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and it has become one of the diseases seriously 
threatening people’s lives. Arrhythmia often oc-
curs in the early stage of AMI, and ventricular 
arrhythmia is a kind of common fatal arrhythmia, 
but its occurrence mechanism has not been ful-
ly clear1,2. In recent years, researches have shown 
that the expression and distribution of myocardial 
connexin43 (Cx43) can cause abnormalities in the 
gap junction structure, which is closely related 
to the occurrence and duration of arrhythmia3-5. 
The abnormal degradation and distribution of 
connexin can cause ventricular arrhythmias after 
myocardial infarction. Studies have shown that 
the increased angiotensin II (Ang II) may lead to 
the decreased expression of Cx436,7, but the Ang II 
receptor blockers can up-regulate the expression 
of Cx43 in rats with myocardial infarction and 
improve the remodeling of Cx43 after myocardial 
infarction. However, its specific mechanism still 
lacks the experimental evidence. It has also been 
found that the overexpression of interleukin-17 
(IL-17) in the heart in AMI can cause the electri-
cal remodeling of myocardial cells in mice, lea-
ding to the ventricular arrhythmias8,9. Moreover, 
it is discovered that IL-17 can inhibit the Cx43 
gene expression through activating the Jun N-ter-
minal kinase (JNK) signaling system, thus inhibi-
ting the gap junction intercellular communication 
(GJIC) mediated by gap junction10,11.

With the further investigations, it is thought 
that the drugs can affect the structure and distri-
bution of myocardial gap junction, which is a new 
field in the research on antiarrhythmic treatment. 
Telmisartan is a kind of blocker of Ang II recep-
tor 1 (ATI), which has the effect of improving 
endothelial function12, reversing atherosclero-
sis13, and improving myocardial remodeling and 
cardiac function14. There are no reports about the 
effect of Ang II receptor blocker (ARB) drugs on 

Abstract. – OBJECTIVE: To observe the ex-
pressions of myocardial connexin43 (Cx43) and 
interleukin-17 (IL-17) in acute myocardial infarc-
tion (AMI) rats and investigate its possible mech-
anism of telmisartan in the prevention and treat-
ment of arrhythmia in AMI.

MATERIALS AND METHODS: Sprague Daw-
ley (SD) rats were selected and myocardial in-
farction model was established. After the suc-
cessful modeling, the rats were randomly divided 
into three groups: Sham group, MI group, Telm 
group. Ventricular arrhythmias was induced by 
the programmed electrical stimulation at 2, 4, 8 
weeks. After 8 weeks, rats were sacrificed and 
heart tissues were collected for immunohisto-
chemistry and Western blot detection.

RESULTS: Telmisartan reduced the induction 
rate of ventricular arrhythmia after myocardi-
al infarction in rats. Telmisartan increased the 
Cx43 expression while reduced the IL-17 expres-
sion in myocardial infarction in rats. Moreover, 
there was a negative correlation between the ex-
pressions of Cx43 and IL-17 after myocardial in-
farction.

CONCLUSIONS: Telmisartan can reduce the 
occurrence rate of malignant arrhythmias after 
myocardial infarction, whose mechanism may 
be increasing the Cx43 expression through inhi-
bition of IL-17 expression.
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Introduction

With the changes in modern living standard 
and lifestyle, the occurrence rate of cardiovascu-
lar disease has been increasing year by year. Myo-
cardial infarction is a serious type of coronary 
heart disease, among which, acute myocardial 
infarction (AMI) has the highest mortality rate, 
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the Cx43 remodeling and IL-17 expression after 
myocardial infarction. In this study, the rat model 
of myocardial infarction was used as the object 
of study to observe the expressions of myocardial 
Cx43 and IL-17 in AMI rats using the immunohi-
stochemical method, and we analyzed the corre-
lation between them and the effect of telmisar-
tan on myocardial Cx43 and IL-17 in AMI rats. 
Moreover, the role and its possible mechanism of 
telmisartan in the prevention and treatment of ar-
rhythmia in AMI were preliminarily investigated, 
so as to provide a theoretical basis for the preven-
tion and treatment of fatal arrhythmia after AMI 
with ARB drugs.

Materials and Methods

Experimental Animals
Healthy adult male Sprague Dawley (SD) rats 

aged 16 weeks old weighing 220-250 g were 
selected. Experimental rats were provided by 
Heilongjiang University of Chinese Medicine 
Experimental Animal Center. The Experimental 
Animal Center has good indoor ventilation with 
illumination time of 12 h/d and room tempera-
ture at 18-25°C. Drinking and feeding were not 
limited. This study was approved by the Animal 
Ethics Committee of Heilongjiang University of 
Chinese Medicine Experimental Animal Center.

