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 Background: The aim of this study was to investigate the effects of arginine in the development of atherosclerosis in rats 
fed a high-fat diet supplemented with arginine and to evaluate the role of CD36 in this process.

 Material/Methods: A total of 40 Sprague-Dawley rats were randomly assigned to 4 groups: control group, fat diet group, simvas-
tatin group, and arginine group. They were fed for 12 weeks and were then sacrificed. Immunohistochemical 
CD36 expression and pathology was investigated in the aorta; CD36 expression in mononuclear cells was de-
tected by Western blot and RT-PCR.

 Results: The thickness of the aortal intima, media, and I/M significantly decreased in the arginine group rats compared 
with those in the fat diet group (P<0.05). CD36 expression was up-regulated in rats in the fat diet group com-
pared with the control group and was down-regulated in rats in the arginine group compared with rats in the 
fat diet group.

 Conclusions: The addition of arginine has a significant effect on reducing rat atherosclerosis development, which may be at-
tributed to both the down-regulation of CD36 expression in rat aortic endothelial and blood mononuclear cells 
and the NO pathway.
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Background

Atherosclerosis (AS) is a significant pathophysiologic cause 
of cardiovascular events. Reasons for the occurrence and de-
velopment of AS include lipid aggregation, endothelial inju-
ry, and inflammation [1]. In humans, endothelial dysfunction 
is one of the first detectable vascular alterations in the evo-
lution of atherosclerosis, and its presence also correlates well 
with future cardiovascular events [2]. Endothelial injury is one 
of the primary pathogenesis in the initiation and progression 
of atherosclerosis [1]. Nitric oxide (NO) is a potential regu-
lating factor of protected internal environment homeostasis 
and prevented apoptosis [3]. NO generated continuously can 
prevent apoptosis of endothelial cells and protect endotheli-
al cells from damage [4], which is beneficial to prevent occur-
rence and development of AS [5]. During injury, the bioavailabil-
ity of NO is enhanced, which can protect endothelial function 
[6]. Arginine is the main precursor of NO in the vascular endo-
thelium. Arginine supplementation protects endothelial func-
tion [7], which reduces the occurrence and development of 
atherosclerosis. Therefore, arginine may reduce the develop-
ment of atherosclerosis in rats fed a high-fat diet by protect-
ing endothelial function. The present study, in which rats were 
fed a high-fat diet supplemented with arginine and their vas-
culum was detected, confirms this hypothesis. CD36 can ad-
here to and assist macrophages in phagocytizing oxygenized 
low-density lipoproteins (oxLDLs). Macrophages change into 
foam cells, which form the core of AS. CD36 plays an impor-
tant part in AS plaque formation. Arginine potentially contrib-
utes to the reduction of platelet aggregation and the adhesion 
of mononuclear cells to the endothelium in hypercholesterol-
emic subjects [8]. This study aimed to define the role of CD36 
in AS rats treated with arginine by detecting the expression 
of CD36. Simvastatin is currently accepted for curing athero-
sclerosis in clinical practice [9]. Simvastatin is used in many 
clinical studies, so we choose Simvastatin as the positive con-
trol lipid-lowering drug. Simvastatin was used as the positive 
control group of drug intervention in this study.

Material and Methods

Animals

Twenty adult male and 20 adult female Sprague-Dawley rats, 
aged 8 weeks and weighing 200±20 g, were supplied by the 
Shanghai Super B&K Laboratory Animal Co., Ltd., Shanghai, 
China. All rats were housed under standard conditions at 25°C 
with a 12/12 h light-dark cycle and free access to water. This 
study was carried out in strict accordance with the recommen-
dations in the Guide for the Care and Use of Laboratory Animals 
of the National Institutes of Health. The animal use protocol 

was reviewed and approved by the Institutional Animal Care 
and Use Committee (IACUC) of Fudan University.

