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Celastrol may have an anti-atherosclerosis effect in a 
rabbit experimental carotid atherosclerosis model
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Abstract: Background: Celastrol may have an anti-atherosclerosis effect. This study aimed to investigate if celastrol 
had an anti-AS effect using a rabbit experimental carotid atherosclerosis model. Methods: Forty male Japanese 
white rabbits were divided into the sham group (normal diet), the model group (high fat diet), the group treated with 
celastrol (high fat diet) and the group treated with atorvastatin (high fat diet) randomly. The rabbits fed a high fat 
diet underwent balloon injury of the right common carotid artery and were treated with dimethyl sulfoxide (DMSO) 
(the model group, 3.5 ml/kg/d), celastrol and its dissolvent DMSO (the celastrol group, 1 mg/kg/d and 3.5 ml/
kg/d) and atorvastatin and its dissolvent DMSO (the atorvastatin group, 2.5 mg/kg/d and 3.5 ml/kg/d) for 12 
weeks by gavage. Results: The ratio of the plaque area and the arterial wall cross-section area in the celastrol group 
was significantly less than the model group (P < 0.001), and there was no significant difference compared with the 
atorvastatin group. The serum level of LDL-C of the celastrol group was significantly lower than the model group (P = 
0.014), and there was no significant difference compared with the atorvastatin group. The expression of VEGF in the 
celastrol group was significantly less compared with the model group (P = 0.014), whereas the expression of VEGF in 
the atorvastatin group and the model group showed no significant differences. Conclusion: Our findings suggest that 
celastrol effectively reduced the plaque ratio, decreased the serum levels of LDL and downregulated the expression 
of VEGF, suggesting an anti-AS effect of celastrol.
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Introduction

Cerebrovascular disease (70% ischemic stroke) 
has become one of the leading causes of mor-
bidity and mortality in China and has an increas-
ing incidence each [1], which may be caused by 
several factors, including the uncontrolled risk 
factors, the aging population, the unhealthy 
lifestyles and the unknown complicated pathol-
ogies of stroke. According to the guidelines for 
the primary prevention of stroke, there are 
many well-documented and modifiable risk fac-
tors for stroke. Of the modifiable risk factors, 
the presence of an atherosclerotic stenotic 
lesion in the extracranial internal carotid artery 
or carotid bulb has a close association with the 
incidence and recurrence of ischemic stroke 

[2]. Carotid atherosclerosis (CAS) can lead to a 
direct infarction at the narrowest part of the 
constricted vessel, or an unstable plaque can 
have an unpredictable sudden breakage, rup-
ture, fissure or ulceration that leads to platelet 
activation, thrombosis, shedding and the 
obstruction of the distal vasculature [3].

It is well accepted that atherosclerosis (AS) is a 
multifocal, smoldering, chronic immunoinflam-
matory disease whose pathogenesis involves 
imbalanced lipid metabolism and a maladap-
tive immune response leading to a chronic 
inflammation of the arterial wall [4], in which 
endothelial cells, leukocytes and intimal smooth 
muscle cells are the major cellulous players [5]. 
Low-density lipoprotein (LDL) [6], C-reactive 
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protein (CRP) [4], matrix metalloproteinases 
(MMPs) [7] and vascular endothelial growth 
factor (VEGF) [8] are considered to be some 
important molecular players.

Tripterygium wilfordii is a medicinal plant that 
has been used in the treatment of inflammato-
ry and rheumatic diseases for thousands of 
years in China because of the plant’s profound 
effects on detumescence, acesodyne, activat-
ing blood circulation and removing stasis [9]. 
Celastrol, one of the effective constituents of 
tripterygium wilfordii, has been identified to 
inhibit the function of proteasomes, to activate 
the heat shock response and to have several 
molecular targets that are mostly centered on 
the inhibition of IKK-NF-κB signaling [10]. 
Several studies have demonstrated that celas-
trol has anti-cancer and anti-inflammatory 
activities and can inhibit platelet activation 
[11]. The anti-inflammatory activities of celas-
trol and the inhibition of platelet activation by 
celastrol might limit the occurrence and pro-
gression of AS. Celastrol might inhibit the ath-
erogenic migration of vascular smooth muscle 
cells (VSMC) within atherosclerotic lesions [12] 
and could inhibit vasculogenesis by suppress-
ing the expression of VEGF in some other sys-
tems such as the locomotor system [13], which 
delays the progression of AS and maintains the 
stability of the AS plaque. Few studies have 
demonstrated the anti-AS effects of celastrol 
using an animal experimental CAS model.

