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INTRODUCTION

Coronary microembolization (CME) occurs during thrombo-
lytic therapy or percutaneous coronary intervention (PCI) due 
to formation of plaque debris, small thrombus, or spontaneous 
rupture of unstable atherosclerotic plaques which block the dis-
tal coronary artery microvessels [1,2]. Myocardial slow- or no-

reflow phenomena caused by CME triggers myocardial systolic 
dysfunction, thus may be a powerful independent predictive 
factor for both long-term adverse prognosis and major cardiovas-
cular adverse events [3]. Studies have shown that microinfarction 
areas appeared in local myocardium after CME modelling, and 
apoptotic and necrotic cells developed in cardiomyocytes [4]. 
Myocardial apoptosis is a crucial factor in CME-induced myo-
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ABSTRACT Coronary microembolization (CME) is associated with cardiomyocyte 
apoptosis and cardiac dysfunction. Puerarin confers protection against multiple 
cardiovascular diseases, but its effects and specific mechanisms on CME are not fully 
known. Hence, our study investigated whether puerarin pretreatment could alleviate 
cardiomyocyte apoptosis and improve cardiac function following CME. The molecu-
lar mechanism associated was also explored. A total of 48 Sprague-Dawley rats were 
randomly divided into CME, CME + Puerarin (CME + Pue), sham, and sham + Puerarin 
(sham + Pue) groups (with 12 rats per group). A CME model was established in CME 
and CME + Pue groups by injecting 42 μm microspheres into the left ventricle of 
rats. Rats in the CME + Pue and sham + Pue groups were intraperitoneally injected 
with puerarin at 120 mg/kg daily for 7 days before operation. Cardiac function, myo-
cardial histopathology, and cardiomyocyte apoptosis index were determined via 
cardiac ultrasound, hematoxylin-eosin (H&E) and hematoxylin-basic fuchsin-picric 
acid (HBFP) stainings, and TdT-mediated dUTP nick-end labeling (TUNEL) staining, 
respectively. Western blotting was used to measure protein expression related to the 
phosphoinositide 3-kinase (PI3K)/protein kinase B (Akt)/glycogen synthase kinase-3 
(GSK-3) pathway. We found that, puerarin significantly ameliorated cardiac dysfunc-
tion after CME, attenuated myocardial infarct size, and reduced myocardial apoptotic 
index. Besides, puerarin inhibited cardiomyocyte apoptosis, as revealed by decreased 
Bax and cleaved caspase-3, and up-regulated Bcl-2 and PI3K/Akt/GSK-3 pathway 
related proteins. Collectively, puerarin can inhibit cardiomyocyte apoptosis and thus 
attenuate myocardial injury caused by CME. Mechanistically, these effects may be 
achieved through activation of the PI3K/Akt/GSK-3 pathway.
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cardial injury and cardiac systolic dysfunction. Therefore, inhi-
bition of myocardial apoptosis may be an effective approach to 
alleviate myocardial injury following CME [5,6]. Besides, studies 
have reported that inhibition of phosphatase and tensin homolog 
may suppress myocardial apoptosis hence ameliorate myocar-
dial systolic function through activation of phosphoinositide 
3-kinase (PI3K)/protein kinase B (Akt) pathway [7]. Moreover, 
pretreatment with drugs such as nicorandil or ligustrazine allevi-
ated CME-induced myocardial injury and myocardial apoptosis, 
through the PI3K/Akt pathway [8,9].

Puerarin (chemical structure is shown in Fig. 1) is an isofla-
vonoid extracted from Kudzu root, a Chinese herb. It exhibits 
various pharmacological activities and hence used to treat cardio-
vascular diseases in China with minimal associated side effects 
[10]. Recent studies have shown that puerarin has multiple effects 
on various cardiovascular diseases, such as anti-apoptosis [11], 
anti-inflammation [12], anti-oxidative stress [13], anti-platelet ag-
gregation [14]. It also improves myocardial microcirculation [15]. 
However, whether it can alleviated myocardial apoptosis effects 
due to CME and ameliorated cardiac functions have not been 
extensively noted. Besides, studies have reported apoptosis inhibi-
tion by puerarin through PI3K/Akt pathway activation [16,17]. 
Hence, in-depth knowledge of the relationship between puerarin 
and myocardial apoptosis induced by CME in rats is required to 
manage the CME treatment and prevention. Therefore, the study 
aims at investigating the roles of puerarin application in myocar-
dial apoptosis and PI3K/Akt/glycogen synthase kinase-3 (GSK-
3) pathway to ascertain molecular mechanism potential on 
myocardial injury after CME.

