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Abstract
We established a rabbit iliac artery restenosis model to explore the impact of Telmisartan on the expression of Connexin43 
(Cx43) and neointimal hyperplasia. Thirty New Zealand white rabbits were randomly divided into three groups: control group 
(n = 10), restenosis group (n = 10), and Telmisartan group (n = 10). The restenosis model was established by high-cholesterol 
diet combined with double-balloon injury of iliac arteries. In addition, Telmisartan at 5 mg/(kg day) was administered to 
the rabbits of Telmisartan group on the second day after the second balloon injury. All rabbits were killed at the end of the 
experiment followed by institution policy. Before sacrifice, blood samples were obtained to test serum angiotensinII (AngII). 
Iliac arteries were isolated for morphological analysis and determining the expression of Cx43 by HE staining, immunohisto-
chemical analysis, reverse transcription-polymerase chain reaction (RT-PCR), and Western Blotting analysis. Then, the local 
AngII levels of arteries were measured by radioimmunoassay. As compared with controls, the expression of Cx43 mRNA 
(0.98 ± 0.08) vs. (1.27 ± 0.17), P < 0.01), and Cx43 protein [(0.75 ± 0.08) vs. (0.90 ± 0.08), P < 0.05] of restenosis group were 
increased, which were significantly higher than those of Telmisartan group [Cx43 mRNA: (1.27 ± 0.17) vs. (1.00 ± 0.20), 
P < 0.01; Cx43 protein: (0.90 ± 0.08) vs. (0.82 ± 0.05), P < 0.05]. Furthermore, The intima thickness [(266.12 ± 70.27) vs. 
(2.85 ± 0.19) μm, P < 0.01] and the local AngII [(115.6 ± 15.7) vs. (90.1 ± 7.7), P < 0.05] of restenosis group were raised 
when compared with controls. Telmisartan group exhibited thinner intima compared with restenosis group [(68.22 ± 24.37) 
vs. (266.12 ± 70.27), P < 0.01]. However, the local AngII levels between these two groups were approximate. In addition, 
the plasma concentration of AngII was not significantly different among three groups. In conclusion, Telmisartan can inhibit 
the expression of connexin43 and neointimal hyperplasia in iliac artery restenosis model.
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Introduction

Percutaneous coronary intervention (PCI) is a main and 
effective method for coronary artery disease (CAD). 
However, restenosis is still the Achilles’ heel of coronary 
intervention treatment, which requires further advances 
understanding of its mechanism and new innovative solu-
tions [1–4]. Restenosis is mainly due to neointima for-
mation [5–7], which is caused primarily by the migration 
and growth of vascular smooth muscle cells (VSMCs) 
[8–10]. The gap junction (GJ) consisted of connexins (Cxs) 
between cells, allowing the rapid exchange of ions, small 
metabolites, and second messengers, plays crucial roles in 
the VSMCs disintegration and proliferation [11–13]. Cxs 
include more than 10 Cxs, which is a conservative family. 
The major expression of Cxs family in the blood vessel wall 
is Cx37, Cx40, Cx43, and Cx45. Vascular endothelial cells 
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predominantly express Cx37 and Cx40. Smooth muscle cells 
(SMCs) mainly express Cx43, and with a little expression 
of Cx37 and Cx45. In addition, only certain types of SMCs 
express Cx40 [14–16]. Studies revealed that the reduction 
of Cx43 led to the decrease of VSMCs migration and prolif-
eration, which suggested that Cx43 might be a novel target 
to prevent restenosis after percutaneous transluminal coro-
nary angiography (PTCA) or stent implantation [17–20]. 
AngiotensinII (AngII) has been proved to be an effective 
vasoactive peptide, which has impact on the process of 
VSMCs proliferation and migration by acting Angiotensin 
II type 1 receptor (AT1R) [21]. Therefore, we ventured the 
idea that Telmisartan, a specific AT1R blocker, might act 
against restenosis by down-regulation of Cxs expression in 
VSMCs, thus, inhibiting the migration and proliferation of 
VSMCs. To verify our speculation, we established a double-
balloon injury using rabbit iliac artery restenosis model and 
observed the effect of Telmisartan on pathology, expression 
of Cx43, and local levels of AngII in restenotic lesions.