It is widely approved that a high-cholesterol 
diet after the balloon injury of carotid arteries is 
one of the ways to form a rabbit CAS model. 
Thus, we focus on whether celastrol has an 
anti-AS effect using this rabbit experimental 
CAS model.

Materials and methods

Animals

This animal study was approved by the Animal 
Care and Use Committee of Wenzhou Medical 
College. All animal care was in accordance with 
the “Guide for the Care and Use of Laboratory 
Animals” (Office of Science and Health Reports 
CPRR/NIH 1996). Forty Japanese white rabbits 
aged four months and weighing between 2.0 to 
2.5 kg were provided by and housed at the 
Experimental Animal Center of Wenzhou 
Medical College (Wenzhou, China). A high fat 
diet containing 2% cholesterol and 6% peanut 

was produced by the Jiangsu Province 
Synergistic Biological Engineering (Nanjing, 
China). 

Grouping and modeling

Forty Japanese white rabbits were divided into 
the sham group, the model group, the group 
treated with celastrol and the group treated 
with atorvastatin using the simple random 
method. During the entire experiment, the rab-
bits in the sham group were fed a regular diet 
(120 g per day) and the others were fed a high 
fat diet (120 g per day). All of the rabbits were 
given free access to water.

At the end of the first week, after being anes-
thetized with sodium pentobarbital (22.5 mg/
kg, intravenous injection), the rabbits fed a high 
fat diet underwent balloon injury of the right 
common carotid artery according to the previ-
ously described method [14]. The 3.0-mm bal-
loon catheter was gently inflated and retracted, 
and it was pulled repeatedly three times in 
each rabbit. The rabbits in the sham group 
underwent the other steps of the operation 
except for the balloon injury. A post-operation 
muscular injection of ampicillin [50 mg/(kg*d), 
five days] was given to prevent infection.

After the operation, the rabbits were treated 
with dimethyl sulfoxide (DMSO) [the model 
group, 3.5 ml/(kg*d), Chinese agent of Sigma-
Aldrich, Shanghai, China], celastrol and its dis-
solvent DMSO [the celastrol group, 1 mg/(kg*d) 
and 3.5 ml/(kg*d), Pi & Pi Technology Inc, 
Guangzhou, China] and atorvastatin and its dis-
solvent DMSO [the atorvastatin group, 2.5 mg/
(kg*d) and 3.5 ml/(kg*d), Dalian Factory of 
Pfizer Inc, Dalian, China], respectively for 12 
weeks by gavage.

Histology and immunohistochemistry

At the end of week 13, after the blood collec-
tion, all of the rabbits were sacrificed by an 
overdose of intravenous sodium pentobarbital. 
The right common carotid arteries were quickly 
removed and transferred to 10% formalin fixa-
tion. Each specimen was embedded in paraffin 
and was sectioned into intermittent uniform 
5-μm thick cross-sections for hematoxylin-
eosin (HE) or immunohistochemical staining. 

The HE stained specimens were observed with 
an inverted fluorescence microscope (Leica, 
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Germany). After the morphological observation 
of AS lesions, the sizes of the plaques and the 
arterial wall cross-sections were calculated 
using the Image-Pro® Plus (IPP) software.