METHODS

Animal preparation

Experimentally, 48 healthy Sprague-Dawley rats (male, 8 
weeks, 250–300 g) were supplied from the medical animal experi-
ment center of Guangxi Medical University. The rats were placed 

in a 12-h dark/12-h light circulation chamber with qualified tap 
water and rat food with maintained humidity (50%–60%) and 
temperature (23°C ± 2°C) before the experiment. The procedures 
for animal experiments were approved by the Ethics Committee 
for Animal Use of Guangxi Medical University and based on the 
Guidelines for Care and Use of Laboratory Animals.

Coronary microembolization (CME) model 
establishment and experimental grouping

From our previous research protocol [18], the CME rat-model 
was successfully established. The rats were anesthetized by in-
traperitoneal injection of pentobarbital sodium (30–40 mg/kg). 
Subsequently, a tracheotomy was performed to insert a small 
animal ventilator for respiration, and a left thoracotomy was con-
ducted in the third and fourth intercostal spaces. The ascending 
aorta was separated and then clamped with a vascular clamp (10 
sec), while 0.1 ml of physiological saline suspension with three 
thousand 42 m polyethylene microspheres (BioSphere Medical 
Inc., Rockland, MA, USA) was injected into the left ventricle by 
a microinjector. The rat's chest was closed-up layer-wise and the 
endotracheal tube was removed after stabilization of their heart-
beat and respiration. Thereafter, each rat was intraperitoneally 
injected with 800,000 IU penicillin. The sham and sham + Pue 
groups subjected to a similar procedure, but the only difference 
from the CME operation was that the two groups were injected 
with an equal amount of 0.1 ml physiological saline instead of mi-
crospheres. Herein, the 48 rats were randomly selected into sham, 
sham + Puerarin (sham + Pue), CME, and CME + Puerarin (CME 
+ Pue) groups (12 rats per group). Rats in the sham + Pue and 
CME + Pue groups were intraperitoneally injected with puerarin 
(120 mg/kg/d) for 7 days before operation. The 4 groups recorded 
no deaths, 12 h post-surgery.

Cardiac function detection

Based on our aforementioned research, the cardiac function of 
rats was worst at 12 h following CME induction [19], therefore, 
this time spot was chosen to measure the heart function. The 
Hewlett Packard Sonos 7500 ultrasonic testing device with a 12 
MHz probe (Philips Technologies, Andover, MA, USA) was used 
to measure the following cardiac function parameters in rats: left 
ventricular end-systolic diameter (LVESd), fractional shortening 
(FS), left ventricular end-diastolic diameter (LVEDd) as well as 
left ventricular ejection fraction (LVEF). The measurements were 
based on 3 cardiac cycles mean. Besides, a professional physician 
examined the rats echocardiogram.

Tissue sampling and sample processing

Herein, 10% potassium chloride (2–3 ml) was injected through 
the tail vein to arrest the heart in diastole after the cardiac func-Fig. 1. The chemical structure of puerarin.
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tion was determined. Thereafter, the heart was immediately iso-
lated, auricular appendages and atrial parts were removed. Subse-
quently, cold physiological saline was infused into the ventricles 
until the rinse solution was colorless. In this step, the ventricle 
was segmented into apex and base, in the middle of the left ven-
tricle long axis and parallel with the atrioventricular groove. The 
apex was immediately frozen in the liquid nitrogen earlier pre-
pared, and stored in a refrigerator (–80°C) for subsequent western 
blotting. For the heart base, they were fixed with 4% paraformal-
dehyde, which lasts about 12 h for the next paraffin embedding. 
The tissues were sliced to equal thickness of 4 m for subsequent 
pathological examination, including hematoxylin-eosin (H&E) 
staining, hematoxylin-basic fuchsin-picric acid (HBFP) staining, 
and TdT-mediated dUTP nick-end labeling (TUNEL) staining.

