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INTRODUCTION
Myocardial infarction is a common and fatal cardiovascular 

disease all around the world [1]. Myocardial infarction enhances 
the apoptosis or necrosis of cardiomyocytes, which would prog-
ress to the loss of cardiomyocytes and further lead to congestive 
heart failure [2]. Ventricular remodeling and abnormal thicken-
ing of the cardiac muscles are the main progressive pathological 
process of myocardial infarction [3]. The ventricular remodel-
ing leads to the excessive secretion of the extracellular matrixes, 
obstructs normal conduction of electrocardiogram, and reduces 

the ventricular compliance to induce myocardial fibrosis, thus re-
sulting in myocardial fibrosis and sudden heart failure or cardiac 
death [4]. Therefore, myocardial fibrosis attenuation is considered 
an effective strategy to improve cardiac function post-myocardial 
infarction.

Mitogen-activated protein kinase (MAPK) cascades, including 
extracellular signal-regulated kinase 1/2 (ERK1/2), c-Jun NH(2)-
terminal kinase (JNK), and p38 MAPK, are highly conserved 
and play various roles in physiological processes [5]. MAPKs are 
found to be key genes that are associated with myocardial infarc-
tion [6]. MAPKs are involved in the cardiomyocyte apoptosis 
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ABSTRACT Myocardial infarction promotes cardiac remodeling and myocardial 
fibrosis, thus leading to cardiac dysfunction or heart failure. Peiminine has been 
regarded as a traditional anti-fibrotic Chinese medicine in pulmonary fibrosis. How-
ever, the role of peiminine in myocardial infarction-induced myocardial injury and 
fibrosis remained elusive. Firstly, rat model of myocardial infarction was established 
using ligation of the left coronary artery, which were then intraperitoneally injected 
with 2 or 5 mg/kg peiminine once a day for 4 weeks. Echocardiography and haemo-
dynamic evaluation results showed that peiminine treatment reduced left ventricu-
lar end-diastolic pressure, and enhanced maximum rate of increase/decrease of left 
ventricle pressure (± dP/dt max) and left ventricular systolic pressure, which amelio-
rate the cardiac function. Secondly, myocardial infarction-induced myocardial injury 
and infarct size were also attenuated by peiminine. Moreover, peiminine inhibited 
myocardial infarction-induced increase of interleukin (IL)-1β, IL-6 and tumor necro-
sis factor-α production, as well as the myocardial cell apoptosis, in the rats. Thirdly, 
peiminine also decreased the myocardial fibrosis related protein expression includ-
ing collagen I and collagen III. Lastly, peiminine reduced the expression of p38 and 
phosphorylation of extracellular signal-regulated kinase 1/2 in rat model of myocar-
dial infarction. In conclusion, peiminine has a cardioprotective effect against myocar-
dial infarction-induced myocardial injury and fibrosis, which can be attributed to the 
inactivation of mitogen-activated protein kinase pathway.
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post myocardial infarction [7]. MAPKs also participate in the left 
ventricular remodeling process in rats suffering from myocardial 
infarction [8], activation of which can aggravate the myocardial 
infarction [9]. Suppression of MAPKs potentiates the protective 
effect on heart against myocardial infarction induced injury [10]. 
Therefore, regulating MAPKs pathway seems to be a promising 
strategy for treating myocardial infarction [11].

As a natural compound extracted from Fritillaria thunbergii 
Bulbi, peiminine has been widely used as a traditional Chinese 
medicine to treat various diseases, including cancer [12,13] and 
atopic dermatitis [14]. Peiminine potentiates antioxidative [15], 
antiallergic [16] and anti-inflammatory [14] effects. Moreover, 
peiminine can attenuate inflammation-induced cell death in the 
dopaminergic neurons [17], facilitate lipopolysaccharide-induced 
mastitis by inhibiting ERK1/2 and p38 pathways [18]. In addition, 
peiminine has been reported to decrease the bleomycin-induced 
inflammatory response and pulmonary fibrosis in rats [19]. How-
ever, the role of peiminine in the cardiovascular diseases is still 
unclear. This study investigated the effects of peiminine on myo-
cardial infarction-induced injury and fibrosis post-infarction, 
which might provide a novel strategy for the treatment of myo-
cardial infarction.

