
downregulation of pro-inflammatory cytokines
and chemokines [13]. Long-term administration
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Table 1. Body weight, blood pressure and heart rate in different groups after 8 weeks

Body Weight (g) SBP (mmHg) DBP (mmHg) HR (beat/min)
Saline 29+2.34 110+4.22 80.5+6.51 576.1+41.20
Rosuvastatin 30.37+£1.56 109.2+5.63 78.813.34 557.2+9.30
t 0.071 0.135 0.274 0.092
P 0.721 0.336 0.112 0.683

Note: SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate. These parameters were analyzed by

Student’s-t test.

Table 2. TC, TG and LDL in different groups after 8

weeks
TC TG LDL-C
(mmol/L) (mmol/L) (mmol/L)
Saline 29.31+3.82 1.71+0.35 26.83+4.71
Rosuvastatin 17.94+4.07* 1.04+0.17* 13.62+4.39%
t 8.893 3.568 4.536
P P < 0.001 0.017 0.011

Note: Values are mean + SD. *P < 0.05 vs. Saline. n=20 for
each group. TC, total cholesterol; TG, triglyceride; LDL-C, low

density lipoprotein cholesterol. These parameters in different

groups were analyzed by Student’s-t test.

of rosuvastatin significantly improved the arte-
rial stiffness and blood pressure in patients
with inflammatory joint diseases [14]. In addi-
tion, rosuvastatin treatment depressed the
macrophage infiltration, lipid deposition, proin-
flammatory cytokines levels in atherosclerotic
plaques in rabbits [15]. Quantitative coronary
angiography reveals that rosuvastatin therapy
prevents coronary plaque progression in pa-
tients who undergo elective percutaneous cor-
onary intervention [16]. In the present study,
we investigated the effect of rosuvastatin on
the progression of atherosclerosis lesion for-
mation, and we also explored whether de-
creased lipid metabolism, macrophage infiltra-
tion and release of inflammatory mediators
were responsible for the protective role of
rosuvastatin during the progress of athero-
sclerosis.

Materials and methods
Animals

All of the procedures and protocols were con-
formed to Good Publishing Practice in Phy-
siology (Persson & Henriksson 2011). The
study was approved by the Animal Care
Committee of the Second Affiliated Hospital of
Shandong University of Traditional Chinese
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Medicine and all the animal experiments we-
re followed by the guidelines of Animal
Management Rules of the Chinese Ministry of
Health. Male Apolipoprotein E gene knockout
mice (ApoE”) aged 8-week-old were pur-
chased from Peking University Animal Center
(Beijing, China). The mice were housed in
cages with a temperature-controlled and
humidity-controlled room with free access to
standard chow and tap water under a 12-h
light/dark cycle.

Experimental design

Eighty male ApoE” mice (age, 8 weeks) were
fed a high cholesterol diet containing 10% fat,
1% cholesterol and 0.25% bile salt (Beijing sci-
ence and Technology Co., Ltd. Beijing, China)
for 12 weeks [17]. All the mice were randomly
divided into two groups (n=20 for each group),
which were subjected to intragastric adminis-
tration of normal saline (0.9%, 0.1 ml/day) and
rosuvastatin (AstraZeneca, UK, 1.5 mg/kg/
day, 0.1 ml/day) treatment for 8 weeks. At the
end of 8 weeks, the mice were killed with an
overdose of pentobarbital sodium (50 mg/kg).
Specimens for serum, aortic root, and aorta
were collected.

Measurement of body weight and blood pres-
sure

The body weight in different groups after 8
weeks was recorded. The systolic blood pres-
sure (SBP), diastolic blood pressure (DBP) and
heart rate were measured with a computerized
tail-cuff system (BP-2000, Visitech Systems,
Apex, NC) in conscious animals as previous
report [18].

Plasma lipids measurement

The plasma samples were collected from all
ApoE” mice and stored at -80°C as previously
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Figure 1. En face plaque quantification of the
aortic arch and thoracic aorta stained with
Qil Red 0. Male 8-week-old ApoE KO mice fed
high fat diet were given normal saline gastric
perfusion (A) saline; (B) Rosuvastatin gastric
perfusion; (C) Characterization of aortic sinus
atherosclerotic lesion areas was performed
by Oil red O staining. Values are mean + SD.
*P < 0.05 vs. Saline. n=20 for each group. En
face plaque quantification in different groups
was analyzed by Student’s-t test.
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described [19]. The total cholesterol (TC), tri-
glycerides (TG), and low-density lipoprotein
cholesterol (LDL-C) were determined by a colo-
rimetric enzymatic assay system (Roche Mo-
dular P-800; Roche Diagnostics, Basel,
Switzerland).