Measurement of myocardial microinfarct areas

The HBFP staining is an important staining method in di-
agnosing early myocardial ischemia. With this technique, the 
nucleus and cytoplasm of normal cardiomyocytes are stained 
blue and yellow, respectively, whereas ischemic cardiomyocytes 
and red blood cells are stained red. The HBFP-stained slices 
were observed (×100 magnifications) under a pathological image 
analyzer (DMR + Q550; Leica, Wetzlar, Germany). Accordingly, 
5 microscopic visual fields were randomly selected from HBFP-
stained slices to observe and analyze the area of myocardial in-
farction using the Leica Qwin software and planar area method. 
The infarct percentage was determined by dividing the ischemic 
area by the gross observed area [20].

Detection of cardiomyocyte apoptosis by TUNEL 
staining

Following the manufacturer's protocol, TUNEL staining was 
conducted to determine cardiomyocyte apoptosis by using com-
mercial kits (Roche, Indianapolis, IN, USA). The nuclei of normal 
cardiomyocytes without apoptosis were stained light blue, where-
as apoptotic cardiomyocytes were stained yellow-brown (TUNEL 
positive) under the light microscope. Precisely 20 non-overlap-
ping areas (×400 magnifications) in each section were randomly 
selected to determine the number of apoptotic cardiomyocytes, 
total cardiomyocytes in the micro-infarct area, marginal infarct 
area, and distal infarct area. The apoptosis index (AI) was based 
on the formula: AI = (number of apoptotic cardiomyocytes / total 
number of cardiomyocytes) × 100% [21].

Western blot analysis

The rat myocardial tissue total proteins were extracted with 
protein lysis buffer, and its concentration was detected with the 
bicinchoninic acid (BCA) assay kit. An equal amount of protein 
was separated by 10%–15% sodium dodecyl sulphate-polyacryl-

amide gel electrophoresis before transferred onto PVDF (poly-
vinylidene fluoride) membranes (Millipore, Atlanta, GA, USA). 
Consequently, the PVDF membranes were blocked at room tem-
perature for about 1 hour with 5% bovine serum albumin or non-
fat milk. The membranes were incubated overnight at a stable 
temperature of 4°C with primary antibodies as follows: phospho-
GSK-3 (p-GSK-3), total GSK-3, phospho-Akt (p-Akt), total 
Akt, phospho-PI3K (p-PI3K), total PI3K, cleaved caspase-3, Bcl-2, 
Bax, or GAPDH (diluted concentration of primary antibodies was 
1:1,000). The primary antibodies against the total PI3K, p-PI3K, 
Bax, and Bcl-2 were purchased from Abcam (Cambridge, UK) 
whereas the primary antibodies against the cleaved caspase-3, 
p-Akt, total Akt, total GSK-3, p-GSK-3, and GAPDH were 
acquired from Cell Signaling Technology (Beverly, MA, USA). 
Thereafter, the membranes were rinsed 5 times with TBST and 
incubated at room temperature for 2 h with horseradish peroxi-
dase-conjugated secondary antibodies prepared in advance. An 
enhanced chemiluminescence detection device (Pierce, Rockford, 
IL, USA) was used to assess the protein signals. Protein bands 
were evaluated and quantified with the ImageJ software (National 
Institutes of Health, Bethesda, MD, USA).

Statistical analysis

The SPSS 23.0 (IBM Co., Armonk, NY, USA) software for 
statistical analysis was used for the quantitative data expressed 
as mean ± standard deviation. Comparisons were performed us-
ing the Student’s t-test between two groups or using the one-way 
analysis of variance (ANOVA) followed by Student‐Newman‐
Keuls post-hoc tests for multiple groups. p < 0.05 indicates statis-
tical significance.