Rat model, groups, and drug intervention

The rats were randomly divided into 4 groups: control group 
(10), fat diet group (10), simvastatin group (10), and argi-
nine group (10). Control group rats were fed with fat-free 
food for 12 weeks; the other 3 groups rats were fed a high-
fat diet (94.3% basal feed +3% lard (purchased in the mar-
ket) +2% cholesterol (Shanghai Technical Service Industry and 
Biological Engineering Co., Ltd., Shanghai, China) +0.5% sodi-
um cholate (Shanghai Technical Service Industry and Biological 
Engineering Co., Ltd., Shanghai, China) +0.2% propylthiouracil 
(Shanghai Zhaohui Pharmaceutical Co., Ltd., Shanghai, China) 
and were intramuscularly injected with vitamin D3 (Harbin 
MT Agricultural Veterinary Medicine Co., Ltd., Harbin, China) 
(3×105 u/kg/moon) for 12 weeks. The arginine group rats were 
given arginine hydrochloride injections (20 ml: 5 g, Shanghai 
Sine Jin Zhu Pharmaceutical Co., Ltd., Shanghai, China) by ga-
vage (1 g/kg/d). The dosage is chosen according to its usual 
dosage 10 g/day in 60 kilogram human and conversion formu-
la of human-rat 1:6.17. The simvastatin group rats were giv-
en distilled water of the same volume with the simvastatin 
(Hangzhou MSD Pharmaceutical Co., Ltd., Hangzhou, China) 
by gavage (4 mg/kg/d). The dosage is chosen according to its 
usual dosage of 40 mg/day in 60-kilogram humans and con-
version formula of human-rat 1:6.17. The control and fat diet 
group rats were given distilled water of the same volume for 
12 weeks by gavage. After 12 weeks of gavage, all rat groups 
were anesthetized. Rat blood and aortas were collected.

Aortic pathology

The aortic root and arch were fixed with 10% formalin. Then, 
routine dehydration, paraffin embedding, HE staining, and 
microscopic examination were performed. The aortic lesions 
were recorded.

Immunohistochemistry

Routine paraffin sectioning, dewaxing, and hydration using 3% 
hydrogen peroxide were performed to remove endogenous per-
oxidase. Approximately 50 µl (1:100) of rabbit anti-rat CD36 
antibody (Wuhan EIAab Science Co., Ltd., Wuhan, China) was 
added, and the mixture was incubated at 25°C overnight. Then, 
approximately 50 µl of goat anti-rabbit IgG antibody (Wuhan 
EIAab Science Co., Ltd., Wuhan, China) was added, and the 
mixture was incubated at 37°C for 60 min and colored using 
diaminobenzidine (Tiangen Biotech Co., Ltd., Beijing, China). 
The sample was dyed with hematoxylin and dehydrated with 
gradient alcohol and xylene.
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Western blotting

Mononuclear cells were extracted from venous blood by den-
sity gradient centrifugation.

Mononuclear cells were lysed in buffer and ethylene diamine 
tetraacetic acid (EDTA). Proteins were extracted from cell ly-
sates. Equal amounts of protein were electrophoresed on a 
10% SDS-polyacrylamide gel and electrophoretically trans-
ferred to polyvinylidene fluoride membranes. After blocking 
with 2% BSA in Tris-buffered saline at room temperature for 
1 h, the membranes were incubated with an antibody against 
rabbit anti-rat CD36 antibody (Wuhan EIAab Science Co., Ltd., 
Wuhan, China) overnight at 4°C. The membranes were then 
washed with PBS and incubated with horseradish peroxi-
dase-conjugated goat anti-rabbit IgG antibody (Wuhan EIAab 
Science Co., Ltd., Wuhan, China) for 1 h at room temperature. 
Immunoblotting was detected by chemiluminescence detection.

RT-PCR

Total RNA from mononuclear cells was isolated using Trizol-A+ 
Reagent (Tiangen Biotech Co., Ltd., Beijing, China) and cDNA 
was synthesized with 4 µl total RNA using the Quantscript 
RT Kit (Tiangen Biotech Co., Ltd., Beijing, China) according to 
the manufacturer’s protocol. PCR resulted in specific amplif-
icates according to the cDNA using SuperReal PreMix (SYBR 
Green) (Tiangen Biotech Co., Ltd., Beijing, China). The reac-
tions were run using the following program: 95°C for 15 min, 
40 cycles of 95°C for 10 s, and 60°C for 32 s. The sequences 
of primers specific for CD36 (sense: 5’-aggaagtggcaaagaatag-
cag-3’, antisense: 5’-acagacagtgaaggctcaaaga-3’) and be-
ta-actin (sense: 5’-CCCATCTATGAGGGTTACGC-3’, antisense: 
5’-TTTAATGTCACGCACGATTT-3) were synthesized by Sangon 
Biotech (Shanghai, China).

Statistical analysis

The overall response to increasing concentrations of TGF-b1 
in monocytic cells was tested using a regression analysis. 
Comparisons of cells obtained from the same donor and 

incubated either under control conditions or in the presence 
of TGF-b1 were made using the matched-pairs signed rank 
Wilcoxon test.

Stata7.0 software was used to conduct statistical analyses. 
The results were expressed as the means ±SEM. The data 
among the several groups were analyzed by one-factor anal-
ysis of variance and the Bonferroni method for multiple com-
parisons or the Kruskal-Wallis rank test. In all analyses, statis-
tical significance was set at P<0.05. Image measurement data 
were analyzed with Image Pro-Plus image analysis software.