Methods

Experimental animals and groups

Thirty 6–12-month-old male New Zealand rabbits (pur-
chased from the Animal Center of Academy of Military 
Medical Science) were randomly assigned into three groups: 
control group (n = 10), restenosis model group (n = 10), and 
Telmisartan group (n = 10). The control group was fed with 
normal diet for either week. And the other groups were 
fed with high-cholesterol diet (0.5% cholesterol + 5% lard 
+ 15% egg yolk powder bran) for 8 weeks. The rabbits of 
Telmisartan group received Telmisartan at a dose level of 
5 mg/kg/day by oral gavage from the fourth to the eighth 
week. The animal experiment was approved and conducted 
by the ethics committee of Tianjin Chest Hospital in accord-
ance with the guidelines for the care and use of laboratory 
animals.

Surgical procedures

Rabbits in restenosis model group and Telmisartan group 
received ketamine (1–2 mg/kg) and haloperidol (5 mg) for 
induction of anesthesia. The right common carotid artery 
was isolated and inserted in a 5F artery sheath catheter, 
and then performed iliac artery arteriography. An appro-
priate wire-guided balloon catheter (the ratio of balloon 
diameter to vessel diameter was 1.5:1) was inserted into 
the right common iliac artery through the 5F artery sheath. 
The common iliac artery endothelial was injured by the bal-
loon inflated to 10–12 atm. Following that, the balloon was 
deflated and removed. After removing the sheath, the right 

common carotid artery and the skin were sutured. Penicillin 
was given for local anti-infection. All rabbits received gen-
tamicin sulfate (4 × 105 U/day) intramuscularly in the first 
3 days after the surgery for advanced anti-infection. High-
cholesterol diet was continued for the operated rabbits.

The second balloon angioplasty was operated 4 weeks 
later. A selected wire–guided balloon catheter (the ratio of 
balloon diameter to vessel diameter was 1.1:1) was inserted 
into the injured common iliac artery through the left com-
mon carotid artery. The balloon was inflated to 8 atm for 10 s 
at the stenosis lesion (stenosis defined as greater than 50%).  
After angioplasty, the catheter was removed, and the incision 
was sutured. The method of anti-infection was the same as 
the first surgery. After the second operation, another 4 week 
high-cholesterol diet was continued for the survival rabbits.

Four weeks after the second balloon angioplasty, all the 
rabbits were sacrificed by the method of air embolism. Blood 
samples were obtained by puncture of the left-ventricular 
cavity before the rabbits sacrifice for testing the levels of 
cholesterol and AngII. The iliac arteries were harvested for 
histologic evaluation and vascular reactivity studies.

Collection of vessels

After rabbits sacrificed, the iliac arteries were isolated and 
washed with cold normal saline. Each of the iliac arteries 
was cut into two pieces: the one was fixed with 10% neu-
tral buffered formalin and the other one was stored in liquid 
nitrogen.

Biochemical analysis

Before sacrifice, blood samples were obtained by puncture 
of the left-ventricular cavity. Each blood sample was divided 
into three parts for testing serum cholesterol (CHO) with an 
autoanalyzer (Type TBA-120FR Toshiba, provided by Tian-
jin Chest Hospital), plasma AngII concentration by radio-
immunoassay (Beijing Atomic Hi-Tech Co., Ltd, China), as 
well.

Measurements of angiotensin II in Iliac Artery

Iliac artery 100mg was cut into tiny pieces and soaked in the 
buffers 1000μl (0.05 mmol pH 7.4 PBS + 1% Bovine Serum 
Albumin), and then homogenized by tissue homogenizer. 
The homogenate was centrifuged (for 5 min at 12,000 rpm) 
at 4  °C. Aspirate the supernatant into fresh tubes and 
store at − 20 °C for later use of AngII quantification by 
radioimmunoassay.
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Morphology and immunohistochemistry