RESULTS

Puerarin ameliorated cardiac function following CME

The echocardiographic examination results in the 4 groups 
are summarized in Fig. 2. To be brief, compared to the sham 
group, the CME group could cause significant cardiac dysfunc-
tion, which was mainly reflected by reduced LVEF and LVFS, but 
increased LVEDd and LVESd (p < 0.05). However, compared to 
the CME group, the CME + Pue group demonstrated an apparent 
improvement in cardiac function following CME induction, as 
manifested by an evident increase in LVEF and LVFS, but a sig-
nificant decrease in LVEDd and LVESd (p < 0.05). Both sham and 
sham + Pue groups showed insignificant (p > 0.05) cardiac func-
tions. Accordingly, these results showed puerarin pretreatment 
could distinctly ameliorate cardiac function following CME.
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CME histopathology

H&E staining and HBFP staining showed that subendocardial 
ischemia was occasionally found in the sham group and sham + 
Pue group, but no obvious infarction was seen. However, multiple 
microinfarctions were observed both in the CME and CME + 
Pue groups. The HBFP staining exhibited that most microin-
farct regions were wedge-shaped with a localized distribution 
and common in the subendocardial and left ventricle (Fig. 3). 

From the H&E staining results, the nucleus of cardiomyocytes in 
CME group dissolved or disappeared in the micro-infarct zones, 
with cytoplasmic red staining. Moreover, peripheral myocardial 
edema, peripheral inflammatory cell infiltration, red blood cell 
exudation, and microembolism in arteriole were observed in the 
microinfarct areas. However, pretreatment with puerarin could 
significantly improve these conditions, including the reduction of 
peripheral myocardial edema and inflammatory cell infiltration 
(Fig. 4). The infarct areas of the sham group, sham + Pue group, 

Fig. 2. Echocardiographic analysis of rats in four groups. (A–D) Sham, sham + Pue, CME, CME + Pue group, respectively. Left ventricular fractional 
shortening (LVFS), left ventricular end-diastolic diameter (LVEDd), left ventricular ejection fraction (LVEF), and left ventricular end-systolic diameter 
(LVESd) were quantitatively analyzed. CME, coronary microembolization; Pue, puerarin. ap < 0.05 in comparison with the sham group; bp < 0.05 in 
comparison with the CME group.

B
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A
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CME group, and CME + Pue group were (0.24% ± 0.27%), (0.26% 
±0.20%), (27.42% ± 0.65%) and (5.76% ± 2.22%), respectively. The 
infarct area in the CME + Pue group was distinctly decreased 
compared to the CME group (p < 0.05), indicating that puerarin 
pretreatment could significantly reduce the myocardial infarction 
area induced by CME in rats. Both sham and sham + Pue groups 
were not significantly different (p > 0.05) in infarct size.

Puerarin attenuated cardiomyocyte apoptosis after 
CME

In determining cardiomyocyte apoptosis, TUNEL staining was 
used. The nuclei of apoptotic cardiomyocytes were stained yel-
low-brown (TUNEL-positive) (Fig. 5), whereas the nuclei of nor-
mal cardiomyocytes in myocardial tissue were light blue. Besides, 
in the sham and sham + Pue groups, apoptotic cardiomyocytes 

were occasionally observed in the subendocardium and papillary 
muscles, although the apoptotic rate of cardiomyocytes was insig-
nificant (p > 0.05). However, in comparison with the sham group, 
significantly increased TUNEL-positive cells were found in the 
CME group (p < 0.05), which were mainly situated in the myo-
cardial micro-infarction zones and marginal regions. Compared 
with the CME group, interestingly, in the CME + Pue group, 
puerarin treatment distinctly reduced cardiomyocyte apoptosis 
in the infarct and peri-infarct areas of the hearts (p < 0.05). The 
cardiomyocyte apoptosis index of rats in the sham group, the 
sham + Pue group, the CME group, and the CME + Pue group 
were (2.66% ± 1.32%), (3.02% ± 0.95%), (28.74% ± 3.48%), (13.67% 
± 2.27%), respectively.