Establishment of Myocardial Infarction 
Model and Grouping

Rats were weighed and anesthetized via intra-
peritoneal injection of 10% chloral hydrate (40 
mg/kg). At the same time, the electrocardiograph 
was connected, followed by electrocardiogram 
monitoring using limb leads. After tracheal inci-
sion, the small animal ventilator was connected 
with the tidal volume of 2-3 ml/100 g, inspiratory/
expiratory ratio of 1:3 and respiratory rate of 60 
times /min. The chest was opened through the 
left 3rd and 4th intercostal space to fully expose 
the heart, and the anterior descending branch was 
ligated at 1-2 mm in the inferior margin of left 
auricle. Electrocardiogram monitoring showed 
that ST segment was elevated for at least 0.5 mV 
and did not fall within 30 min, indicating that the 
myocardial infarction model was successfully 
established, and then the chest was sutured. All 
the steps in sham-operation group were the same 
as those in myocardial infarction model group, 
except for no ligation. After the successful mo-
deling, the rats were randomly divided into three 

groups: sham operation group (Sham group), acu-
te myocardial infarction group (MI group), and 
telmisartan + acute myocardial infarction group 
(Telm group).

Ventricular Arrhythmias Induced by the 
Programmed Electrical Stimulation

After the intraperitoneal injection of 10% 
chloral hydrate (40 mg/kg) for anesthesia, rats 
were fixed on the table with trachea cannula, 
and the limb-lead electrocardiograph was con-
nected. Then, the chest was opened to expose 
the heart. The bipolar needle electrode was in-
serted into the peripheral area around the left 
ventricular myocardial infarction zone and the 
corresponding area in Sham group as the sti-
mulating electrode for programmed electrical 
stimulation to induce the ventricular arrhyth-
mia; besides, the electrocardiogram was simul-
taneously recorded. The electrophysiological 
parameters were recorded using the BL-420F 
biological signal acquisition and processing 
system. The S1S1 perimeter of programmed 
electrical stimulation was 100 ms, bandwidth 
was 2 ms, voltage was 5 mV and the number of 
pulse was 8; the intensity of S2 was 5 mV, ban-
dwidth was 2 ms, the number of pulse was 1, 
and the step size was -2 ms, until there was no 
R2 after S2, namely the refractory period or in-
duction of ventricular arrhythmia. If the ventri-
cular arrhythmia was not induced, the S1S2 in-
terval was set as refractory period + 10 ms, and 
the premature stimulation S3 was added; then, 
the stimulation was decreased progressively 
with 2 ms until reaching the refractory period 
or inducing ventricular arrhythmia. Here ven-
tricular arrhythmia referred to the continuous 
emergence of ventricular tachycardia (VT) or 
ventricular fibrillation (VF) of 6 and more than 
6 wide QRS wave.

Immunohistochemistry
All paraffin specimens were sliced continuou-

sly, and each section was 4 μm thick attached to 
the spare slide, followed by dewaxing twice via 
xylene solution, hydration via gradient alcohol, 
microwave antigen retrieval and inactivation 
of endogenous peroxidase. After sealing, the 
primary antibody was incubated in the wet box 
and placed in the refrigerator at 4°C overnight. 
Then, the secondary antibody was incubated, fol-
lowed by color development via diaminobenzidi-
ne (DAB), sealing via neutral resin and microsco-
pic observation.
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Western Blotting
About 50 mg myocardial tissues were wei-

ghed to extract the total protein, followed by 
bicinchoninic acid assay (BCA) protein quanti-
fication and sodium dodecyl sulfate polyacryla-
mide gel electrophoresis (SDS-PAGE). After the 
electrophoresis and membrane transfer, the pri-
mary antibody of target protein was incubated at 
4°C overnight, and then the secondary antibody 
was incubated, followed by color development 
and observation via enhanced chemiluminescen-
ce (ECL).

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS, Version X; IBM, Armonk, NY, USA) 19.0 
software was used for analysis. The experimental 
data after semi-quantitative treatment were pre-
sented as̀ x±s. One-way analysis of variance was 
used for the comparison of means among groups, 
while t-test was used for the comparison of means 
between the two groups. p<0.05 suggested that 
the difference was statistically significant.

Results

Telmisartan Reduced the Induction Rate 
of Ventricular Arrhythmia After 
Myocardial Infarction in Rats

To study the effect of telmisartan on the ven-
tricular arrhythmia after myocardial infarction in 
rats, the programmed electrical stimulation was 
used to induce the ventricular arrhythmias. The 
results showed that the induction rates of ventri-
cular arrhythmia in rats in MI group at 2 weeks, 
4 weeks and 8 weeks were significantly increased 
compared with those in Sham group. After telmi-
sartan intervention, the induction rates of ventri-
cular arrhythmia in rats at 2 weeks, 4 weeks and 
8 weeks were significantly decreased compared 
with those in MI group (Figure 1).