Three sections were chosen from the iliac artery of each 
rabbit. We performed hematoxylin–eosin (H&E) staining 
and assessed iliac artery morphology changes. Iliac arteries 
were isolated and then post-fixed with 10% neutral buffered 
formalin. Tissue pieces were rinsed for 2 h with PBS and 
then dehydrated via a series of increased concentrations of 
ethanol. After that, these tissues were washed with xylene. 
Tissues were cut into 5 µm sections. These sections were 
stained with hematoxylin–eosin and immunohistochem-
istry separately. For immunohistochemistry, the sections 
were incubated with Cx43 monoclonal antibody (1:1000, 
Santa Cruz Biotechnology, Inc., USA) in blocking buffer 
(2% BSA in PBS), then incubated with secondary anti-
body (Beijing Zhongshan Bio-Tech Co., Ltd, China) for 
20 min, and then visualized using DAB (Fuzhou Maixin 
Biotechnology Development Co., Ltd, China), and coun-
terstained with hematoxylin. Similarly, α-smooth muscle 
actin (α-SMA) was detected by immunohistochemistry. Iliac 
arteries were then measured histomorphometrically using 
an Olympus microscope (Olympus Co., Japan). Measure-
ments were performed using HMIAS-2000 image program 
(Wuhan Qianping Video Technology Co., Ltd, China). The 
evaluated parameters included neointimal thickness (the 
distance between the internal elastic membrane and the 
lumen), medial thickness (the distance between the inner 
elastic membrane and the outer elastic membrane), neointi-
mal area (the inner elastic membrane covers the area minus 
the lumen area), medial area (the outer elastic membrane 
wraps around the area minus the inner elastic membrane 
area), and stenosis rate [the area of neointima/(inner elastic 
membrane) × 100%], as well.

Western blotting

Lysate were prepared in lysis buffer before protein quan-
tification. Samples (22 µl of total protein for Cx43) were 
run on 12% SDS polyacrylamide gels and electrophoreti-
cally transferred to a polyvinylidene fluoride membrane. 
The membranes were blocked overnight at 4 °C with 5% 
nonfat dry milk. Subsequently, the membranes were incu-
bated for 2.5 h with anti-Cx43 monoclonal antibody (Santa 
Cruz Biotechnology, Inc, USA). After washed three times, 
the membranes were incubated with the secondary antibody 
(anti-rabbit:1:1000, Beijing Zhongshan Bio-Tech Co., Ltd, 
China) conjugated to the corresponding horseradish peroxi-
dase-conjugated for 2 h. A chemiluminescence substrate was 
applied to the membranes which had been washed as just 
described. Then, the membranes were exposed to X-ray film. 
Densitometric signals from Western blots were analyzed by 
NIH image software.

RT‑PCR

Total RNA was extracted from vascular tissue with Trizol 
(Shanghai Shenggong Bio-engineering Co., Ltd, China). The 
ultraviolet absorbance at 260 nm was measured to determine 
the amount of RNA. First-strand cDNA was synthesized in a 
21 µl reaction system containing 5  µl of total RNA, 1.0  µl of 
reverse transcriptase (TaKaRa Bio Co. Ltd, Japan), and 2.0  µl 
oligod T (Shanghai Shenggong Bio-engineering Co., Ltd, 
China). The reverse transcription was carried out for 60 min 
at 37 °C followed by a denaturation for 5 min at 95 °C. The 
products of RT were then stored at – 80 °C. Oligonucleotide 
primers were shown as below: (1) glyceraldehyde phosphated 
dehydrogenase (GAPDH): forward: 5-GAT​GCT​GGT​GCC​
GAG​TAC​-3; reverse: 5-TCG​TGG​ATG​ACC​TTG​GCC​-3; (2) 
Cx43: forward: 5-CAT​TAT​CTT​CAT​GCT​GGT​GGTGT-3; 
reverse: 5-TAA​TTA​GCC​CAG​TTT​TGC​TC-3. GAPDH was 
used as an internal standard. The samples were initially heated 
to 95 °C for 5 min, and then amplified after 30 cycles as fol-
lows: 30 s at 94 °C, 30 s at 57 °C, and then 1 min at 72 °C. 
The PCR reaction was concluded by 10 min at 72 °C. The 
PCR products (5–10 µl) were visualized in 2% agarose gel. A 
solid-state black-and-white video camera was used to capture 
image, and the Kodak Digital Science ID 2.0 image software 
was used to analyze the intensity of the bands.

Statistical analysis

SPSS software was used for statistical analyzes. Data are 
expressed as the mean ± standard deviation for continuous 
variables. One-way analysis of variance was used to com-
pare difference among groups. P < 0.05 was considered to 
indicate a statistically significant difference.