Fig. 3. Myocardial infarct size as 

shown by HBFP staining. (A–D) Sham, 
sham + Pue, CME, CME + Pue group, 
respectively. Ischemic myocardium was 
stained red. The arrows in (C and D) 
indicate the microinfarct size. CME, coro-
nary microembolization; Pue, puerarin. 
ap < 0.05 in comparison with the sham 
group; bp < 0.05 in comparison with the 
CME group.

A B

C D
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Puerarin reduced cardiomyocyte apoptosis by 
regulating cleaved caspase-3, Bax and Bcl-2 protein 
levels after CME

The cleaved caspase-3, Bax, and Bcl-2 protein levels in each 
group were assessed to confirm myocardial apoptosis follow-
ing CME. Notably, the Bcl-2/Bax ratio, in comparison with the 
sham group, was significantly reduced (Fig. 6), but the expres-
sion of cleaved caspase-3 was increased in the CME group (p < 
0.05). However, in the CME + Pue group, puerarin pretreatment 
distinctly up-regulated the Bcl-2/Bax ratio and down-regulated 
cleaved caspase-3 protein expression as compared to the CME 
group (p < 0.05). There was no significant difference in the ex-
pression of cleaved caspase-3 and the ratio of Bcl-2/Bax between 
the sham group and the sham + Pue group (p > 0.05). Thus, 
the results suggested that puerarin administration can alleviate 
CME-induced cardiomyocyte apoptosis.

Effects of puerarin on protein levels of the PI3K/Akt/
GSK-3 pathway

Western blot was conducted in each group to detect the relative 
levels of the PI3K/Akt/GSK-3 pathway (Fig. 7). The relative pro-
tein levels of total GSK-3, total Akt, and total PI3K in the four 
groups were not significantly different (p < 0.05). In comparison 
with the sham group, myocardial levels of p-GSK-3, p-Akt as 

well as p-PI3K in the CME group showed a distinct decrease (p 
< 0.05). However, compared with the CME group, after pretreat-
ment with puerarin, myocardial p-GSK-3, p-Akt, and p-PI3K 
levels in the CME + Pue group showed a distinct increase (p < 
0.05). The expression of p-GSK-3, p-Akt, and p-PI3K between 
the sham group and the sham + Pue group were not significantly 
different (p > 0.05).

DISCUSSION

From our research findings, we showed that myocardial apop-
tosis increased significantly in rats following CME modeling. 
Consequently, it led to both cardiac dysfunction and myocardial 
injury while the PI3K/Akt/GSK-3 pathway was closely related 
to CME-induced cardiomyocyte apoptosis. Notably, puerarin 
pretreatment 7 days before CME induction could significantly in-
hibit myocardial apoptosis and thus attenuate myocardial injury 
and improve cardiac function. Besides, the study indicated the 
role of puerarin in protecting the heart from myocardial injury 
induced by CME may be achieved through the PI3K/Akt/GSK-
3 signaling pathway activation. These findings mentioned above 
highlighted the potential role and significance of PI3K/Akt/GSK-
3 signaling pathway in the pathogenesis of cardiomyocyte apop-
tosis induced by CME. For the first time, our study demonstrated 
that the administration of puerarin before CME may ameliorate 

Fig. 4. Histopathological examination of myocardial tissue by H&E staining. (A–D) Sham, sham + Pue, CME, CME + Pue group, respectively. Micro-
spheres with inflammatory cells infiltration were detected in both the CME and CME + Pue groups, but these pathological findings were not observed 
in the sham and sham + Pue groups. The arrows in (C and D) indicate microspheres. CME, coronary microembolization; Pue, puerarin.
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cardiac dysfunction and alleviate myocardial injury through 
regulating the PI3K/Akt/GSK-3 pathway. Accordingly, we pro-
posed puerarin pretreatment as a potential treatment strategy for 
myocardial injury caused by CME.