Immunostaining was performed with the pri-
mary antibody of a mouse monoclonal antibody 
against rabbit VEGF [Anti-VEGF antibody 
(JH1210), distributor of Abcam, Shanghai, 

Table 1. Serum levels of several risk factors for atherosclerosis at week 0a

Factors
Groups

F P0Sham (n = 9) Model (n = 9) Celastrol (n = 8) Atorvastatin (n = 10)
FBG (mmol/L) 5.73 ± 1.59 6.11 ± 1.18 6.03 ± 1.14 5.97 ± 0.92 0.157 0.924
TC (mmol/L) 1.24 ± 0.33 1.28 ± 0.41 1.13 ± 0.37 1.38 ± 0.32 0.744 0.534
TG (mmol/L) 0.66 ± 0.20 0.65 ± 0.22 0.70 ± 0.21 0.75 ± 0.28 0.325 0.807
HDL-C (mmol/L) 0.43 ± 0.19 0.43 ± 0.17 0.38 ± 0.10 0.45 ± 0.11 0.300 0.825
LDL-C (mmol/L) 0.41 ± 0.16 0.45 ± 0.19 0.40 ± 0.14 0.46 ± 0.14 0.358 0.784
CRP (ng/mL) 7.75 ± 2.19 6.87 ± 1.94 7.59 ± 2.11 7.26 ± 2.06 0.313 0.816
MMP9 (ng/mL) 41.7 ± 10.7 39.5 ± 11.2 38.4 ± 10.5 43.6 ± 12.0 0.382 0.766
aThe data are given as the mean ± SD. No significant difference was found among these groups. FBG, fasting blood glucose; 
TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
CRP, C-reactive protein; MMP9, matrix metalloproteinase 9.

Figure 1. Histological Changes of Carotid Aortic AS plaque in Rabbits (HE staining, ×400). Notes: A: Sham group; B: 
Model group; C: Celastrol group; D: Atorvastatin group.
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China] and the mouse specific HRP/DAB (ABC) 
Detection IHC Kit (distributor of Abcam, 
Shanghai, China) according to the manufactur-
er’s protocol. The mean optical density (MOD) 
for VEGF (the brown-yellow granular area) in the 
plaque area was calculated using the IPP 
software.

The operators and recorders of the histology 
and immunohistochemistry were blinded to the 
grouping information of each sample.

Blood collection and ELISA

Blood samples were obtained through an ear 
vein at week 0 and obtained again through the 
heart before sacrifice. All of the rabbits fasted 
overnight before the collection. The fasting 
blood glucose (FBG), total cholesterol (TC), tri-
glyceride (TG), high-density lipoprotein choles-
terol (HDL-C) and low-density lipoprotein cho-
lesterol (LDL-C) were measured in the clinical 
laboratory of our hospital, and the serum levels 
of CRP and MMP9 were measured by the 
enzyme-linked immunosorbent assay (ELISA) 
using the ELISA kit for rabbits (Uscn Life 
Science Inc, Houston, USA), according to the 
manufacturer’s protocol.

Statistical analysis

The statistical analysis was performed using 
the SPSS18.0 software package. The data are 
presented as the mean ± standard deviation 
(SD). ANOVA with a LSD post-hoc test among 
sub-groups was used to compare the measure-

ment data between the four groups. A P value 
of less than 0.05 was considered statistically 
significant.

Results

From weeks 0 to 13, four rabbits were excluded 
from the study for failing to survive to week 13. 
These rabbits did not show signs of trauma, 
paralysis or infection and were considered to 
have experienced normal death.

There were no statistically significant differenc-
es among the sham group, the model group, 
the group treated with celastrol and the group 
treated with atorvastatin in the serum levels of 
FBG, TC, TG, HDL-C, LDL-C, CRP and MMP9 at 
week 0, as summarized in Table 1.