Results

Changes in body weight

The body weights are shown in Table 1. There were 30 
animals in the experiment. During the experiment, one 
animal in the control group died of diarrhea. Three ani-
mals died in the stenosis model group, one of the animals 
died during the operation, one animal died of diarrhea, and 

Table 1   Body weight before and after operation and treatment

Results are expressed as mean ± SD

Group n Baseline (kg) Before sacrifice (kg)

Control 9 2.66 ± 0.16 3.67 ± 0.16
Restenosis model 7 2.70 ± 0.12 3.84 ± 0.18
Telmisartan 7 2.66 ± 0.12 3.82 ± 0.17
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the other one died of sudden death. Three animals died in 
the Telmisartan group, one died of diarrhea after surgery, 
the other two died of sudden death, and the etiology was 
unknown. Thus, there were, respectively, 9, 7, and 7 ani-
mals in the control, restenosis, and Telmisartan groups 
who entered the result analysis. There was no significant 
difference in body weight among three groups at base-
line (P > 0.05). Body weight of all groups increased after 
8 weeks, whereas no significant difference among them.

Changes in cholesterol level

The cholesterol concentrations are listed in Table 2. As 
compared with the controls, restenosis model group, and 
Telmisartan group exhibited higher serum concentration 

of CHO (P < 0.01). However, the difference of serum lipid 
concentration was not significant between restenosis model 
group and Telmisartan group (P > 0.05). Our study showed 
that Telmisartan has no effect on blood lipid levels.

Gross pathology

The vessels of control rabbits were pink, thin, and soft. How-
ever, the vascular wall of restenosis lesions was hard, white, 
and thick, which was accompanied with narrow lumen. In 
Telmisartan group, the vessels show softer vascular wall and 
larger lumen when compared to those of restenosis model 
group (Fig. 1).

Histopathologic analysis

As for control group, H&E staining indicated that the 
intima of iliac artery was consisted of endothelial cells 
and intimal elastic lamina. Furthermore, VSMCs in the 
medium arranged regularly. However, H&E staining in 
restenosis model group showed neointimal hyperplasia 
with VSMCs’ proliferation and internal elastic lamina 
fracture. In addition, proliferated VSMCs arranged disor-
derly in the medium and migrated to intima. In Telmisar-
tan group, H&E staining indicated thickened vascular 

Table 2   Cholesterol and triglyceride level before sacrificed

Results are expressed as mean ± SD
** P < 0.01 vs. control group

Group n CHO (mmol/l)

Control 9 0.58 ± 0.19
Restenosis model 7 20.44 ± 0.68**
Telmisartan 7 20.39 ± 0.60**

Fig. 1   Gross pathology in 
control group (a), restenosis 
model group (b) and Telmisar-
tan group (c)
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wall with intact internal elastic lamina. Together with the 
results of immunohistochemistry, we confirmed that the 
proliferated cells in neointima are VSMCs in restenosis 
model group and Telmisartan group (Figs. 2, 3, 4).

Computer-assisted histomorphometric analysis showed 
the intima thickness of both restenosis model group and 
Telmisartan group increased compared with that of control 
group (P < 0.01). In addition, as compared with restenosis 

Fig. 2   Hematoxylin–eosin 
staining of the iliac arteries in 
the control group (a), restenosis 
model group (b) and Telmisar-
tan group (c) (magnification 
× 40)

Fig. 3   Hematoxylin–eosin 
staining of the iliac arteries of 
control group (a), restenosis 
model group (b) and Telmisar-
tan group (c) (magnification 
× 100)

Fig. 4   Immunohistochemical 
staining of α-SMA in control 
group (a), restenosis model 
group (b) and Telmisartan 
group (c) (magnification × 100)

Table 3   Neointimal thickness and intima-media thickness ratio

Results are expressed as mean ± SD
**  P < 0.01 vs. control group; △△  P < 0.01 vs. restenosis model 
group

Group n Neointima (μm) Intima-media thickness 
ratio

Control 9 2.85 ± 0.19 0.04 ± 0.17
Restenosis model 7 266.12 ± 70.27** 4.80 ± 1.29**
Telmisartan 7 68.22 ± 24.37**△△ 1.13 ± 0.34**△△

Table 4   Intima-media area ratio and ratio of restenosis

Results are expressed as mean ± SD
** P < 0.01 vs. control group ,△△ P < 0.01 vs. restenosis model group

Group n Intima-media area ratio Ratio of restenosis

Control 9 0.01 ± 0.00 23.01 ± 3.53%
Restenosis model 7 2.84 ± 0.97** 89.32 ± 6.93%**
Telmisartan 7 0.71 ± 0.34**△△ 42.56 ± 18.12%**△△
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model group, Telmisartan group exhibited thinner intima 
(P < 0.01) (Tables 3, 4).