METHODS

Animal experiments

Male Sprague–Dawley rats (n = 24; 6–8 weeks old and 220–250 
g weight) were obtained from Jilin University Animal Center 
(Jilin, China) and housed in the cages under conditions (23°C ± 
3°C and 40%–60% humidity) with a 12-h light/dark cycle. Ethi-

cal approval was obtained from the Ethics Committee of Xiang-
yang Central Hospital, Affiliated Hospital of Hubei University 
of Arts and Science. Xiangyang Central Hospital, Affiliated 
Hospital of Hubei University of Arts and Science approved the 
protocol. This study was in accordance with the National Insti-
tutes of Health Laboratory Animal Care and Use Guidelines.

Rats were randomly separated into four groups: sham (n = 
6), myocardial infarction (MI, n = 6), MI treated with 2 mg/kg 
peiminine (Fig. 1A), and MI treated with 5 mg/kg peiminine. 
Rats in the MI groups were anaesthetized with 35 mg/kg sodium 
pentobarbital. A 14-gauge angiocath was endotracheally intu-
bated into the rats with a ventilator. Hearts were exposed, and a 
6-0 prolene suture was used to ligate the left coronary artery at 2–3 
mm away from the origin between the left atrium and pulmonary 
artery conus. The occurrence of ST-segment elevation on electro-
cardiogram was used to identify the success of operation. Rats in 
the sham group were performed with thoracotomy and cardiac 
exposure, while without coronary ligation. Rats received an in-
tramuscular injection of penicillin after the surgery. In peiminine 
treatment groups, 2 or 5 mg/kg peiminine (Gamma Technology 
Development Co., Ltd., Shenzhen, China) were intraperitoneally 
injected into the rats once a day for 4 weeks.

Cardiac function assessment

Rats were anesthetized with 10% chloral hydrate, and the 
right carotid artery was exposed after four weeks post peiminine 
treatment. A catheter tip micromanometer (Model SPR-838; 
Millar Instruments, Houston, TX, USA) was inserted into the 
left ventricular cavity. Maximum rate of increase/decrease of left 
ventricle pressure (± dP/dt max), left ventricular end-diastolic 
pressure (LVEDP) and left ventricular systolic pressure (LVSP) 

Fig. 1. Peiminine ameliorated cardiac function in myocardial infarction-induced rats. (A) Chemical structure of peiminine. (B) Peiminine admin-
istration attenuated myocardial infarction-induced decrease of left ventricular systolic pressure (LVSP) in rats. (C) Peiminine administration attenuated 
myocardial infarction-induced increase of left ventricular end-diastolic pressure (LVEDP) in rats. (D) Peiminine administration attenuated myocardial 
infarction-induced decrease of + dP/dt max in rats. (E) Peiminine administration attenuated myocardial infarction-induced decrease of – dP/dt max in 
rats. ** vs. sham, p < 0.01. #, ## vs. myocardial infarction (MI), p < 0.05, p < 0.01.
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were measured by the micromanometer.

Histopathology

Rats were euthanized and the heart tissues were harvested 
after four weeks post peiminine treatment. Following fixation in 
paraformaldehyde, the tissues were embedded in paraffin and cut 
into 4-μM thickness sections. The sections were dewaxed and de-
hydrated, and then stained by hematoxylin and eosin (Sigma-Al-
drich, Saint Louis, MO, USA) before observing using microscope 
(Olympus, Tokyo, Japan). The sections were also subjected to 
TTC and Masson's trichrome staining (Solarbio, Beijing, China). 
Images were captured under the microscope, and the infarct size 
and percentage of the fibrotic area were analyzed.

TUNEL staining

Following deparaffinization and rehydration, the heart sections 
were boiled in sodium citrate solution, and performed with TU-
NEL staining (Roche Diagnostics, Mannheim, Germany). The 
sections were stained with 4′,6-diamidino-2-phenylindole, and 
then photographed with the microscope.

ELISA

Blood samples were collected from the abdominal aorta of rats, 
and then centrifuged at 3,000 g for 15 min to harvest the plasma. 
The level of lactate dehydrogenase (LDH), creatine kinase-MB 
(CK-MB), interleukin (IL)-1β, IL-6 and tumor necrosis factor 
(TNF)-α in plasma was determined by commercial ELISA kits 
(RayBiotech, Inc., Norcross, GA, USA).