At the end of week 13, the pathological exami-
nations showed that the sham group had no AS 
plaques, no foam cells and no lipidoses, and 
the model group had typical AS, including AS 
plaque formation, lipidoses, foam cell deposi-
tion, inflammatory cell infiltration. The two 
treatment groups had AS plaques. There were 
some differences among these groups in terms 
of plaque morphology, including a smaller AS 
plaque area, less lipidoses, less foam cell 
deposition, less inflammatory cell infiltration 
(Figure 1). The ratio of the plaque area and the 
arterial wall cross-section area in the celastrol 
group was significantly less than the model 
group (P < 0.001, Figure 2), and there was no 
significant difference between the celastrol 
group and the atorvastatin group on the ratio of 
the plaque area and the arterial wall cross-sec-
tion area (P = 0.227, Figure 2). Compared with 
the model group, the severity of the lesions in 
the treatment groups was lighter.

Compared with the sham group, the model 
group and the two treatment groups had higher 
serum levels of TC, TG, HDL-C, LDL-C, CRP at 
the end of week 13 (Table 2). The serum levels 
of LDL-C and TC of the celastrol group were sig-
nificantly lower than the model group (P = 0.014 
and < 0.001, respectively, Table 2), and there 
were no significant difference in the serum lev-
els of LDL-C and TC between the celastrol group 
and the atorvastatin group (P = 0.578 and 
0.779, respectively, Table 2).

The immunohistochemical and imaging analy-
ses showed that the sham group had no plaque, 
so the positive area percentage could not be 

Figure 2. The ratio of the plaque area and the at-
erial wall cross-section area. **Compared with model 
group P < 0.01.
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group, and the expression of VEGF in the atorv-
astatin group and the model group showed no 
significant differences (P = 0.857, Figure 4).

calculated (Figure 3). The expression of VEGF in 
the celastrol group was significantly lower (P = 
0.014, Figure 4) compared with the model 

Table 2. Serum levels of several risk factors for atherosclerosis at the end of week 13a

Factors
Groups

F P0Sham (n = 9) Model (n = 9) Celastrol (n = 8) Atorvastatin (n = 10)
FBG (mmol/L) 7.33 ± 2.64 7.23 ± 1.96 6.32 ± 3.31 6.81 ± 3.39 0.216 0.885
TC (mmol/L) 2.65 ± 0.34 37.48 ± 6.48** 26.6 ± 5.29**,ΔΔ 27.24 ± 4.85**,ΔΔ 84.4 < 0.001
TG (mmol/L) 1.96 ± 0.24 3.11 ± 0.31** 3.09 ± 0.30** 2.94 ± 0.34** 30.2 < 0.001
HDL-C (mmol/L) 0.46 ± 0.13 6.03 ± 1.80** 4.76 ± 1.80** 5.71 ± 1.56** 27.3 < 0.001
LDL-C (mmol/L) 0.44 ± 0.20 20.43 ± 6.65** 14.02 ± 4.62**,Δ 15.36 ± 5.89**,Δ 25.6 < 0.001
CRP (ng/mL) 7.27 ± 2.07 15.10 ± 3.07** 12.66 ± 4.07** 13.50 ± 3.35** 10.2 < 0.001
MMP-9 (ng/mL) 39.2 ± 10.2 39.9 ± 10.2 40.5 ± 11.6 45.7 ± 13.1 0.659 0.583
aThe data are given as the mean ± SD. **P < 0.01 compared with the Sham group. ΔP < 0.05, ΔΔP < 0.01 compared with the 
model group. No significant difference was found between the group treated with celastrol and the group treated with atorvas-
tatin.

Figure 3. Expression of VEGF Positive Area in AS plaque (Immunohistochemical staining, ×400). Notes: A: Sham 
group; B: Model group; C: Celastrol group; D: Atorvastatin group.
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loon injury of the carotid arteries. Our data 
show that compared with the model group, 
celastrol effectively reduced the plaque size (P 
< 0.001), and there was no statistical signifi-
cance between the celastrol group and the 
atorvastatin group (P = 0.227), indicating that 
celastrol played a remedial role in CAS and had 
a similar function compared with atorvastatin, 
one of the statins that is used in the treatment 
of AS. The significant effect of atorvastatin on 
AS and atherosclerotic progression has been 
demonstrated by clinical trials and mainly 
depends on its cholesterol-lowering-dependent 
effects and anti-inflammatory actions [19, 20]. 
Our data show that the intervention of atorvas-
tatin reduced the plaque size and significantly 
lowered the serum levels of lipids (TC and LDL-C 
mainly), which is consistent with existing 
studies. 

