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Abstract. The present study aimed to determine whether 
tetrandrine could attenuate left ventricular dysfunction and 
remodeling in rats with myocardial infarction. Sprague‑Dawley 
rats were randomly divided into six groups (n=5/group) as 
follows: i) Healthy control group; ii) sham operation group; 
iii) myocardial infarction model group; iv) myocardial infarc‑
tion + low‑dose tetrandrine group (10 mg/kg); v) myocardial 
infarction  +  medium‑dose tetrandrine group (50  mg/kg); 
and vi) myocardial infarction + high‑dose tetrandrine group 
(80 mg/kg). Left ventricular end‑diastolic diameter (LVIDd), 
left ventricular end‑systolic diameter (LVIDs), ejection frac‑
tion (EF%) and left ventricular fractional shortening rate (FS%) 
were measured using ultrasonography. The pathological 
changes were observed by hematoxylin and eosin  (H&E) 
staining. Left ventricular tissue section TUNEL staining 
was also performed. Furthermore, the triglyceride  (TG), 
total cholesterol (TC), high density lipoprotein (HDL) and 
low‑density lipoprotein (LDL) in the arterial blood were 
examined by biochemical testing. Expression levels of 
intracellular Ca2+ homeostasis‑related proteins including 
ryanodine receptor calmodulin, CaM‑dependent protein 
kinase  IIδ, protein kinase A, FK506 binding protein 12.6 
were measured using western blot analysis. Ultrasonography 
results showed that in the myocardial infarction model rats, 

the levels of LVIDd and LVIDs were significantly higher; 
however, the levels of EF% and FS% were lower compared 
with those in the sham operation group, which was alleviated 
by tetrandrine. H&E results showed that tetrandrine allevi‑
ated the pathological characteristics of myocardial infarction 
model rats. Furthermore, tetrandrine significantly inhibited 
myocardial cell apoptosis in rats with myocardial infarction. 
Tetrandrine significantly inhibited the levels of TG, TC and 
LDL and increased the levels of HDL in the arterial blood of 
rats with myocardial infarction. These findings revealed that 
tetrandrine could attenuate left ventricular dysfunction in rats 
with myocardial infarction, which might be associated with 
intracellular Ca2+ homeostasis.

Introduction

Coronary heart disease is a leading cause of death and 
long‑term disability worldwide  (1). Although important 
progress has been made in preventing coronary heart disease, 
the mortality rate still increased from 12.3 million in 1990 to 
17.3 million in 2013 worldwide, with an increase of 41% (2). 
There is currently a lack of effective treatment available for 
patients with coronary heart disease and the 5‑year mortality 
rate is as high as 50% (3). Myocardial infarction is defined 
as the death of cardiomyocytes caused by long‑term isch‑
emia (4). The main causes of death from myocardial infarction 
are progressive congestive heart failure, secondary severe 
arrhythmia, and sudden death (5). Therefore, there is a need to 
study new drugs for treating myocardial ischemia.

Tetrandrine, a bisbenzylisoquinoline alkaloid with a molec‑
ular formula of C33H42N2O6, is the main biologically active 
ingredient extracted from the root of Stephania tetrandra S. 
Moore (6). It has been experimentally and clinically shown to 
have a variety of pharmacological effects, including muscle 
relaxation  (7), allergy alleviation  (8), antiarrhythmic  (9), 
antihypertensive (10), antibacterial  (11) and antitumor (12) 
properties and anticoagulation effects (13). In recent years, 
extensive and in‑depth research into its pharmacological effects 
has been conducted. In terms of cardiovascular pharmacology, 
tetrandrine was found to be a natural non‑selective calcium 
channel blocker and an antagonist of calmodulin (14). Previous 
studies have shown that tetrandrine has a better protective 
effect on myocardium compared with the sham operation 
group (15). It has been reported that tetrandrine can reduce the 
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occurrence of ventricular arrhythmia in rats with myocardial 
ischemia‑reperfusion, suggesting that it has a protective effect 
on arrhythmia caused by ischemia (16). However, to the best of 
our knowledge, so far, no study reported the role of tetrandrine 
in myocardial infarction. The current study hypothesized that 
tetrandrine may attenuate left ventricular dysfunction and 
remodeling in rats with myocardial infarction.