Western blotting

Myocardial tissues were lysed in radioimmunoprecipitation 
buffer (Beyotime, Shanghai, China). The protein supernatants 
were extracted from the homogenized tissues by centrifugation 
at 12,000 g for 1 h. Protein concentration was determined using 
bicinchoninic acid method (Pierce, Rockford, IL, USA). Protein 
samples were performed with electrophoresis and transferred 
into polyvinylidene difluoride membranes (Millipore, Billerica, 
MA, USA). The membranes were blocked with 5% fat-free milk 
and probed with primary antibodies against Bax (1:2,000), Bcl-2 
(1:2,000), collagen I (1:2,500), collagen III (1:2,500), p38 (1:3,000), 
p-p38 (1:3,000), ERK1/2 (1:3,500), p-ERK1/2 (1:3,500) and GAP-
DH (1:4,000) (Bioss, Beijing, China). Following incubation with 
horseradish peroxidase-conjugated immunoglobulin G (1:5,000; 
Abcam, Cambridge, MA, USA), the blots were detected by en-
hanced chemiluminescence (KeyGen, Nanjin, China).

Statistical analysis

Results from three independent experiments were presented 
as mean ± SD. Statistical analysis between different groups were 
performed with one-way ANOVA or Student's t-test under SPSS 
19.0 software (IBM Co., Armonk, NY, USA). p < 0.05 was consid-
ered as significant difference.

RESULTS

Peiminine ameliorated cardiac function in myocardial 
infarction rat model

To assess the role of peiminine in myocardial infarction, rats 
post left coronary artery ligation were administered with peimi-
nine. Cardiac function was investigated by haemodynamic evalu-
ation. Results showed that LVSP (Fig. 1B) ± dP/dt max (Fig. 1D, 
E) were decreased in myocardial infarction-rats, while LVEDP 
(Fig. 1C) was increased in rats post-myocardial infarction. These 
results indicated the myocardial infarction induced cardiac dys-
function in rat model. Peiminine administration enhanced LVSP 
(Fig. 1B) and ± dP/dt max (Fig. 1D, E), while reduced LVEDP 
(Fig. 1C) and ameliorated the cardiac function in the myocardial 
infarction-induced rats, suggesting peiminine exhibited a cardio-
protective effect against myocardial infarction induced injury.

Peiminine ameliorated myocardial infarction-induced 
tissues damage in rats

Hematoxylin-Eosin staining was performed to assess the histo-
pathological changes. A normal cardiomyocyte structure was ob-
served in the sham group (Fig. 2A). Left coronary artery ligation 
induced disturbances of cardiomyocyte, elicited inflammatory 
infiltration and disorganized structure in the heart tissues (Fig. 
2A). However, peiminine administration alleviated the histo-
pathological changes elicited by myocardial infarction (Fig. 2A). 
Moreover, TTC staining results exhibited more pale white areas 
in the heart of myocardial infarction-induced rats compared to 
sham group (Fig. 2B). Whereas, the viable areas were augmented 
by peiminine administration (Fig. 2B). Specific biomarkers for 
cardiac muscle damage including LDH and CK-MB were up-reg-
ulated in infarction-induced rats (Fig. 2C). Peiminine ameliorated 
myocardial infarction-induced tissues damage through down-
regulating plasma levels of LDH and CK-MB (Fig. 2C) in rats.

Peiminine ameliorated myocardial infarction-induced 
inflammation and apoptosis in rats

Expression of proinflammatory factors such as IL-1β, IL-6, and 
TNF-α were enhanced in infarction-induced rats, which were 
counteracted by peiminine administration (Fig. 3A), indicating 
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the anti-inflammatory effect of peiminine against myocardial in-
farction. Moreover, infarction-induced myocardial cell apoptosis 
(Fig. 3B), increase of Bax and decrease of Bcl-2 (Fig. 3C) were in-
hibited by peiminine administration, revealing the anti-apoptotic 
role of peiminine in myocardial infarction.