Immunohistochemical analysis indicated that Cx43 was 
expressed in iliac arteries of three groups. As compared 
with the controls, higher Cx43 expression was detected 
in neointima and media in restenosis model group and 
Telmisartan group. And the quantity of Cx43 expression 
in Telmisartan group was lower compared with that of 
restenosis model groups (Fig. 5).

AngII level

The local concentrations of AngII are enhanced in reste-
nosis model group and Telmisartan group when compared 
with those of controls (P < 0.05). However, there is no 
difference between the two experiment groups. In addi-
tion, the plasma concentrations of AngII are not signifi-
cantly different among three groups (Table 5).

Western blotting

Compared with control group and Telmisartan group, the 
expression of Cx43 protein increased significantly in reste-
nosis model group (P < 0.05) (Table 6 and Fig. 6).

RT‑PCR

Comparing with control group and Telmisartan group, the 
expression of Cx43 mRNA increased in restenosis model 
group (P < 0.01, respectively). Telmisartan group showed 
higher Cx43 mRNA expression than that of control group, 
but the difference was not statistically significant (Table 7 
and Fig. 7).

Discussion

Percutaneous coronary intervention (PCI) has gradually 
become the most common method for revascularization in 
patients with coronary heart disease [22, 23]. However, the 

Fig. 5   Immunohistochemistry 
for connexin43 (Cx43) in the 
rabbit iliac arteries in differ-
ent groups (a control group, 
b restenosis model group, c 
Telmisartan group) (magnifica-
tion × 400)

Table 5   AngII level (pg/ml) in plasma and iliac tissues

Results are expressed as mean ± SD
*P < 0.05 vs. control group

Group N Ang II

In iliac tissue In plasma

Control 9 90.1 ± 7.7 394.45 ± 59.45
Restenosis model 7 115.6 ± 15.7* 396.89 ± 101.66
Telmisartan 7 123.8 ± 22.1* 313.51 ± 96.22

Table 6   Relative optical density of the Cx43 of different groups

Results are expressed as mean ± SD
*P < 0.05 vs. control group; △ P < 0.05 vs. restenosis model group

Group n Cx43

Control 9 0.75 ± 0.08
Restenosis model 7 0.90 ± 0.08*
Telmisartan 7 0.82 ± 0.05△

Fig. 6   Protein expression of Cx43 in the rabbit iliac arteries of differ-
ent groups. Top panels (a) represented protein expression of Cx43 of 
each group and bottom panels (b) were β-actin. Control group (1–2), 
restenosis model group (3–4), Telmisartan group (5–6)
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intervention site restenosis limited its long-term efficacy 
[24]. Actually, restenosis is a local vascular overreaction 
during healing after injury and neointimal hyperplasia is 
considered as the main reason of restenosis. Furthermore, 
VSMCs may play an important role in the development of 
neointima formation. VSMCs migrate from the media to the 
intima and proliferate under the intima, which was consid-
ered to be the main cause of restenosis after angioplasty 
[13, 25].Cells in the injured vascular after angioplasty, espe-
cially VSMCs in tunica media, were activated by mechani-
cal injury and mitogenic factors activate and accumulation 
of growth factor. Then, activated VSMCs switched from 
the contractile phenotypic state to a non-contractile (syn-
thetic, highly proliferative, and migratory) phenotype [26]. 
Transformed VSMCs proliferated, migrate to the source of 
stimulation, and ultimately led to neointima hyperplasia 
[27–29]. In our study, the vessels of control rabbits were 
pink, thin, and soft. H&E staining indicated that the intima 
consists of endothelial cells and intimal elastic lamina and 
VSMCs in the medium arranged regularly. However, the 
vascular wall of restenosis lesions was hard, white, and 
thick, accompanied with narrow lumen. H&E staining also 
showed neointimal hyperplasia with VSMCs proliferation 
and internal elastic lamina fracture. In addition, VSMCs in 
the medium proliferated, arranged disorderly, and migrated 
to intima. Using the method of immunohistochemistry to 

detect α-smooth muscle actin (α-SMA), we confirmed that 
the proliferated cells in neointima are VSMCs. Since these 
features accorded with pathologic changes in restenosis 
models, we confirmed that our research established reste-
nosis model successfully through high-cholesterol diet and 
double-balloon injury in rabbit iliac artery.