Materials and methods

Experimental groups. A total of 30 male Sprague‑Dawley 
rats (weight, 200‑250 g) from Shanghai Animal Research 
Center (http://www.slarc.org.cn/slarcWebSite/homeIndex.
action) were randomly divided into six groups (n=5/group) as 
follows: i) Healthy control group; ii) Sham operation group; 
iii) Myocardial infarction model group; iv) myocardial infarc‑
tion + low‑dose tetrandrine group (10 mg/kg); v) myocardial 
infarction  +  medium‑dose tetrandrine group (50  mg/kg); 
and vi) myocardial infarction + high‑dose tetrandrine group 
(80 mg/kg), according to a previous study (17). All rats were 
housed at 21±2˚C, 0.03% CO2, 30‑70% relative humidity and 
12/12 h light/dark cycle with free access to food and water. No 
rats died during the surgery. The present study was approved 
by the Ethics Committee of The Third Clinical Institute 
Affiliated to Wenzhou Medical University (Wenzhou, China).

Rat myocardial infarction model. Rats in the myocardial 
infarction model and sham operation groups were anesthe‑
tized with 3% sodium pentobarbital (Hangzhou Xiaoyong 
Biotechnology Co., Ltd.; 30 mg/kg) by intraperitoneal injec‑
tion. Subsequently, in order to fully expose the surgical area, 
the chest and axillary hair was shaved with a small animal 
shaver and disinfected with iodine and 75% ethanol. Tracheal 
intubation was subsequently performed, and rats were operated 
on after confirming that they were unresponsive to pinching. 
After turning on the external light source and the microscope 
switch, the ventilator was turned on and the parameters (respi‑
ratory ratio, 2:1; tidal volume, 6‑8 ml; frequency 70 times/min) 
were set. Subsequently, the rats were connected to a ventilator 
and observed for breathing. When the thoracic undulations 
and the ventilator frequency were consistent, the intubation 
was considered successful, indicating that myocardial infarc‑
tion could be induced. Each rat was placed on the right side. 
The ophthalmic scissors were fixed under the axilla of the 
left forelimb and micro scissors were used to open the thorax 
between the third and fourth intercostal space to fully expose 
the heart. Rats in the sham operation group were sutured 
after thoracotomy. In order to fully expose the left anterior 
descending (LAD) coronary artery, micro straight forceps were 
used to gently pinch and tear pericardium under the left atrial 
appendage. Under the microscope, the direction or possible 
location of LAD was identified. A needle holder, 5‑0 suture 
and a needle were used to apply a non‑invasive suture next 
to the pulmonary artery cone below the root of the left atrial 
appendage to completely block LAD coronary artery blood 
flow for 3 min. After the ligation was completed, 5‑0 sutures 
were used to completely suture the thorax (seamless, no 
dislocation) and suture each layer of muscles and skin. After 
the surgery, the rats were observed for abnormal breathing. 
After the rats naturally awakened, the ventilator and tube were 

removed. Finally, the rats were reared normally as aforemen‑
tioned. The tetrandrine groups were administered 10, 50 or 
80 mg/kg tetrandrine orally once a day at a fixed time starting 
from the second day after surgery by intragastric intubation. 
The rats in the sham operation and myocardial infarction 
groups were administered the same volume of normal saline 
in the same way. After 4 weeks, arterial blood was collected 
from each group. All rats were euthanized by 3% sodium 
pentobarbital (150 mg/kg) by intraperitoneal injection and the 
left ventricle tissue was removed. The present study complied 
with the Guide for the Care and Use of Laboratory Animals of 
the National Institutes of Health (18).