As a serious complication, the CME occurs during a selec-
tive coronary intervention or primary percutaneous coronary 
intervention [22]. Notably, left ventricular dysfunction caused by 
CME differs from proximal vascular occlusion in epicardium and 
is not tightly relevant to the degree of the myocardial perfusion 
defect. Simply, micro-infarct areas or lack of local myocardial 
perfusion cannot explain this phenomenon. Studies by Dörge 
et al. [23] showed that coronary blood flow in dogs was shortly 

decreased after microspheres were injected into the coronary 
arteries, whereas cardiac contractile function was gradually dam-
aged. Besides, both pigs and dogs CME were studied and revealed 
that the proportion of the microinfarct area was less than 5% of 
the gross myocardium [24], which cannot satisfactorily interpret 
the progressive cardiac systolic dysfunction. Instead, myocardial 
apoptosis around the microinfarct areas was considered to be the 
pivotal factor of progressive myocardial contractile dysfunction 
and myocardial injury following CME [25,26]. Thus, our CME 
rat models demonstrated aggravated cardiac dysfunction and 
cardiomyocyte apoptosis in the peri-infarct and microinfarct re-
gions, which concur with pathophysiological changes in CME.

Fig. 5. TUNEL staining of myocardial apoptosis in the four groups. (A–D) Sham, sham + Pue, CME, CME + Pue group, respectively. Data are ex-
pressed as mean ± standard deviation. Nuclei of apoptotic cardiomyocytes were yellow-brown, whereas the normal cardiomyocytes that did not 
show apoptosis were light blue. The arrows in (C and D) indicate the nuclei of apoptotic cardiomyocytes. CME, coronary microembolization; Pue, pu-
erarin. ap < 0.05 in comparison with the sham group; bp < 0.05 in comparison with the CME group.

A B

DC
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Puerarin is the main and very effective monomer ingredient of 
Pueraria radix, which is a traditional Chinese medicine [27]. Pu-
erarin is well known for its multiple pharmacological effects, in-
cluding improving microcirculation, dilating blood vessels as well 
as its anti-oxidative stress, anti-apoptotic and anti-inflammatory 
properties, and is therefore widely used to manage cardiovascular 
and cerebrovascular diseases in China [28,29]. In a severe burn-
induced rat acute myocardial injury model, studies had shown 
puerarin treatment can improve the ultrastructure changes in 
cardiomyocytes, decrease malondialdehyde (MDA) content, 
inhibit cardiac myeloperoxidase activity, reduce tumor necrosis 
factor- concentration in serum, block the activation of p38 
mitogen-activated protein kinase to attenuate oxidative stress and 
alleviate inflammatory responses in the heart [30]. According to 
Guo et al. [31] study, puerarin treatment significantly decreased 
MDA activity, increased superoxide dismutase activity, and re-
duced caspase-3 activity in the diabetic myocardial ischemia/re-
perfusion rat model, thereby effectively reducing oxidative stress 
and attenuating myocardial apoptosis. Puerarin administration 
effectively inhibiting the apoptosis of neurocytes through the 
PI3K/Akt pathway activation following cerebral ischemia/reper-
fusion injury in rats was reported by Han et al. [32]. Moreover, Li 

et al. [16] demonstrated that puerarin pretreatment can attenuate 
daunorubicin-induced H9c2 cell apoptosis, which is reflected 
by the inhibition of extracellular Ca2+ influx and the decrease of 
cleaved caspase-3 protein level, although it increased the p-Akt 
protein level. However, these effects were reversed by LY294002, a 
specific inhibitor of P13K, suggesting that puerarin inhibits apop-
tosis and exerts cardioprotective effects via activation of the PI3K/
Akt signaling pathway. Based on these results, we proposed that 
puerarin pretreatment may have the potential to protect the heart 
from CME-induced myocardial injury by regulating PI3K/Akt 
signaling pathway to reduce myocardial apoptosis.