SMCs mainly express Cx43 [14–16]. Recently, great 
interest has been aroused in research on Cx43 and resteno-
sis. The association between Cx43 and neointima formation 
following balloon angioplasty in rat carotid artery was first 
investigated by Yeh et al. [30], for whom observed that the 
changes in activation and phenotype of intimal SMCs par-
alleled with increased expression of Cx43. Han et al. [18] 
established carotid balloon injury model, which certified the 
vital role of Cx43 in the pathogenesis of vascular resteno-
sis, and provided new perspective on the development of 
vascular restenosis. Through isolated SMCs from the coro-
nary artery of pigs with restenosis and control group, Zhang 
et al. [31] were demonstrated that Cx43 levels are associated 
obviously with the SMC phenotypic change and migratory 
pattern. It is suggested that Cx43 will probably become a 
new target in restenosis therapy, which is consistent with 
the results in our research. Immunohistochemical analysis 
indicated that Cx43 expressed in all iliac arteries of three 
groups. As compared with controls, higher Cx43 expression 
was detected in neointima and media in restenosis model 
group and Telmisartan group. In addition, the Cx43 expres-
sion of Telmisartan group was lower than that of restenosis 
model groups. RT-PCR and western blotting in these groups 
revealed the same results.

Renin–angiotensin system (RAS) plays a crucial role in 
the development and progression of restenosis. It was proved 
that after PCI, the injured blood vessel walls’ local RAS was 
activated, and AngII gene expression and protein synthesis 
increased, and then, AngII worked with growth factors and 
multiple cytokines to promote cell migration, proliferation, 
and hypertrophy of VSMCs [32–34], which is consistent 
with our study.

From what have discussed above, we can conclude that 
VSMCs are crucial in the pathogenesis of restenosis after 
vascular injury. With the process of neointima formation, 
RAS and the express of Cxs may play important roles. 
However, it is uncertain whether there is an association 
between RAS activity and the express of Cxs. By observ-
ing Gap junction between human saphenous vein SMCs, 
Jia et al. [35] found that the expression of Cx43 increased 
through MAPK-AP-1 signaling pathway, after AngII acting 
on AT1R. Behind renin-dependent and -independent hyper-
tension model were constructed, respectively, Alonso et al. 
[36] conclude that AngII increased Cx43 in renin-dependent 
hypertension selectively by activating extracellular signal-
regulated kinase and NF-Κb pathways. Through utilized 
Sprague–Dawley rats’ myocardial infarction model, Hou 

Table 7   Relative optical density of the amplified products of Cx43 in 
different groups

Results are expressed as mean ± SD
**  P < 0.01 vs. control group; △△  P < 0.01 vs. restenosis model 
group

Group n Cx43

Control 9 0.98 ± 0.08
Restenosis model 7 1.27 ± 0.17**
Telmisartan 7 1.00 ± 0.20△△

Fig. 7   mRNA expression of Cx43 in the rabbit iliac arteries of dif-
ferent groups. Top panels represented mRNA expression of Cx43 of 
each group and bottom panels were GAPDH. Normal control (1–4), 
restenosis model group (5–8), Telmisartan group (9–12)
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et al. [37] suggested that the expression of Cx43 in cardiac 
stem cells after transplantation post MI regulated through 
the ANGII/AT1R/TGF-beta1 signaling pathway. Liu et al. 
[38] were isolated mesenchymal stem cells and endothelial 
cells from Sprague–Dawley rats, and they found that AngII 
pretreatment increased the Cx43 expression. Our research 
showed that the local levels of AngII were enhanced in reste-
nosis model group when compared with those of controls 
[(90.1 ± 7.8) vs. (115.6 ± 15.7), P < 0.05]. In addition, the 
plasma levels of AngII difference between the two groups 
were not significant. Moreover, comparing with control 
group, the expression of Cx43 mRNA [(0.98 ± 0.08) vs. 
(1.27 ± 0.17), P < 0.01] and Cx43 protein level [(0.75 ± 0.08) 
vs. (0.90 ± 0.08), P < 0.05] both increased in restenosis 
model group. Thus, the possible mechanism of restenosis 
might be: activated local RAS with elevated AngII level 
induced by balloon injury upregulated Cx43 expression 
through AT1R, which lead to enhancement of the exchange 
of information, materials, and energy among cells. The 
enhanced cellular communication could stimulate the migra-
tion and proliferation of VSMCs, which would promote 
neointimal hyperplasia, and then restenosis occurred.