Rat myocardial infarction model and treatment effect 
evaluation. Rats in each group were evaluated for cardiac 
function by ultrasonography every 3 days for 4 weeks (18). 
From the ultrasound images, the left ventricular end‑diastolic 
diameter  (LVIDd) and left ventricular end‑systolic diam‑
eter (LVIDs) were measured. In addition, the corresponding 
ejection fraction (EF%) and left ventricular fractional short‑
ening rate (FS%) were automatically calculated with M‑mode 
and 2D  echocardiography (ACUSON Sequoia; Siemens 
Healthineers).

Hematoxylin and eosin (H&E) staining. Fresh myocardial 
tissue was fixed in 4% paraformaldehyde for 24 h at 37˚C. 
Subsequently, the tissue was dehydrated in ascending alcohol 
series. The fixed tissue was embedded in paraffin and cooled 
at ‑20˚C. After the wax solidified, the wax block was removed 
from the embedding box and trimmed. The trimmed wax 
block was sliced to a thickness of 4 µm. Paraffin sections 
were subsequently stained. Briefly, paraffin sections were 
dewaxed (using xylene) into water. Sections were stained 
with Harris hematoxylin for 5‑10 min at 37˚C. After rinsing 
with tap water, paraffin sections were differentiated with 
1% hydrochloric acid alcohol for 10 sec. After 10 min of 
rinsing in tap water, paraffin sections were washed with PBS 
for 5 min at 37˚C. Then, the sections were stained with eosin 
staining solution for 1‑3 min at 37˚C. After the slides were 
dehydrated, they were sealed with neutral gum and observed 
under an optical microscope (Olympus Corporation; magnifi‑
cation, x50 or x400).

TUNEL staining. Myocardial tissue sections were prepared as 
described in H&E staining. TUNEL staining was performed 
using TUNEL apoptosis detection kit [cat. no. ATK00001; 
Pujian Biological (Wuhan) Technology Co., Ltd. (AtaGenix); 
http://www.atagenix.com/]. All experimental groups were 
incubated with 1X DNase  I buffer for 10 min. A TUNEL 
test solution was prepared according to the manufacturer's 
instructions. Each section was incubated with an appropriate 
amount of TUNEL detection solution for 60 min at 37˚C, 
and then 0.05 µg/µl of DAPI solution was incubated at room 
temperature for 10 min in the dark. Sections were immersed 
3 times in PBS solution at room temperature for 5 min each 
time, and mounted with anti‑fluorescence quenching mounting 
media [cat.  no.  ATK00001; Pujian Biological (Wuhan) 
Technology Co., Ltd. (AtaGenix)]. The results were observed 
under a fluorescence microscope (magnification, x400) in 
five random fields of view. The excitation wavelength range 
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was 450‑500 nm, and the emission wavelength range was 
515‑565 nm.

Biochemical testing. The triglyceride (TG), total choles‑
terol (TC), high density lipoprotein (HDL) and low‑density 
lipoprotein (LDL) levels in the arterial blood were examined 
using TG assay kit (cat.  no.  C061), TC determination kit 
(cat. no. C063), HDL assay kit (cat. no. K076) and LDL assay 
kit (cat. no. K075) (all from Changchun Huili Biotech Co., 
Ltd.; http://www.cchuili.com/).

Western blot analysis. The frozen myocardial tissue samples 
(‑20˚C) were lysed on ice with RIPA lysis buffer (cat. no. P0013B; 
Beyotime Institute of Biotechnology) for 30 min at 4˚C and 
centrifuged at 3,280 x g at 4˚C for 10 min. The supernatant was 
then transferred to a new microcentrifuge tube. The protein 
concentration was measured by the BCA method (cat. no. P0009; 
Beyotime Institute of Biotechnology). A total of 20 µg protein 
samples were used for SDS‑PAGE and subsequently transferred 
to a PVDF membrane and blocked with 5% non‑fat milk‑PBS 
solution at room temperature for 1 h. The membrane was incu‑
bated with primary antibodies at 4˚C overnight, followed by an 
incubation with horseradish peroxidase‑conjugated secondary 
antibodies (1:5,000; cat. no. ab97040; Abcam) for 1 h at room 
temperature. Finally, protein bands were visualized by an ECL 
kit (Thermo Fisher Scientific, Inc.). The grayscale value was 
determined using ImageJ software (version 2.1.4.7; National 
Institutes of Health).