Accordingly, the PI3K/Akt signaling pathway was found to 
exert an indispensable effect on cardiomyocyte apoptosis and 
myocardial injury caused by CME [33,34]. The PI3K/Akt sig-
naling pathway involves multiple intracellular signal transduc-
tion mediators and effector proteins while GSK-3 is one of its 
downstream regulatory mediators [35]. Activated Akt promotes 
phosphorylation of serine 9 at GSK-3, thereby significantly in-
hibiting its biological activity, ultimately suppressing the opening 
of mitochondrial permeability transition pore and promoting cell 
survival [36-38]. The PI3K/Akt/GSK-3 pathway, as an essential 
signal transduction pathway, plays a very significant and integral 

Fig. 6. Puerarin reduced cardiomyo-

cyte apoptosis by regulating cleaved 

caspase-3, Bax as well as Bcl-2 after 

CME. Values are presented as mean ± 
standard deviation. The data were de-
termined by at least three independent 
experiments in the present study. CME, 
coronary microembolization; Pue, pu-
erarin. ap < 0.05 in comparison with the 
sham group; bp < 0.05 in comparison 
with the CME group.
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biological role in apoptosis, cell proliferation, and survival [35,39]. 
Studies have indicated that activation of the PI3K/Akt/GSK-3 
signaling pathway can significantly alleviate myocardial injury 
and cardiomyocyte apoptosis, but its inactivation results in op-
posite effects [40,41]. In the present research, notably, we showed 
that puerarin pretreatment ameliorated cardiac function, attenu-
ated myocardial infarction area, decreased cardiomyocyte apop-
tosis index, and thus reduced myocardial injury caused by CME. 
Also, puerarin could significantly down-regulate Bax and cleaved 
caspase-3 proteins, but distinctly up-regulate the levels of Bcl-2, p-
P13K, p-Akt, and p-GSK-3. Cumulatively, the results indicated 
the potential benefits of puerarin pretreatment for CME-induced 
myocardial injury by activating PI3K/Akt/GSK-3 pathway, thus 
inhibiting cardiomyocyte apoptosis and improving cardiac dys-
function.

This work has the following limitations. First, in our previous 
study, the heart function of rats was the worst at 12 h after CME 
modeling, so this research solely focused on this time point to 
observe the effect of puerarin on CME. Therefore, whether pu-
erarin can continue to significantly improve cardiac function, 

Fig. 7. Effects of puerarin on PI3K/Akt/

GSK-3 pathway. Values are expressed 
as mean ± standard deviation. The data 
were determined by at least three in-
dependent experiments in the present 
study. CME, coronary microemboliza-
tion; Pue, puerarin. ap < 0.05 in compari-
son with the sham group; bp < 0.05 in 
comparison with the CME group.

Fig. 8. The graphical abstract shows that puerarin inhibits cardio-

myocyte apoptosis induced by coronary microembolization in rats 

by activating the PI3K/Akt/GSK-3 signaling pathway.
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inhibit cardiomyocyte apoptosis, and reduce myocardial injury 
more than 12 h after CME operation remains elusive. Secondly, 
this study demonstrated that puerarin pretreatment may inhibit 
cardiomyocyte apoptosis and alleviate myocardial injury via the 
PI3K/Akt/GSK-3 signaling pathway activation, but no specific 
intervention against PI3K/Akt/GSK-3 signaling pathway was 
used after puerarin administration to further confirm the molec-
ular mechanism of puerarin on CME. Therefore, future studies 
are recommended to block the PI3K/Akt/GSK-3 pathway using 
PI3K inhibitors, such as LY294002, which can provide more reli-
able support for elucidating the role of puerarin in CME and its 
specific molecular mechanism.

Conclusively, puerarin administration can significantly im-
prove cardiac function and attenuate myocardial injury induced 
by CME, which may be exerted by a notable down-regulation 
of cardiomyocyte apoptosis via the PI3K/Akt/GSK-3 pathway 
activation (summarized in Fig. 8, graphical abstract). As a result, 
our study highlights the potential clinical importance of puerarin 
pretreatment in CME treatment, which has significant value for 
the PCI-treatment patients.
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