Peiminine ameliorated myocardial infarction-induced 
fibrosis in rats

Hearts exhibited more collagen fibers (blue) post myocardial 
infarction in MI group compared to the sham group (Fig. 4A). 
Peiminine decreased amount of the collagen fibers in rat model of 
myocardial infarction (Fig. 4A), suggesting the anti-fibrotic effect 
of peiminine against myocardial infarction. Moreover, peiminine 

Fig. 2. Peiminine ameliorated myocardial infarction-induced tissues damage in rats. (A) Influence of left coronary artery ligation and peiminine 
administration on cardiomyocyte disturbances, inflammatory infiltration and structure of heart tissues detected by Hematoxylin-Eosin staining (×200). 
(B) Peiminine administration reduced myocardial infarction-induced increase of infarct size in rats detected by TTC staining. (C) Peiminine administra-
tion inhibited the myocardial infarction-induced increase of lactate dehydrogenase (LDH) in rats detected by ELISA. Peiminine administration inhib-
ited the myocardial infarction-induced increase of creatine kinase-MB (CK-MB) in rats detected by ELISA. ** vs. sham, p < 0.01. ## vs. myocardial infarc-
tion (MI), p < 0.01.
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counteracted the myocardial infarction-induced increase of colla-
gen I and III protein expression (Fig. 4B), further confirming that 
peiminine ameliorated myocardial infarction-induced fibrosis in 
rats.

Peiminine suppressed the activation of MAPKs in 
myocardial infarction-induced rats

Protein expression of p38 and ERK1/2 were not affected by 
myocardial infarction (Fig. 5). In contrast, the p38 expression and 

Fig. 3. Peiminine ameliorated myocardial infarction-induced inflammation and apoptosis in rats. (A) Peiminine administration suppressed 
the myocardial infarction-induced increase of CK-MB in rats detected by ELISA. (B) Peiminine administration inhibited myocardial infarction-induced 
increase of myocardial cell apoptosis in rats detected by TUNEL staining (×200). (C) Peiminine administration inhibited the myocardial infarction-
induced increase of Bax and decrease of Bcl-2 in rats detected by Western blot. CK-MB, creatine kinase-MB; IL, interleukin; TNF, tumor necrosis factor. 
** vs. sham, p < 0.01. ## vs. myocardial infarction (MI), p < 0.01.
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Fig. 4. Peiminine ameliorated myocardial infarction-induced fibrosis in rats. (A) Collagen fibers in hearts of rats post myocardial infarction in dif-
ferent groups. Masson’s trichrome staining (×200). (B) Peiminine administration decreased the myocardial infarction-induced collagen I and III overex-
pression in rats detected by Western blot. ** vs. sham, p < 0.01. ## vs. myocardial infarction (MI), p < 0.01.
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ERK1/2 phosphorylation were increased in rats post myocardial 
infarction, which was reduced by peiminine administration (Fig. 
5), revealing that peiminine might exhibit cardioprotective effect 
through inactivating MAPKs pathway.

DISCUSSION
Myocardial infarction-induced injury in the cardiomyocytes 

is accompanied by a reparative fibrotic scar that prevents the 
rupture of ventricular wall [20]. However, excessive myocardial 
fibrosis might result in progressive cardiac dysfunction and lead 
to long-term heart failure [20]. Therefore, myocardial fibrosis is 
considered as the critical pathological change during the develop-
ment of myocardial infarction-induced heart failure [21]. Several 
anti-fibrotic drugs, including angiotensin receptor blockers, 

angiotensin-converting enzyme inhibitors or calcium channel 
blockers, have been widely used in the clinical treatment of myo-
cardial infarction [22]. However, the current anti-fibrotic drugs' 
long-term safety concerns and unsatisfactory efficacy neces-
sitate identifying novel therapeutic strategies to protect against 
myocardial fibrosis [22]. Considering peiminine, the main active 
component of Fritillaria thunbergii Bulbi, has shown anti-fibrotic 
effect in pulmonary disease [19], the functional role and underly-
ing molecular mechanism of peiminine in myocardial infarction-
induced myocardial fibrosis were investigated in this study.