The primary antibodies (1:1,000) were as follows: 
Anti‑ryanodine receptor (RyR2; cat.  no.  ab2868; Abcam); 
anti‑phosphorylated (p)‑RYR‑2 (cat. no. ab59225; Abcam); 
anti‑calmodulin (CaM; cat.  no.  sc‑137079; Santa  Cruz 
Biotechnology, Inc.); anti‑CaM‑dependent protein kinase IIδ 
(CaMKIIδ; cat. no. ab181052; Abcam); anti‑protein kinase A 
(PKA; cat. no. sc‑390548; Santa Cruz Biotechnology, Inc); 
anti‑FK506 binding protein 12.6 (FKBP12.6; cat. no. bs‑16093R; 
BIOSS); anti‑cleaved‑caspase3 (cat.  no.  ab49822; Abcam) 
and anti‑pro‑caspase3 (cat.  no.  ab32499; Abcam). β‑actin 
(cat. no. bs‑0061R; BIOSS) was used as an internal control.

Statistical analysis. All statistical analyses were performed 
using GraphPad Prism 7.0 (GraphPad Software, Inc.). Data are 
presented as the mean ± SD. Each experiment was repeated at 
least three times. Multiple comparisons were performed using 
one‑way analysis of variance followed by Tukey's post hoc test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Construction of a rat model of myocardial infarction. The 
LVIDd, LVIDs, EF% and FS% of rats in each group were 
measured using ultrasonography (Fig.  1A). The results 
showed that in the myocardial infarction model rats, the levels 
of LVIDd (Fig. 1B) and LVIDs (Fig. 1C) were significantly 
higher than those in the sham operation group. After treat‑
ment with different doses of tetrandrine, the levels of LVIDd 
and LVIDs were significantly decreased compared with 
those in the myocardial infarction model group. As shown 
in Fig. 1D and E, compared with the sham operation group, 

the levels of EF% and FS% were significantly lower in the 
myocardial infarction model group. However, 80 mg/kg tetran‑
drine treatment significantly increased the levels of EF% and 
FS% compared with the myocardial infarction model group. 
These results indicated that tetrandrine might alleviate 
myocardial infarction.

Tetrandrine alleviates the pathological characteristics of rat 
models of myocardial infarction. The H&E results showed 
that the myocardial cells of rats in the healthy control group 
and sham operation group were neatly arranged, dense, 
complete and clear, with uniform intercellular spaces and 
low levels of extracellular matrix (Fig. 2). Compared with 
the sham operation group, increased volume of the surviving 
cardiomyocytes, loose and disordered cell arrangement, 
contracted or dissolved nuclei, widened intercellular space 
and broken or disappeared myocardial rhabdoms were 
observed in the myocardial infarction model group (Fig. 2). 
In the tetrandrine‑treated group, the degree of myocardial 
infarction in rats was markedly reduced compared with the 
myocardial infarction model group in a dose‑dependent 
manner, and the residual myocardium showed an island‑like 
distribution (Fig. 2). These results revealed that tetrandrine 
could alleviate the pathological characteristics of myocardial 
infarction in rats.

Tetrandrine alleviates myocardial apoptosis in rats with 
myocardial infarction. The TUNEL results showed that 
almost no apoptotic cardiomyocytes in the healthy control 
group and sham operation group were observed, while there 
were numerous apoptotic cardiomyocytes in the myocardial 
infarction model group (Fig.  3). Tetrandrine (10, 50 and 
80 mg/kg) improved cardiomyocyte apoptosis in the myocar‑
dial infarction model. These results showed that tetrandrine 
alleviated myocardial apoptosis in rats with myocardial 
infarction.

