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Abstract. The effects of berberine on cardiac function of heart 
failure after myocardial infarction and its possible mecha-
nism were investigated. The anterior descending branches of 
50 female Wistar rats were ligatured to establish the model 
of heart failure after myocardial infarction. At 4 weeks after 
successful modeling, the rats were randomly divided into 
two groups receiving 4-week gavage with saline (Sal group) 
and berberine (Ber group), while the sham-operation group 
(Sham group) was set up. After 4 weeks, the hemodynamics 
and serum BNP in rats were measured. The hearts of rats 
were taken to detect the degree of myocardial fibrosis. The 
myocardial cell apoptosis was detected. The expressions and 
changes in myocardial apoptosis-related proteins, including 
Bcl-2, Bax and caspase-3, were detected. The expression and 
changes in GRP78, CHOP and caspase-12 in myocardial tissue 
were detected. The results showed that Berberine improved 
the cardiac function of rats after myocardial infarction. After 
myocardial infarction, myocardial fibrosis and apoptosis were 
observed around the infarction area, berberine improved the 
myocardial fibrosis and reduced cell apoptosis. Furthermore, 
berberine alleviated endoplasmic reticulum stress (ERS) after 
myocardial infarction. In conclusion, Berberine can inhibit the 
myocardium cell apoptosis of heart failure after myocardial 
infarction, and its mechanism may be realized by affecting 
the ERS in myocardial tissue of heart failure after myocar-
dial infarction and CHOP and caspase-12 apoptotic signaling 

pathway, upregulating Bcl-2/Bax expression and down-
regulating caspase-3 expression, thus inhibiting the cardiac 
remodeling and protecting the cardiac function.

Introduction

Heart failure refers to a group of clinical syndromes caused 
by ventricular filling and/or impaired ejection capacity due to 
various cardiac structures and/or functional diseases, which 
is the end stage of various cardiovascular diseases  (1). At 
present, scholars worldwide have agreed that cardiac remod-
eling is the root cause of the development and progression of 
heart failure (2,3). Thus, inhibition of cardiac remodeling can 
improve cardiac function and long-term prognosis of patients 
with heart failure. Under the guidance of this theory, the 
clinical treatment mode of heart failure has also been trans-
formed from the simple improvement of hemodynamics to the 
treatment that aims to improve the cardiac remodeling (4,5), 
such as the inhibition of renin‑angiotensin‑aldosterone system 
(RAAS) and sympathetic nervous system. At present, the 
clinical drugs used to inhibit RAAS and sympathetic nervous 
system mainly include the β-receptor blocker, angiotensin 
converting enzyme inhibitor, angiotensin receptor inhibitor 
and aldosterone receptor antagonist. The wide application of 
these drugs helps significantly decrease the fatality rate and 
hospitalization rate of heart failure. But the morbidity and 
mortality of heart failure are still high, which are still the main 
causes of disability and death of cardiovascular diseases, seri-
ously threatening human health (6,7). Therefore, research on 
new anti-heart failure drugs is still in the ascendant.

The fundamental feature of heart failure is cardiac remod-
eling, which is the change in myocardial structure, function 
and phenotype due to a series of complex molecular and 
cellular mechanisms, manifested as pathological hypertrophy 
of myocardial cells, myocardial cell apoptosis, and excessive 
fibrosis or increased degradation of extracellular matrix (8-10). 
Myocardial cell apoptosis is the main reason for the continuous 
loss of myocardial contraction units in the development and 
progression of heart failure, which is related to the progressive 
decrease of cardiac function, and involved in the basic patho-
logical and physiological processes of heart failure. Therefore, 
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the inhibition of myocardial cell apoptosis has important 
clinical significance for the reduction of cardiac remodeling 
and improvement of cardiac function. Recent studies have 
shown that endoplasmic reticulum stress (ERS) is associated 
with heart failure, and ERS-mediated myocardial cell apop-
tosis is an important aspect of cardiac remodeling (11,12), thus 
inhibiting the ERS-mediated myocardial cell apoptosis is of 
great importance for improvement of cardiac function.

Berberine is the main active ingredient of traditional 
Chinese medicine, Coptis chinensis, mainly used clinically 
in the treatment of bacterial infection of gastrointestinal tract. 
The latest study has found that berberine has not only a good 
anti-dysentery activity, but also a variety of cardiovascular 
pharmacological activity, such as antiarrhythmic effect, anti-
heart failure, antihypertensive effect and regulation of blood 
lipids (13-16). Clinical studies have confirmed that berberine 
has the function to enhance myocardial contractility and 
improve left ventricular function (17). Berberine increasingly 
shows a certain function in the treatment of cardiovascular 
disease, especially heart failure, but its mechanism of anti-
heart failure remains unclear.