Enzyme-linked immunosorbent assay (ELISA)
assay

The plasma levels of vascular endothelial
growth factor (VEGF) and placenta growth fac-
tor (PLGF) were measured with the aid of com-
mercial ELISA kits according to the manufac-
turer’s protocols. The ELISA kit for VEGF was
purchased from Cusabio Biotech Co., Ltd.
(Wuhan, China). The ELISA kit for PLGF was
obtained from R&D Co., Ltd. (Los Angeles, CA,
USA).

Oil red O staining

Following 8 weeks of treatment, all mice were
sacrificed with an overdose of pentobarbital
sodium (50 mg/kg). The mice were perfused by
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phosphate-buffered saline (PBS) and 4% (w/V)
paraformaldehyde. The surrounding fat and
connective tissue of aorta and heart were care-
fully removed under a stereomicroscope. The
complete aorta was excised from the aortic
arch to the common iliac artery, and then
stained with QOil-red O (Sigma-Aldrich, St. Louis,
MO, USA) as previously described. In addition,
5-um paraffin-embedded cross-sections of the
aortic root were subjected to Oil Red O staining
for subsequent histological examination. The
photographs of Oil Red O staining were collect-
ed with a Leica DMI6G0O00O microscope (Leica
Microsystems, Wetzlar, Germany). Image Pro
Plus analysis software was employed to assess
the percentage of the plaque area indicated by
percentage of the plaque area consisting of
aortas [20].

Hematoxylin-eosin staining

5-uym paraffin-embedded cross-sections of
the aortic root were prepared for hematoxylin-
eosin (HE, Beyotime Institute of Biotechnology,
Shanghai, China) staining in order to determine
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Figure 2. Representative Oil red O stained photo-
micrographs from aortic root in different groups.
Male 8-week-old ApoE KO mice fed high fat diet
were given normal saline gastric perfusion (A),
rosuvastatin gastric perfusion (B). (C) Character-
ization of aortic sinus atherosclerotic lesion areas
was performed by Oil red O staining. Values are
mean £ SD. *P < 0.05 vs. Saline. n=20 for each
group. Oil red O staining lesion area in different
groups was analyzed by Student’s-t test.
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the atherosclerotic lesion development. Images
of the sections were captured with a Leica
DMIGO0O0 microscope. Lesion areas were
detected by using Image Pro Plus software
[21].

Immunostaining detection

The tissue cross-sections were dewaxed, rehy-
drated, and subjected to be heated for antigen
retrieval with citric acid buffer (10 mmol/L, pH
6.0). The endogenous peroxidase activity was
blocked by 3% hydrogen peroxide, and the 10%
goat serum was employed to block nonspecific
binding sites. The tissue cross-sections were
then incubated with the antibodies against
MOMA2 (1:500; BMA Biomedicals, Augst,
Switzerland, specific marker for monocytes/
macrophages), VEGF (1:100, Santa Cruz
Biotechnology, Santa Cruz, CA), VEGFR (1:200,
Cell Signaling Technology Inc. Danvers, MA)
and PLGF (1:100, Abcam, UK) overnight at 4°C.
The sections were further incubated with a DAB
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staining system kit (Santa Cruz, CA, USA).
Specimens were counterstained with hematox-
ylin and the color reaction was visualized by
using diaminobenzidine. The sections from
each mouse were expressed as a percentage
of total lesion area.

Statistical analysis

Statistical analyses were conducted using
SPSS 19.0 software (SPSS, Inc., Chicago, IL,
USA). Continuous data were presented as
mean + standard deviation. Student’s-t test
was employed to elevate the significance of dif-
ferences between two groups. Values of P <
0.05 were regarded as statistically significant.