Tetrandrine significantly inhibits the levels of TG, TC and 
LDL and increases the levels of HDL in the arterial blood 
of rats with myocardial infarction. The TC, TG, LDL and 
HDL levels were measured in the arterial blood. The results 
showed that the levels of TC (Fig. 4A), TG (Fig. 4B) and 
LDL (Fig. 4C) in the arterial blood of rats with myocardial 
infarction were significantly higher than that in rats in the 
healthy control group and sham operation group. However, 
50  and 80  mg/kg tetrandrine significantly inhibited the 
levels of TC, TG and LDL in the arterial blood of rats with 
myocardial infarction. Furthermore, the level of HDL in the 
arterial blood of rats with myocardial infarction was signifi‑
cantly lower than that in rats in the healthy control group and 
sham operation group. This effect was alleviated by 50 and 
80 mg/kg tetrandrine (Fig. 4D).

Tetrandrine restores calcium homeostasis in rats with 
myocardial infarction. Western blotting was used to detect 
the levels of cleaved‑caspase‑3, pro‑caspase‑3, RyR2, 
p‑RyR2, CaMKIIδ, PKA, CaM and FKBP12.6 in myocardial 
tissues of each group of rats (Fig. 5A). The results showed 
that there was no significant difference in cleaved‑caspase‑3, 
pro‑caspase‑3 and cleaved‑caspase‑3/pro‑caspase‑3 levels 
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between healthy control and sham operation groups 
(Fig. 5B‑D). Furthermore, the level of RyR2 and pro‑caspase‑3 
was not different between the groups included in the present 
study. The expression level of cleaved‑caspase‑3 (Fig. 5B), 
the cleaved‑caspase‑3/pro‑caspase‑3 ratio (Fig. 5D) p‑RyR2 
(Fig. 5E), p‑RyR2/RyR2 ratio (Fig. 5F), CaMKIIδ (Fig. 5G), 
PKA (Fig. 5H), and CaM (Fig. 5I) levels were significantly 
higher in the myocardial tissue of rats with myocardial 
infarction compared with the healthy control and sham 
operation groups. However, 50 and 80 mg/kg tetrandrine 
significantly inhibited the levels of cleaved‑caspase‑3, 
decreased the cleaved‑caspase‑3/pro‑caspase‑3 ratio, and 
inhibited the levels of p‑RyR2, CaMKIIδ, PKA and CaM 
in the myocardial tissue of rats with myocardial infarction. 
As shown in Fig. 5J, in the myocardial tissues of rats with 
myocardial infarction, the expression level of FKBP12.6 was 
significantly lower than that in the healthy control and sham 
operation groups, and this effect was reversed by tetrandrine.

Discussion

A myocardial infarction model was successfully established 
in the current study. The findings revealed that tetrandrine 
could attenuate left ventricular dysfunction in rats with 
myocardial infarction by restoring calcium homeostasis. 
The present study provides a novel insight into the potential 
mechanisms of tetrandrine treatment of myocardial infarc‑
tion.

To adapt to excessive heart pressure load, cardiac func‑
tion is increased. The wall thickness and the stress of the left 
ventricle wall are increased to improve the contractile func‑
tion of the heart, as a mechanism of early compensation (19). 
However, continuous pressure overload can promote 
myocardial hypertrophy, necrosis and apoptosis of myocar‑
dial cells, impair the contraction and/or diastolic function of 
the heart, and eventually develop into chronic heart failure 
or cause sudden cardiac death (19). In the present study, a 

Figure 1. Construction of rat morels of myocardial infarction. (A) Representative images of ultrasonography. (B) LVIDd. (C) LVIDs. (D) EF%. (E) FS%. 
**P<0.01; ***P<0.001; and ****P<0.0001. LVIDd, left ventricular end‑diastolic diameter; LVIDs, left ventricular end‑systolic diameter; EF%, ejection fraction; 
FS%, left ventricular fractional shortening rate; ns, no significant difference; M, M‑mode ultrasonography.
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myocardial infarction model was constructed by ligation of 
the left descending coronary artery in rats. Ultrasonography 
or hemodynamics can be used to detect and evaluate cardiac 
function (20). The current results showed that the levels of 
LVIDd and LVIDs were significantly higher and the levels 
of EF% and FS% were lower in the myocardial infarction 
model rats compared with the sham operation group, and 
these effects were alleviated by tetrandrine. Furthermore, the 
H&E staining results showed that tetrandrine could alleviate 
the pathological characteristics of myocardial infarction 
model rats. TUNEL results showed that tetrandrine allevi‑
ated myocardial apoptosis in rats with myocardial infarction.