Occlude of the left coronary artery is widely used for establish-
ing the model of myocardial infarction [23]. Our results showed 
that left coronary artery ligation reduced LVSP and ± dP/dt max 
but enhanced LVEDP to induce cardiac dysfunction. Moreover, 
TTC staining demonstrated that myocardial infarction-induced 
more pale white areas in the heart in MI group than that in the 

Fig. 5. Peiminine suppressed the activation of MAPKs in myocardial infarction-induced rats. p38 expression and ERK1/2 phosphorylation in dif-
ferent groups detected by Western blot. MAPK, mitogen-activated protein kinase; ERK1/2, extracellular signal-regulated kinase 1/2. ** vs. sham, p < 0.01. 
## vs. myocardial infarction (MI), p < 0.01.

Fig. 6. Peiminine exhibited anti-
inflammatory, anti-apoptotic and 
anti-fibrotic activities to protect heart 
against from myocardial infarction 
through inactivation of MAPKs path-
way. MAPK, mitogen-activated protein 
kinase; ERK1/2, extracellular signal-
regulated kinase 1/2.
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sham group. Hematoxylin-Eosin staining also confirmed the 
myocardial tissue damage caused by left coronary artery ligation. 
Peiminine administration ameliorated the cardiac dysfunction in 
myocardial infarction-induced rats, reduced the infarct size and 
attenuated the tissue damage, suggesting the cardioprotective role 
of peiminine against myocardial infarction.

Myocardial infarction-induced injury induces free radical 
generation, and triggers the release of TNF-α to initiate cytokine 
cascade and inflammatory response [24]. The immune cell infil-
tration caused by the inflammatory response is closely correlated 
with the myocardial cell apoptosis, thus impairing cardiac func-
tion during the development of myocardial infarction [25,26]. 
Suppression of apoptosis and inflammation post myocardial 
infarction attenuated the cardiac dysfunction [27]. Previous 
study has shown that inflammation-induced cell death of dopa-
minergic neurons was retarded by peiminine [17]. In this study, 
our results demonstrated that peiminine inhibited infarction-
induced increase of IL-1β, IL-6, and TNF-α, and suppressed the 
cell apoptosis with reduced Bax and enhanced Bcl-2 expression, 
suggesting the anti-inflammatory and anti-apoptotic effect of 
peiminine against myocardial infarction. However, inflamma-
tory response exhibited protective role in the early stage of the 
myocardial infarction. Soon after coronary occlusion, the early 
anti-inflammatory strategy worsened the cardiac function and 
promoted myocyte apoptosis [28]. Therefore, the safety and the 
effectiveness of using peiminine to treat myocardial infarction 
should be further investigated.

Enhanced inflammatory response post myocardial infarction 
is found to be related to left ventricular remodeling, ventricular 
aneurysm formation and cardiac rupture, thus being concerned 
with fibrosis [29]. The fibrotic scar with excessive deposition of 
collagens has been shown to play an important role in the devel-
opment of myocardial infarction [30]. Masson staining in this 
study indicated that myocardial infarction induced more collagen 
fibers accumulation in the hearts in MI group compared to the 
sham group. Peiminine administration reduced the collagen fi-
bers and decreased collagen I and III protein expression, suggest-
ing its anti-fibrotic role in myocardial infarction.

MAPKs pathway was implicated in the cardiac apoptosis and 
remodeling process of myocardial infarction [31]. Activation of 
MAPKs promotes the progression of acute myocardial infarc-
tion [32]. Peiminine has been reported to inhibit ERK1/2 and p38 
pathway to relieve lipopolysaccharide-induced mastitis and bleo-
mycin-induced acute lung injury. Here, increased p38 expression 
and ERK1/2 phosphorylation in rats post infarction was reversed 
by peiminine administration, revealing that peiminine might 
exhibit cardioprotective effect through inactivating MAPKs path-
way. However, p38 MAPK was shown to confer pro-survival and 
cardioprotective effects on myocardial infarction through activa-
tion of α-Crystallin B and Nrf2 [33]. The effect of peiminine on 
activating α-Crystallin B and Nrf2 should be investigated to elu-
cidate the controversial role of MAPKs on myocardial infarction.

In summary, as shown in Fig. 6, peiminine has been shown to 
exhibit anti-inflammatory, anti-apoptotic and anti-fibrotic ac-
tivities to protect heart against from myocardial infarction. The 
cardioprotective mechanism of peiminine was partially mediated 
via inactivation of MAPKs pathway, revealing a new strategy of 
peiminine for treating the fibrotic diseases.
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