Results
General data and metabolic parameters

After treatment for 8 weeks, there was no sig-
nificant difference in body weight, SBP, DBP or

Int J Clin Exp Med 2017;10(6):9056-9064
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Figure 3. Representative hematoxylin-eosin
stained photomicrographs of cross-sec-
tions of proximal aorta in different groups.
Male 8-week-old ApoE KO mice fed high fat
diet were given normal saline gastric per-
fusion (A), rosuvastatin gastric perfusion
(B). (C) Quantitation of aortic sinus athero-
sclerotic lesion areas was performed by he-
matoxylin-eosin staining. Values are mean
+ SD. *P < 0.05 vs. Saline. n=20 for each
group. Lesion area in different groups was
analyzed by Student’s-t test.

HR between two groups (Table 1). In compari-
son with mice in Saline group, the levels of TC
and TG, as well as LDL in rosuvastatin group
were obviously reduced (Table 2).

Progression of atherosclerosis in ApoE” mice

To determine the effect of rosuvastatin on ath-
erosclerotic plaque development, we quantified
plaque area in the aortic root. The brachioce-
phalic artery and 5-um paraffin-embedded
cross-sections of the aortic root were subject-
ed to Oil Red O staining. In addition, the plaque
morphology of atherosclerotic plaque was eval-
uated by hematoxylin- and eosin-staining. In
the present study, en face plaque of the aortic
arch and thoracic aorta stained with Oil Red O
showed that male 20-week-old ApoE KO mice
developed severe atherosclerotic plaque lesion
ranging from the ascending aorta to the aortic
arch after 8 weeks of fed high fat diet (Figure
1A). Rosuvastatin significantly retarded the
atherosclerotic lesions of the whole aorta in en
face. The lipid deposition in atherosclerotic
lesions were evaluated with Oil red O (Figure 1B
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and 1C). The severity of lipid accumulation in
cross-sections of the aortic root was remark-
ably alleviated in mice treated with rosuvas-
tatin (Figure 2). Moreover, the plaque size in
hematoxylin- and eosin-stained cross-sections
of the aortic root was ameliorated in mice
received with rosuvastatin treatment (Figure
3).

Expressions of MOMA2

Macrophages/monocytes infiltration into vas-
cular wall critically contributes to the develop-
ment of atherosclerosis and plaque instability,
and MOMA2 was a specific marker for macro-
phages/monocytes [22]. Therefore, we exam-
ined whether rosuvastatin abated the infiltra-
tion of macrophages/monocytes into the vas-
culature, the MOMA2 expressions were de-
tected by immunohistochemistry. We showed
that rosuvastatin significantly inhibited the
macrophage infiltration reflected by reduction
in MOMA2 positive macrophages in plaques
(Figure 4).

Int J Clin Exp Med 2017;10(6):9056-9064
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Figure 5. Immunostainings for VEGF, VEGFR and PLGF in artery plaques in different groups. Male 8-week-old ApoE
KO mice fed high fat diet were given normal saline gastric perfusion (A), rosuvastatin gastric perfusion (B). (C) Quan-
titation of smooth muscle VEGF, VEGFR and PLGF. Values are mean + SD. *P < 0.05 vs. Saline. n=20 for each group.
The targeted protein expressions in different groups were analyzed by Student’s-t test.
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Table 3. VEGF and PLGF in different groups
after 8 weeks

VEGF (ng/L) PLGF (ng/L)
Saline 160.34+22.96 5.12+0.76
Rosuvastatin 128.9+13.56* 3.71+0.73*
t 4,182 3.123
P 0.012 0.019

Note: Values are mean + SD. *P < 0.05 vs. Saline. n=20
for each group. VEGF, vascular endothelial growth factor;
PLGF, placenta growth factor. These parameters in differ-
ent groups were analyzed by Student’s-t test.

Expressions of VEGF, VEGFR and PLGF of ath-
erosclerotic lesions

Immunohistochemical results displayed that
the redundant expressions of VEGF, VEGFR and
PLGF of atherosclerotic lesions in ApoE KO
mice fed with high fed diet were obviously res-
cued by rosuvastatin gastric perfusion for 8
weeks (Figure 5). In addition, ELISA assay
revealed that the VEGF and PLGF levels in ApoE
KO mice treated with rosuvastatin were much
lower than those in the ApoE KO mice with
saline treatment (Table 3).