The potential mechanisms of tetrandrine treatment 
of myocardial infarction were further investigated. The 
protein levels of p‑RyR2, CaMKIIδ, PKA and CaM were 
significantly higher in the myocardial tissue of rats with 
myocardial infarction compared with the healthy control 
and sham operation groups, and these effects were reversed 

by tetrandrine. Furthermore, in the myocardial tissue of 
rats with myocardial infarction, the expression level of 
FKBP12.6 was significantly lower than that in the healthy 
control and sham operation groups, and this effect was 
reversed by tetrandrine. These results indicated that tetran‑
drine alleviated calcium homeostasis in rats with myocardial 
infarction. Previous studies have confirmed that the stability 
of the RyR is disrupted during heart failure due to sarco‑
plasmic reticulum diastolic Ca2+ leakage, which constitutes 
the myocardial cytological basis for diastolic dysfunction 
and fatal arrhythmia (4,21). RyR can be divided into three 
subtypes and RyR2 is the only RyR type expressed in cardio‑
myocytes (22). Ca2+ leakage refers to the abnormal release of 
Ca2+ caused by an abnormal opening or incomplete closing 
of the RyR2 channel during diastole (23). The RyR2 channel 
is a large complex of signaling molecules composed of four 
isoform subunits with a molecular weight of 565 kDa (24). 
There are also numerous accessory proteins that regulate 

Figure 2. Tetrandrine alleviates the pathological characteristics of myocardial infarction in rats according to the hematoxylin and eosin staining results. 
Magnification, x50 or x400. There are five rats in each group. A representative image per group is shown. Arrows indicated the lesions.
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Figure 3. Tetrandrine alleviates myocardial apoptosis in rats with myocardial infarction, as demonstrated using TUNEL staining. Magnification, x50 or x400.