Effect of Telmisartan on the Cx43 
Expression in Myocardial Infarction 
in Rats 

The occurrence of fatal arrhythmia after myo-
cardial infarction is associated with changes 

Figure 1. Telmisartan reduced the induction rate of ventricular arrhythmia after myocardial infarction in rats. (A) Ventricular 
tachycardia (VT) or ventricular fibrillation (VF) induced by the programmed electrical stimulation. (B) (C) (D) Analysis of the 
rates of ventricular arrhythmia in rats at 2 weeks, 4 weeks and 8 weeks. (E) Analysis of the rates of ventricular arrhythmia in 
rats in total. * p<0.05 vs. Sham group, # p<0.05 vs. MI group.



H.-Y. Chang, X. Li, Y. Tian

5286

in gap junction channel, and Cx43 is the major 
connexin constituting the gap junction channel 
of myocardial cells. The immunohistochemical 
results showed that Cx43 expression in myocar-
dial tissues of rats in Sham group was strongly 
positive, and its distribution was regular, mainly 
located in the intercalated discs. The distribu-
tion of Cx43 in MI group was disordered, and 
its expression was significantly decreased. After 
telmisartan intervention, the Cx43 remodeling in 
the infarcted marginal area after myocardial in-
farction was improved, and the electrical coupling 
and conduction dysfunction of the myocardial 
cells in the infarcted marginal area after myocar-
dial infarction were alleviated (Figure 2A). We-
stern blotting results further showed that the Cx43 
expression was decreased after myocardial infar-
ction, and telmisartan could increase the expres-
sion of Cx43 (Figure 2B-C).

Effect of Telmisartan on the IL-17 
Expression in Myocardial Infarction 
in Rats

The immunohistochemical results showed that 
the IL-17 expression in MI group was significant-
ly increased, while IL-17 was expressed a little in 
Sham group, and the IL-17 expression in myocar-
dial cells in Telm group was significantly decre-
ased (Figure 3A). Western blotting was used to 

detect the IL-17 expression in myocardial tissues 
of rats in each group, and the results showed that 
telmisartan could significantly reduce the IL-17 
expression in MI group (Figure 3B-C).

Negative Correlation Between the 
Expressions of Cx43 and IL-17 After 
Myocardial Infarction

The expressions of CX43 and IL-17 in myo-
cardial tissues of rats in the three groups recei-
ved the bivariate correlation analysis. The scatter 
diagrams of Cx43 and IL-17 expressions in myo-
cardial tissues of rats in each group were drawn. 
The results showed that the Cx43 expression was 
high in Sham group, but the IL-17 expression was 
low, so there was no correlation between them 
(Figure 4A). The Cx43 expression in the myocar-
dial tissues in the infarcted marginal area in MI 
group was decreased, but the IL-17 expression 
was increased, and they were linearly correlated. 
The Cx43 expression was increased and the IL-17 
expression was decreased in Teml group, and they 
were also linearly correlated (Figure 4B-C).

Discussion

Patients with severe AMI mostly die of fatal ar-
rhythmia or even sudden cardiac death (SCD)15,16. 

Figure 2. Effect of telmisartan on the Cx43 expression in myocardial infarction in rats. (A) Representative Immunohistoche-
mical images of the heart 8 weeks after MI (x100). (B) Western blots analysis reveals the expression of Cx43. (C) Semi-quan-
titative analysis of Cx43. *p<0.05 vs. Sham group, #p<0.05 vs. MI group.
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In this study, the AMI rat model was established 
and the ventricular arrhythmia was induced by pro-
grammed electrical stimulation. The results showed 
that the induction rate of ventricular arrhythmia in 
MI group was significantly increased. Studies have 
shown that the occurrence of fatal arrhythmia after 
myocardial infarction is associated with the changes 
in gap junction channel. Cx43 is the main connexin 
constituting the gap junction channel of myocardial 
cells, whose expression is reduced with disordered 
distribution after AMI, and it can lead to the electri-
cal conduction obstacle among myocardial cells and 

cause malignant arrhythmia. In this study, the AMI 
rat model was established to observe the changes in 
Cx43 expression. The results showed that the Cx43 
expression in normal myocardial tissues was stron-
gly positive and its distribution was regular, mainly 
located in the intercalated discs. In AMI, the distri-
bution of Cx43 was significantly disordered and its 
expression was decreased. Therefore, the remode-
ling of Cx43 is an important molecular anatomical 
basis of malignant arrhythmia after myocardial in-
farction. The significantly decreased Cx43 expres-
sion and modified distribution pattern indicate that 

Figure 3. Effect of telmisartan on the IL-17 expression in myocardial infarction in rats. (A) Representative Immunohistoche-
mical images of the heart 8 weeks after MI (x100). (B) Western blots analysis reveal the expression of IL-17. (C) Semi-quanti-
tative analysis of IL-17. * p<0.05 vs. Sham group, # p<0.05 vs. MI group.