It is universally acknowledged that LDL plays a 
central role in the pathogenesis of AS, and a 
high serum LDL level is a risk factor for AS [6]. 
Our data show that compared with the model 
group, celastrol decreased the serum levels of 
LDL (P = 0.014), which might partly explain the 
mechanism of how celastrol affects the patho-
genesis of AS. According to Li GQ et al. [21], 
celastrol suppresses NF-κB-mediated MMP9 
expression in rheumatoid fibroblast-like synovi-
ocytes, which indicates that celastrol could 
suppress the expression of MMP9. MMP9 is a 
key proteinase that plays a central pathologic 
role in stroke by degrading ECM substrates. 
The degradation of ECM substrates causes a 
loss of ECM components, leading to the thin-
ning of a plaque’s fibrous cap, exposing the lip-
id-filled core, making the plaque more unstable 
[22]. Our data shows no significant difference 
in the serum level of MMP9 between the model 
group and the celastrol group.

The expression of VEGF is significantly 
increased in AS plaques, especially in the foam 
cells, and plays an important role in the devel-
opment of the early stage of AS. The enhanced 
expression of VEGF is at least associated with 
hypoxia and inflammation, the two processes 
that AS is subject to [8]. The angiogenesis in AS 
plaques, the migration of vascular smooth 
muscle cells and the regulation of fatty acid 
uptake into endothelial cells mediated by VEGF 
contribute to atherogenesis. VEGF-induced vas-
culogenesis could be inhibited by celastrol’s 
effect on angiogenesis and metastasis of 

Discussion

In the present study, we investigated the rela-
tionship between celastrol and CAS in a rabbit 
model. We found that celastrol effectively 
reduced the plaque size in experimental CAS 
and decreased the serum level of LDL and 
downregulated the expression of VEGF in CAS 
plaques.

Numerous studies have shown that CAS has a 
close relationship with ischemic stroke. CAS 
plaque rupture is the most frequent cause of 
arterial thrombosis, accounting for approxi-
mately 90% of thrombosed plaques in stroke 
patients [15]. CAS has a close relationship with 
atherosclerosis of the coronary arteries and 
acute coronary syndrome [16, 17]. Because 
atherosclerosis is a systemic condition [18], 
the severity of CAS represents the extent of 
systemic atherosclerosis to some degree. 
Inhibiting the occurrence and development of 
CAS reduces the morbidity and the recurrence 
rate of ischemic stroke and means suppressing 
systemic atherosclerosis, including atheroscle-
rosis of the coronary arteries and acute coro-
nary syndrome.

Celastrol has anti-inflammatory activities and 
could inhibit platelet activation, the migration 
of VSMC and the expression of VEGF, which 
might limit the occurrence and progression of 
AS. We investigated the relationship between 
celastrol and carotid atherosclerosis in rabbits 
receiving a high-cholesterol diet after the bal-

Figure 4. The mean optical density of three 
groups. *Compared with the model group P < 0.05, 
ΔCompared with the atorvastatin group P < 0.05.
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tumor, indicating celastrol’s suppressive action 
on VEGF [13, 23]. Our data show that the VEGF 
expression in CAS plaque was suppressed by 
celastrol, which enhances the evidence of 
celastrol’s anti-AS action and presents a new 
way to explain the mechanism.

We investigated the relationship between 
celastrol and CAS in a rabbit balloon injury 
model. Our findings suggest that celastrol 
effectively reduced plaque size, decreased the 
serum levels of LDL and downregulated the 
expression of VEGF in CAS plaque in experi-
mental CAS, which suggested an anti-AS effect 
of celastrol. Our study has some limitations, 
including the few biomarkers studied, the limit-
ed sample size and the unclear mechanism of 
celastrol. More studies are needed to focus on 
the association between celastrol and AS and 
to focus on its potential mechanism.
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