This study hypothesized that the myocardial cell apoptosis 
caused by persistent ERS response was involved in the cardiac 
remodeling of heart failure, and berberine could reduce the 
myocardial cell apoptosis and improve cardiac remodeling 
through inhibiting ERS response, thereby improving the 
cardiac function. The rat model of heart failure after myocardial 
infarction was established, followed by berberine intervention, 
so as to study its effects on ERS-mediated myocardial cell 
apoptosis and its correlation with cardiac function, thereby 
investigating the mechanism of berberine improving the 
cardiac function of heart failure rats.

Materials and methods

Experimental animal and myocardial infarction model. Fifty 
female Wistar rats weighing 200-220 g were fed in the animal 
center for one week to adapt to the environment. After fasting 
for 4-6 h, under anesthesia via inhalation of ether, the rats were 
fixed on the operating table in a supine position; the chest hair 
was shaved and disinfected; and a purse was made in the chest 
to be opened using a no. 10 suture, and the pericardium was 
quickly opened to expose the heart. The coronary artery was 
found in the pulmonary arterial cone and left atrium; then 
the anterior descending coronary artery was ligatured using 
a no. 0 suture and the heart was placed back to the chest; the 
air and blood in the chest were squeezed out, and the purse 
and chest were quickly closed. The thoracotomy lasted for 
<30 sec in total. The steps for the Sham group were the same 
as those in the model group, except for stringing and no liga-
tion. After operation, the rats received intraperitoneal injection 
of penicillin (200,000 U/kg) for 7 days to prevent infection. 
This study was approved by the Animal Ethics Committee of 
Fujian Medical University Animal Center (Fujian, China).

Grouping and administration. At 4 weeks after the myocardial 
infarction model was established, the rats were randomly 
divided into three groups: Sham-operation group (Sham 
group), myocardial infarction control group (Sal group) and 
berberine treatment group (Ber group). The control group and 

experimental group received the gavage with the same amount 
of normal saline and berberine (20 mg/kg) for 4 weeks.

Hemodynamic detection. After administration, rats received 
the intraperitoneal injection of 3% pentobarbital sodium for 
anesthesia, and left ventricular intubation via the right common 
carotid artery. The pressure transducer was connected to the 
carrier amplifier, the left ventricular end-systolic pressure 
(LVSP) and left ventricular end-diastolic pressure (LVEDP) 
were recorded using the 8-channel physiological recorder; 
the electric signal was input to the differentiator to trace 
the maximum ascending velocity of left ventricular pres-
sure (+dp/dt) and the maximum descending velocity of left 
ventricular pressure (-dp/dt).

Determination of plasma BNP level. Before the treatment of 
rats, 0.5 ml serum was taken from the rat, and 0.5 ml tissue 
lysis buffer was added, followed by tissue homogenate at 4˚C 
and centrifugation at 4˚C for 10 min (1,750 x g); the super-
natant was taken and centrifuged again at 4˚C for 30 min 
(10,500 x g), and then recycled. The specific procedures were 
carried out according to the instructions of the kit.

Pathomorphological detection of myocardial tissue. The 
pathomorphological changes in myocardium were evalu-
ated via H&E staining. The pathomorphological changes in 
myocardial tissue were observed via an optical microscope 
(BX-42, Olympus Corporation, Tokyo, Japan). The degree of 
myocardial fibrosis was analyzed via Masson's staining: pale 
blue for collagen fibers, pink for muscle fibers, red blood cells 
and cytoplasm, and blue brown for nuclei.

Detection of apoptotic cells. TUNEL staining was applied to 
myocardial tissues, followed by counting the number of apop-
totic cells under an optical microscope and then images were 
captured.

Immunohistochemistry. The expression levels of Bcl-2, Bax 
and caspase-3 were detected by immunohistochemistry. After 
the slices were treated according to the standard procedure, 
Bcl-2, Bax and caspase-3 primary antibody diluents were 
added for reaction at room temperature for 3 h. Then the 
secondary antibody was used for 30 min incubation, followed 
by color development using the hypersensitivity kit according 
to the supplier's protocol. Rabbit polyclonal Bcl-2 antibody 
(1:100; cat. no. ab59348), rabbit monoclonal Bax antibody 
(1:100; cat. no. ab32503), rabbit polyclonal caspase-3 antibody 
(1:100; cat. no. ab13847) and secondary goat anti-rabbit (HRP) 
IgG antibody (1:1,000; cat. no. ab6721) were all purchased 
from Abcam (Cambridge, MA, USA).