Discussion

Cardiovascular disease is ranked as the lead-
ing cause of death worldwide according to the
report of the World Health Organization (WHO)
in 2011 [23]. A host studies predicate that
more and more people will suffer the worldwide
deaths from cardiovascular disease. The report
of Cardiovascular Disease in China reported
that cardiovascular disease resulted in 41.1%
deaths in the cities and 38.7% in the rural areas
[1]. Atherosclerosis is the most common cause
of cardiovascular disease, such as myocardial
ischemia and hypoxia and coronary heart dis-
ease [24]. Therefore, the prevention and treat-
ment of atherosclerosis are important topics of
further research. The present study showed
that rosuvastatin abated the progression of
atherosclerosis plaque formation. The protec-
tive mechanism of rosuvastatin may be attrib-
uted to down-regulations of lipid accumulation
and VEGF, VEGFR and PLGF expressions.

Rosuvastatin is clinically used to promote the
reduction in coronary plaques in patients with
coronary artery disease [25]. In this study, the
plaque of the aortic arch and thoracic aorta
stained with Oil Red O showed that rosuvas-
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tatin significantly retarded the atherosclerotic
lesions of the whole aorta in en face. The sever-
ity of lipid accumulation in cross-sections of the
aortic root was remarkably alleviated in mice
treated with rosuvastatin. Moreover, the plaque
size in HE-stained cross-sections of the aortic
root was ameliorated in mice received with
rosuvastatin. These results indicated that rosu-
vastatin can dramatically ameliorate the ath-
erosclerotic plaque in the ApoE” mice fed with
high-fat diet.

It is well established that subendothelial ac-
cumulation of macrophages is closely related
with the development of atherosclerosis [3].
Vulnerable plaques are reflected by deposition
of foam cells and macrophages [17]. The exces-
sive lipids in macrophages are major contribu-
tor to the progression of atherosclerotic lesions
[26]. In the present study, rosuvastatin signifi-
cantly inhibited the macrophage infiltration
reflected by reduction in MOMAZ2 positive mac-
rophages in plaques. These results hinted that
rosuvastatin alleviated the macrophage infiltra-
tion to obstruct the development of plaques in
atherosclerosis.

The elevated serum TC, TG and LDL-C levels are
hallmark feature of atherosclerosis [5]. The
extracellular lipids were essential for the stabil-
ity of atherosclerotic plaque [5]. The disorders
of lipid metabolism are correlated with the
prognosis of patients with atherosclerosis oblit-
erans [27]. Our results showed that there was
no significant difference in body weight, SBP,
DBP or HR between two groups at the end of
the eighth week. TC and TG, as well as LDL in
rosuvastatin group were obviously reduced.
These results suggested that rosuvastatin
reduced atherosclerotic plaque areas partially
through decreasing the blood lipid levels.

Atherosclerosis is recoghized as a chronic
inflammatory vascular disease, and inflamma-
tory responses are verified to act on the vascu-
lature to induce the atherogenic plaque [28,
29]. VEGF is confirmed to be an initial factor for
early angiogenesis and vascular smooth mus-
cle cell proliferation during the progress of ath-
erosclerosis [30]. VEGF is an inflammatory cyto-
Kine and is a potential novel cardiovascular risk
factor in atherosclerosis [31]. VEGF-VEGFR sys-
tem is a main regulator of inflammatory mono-
cytes in angiogenesis and atherosclerosis [32].
PLGF is an angiogenic cytokine, which belongs

Int J Clin Exp Med 2017;10(6):9056-9064
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to the VEGF family, and it is exerted a proinflam-
matory role in inflammatory response in vascu-
lar system in atherosclerosis [12]. PLGF is also
a potential therapeutic target in atherosclero-
sis [33]. In this study, we showed that the
redundant expressions of VEGF, VEGFR and
PLGF of atherosclerotic lesions in ApoE KO
mice fed with high fed diet were obviously res-
cued by rosuvastatin gastric perfusion for 8
weeks. In addition, ELISA assay revealed that
the VEGF and PLGF levels in ApoE KO mice
treated with rosuvastatin were much lower
than those in the ApoE KO mice with saline
treatment. These results proposed that the role
of rosuvastatin may be may be related to inhibi-
tion of the inflammation inductions including
VEGF, VEGFR and PLGF.

In conclusion, rosuvastatin ameliorated athero-
sclerosis plaque via inhibition of lipid accumu-
lation and down-regulations of VEGF, VEGFR
and PLGF. Rosuvastatin is an effective approach
for the treatment of atherosclerosis.
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