Many studies have shown that renin–angiotensin–aldos-
terone system (RAAS) inhibitors, especially ARBs, would 
be effectively suppressed restenosis after PCI [39–41]. 
The VAL-PREST trial [40] reported the prominent treat-
ment effects of Valsartan on restenosis in complex coro-
nary lesions after stenting. In this study, compared with 
the patients in the placebo group who were taking angio-
tensin-converting enzyme inhibitor (ACEI), the Valsartan 
was more effective in preventing in-stent neointimal pro-
liferation. In addition, Valente et al. [41] showed that the 
proliferation and migration of VSMCs induced by AngII 
was detected by AT1R/nicotinamide adenine dinucleotide 
phosphate oxidase 1/interleukin-18 signal pathways, and 
this effect can be attenuated by losartan. After examining 
the in-stent neointimal thickness of hypercholesterolemic 
New Zealand white rabbits, Ichikawa et al. [42] have shown 
that neointimal formation in the stented carotid arteries of 
rabbits could be suppressed by systemic administration of 
ARBs. Cho et al. [43] demonstrated the anti-proliferative 
and anti-inflammatory effects of ARBs, after evaluating the 
neointimal features of stent restenosis by optical coherence 
tomography (OCT), the ARBs group showed fewer num-
ber of uncovered stent struts and less amount of neointi-
mal area during follow-up. Different from their studies, Xie 
et al. [44] conducted a meta-analysis to evaluate benefits 
of ARBs in patients after coronary stenting. After included 
624 patients, the final results showed that ARBs has no sig-
nificant effect to inhibit neointimal hyperplasia. However, 
there is rarely study focused on the effect of Telmisartan 
on restenosis so far. In our study, we established resteno-
sis model successfully through high-cholesterol diet and 

double-balloon injury in rabbit iliac artery. In Telmisar-
tan group, the vessels show softer vascular wall and larger 
lumen when compared with the restenosis model group. Fur-
thermore, Telmisartan group revealed lower thinner intima 
[(68.22 ± 24.37) vs. (266.12 ± 70.27) μm, P < 0.01], steno-
sis rates [(42.56 ± 18.12)% vs.(89.32 ± 6.93)%, P < 0.01], 
expression of Cx43 mRNA [(1.00 ± 0.02) vs. (1.27 ± 0.18), 
P < 0.01], and Cx43 protein [(0.90 ± 0.08) vs. (0.82 ± 0.05), 
P < 0.05] when compared with restenosis group. These 
results indicated that Telmisartan might inhibit the migra-
tion and proliferation of VSMCs by specifically blocking 
the binding of AT1R to AngII and then down-regulating the 
express of Cx43 in vascular wall.

Conclusion

This research established restenosis model successfully 
through high-cholesterol diet and double-balloon injury in 
rabbit iliac artery. The possible mechanism of our resteno-
sis model might be: activated local RAS induced by balloon 
injury upregulated Cx43 expression through AT1R, which 
led to enhancement of the exchange of information, materi-
als, and energy among cells. The enhanced cellular commu-
nication could stimulate the migration and proliferation of 
VSMCs, which would promote neointimal hyperplasia, and 
thus, restenosis occurred. In our study, Telmisartan, a specific 
AT1R blocker, might inhibit the migration and proliferation of 
VSMCs, which led to neointimal hyperplasia, by down-regu-
lating the expression of Cx43 in vascular wall. Taking all the 
results above into consideration, we supposed that Telmisartan 
might play a key role in the prevention of restenosis after PCI.
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