Protein extraction and western blot analysis. The heart was 
taken from the rat and the total protein was extracted according 
to the standard procedure, followed by protein quantifica-
tion via BCA method. Endoplasmic reticulum stress-related 
proteins were detected by western blot analysis. The concen-
tration of separation gel (15%) and the size of electrophoresis 
voltage were adjusted according to the molecular weight of 
target protein, followed by color development via chemilu-
minesence kit (Merck Millipore, Burlington, MA, USA) and 
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semi-quantitative analysis via gray value. Primary rabbit 
polyclonal GRP78 antibody (1:500; cat. no. ab21685); rabbit 
monoclonal CHOP antibody (1:500; cat. no. ab179823); rabbit 
polyclonal caspase-12 antibody (1:500; cat.  no.  ab62484); 
rabbit polyclonal GAPDH antibody (1:500, cat. no. ab37168) 
and secondary goat anti-rabbit (HRP) IgG antibody (1:2,000; 
cat. no.. ab6721) purchased from Abcam (Cambridge, MA, 
USA), were used for Western blot analysis.

RNA extraction and RT-PCR. According to the standard 
procedure, RNA in myocardial tissues was extracted, and 
the primer design and synthesis were completed by Shanghai 
Sangon Co. (Shanghai, China). Total RNA was taken to 
synthesize complementary deoxyribonucleic acid (cDNA) 
using the RT Revert Aid First Strand cDNA Synthesis kit 
(Thermo Fisher Scientific, Inc., Waltham, MA, USA). PCR 
was performed after reverse transcription according to the 
instructions of Invitrogen kit (Invitrogen, Carlsbad, CA, USA). 
ImageJ software (version X; Media Cybernetics, Silver Spring, 
MD, USA) was employed for determination of bands grey 
values. Primer sequences used in this study was according to 
previous reports (11,12).

Statistical analysis. Data were analyzed using SPSS 17.0 
statistical software (Chicago, IL, USA). Student's t-test was 
used for the comparison between the two groups, and one-way 
analysis of variance followed by post hoc test (Least Significant 
Difference) was used for the comparison of correlation among 
groups. P<0.05 suggested that the difference was statistically 
significant.

Results

Berberine improves the cardiac function of rats after 
myocardial infarction. Compared with those in Sham group, 

LVEDP in Sal group was significantly increased, but LVSP 
and ±dp/dt were significantly decreased at 8  weeks after 
myocardial infarction. After berberine treatment, LVEDP 
was decreased and LVSP and ±dp/dt were increased. At the 
end of experiment, plasma BNP levels in the Sham, Sal and 
Ber groups were measured. Compared with that in Sham 
group, BNP level in Sal group was significantly increased. By 
contrast, it was found that berberine significantly decreased 
the BNP level (Fig. 1).

Berberine improves the myocardial fibrosis after myocardial 
infarction. H&E staining showed that the myocardial cells 
in Sham group were neatly arranged with clear transverse 
striations. The myocardial cells in Sal group were swollen 
with irregular shape and disordered arrangement, and the gap 
of myocardial cells was filled with a large number of fibrous 
tissues, and the transverse striations were blurry and broken. 
After berberine treatment, myocardial cells were neatly 
arranged with decreased degree of fibroplasias  (Fig. 2A). 
Masson's staining showed that myocardial cells dominated in 
the Sham group, and there were no obvious myocardial intersti-
tial and collagen components. In Sal group, there were obvious 
collagen components with a small number of myocardial cells. 
After berberine treatment, the number of myocardial cells and 
nuclei was significantly increased, but the collagen component 
was significantly decreased (Fig. 2B).