Results

The pathological changes of aortas

After 12 weeks of being fed a high-fat diet, aortal intimal thick-
ening and lipid deposition in the middle media developed in 
rats in the fat diet and arginine groups, but not those in the 
control and simvastatin groups. The thickness of aortal intima, 
media, and I/M significantly decreased in arginine group rats 
compared with the fat diet group rats (P<0.05, Table 1, Figure 1).

CD36 expression

CD36 expression with immunohistochemistry (membrane and 
cytoplasm of positive cells were stained brown) was up-regu-
lated in fat diet group rats compared to the control group and 
down-regulated in arginine and simvastatin group rats com-
pared with fat diet group rats (Figure 2).

The CD36 mRNA expression of mononuclear cells was up-reg-
ulated in fat diet group rats compared with the control group 
and down-regulated in arginine group rats compared with the 
fat diet group. However, the CD36 mRNA expression was up-
regulated in simvastatin group rats compared with both the 
control group and the fat diet group (Figures 3, 4B). The CD36 
protein expression of mononuclear cells was up-regulated in 
fat diet group rats compared with the control group. No sig-
nificant difference was found in the CD36 protein expression 

Group Thickness of aortal intima Thickness of media
Ratio of aortal intima and 

media (I/M)

Control  11.5±1.3  125.2±5.6  0.09±0.02

Fat diet  172.6±4.4*  285.4±8.4*  0.60±0.03*

Simvastatin  18.2±2.4**  153.2±7.9**  0.12±0.02**

Arginine  51.5±3.8*,**  163.5±6.6**  0.31±0.03*,**

Table 1. The thickness measurements (μm) of aortal intima, media and I/M in rats of each group.

* P<0.05, vs. control group; ** P<0.05, vs. fat diet group.
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of mononuclear cells among rats in the control, arginine, and 
simvastatin groups (Figure 4A).

Discussion

AS is a significant pathophysiologic cause of cardiovascular 
events. Clinical manifestations include myocardial infarction, 

A B C D

Figure 2.  Representative photomicrograph of CD36 expression with immunohistochemistry in each group rats (200×). (A) Control 
group; (B) fat diet group; (C) simvastatin group; (D) arginine group.

A B C D

Figure 1.  Representative photomicrograph of aortic pathological section in each group rats, HE staining, (100×). (A) Control group; 
(B) fat diet group; (C) simvastatin group; (D) arginine group.
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Figure 3.  Real-time RT-PCR amplification curves 
of b-actin RNA and CD36 mRNA. This 
shows that there is no pollution and 
interference of physical factors in the 
specimen. The standard is distributed 
uniformly and its gradient is normal.
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Figure 4.  (A) CD36 protein expression of mononuclear cells with Western blot analysis in each group. (B) The ratio of CD36 mRNA 
expression and b-actin RNA expression with RT-PCR in each group.
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aortic stenosis, aortic aneurysm, cerebral ischemia, cerebral 
hemorrhage, ischemic nephropathy, ischemic enteropathy, 
and peripheral artery disease [1]. The complex causes of AS 
development include lipid accumulation, endothelial damage, 
and inflammation. Low-dose folic acid supplementation has a 
beneficial effect on blood lipids [10]. Adiponectin may protect 
the aorta from atherosclerosis injury by reducing lesion for-
mation size in the aortic root and reducing TC, TG, and LDL-C 
in serum [11]. Vascular endothelial injury is a main pathogen-
esis of AS development. Vascular endothelial injury can cause 
increased endothelial permeability for lipoproteins and other 
plasma components. The normal regulative balance of the vas-
cular endothelium is altered, including a reduction of NO syn-
thesis and secretion, increased endothelin release, increased 
expression of endothelial adhesion molecules, and disorder of 
endothelial antithrombotic function [1]. Endothelial dysfunc-
tion is one of the first early and detectable vascular changes of 
AS. Endothelial dysfunction is also closely associated with the 
presence of additional cardiovascular events [6]. Endothelial 
dysfunction can promote the formation of atherosclerotic 
plaques and the development of AS [2]. NO is not only a va-
sodilator substance, but it can also prevent platelet adhesion 
and aggregation, prevent leukocyte adhesion and migration 
to the arterial wall, and inhibit smooth muscle cell prolifera-
tion, which is crucial for AS development. In circulation, NO 
is highly permeable, and a small molecule generated from ar-
ginine is catalyzed by NOS. Arginine is the main precursor of 
NO in vascular endothelium. The addition of exogenous argi-
nine can enhance the bioavailability of NO.