Figure 4. Tetrandrine significantly inhibits the levels of (A) TC, (B) TG and (C) LDL and increases the levels of (D) HDL in the arterial blood of rats with 
myocardial infarction. *P<0.05; **P<0.01; ***P<0.001; and ****P<0.0001. TG, triglyceride; TC, total cholesterol; HDL, high density lipoprotein; LDL, low density 
lipoprotein; ns, no significant difference.
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Figure 5. Tetrandrine restores calcium homeostasis in rats with myocardial infarction. (A) Representative images of western blotting. Protein levels of 
(B) cleaved‑caspase‑3, (C) pro‑caspase3, (D) cleaved‑caspase3/pro‑caspase3 ratio, (E) p‑RyR2, (F) p‑RyR2/RyR2 ratio, (G) CaMKIIδ, (H) PKA, (I) CaM 
and (J) FKBP12.6 in myocardial tissue of each group of rats. *P<0.05; **P<0.01; ***P<0.001; and ****P<0.0001. RyR, ryanodine receptor; CaM, calmodulin; 
CaMKIIδ, CaM‑dependent protein kinase IIδ; PKA, protein kinase A; FKBP12.6, FK506 binding protein 12.6; p, phosphorylated; ns, no significant difference.
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the function of RyR2, including CaM, CaMKIIδ, PKA and 
FKBP12.6. CaM is the main calcium‑binding protein in 
cardiomyocytes (25). When Ca2+ increases in cardiomyo‑
cytes, CaM and Ca2+ combine to form a complex, which is 
activated and acts on the substrate protein CaMKIIδ. PKA 
and CaMKIIδ catalyze the phosphorylation of RyR2, and 
PP1 and PP2A catalyze the dephosphorylation of RyR2 (26). 
The combination of FKBP12.6 and RYR2 stabilizes the 
RYR2 channel complex. After RyR2 is phosphorylated, it 
separates from FKBP12.6 and opens. After dephosphory‑
lation, it binds to FKBP12.6 and closes. In humans and 
rodents, Ser2808 and Ser2830 have been proposed to serve 
as the sites for PKA phosphorylation regulation of RyR2, 
and Ser2814 is a site for CaMKIIδ phosphorylation regula‑
tion of RyR2 (27). Excessive phosphorylation of RyR2 or 
knockdown of FKBP12.6 in myocardial cells can separate 
RyR2 from FKBP12.6 and induce its opening, resulting 
in unstable RyR2 channels and increased sensitivity to 
Ca2+  (28). Therefore, calcium homeostasis imbalance 
caused by Ca2+ leakage is an important cause of pathophysi‑
ological changes in myocardial failure  (29). Considering 
the aforementioned mechanism of RyR2 dysfunction in the 
pathogenesis of heart failure, RyR2 is expected to become an 
important targeted therapy for heart failure (30). Promoting 
the interaction between FKBP12.6 and RyR2 and inhibiting 
PKA or CaMKIIδ‑mediated RyR2 hyperphosphorylation 
can enhance the stability of the RyR2 channel. Therefore, 
FKBP12.6, PKA and CaMKIIδ may become potential 
therapeutic targets for heart failure, which requires further 
research (31). According to previous reports, tetrandrine can 
inhibit extracellular Ca2+ influx, interfere with intracellular 
Ca2+ distribution, maintain intracellular Ca2+ homeostasis, 
and block various pathophysiological processes caused by 
abnormal calcium signaling (32). Tetrandrine can inhibit the 
increase of intracellular Ca2+ induced by KCl in a dose‑depen‑
dent manner. In addition, its high concentration can also 
reduce the instantaneous increase in intracellular Ca2+ 
induced by caffeine (33). Tetrandrine can reduce diastolic 
blood pressure, ameliorate left ventricular hypertrophy and 
remodeling in hypertensive rats, reduce myocardial cell 
calcium overload, and increase myocardial myosin ATPase, 
Na+‑K+‑ATPase and Ca2+‑ATP enzyme activity (34). Recent 
studies have reported that tetrandrine can reduce myocar‑
dial hypertrophy, ventricular enlargement and pulmonary 
congestion in a model of myocardial hypertrophy caused 
by aortic constriction  (35,36). It has been hypothesized 
that tetrandrine may act by inhibiting the activation of the 
oxygen free radical‑dependent ERK1/2 signal transduction 
pathway (15). Previous studies have reported that the use of 
tetrandrine in rabbits after myocardial infarction induced by 
isoproterenol can reduce myocardial damage through anti‑
oxidative effects (35), and that tetrandrine has antioxidative 
and antifibrotic effects on the human heart, and improves 
ventricular compliance (36).

The present study further elucidated the mechanisms of 
ventricular myocyte calcium homeostasis and left ventric‑
ular remodeling in ischemic cardiomyopathy. By measuring 
the effect of tetrandrine on cardiac function in rats with 
ischemic cardiomyopathy, the results confirmed that tetran‑
drine could play a role in improving cardiac function in rats 

with ischemic cardiomyopathy. The effect of tetrandrine on 
the expression of regulatory proteins involved in ventricular 
calcium homeostasis in ischemic cardiomyopathy was also 
studied. However, further research is required to confirm 
this mechanism.

A myocardial ischemic injury model was established in 
the present study. The findings revealed that tetrandrine can 
protect the ischemic myocardium. In summary, previous 
research suggested that tetrandrine can have protective 
effects on ischemic heart, including reversing ventricular 
remodeling, reducing infarct size, inducing antioxidative and 
antifibrotic effects, improving cardiac function and reducing 
the occurrence of arrhythmia. The specific mechanism may be 
associated with the maintenance of intracellular Ca2+ homeo‑
stasis and antioxidative and antifibrotic effects.
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