Berberine reduces cell apoptosis after myocardial infarc-
tion. TUNEL staining showed that compared with that 
in Sham group, the myocardial cell apoptosis in Sal group 
was significantly increased, suggesting that berberine can 
inhibit myocardial cell apoptosis of heart failure (Fig. 3A). 
Immunohistochemical detection showed yellow brown 
staining region in the three groups of myocardial tissues, 
indicating that the protein expression in Bcl-2, Bax and 

Figure 1. Berberine improves the cardiac function of rats after myocardial infarction. (A) Analysis of left ventricular end-diastolic pressure (LVEDP). 
(B) Analysis of left ventricular end-systolic pressure (LVSP). (C) Analysis of ±dp/dt. (D) Analysis of BNP. *P<0.05 vs. Sham group; #P<0.05 vs. Sal group.
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caspase-3 existed in the three groups of myocardial tissues. 
Compared with those in Sham group, Bcl-2 in Sal group was 

significantly decreased, but Bax and caspase-3 were signifi-
cantly increased, suggesting that berberine can increase the 

Figure 3. Berberine reduces cell apoptosis after myocardial infarction. (A) Representative TUNEL images of the peri-infarct area of rats. Representative 
immunohistochemical images of (B) Bcl-2, (C) Bax, and (D) caspase-3.

Figure 2. Berberine improves myocardial fibrosis after myocardial infarction. (A) Representative H&E staining images of the peri-infarct area of rats. 
(B) Representative Masson's staining images of the peri-infarct area of rats.
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expression of Bcl-2 and decrease the expression of Bax and 
caspase-3 (Fig. 3B-D).

Berberine alleviates ERS response after myocardial infarc-
tion. The results of western blot analysis showed that the 
expression of GRP78 (Fig. 4A and B), CHOP and caspase-12 
(Fig. 4C and D) in myocardium was increased significantly 
after myocardial infarction, suggesting that berberine can 
significantly decrease the expressions of GRP78, CHOP 
and caspase-12. The results of RT-PCR further proved that 
the mRNA expression in GRP78, CHOP and caspase-12 
were increased after myocardial infarction, suggesting that 
berberine can significantly reduce the mRNA expression in 
GRP78, CHOP and caspase-12 (Fig. 4).

Discussion

Myocardial infarction leads to heart failure and to changes 
in cardiac hemodynamics. LVEDP is an index reflecting 
the left ventricular preload, which depends on the returned 
blood volume before ventricular systole and cardiac ejec-
tion function. The maximum ascending velocity (+dp/dt) of 
left ventricular pressure during isovolumetric contraction 

phase reflects the maximum velocity of tension changes in 
ventricular wall in systole. It is affected by cardiac afterload 
and myocardial contractility, which is an important index to 
evaluate myocardial contractility. The maximum descending 
velocity (-dp/dt) of left ventricular pressure during isovolu-
metric relaxation phase is mainly affected by the preload of 
myocardial relaxation. ±dp/dt will be decreased and LVEDP 
will be increased when myocardial systolic and diastolic 
function is inhibited (18). In this experiment, compared with 
that in Sham group, LVEDP in Sal group was significantly 
increased and ±dp/dt was decreased, indicating that the 
myocardial systolic and diastolic function of rats with heart 
failure after myocardial infarction was impaired. Berberine 
can reduce LVEDP, improve LVSP and ±dp/dt and decrease 
the plasma BNP level, indicating that berberine can improve 
the cardiac function of heart failure after myocardial infarc-
tion.

Cardiac remodeling occurs after myocardial infarction, 
which is manifested as the disordered arrangement of myocar-
dial cells and significant increase of myocardial fibrosis in heart 
morphology (19). In this study, myocardial cells were arranged 
disorderly and myocardial fibrosis was obvious with cardiac 
remodeling in non-infarcted zone in Sal group. Berberine can 

Figure 4. Berberine alleviates endoplasmic reticulum stress (ERS) response after myocardial infarction. (A) Western blot analyses reveals the expression of 
GRP78. (B) RT-PCR analysis reveals the level of GRP78 mRNA. (C) Western blot analyses reveals the expression of CHOP and caspase-12. (D) RT-PCR 
analysis reveals the level of CHOP and caspase-12 mRNA. *P<0.05 vs. Sham group; #P<0.05 vs. Sal group.
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significantly inhibit the left ventricular myocardial fibrosis of 
heart failure and reduce cardiac remodeling.