Research by Javanmard et al. [12] showed that the use of an 
arginine diet can prevent vascular fatty streak formation in-
duced by a fat diet, elevation of von Willebrand factor (vWF), 
and endothelial damage. An arginine diet also can improve the 
bioavailability of NO. Fiorito et al. [7] demonstrated that argi-
nine supplementation has an appropriate endothelial protec-
tive effect in C57BL/6J mice by increasing endothelial progeni-
tor cells (EPCs) and vascular endothelial growth factor (VEGF). 
Many experiments [13–16] have indicated that arginine sup-
plementation can repair endothelial function, improve cardi-
ac function, reduce the incidence of arrhythmias, and relieve 
ischemia-reperfusion injury by NO in many diseases associat-
ed with endothelial dysfunction. There is no significant differ-
ence in the efficacy of intravenous or oral arginine [17]. In this 
study, the thickness of aortal intima, media, and I/M signifi-
cantly decreased in arginine group rats compared with fat diet 
group rats. The results show that a high-fat diet with simulta-
neous oral arginine supplementation can reduce the develop-
ment of atherosclerosis, which may be related to the arginine-
NO pathway that reduces vascular endothelial inflammation 
and protects endothelial function, thereby reducing the devel-
opment of atherosclerosis.

CD36 antigen is widely present in many different types of 
cells, such as macrophages, monocytes, platelets, and endo-
thelial cells [18]. Oxidized low-density lipoprotein (oxLDL) can 
be adhered to and phagocytized by CD36 into macrophages, 
which eventually become foam cells. Foam cells, which con-
stitute the core infrastructure of AS, play an important role in 
the formation of plaque [19,20]. A variety of AS-induced in-
flammatory cytokines, such as macrophage colony-stimulating 
factor (MCSF), g-interferon (IFN-g), and interleukin-10 (L-10), 
may increase the expression of CD36 [21,22]. Animal exper-
iments showed that pitavastatin can decrease the transcrip-
tion of macrophages and Th1 cell surface CD36 mRNA and 
the expression of surface protein [23]. In hypercholesterol-
emic patients given oral atorvastatin for 6 days, the CD36 ex-
pression on the platelet surface was observed to be signifi-
cantly reduced [24]. Arginine plays a potential beneficial role 
in reducing platelet aggregation and monocyte and endothe-
lial cell adhesion for hypercholesterolemic patients [8]. It has 
been confirmed that arginine can inhibit the development of 
rat artery atherosclerosis [25]. In addition to the known NO 
pathway, the effects of arginine on CD36 expression should 
be studied as a possible mechanism.

This experiment studied CD36 protein expression in the rat 
aorta in each group. CD36 protein expression was up-regulat-
ed in fat diet group rats compared with control group rats and 
down-regulated in arginine group rats compared with fat diet 
group rats. The same results were observed in rat blood mono-
nuclear cell experiments. The expression of CD36 was detected 
using both Western blot and quantitative real-time PCR in this 
experiment. According to the real-time PCR results, the CD36 
mRNA expression of rat blood mononuclear cells was up-reg-
ulated in fat diet group rats compared with control group rats 
and down-regulated in arginine group rats compared with fat 
diet group rats. Similar expression levels of CD36 mRNA were 
detected in rats in both the arginine and control groups. The 
experimental pathology confirmed that arginine can reduce 
atherosclerosis in fat diet rats and reduce CD36 expression 
in rat blood mononuclear cells and aorta. Therefore, it can be 
concluded that arginine can reduce the occurrence and de-
velopment of atherosclerosis by reducing CD36 expression in 
fat diet rat blood mononuclear cells and aorta. In simvastatin 
group rats, the CD36 mRNA expression was up-regulated, but 
the CD36 protein expression was down-regulated compared 
with the fat diet group. Therefore, Simvastatin may have an 
anti-atherosclerosis effect by intervening in some mechanism 
in the CD36mRNA downstream channel to influence expres-
sion of CD36 protein, not by down-regulating CD36mRNA ex-
pression. Arginine may reduce platelet aggregation and mono-
cyte and endothelial cell adhesion and provides anti-oxidative 
and anti-inflammatory properties to reduce the generation of 
inflammatory cytokines, which reduces CD36 expression in 
blood mononuclear cells and aorta. This finding needs further 
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experimental research to identify the mechanisms and path-
ways through which arginine affects the expression of CD36.

Conclusions

Supplementation with arginine can alleviate atherosclerosis oc-
currence in high-fat diet rats. In addition to NO, the mechanism 

of this phenomenon may be associated with the down-regu-
lation of CD36 expression in the endothelia of the aorta and 
monocytes in blood circulation.
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