Figure 4. The correlation between the expressions of Cx43 and IL-17 after myocardial infarction. (A) There was no corre-
lation between Cx43 and IL-17 in Sham group. (B)(C) There was a negative correlation between Cx43 and IL-17 in MI group 
and Teml group.
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Cx43 remodeling occurs in the myocardial tissues in 
the infarcted marginal area of AMI rats.

Studies suggest that the important anatomical 
basis of malignant arrhythmia after AMI is the 
Cx43 remodeling. ARB drugs have been widely 
used in the clinical treatment of cardiovascular di-
seases. The clinical study argues that ARB drugs 
can reduce the mortality rate of myocardial infar-
ction17-19, but whether the mechanism of ARB dru-
gs in reducing the mortality rate of patients with 
myocardial infarction is related to the inhibition 
of Cx43 remodeling after AMI and reduction of 
malignant arrhythmia after myocardial infarction. 
Telmisartan is a kind of ARB that has the effect 
of improving endothelial function, reversing athe-
rosclerosis and improving myocardial remodeling 
and cardiac function. In this work, it was found 
that the induction rate of ventricular arrhythmia 
was significantly reduced after telmisartan inter-
vention, suggesting that telmisartan can reduce 
the occurrence rate of malignant arrhythmia after 
myocardial infarction. Moreover, the distribution 
of Cx43 in the myocardial infarcted marginal area 
was less disordered and its expression was signi-
ficantly increased, indicating that telmisartan can 
improve the Cx43 remodeling in the myocardial 
infarcted marginal area of AMI rats. The results of 
this study showed that telmisartan could improve 
the Cx43 remodeling in the infarcted marginal area 
after myocardial infarction, thereby alleviating the 
electrical coupling and conduction dysfunction of 
myocardial cells in the infarcted marginal area 
after AMI, which may be one of the mechanisms of 
reducing the mortality rate of AMI patients. So it is 
speculated that the early application of telmisartan 
after AMI has an important clinical significance in 
preventing the fatal arrhythmia.

IL-17 is a kind of inflammatory cytokine with 
multiple biological effects, playing an important 
role in the inflammatory response20,21. IL-17 is not 
expressed or very little expressed in the normal 
heart, and the myocardial ischemia, hemodyna-
mic changes, increased ventricular wall tension 
and neuroendocrine abnormality after myocardial 
infarction can promote the myocardial tissues to 
synthesize IL-17. AMI is a kind of inflammatory 
process, and IL-17 plays an important role in the 
remodeling and final rehabilitation of heart only 
after AMI22. Besides, IL-17 damages the myo-
cardial contractility mainly through changing the 
myocardial cell and interstitial structure. The re-
sults of this experiment showed that the expression 
of IL-17 was low in the myocardium tissues of 
normal rats, while it was significantly increased in 

myocardium tissues in the infarcted marginal area 
of AMI rats. Telmisartan can block the pro-inflam-
matory effect of Ang II, and this may be because 
the production and release of IL-17 in local cells 
are reduced after telmisartan intervention, thereby 
inhibiting ventricular remodeling, which was pro-
ved by this experiment. The expression level of IL-
17 in myocardial tissues was upregulated, promo-
ting the remodeling process of ventricular muscle 
after myocardial infarction and seriously damaging 
the myocardial function. Studies have suggested 
that IL-17 can inhibit the intercellular communi-
cation among corneal fibroblasts23 cultured in vitro 
and blood-brain barrier endothelial cells cultured 
in vitro24 through inhibiting Cx43. Moreover, IL-17 
can inhibit the expression of Cx43 gene and inter-
cellular communication by activating the JNK si-
gnaling system25,26. Is the mechanism of ARB drug 
in affecting the Cx43 remodeling after AMI related 
to its effect on IL-17 expression? It was found in 
this study that the disordered distribution of Cx43 
in the infarcted marginal area in AMI rats after tel-
misartan intervention was alleviated, its expression 
was increased, and the expression of IL-17 was de-
creased; so, there was a linearly negative correla-
tion between them, indicating that the mechanism 
of telmisartan in increasing the Cx43 expression 
after AMI may be related to the inhibition of IL-17 
expression. However, the mechanism of telmisar-
tan intervention in alleviating the disordered Cx43 
distribution in the infarcted marginal area in AMI 
rats needs to be further studied.

Conclusions

Telmisartan can reduce the occurrence rate 
of malignant arrhythmias after myocardial in-
farction, whose mechanism may be increasing 
the Cx43 expression through inhibition of IL-17 
expression.
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