Previous findings showed that, at 1-6 h after myocardial 
infarction, the frequency of myocardial cell apoptosis away from 
the infarcted zone was significantly correlated with LVEDP, 
reflecting the severity of left ventricular insufficiency (20). 
In addition, the nitric oxide synthase gene deletion via gene 
knockout showed that the number of apoptotic myocardial 
cells was decreased and LVEF was increased after myocardial 
infarction, suggesting that the improvement of cardiac function 
in heart failure is closely related to the decrease of frequency 
of myocardial cell apoptosis away from the infarcted zone, and 
the myocardial cell apoptosis away from the infarcted zone 
may be one of the important reasons for cardiac remodeling 
and development of heart failure after myocardial infarction 
(20). In heart failure, the hypoxia-ischemia of myocardial 
cells, oxidative stress, inflammatory factors, mechanical load 
and neuroendocrine factors, can induce myocardial cell apop-
tosis (21,22), but which factor dominates in heart failure remains 
unclear, and the specific mechanism of myocardial apoptosis 
and relationship need to be further studied. At present, animal 
experiments and autopsy of patients with heart failure have 
shown that myocardial cell apoptosis exists in heart failure, 
but the proportion of apoptosis varies in different studies. 
TUNEL staining is a sensitive index of evaluating apoptosis. 
In this study, the level of myocardial cell apoptosis was evalu-
ated by TUNEL staining. It was found that the proportion of 
myocardial cell apoptosis in non-infarcted zone in heart failure 
after myocardial infarction was much higher than that in 
Sham group, and such a change was related to the severity of 
cardiac remodeling; and the increased level of myocardial cell 
apoptosis in Sal group was related to the increased levels of 
plasma BNP and LVEDP and the decreased levels of LVSP and 
±dp/dt, which was consistent with the results in most literature, 
suggesting that myocardial cell apoptosis is involved in the 
cardiac remodeling in heart failure after myocardial infarction, 
deteriorating the cardiac function.

Bcl-2 and Bax are the most important members of Bcl-2 
family, which are involved in the regulation of apoptosis (23): 
The decreased protein expression of Bcl-2, the increased protein 
expression of Bax and the downregulation of Bcl-2/Bax protein 
expression level induce cell apoptosis. In this study, it was found 
that Bcl-2 protein expression was decreased in heart failure 
after myocardial infarction, and Bax protein expression was 
increased, which was consistent with increased myocardial cell 
apoptosis. After berberine treatment, Bcl-2 protein expression 
was increased, Bax protein expression was decreased and the 
apoptosis level was decreased, suggesting that berberine inhibits 
the myocardial cell apoptosis by upregulating the expression of 
Bcl-2/Bax. Caspase-3 is a member of caspase family, which is 
an important downstream effector molecule in the apoptosis 
process and the executor of apoptosis  (24). The results of 
this experiment showed that caspase-3 protein expression in 
myocardial tissue of heart failure after myocardial infarction 
was increased, but caspase-3 protein expression was decreased 
after berberine intervention, suggesting that the inhibitory effect 
of berberine on caspase-3 expression is involved in the regula-
tion of apoptosis, thus promoting cell survival.

Previous findings have confirmed ERS and ERS-induced 
myocardial cell apoptosis existed in the pathological process 

of heart failure, which is manifested as the increased GRP78 
expression  (25,26) of ERS response and the activation of 
ERS-mediated CHOP and caspase-12 pathways (12,27). The 
rat model of heart failure after myocardial infarction was 
established in this experiment. WB detection showed that 
compared with that in Sham group, GRP78 protein expression 
was increased; RT-PCR showed mRNA expression in GRP78 
was increased, indicating that ERS response is activated in 
heart failure after myocardial infarction, and protein and 
mRNA expression of CHOP and caspase-12 are increased. 
TUNEL staining showed that the number of apoptotic 
myocardial cells in heart failure was increased, indicating that 
ERS response promotes myocardial cell apoptosis through the 
above apoptotic signaling pathways, which is consistent with 
the result of previous studies. The protein and mRNA expres-
sion of GRP78, CHOP and caspase-12 were downregulated by 
berberine, and the ratio of positive cells in TUNEL staining 
was decreased compared with that in Sal group, indicating 
that berberine inhibits the myocardial cell apoptosis through 
inhibiting the ERS response in heart failure after myocardial 
infarction and ERS-induced CHOP and caspase-12 apoptosis 
signaling pathways.

In conclusion, berberine can inhibit the myocardium cell 
apoptosis of heart failure after myocardial infarction, and its 
mechanism may be realized through affecting the ERS in 
myocardial tissue of heart failure after myocardial infarction 
and CHOP and caspase-12 apoptotic signaling pathway, upreg-
ulating Bcl-2/Bax expression and downregulating caspase-3 
expression, thus inhibiting cardiac remodeling and protecting 
the cardiac function.
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