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Abstract: Astragalus polysaccharide (APS) has been proved to be effective in the treatment of cardiac ischemia 
reperfusion (CIR)-induced injury. However, whether APS could improve CIR-induced cell autophagy remains largely 
unknown. To explore the effect of APS on reactive oxygen species (ROS) production, primary cardiomyocytes were 
treated with APS at a final concentration of 1 nM, 10 nM, 100 nM and 1 mM. MTT assay was applied to determine 
whether APS affected cardiomyocyte viability. The SD rats were randomly divided into three groups: Group I: sham 
group; Group II: ischemic reperfusion (IR) group; Group III: IR+APS (1.5 g/kg body weight). APS increased primary 
cardiomyocytes viability in a dose and time dependent manner. In vitro study found that treatment with APS signifi-
cantly inhibited the activation of caspase3 and the expression of Bax. Furthermore, treatment with APS significantly 
enhanced the contents of SOD and reduced the level of MDA, suggesting the cardiotoxicity effect of APS. Compared 
with IR group, APS significantly enhanced the ejection fraction (EF)% and fraction shortening index (FS)%. Autophagy 
was significantly enhanced in the rat hearts of IR group, which was accompanied by enhanced Beclin1 expression. 
In comparison, APS treatment could decrease cardiomyocyte autophagy through repressing Beclin1 expression. To 
conclude, treatment with APS significantly improves cardiac function after IR-induced injury mainly through reducing 
cardiomyocytes autophagy.
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Introduction

Astragalus polysaccharide (APS) is a major 
component of Astragalus, which has been 
proved to be effective in the treatment of car-
diac ischemia [1]. Specifically, this compound 
can protect the heart through improving coro-
nary blood low, LPO content and superoxide 
dismutase activity [2-4]. However, whether APS 
could improve cardiac ischemic reperfusion-
induced cell autophagy remains largely un- 
known.

Ischemic heart disease is a leading cause of 
mortality and disability since it is closely relat-
ed to acute coronary artery blockage [5]. As the 
most common therapeutic strategies, throm-
bolysis or primary percutaneous coronary inter-
vention are widely applied in the clinic [6]. It has 
been suggested that myocardial ischemia-

reperfusion (IR) is an important step for the 
treatment of myocardial infarction [7]. However, 
subsequent reperfusion often causes further 
heart injury, such as myocardial stunning, cell 
apoptosis and cell death [8, 9]. Thus, how to 
reduce myocardial ischemia reperfusion injury 
is a key subject for the treatment of ischemic 
heart disease.

It is reported that cardioprotective interven-
tions, including caloric restriction and exercise, 
could initiate autophagy [10]. Undoubtedly, 
housekeeping levels of autophagy plays a key 
role in maintaining cardiac function [11]. But 
abnormal activation of autophagy aggravated 
myocardial injury during the reperfusion period 
[12]. As a dynamic process, autophagy starts 
from the induction of autophagosome forma-
tion and stops with lysosome-mediated auto- 
phagosome degradation [13]. Recent studies 
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have indicated that abnormal accumulation of 
autophagosomes results in cell death during 
cardiac IR injury. Beclin1 and microtubule-asso-
ciated protein 1 light chain 3-II (LC3II) play key 
roles in the formation of autophagososomes 
[14]. During the reperfusion period, they were 
reported to be widely upregulated, which then 
casued ongoing cell autophagy and injury [15].

In this study, we mainly aim to determine 
whether autophagy is involved in the cardiapro-
tective role of APS. We hypothesized that early 
reperfusion enhanced autophgic flux. By block-
ing autophagy, APS enhanced the clearance  
of autophagosomes thereby exerting a cardio-
protective effect on infarct size and cell 
apoptosis.

Materials and methods

Primary cardiomyocyte culture

Primary cardiomyocytes from rat neonatal 
hearts were isolated as described [16]. Animal 
protocol was approved by the second clinical 
medical college of Inner Mongolia University  
for the Nationalities. In brief, hearts were iso-
lated and digested with collagenase type II 
(Worthington) solution. After digestion, the  
cells were preplated for 2 hr to collect cardio-
myocytes. Then, the attached cells were dis-
carded and the unattached cells were primarily 
cardiomyocytes.

Study protocols-in vivo

Eight-week-old male Sprague-Dawley rats were 
purchased from Sibeifu Biotech Co. Then, the 
SD rats were randomly divided into three 
groups: Group I: sham group; Group II: IR group; 
Group III: IR+APS (1.5 g/kg body weight). After 
that, the hearts were excised and the proteins 
were extracted.

Dimethyl thiazolyl diphenyl tetrazolium (MTT) 
assay

Cell viability was determined by a colormetric, 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT, sigma). To determine the 
impacts of APS on cell viability, primary cardio-
myocytes were cultured at approximately 70% 
confluency and starved in serum-free DMEM 
(SF-DMEM) (Life Technologies, Inc.) overnight. 
Then, 1 nM, 10 nM, 100 nM, 1 μM, and 10 μM 

APS was preincubated with primary cardiomyo-
cytes for 24 h. After drug treatment, the cells 
were cultured in fresh medium including 0.5 
mg/mL MTT for 4 h. Then, DMSO was added 
into the wells to dissolve the blue formazan 
products and the density was determined spec-
trophotometrically at a wavelength of 550 nm. 
Besides, the cells were preincubated with 1 μM 
APS for 8, 16, 24, 48 h and cell viability was 
determined in the same method as described. 
Each experiment was independently performed 
at least 3 times. 

Western blotting analysis

Total lysates were collected with Cell Lysis 
Buffer (Cell Signaling Technology) and protein 
concentrations were determined using the BCA 
Protein Assay (Millipore, Billerica, MA, USA). 
Equal amounts of proteins were separated on a 
12% SDS-PAGE and transferred onto the polyvi-
nylidene fluoride (PVDF) membranes (Millipore, 
Billerica, MA, USA). The membranes were incu-
bated with 5% non-fat milk powder (w/v) for 2 h 
at room temperature. The membranes were 
incubated with primary antibody rabbit anti-
Beclin1, Bcl-2, Bax and GAPDH (Cell Signaling). 
The antibody was diluted in 5% bovine serum 
albumin according to the manufacturer’s in- 
structions. Horseradish peroxidase-conjugated 
secondary antibodies were then added and the 
resulting signal detected through autoradiogra-
phy using chemiluminescence (ECL, Amersham 
Biosciences). GAPDH was served as the inter-
nal control.

Apoptosis assay 

To detect the effects of APS on primary cardio-
myocytes apoptosis, the cells were treated with 
1 μM APS for 24 h with or without preincuba-
tion of 1 µM APS. After APS treatment, the cells 
were washed with cold PBS for three times. 
Then, flow cytometry was used to determine 
cell apoptosis with an Annexin-V FITC-PI Apo- 
ptosis Kit (Invitrogen, Carlsbad, CA). In summa-
ry, cells were washed with 1 × PBS for three 
times and suspended at 2-3 × 106 cells/mL in  
1 × Annexin-V Binding Buffer (10 mM HEPES/
NaOH, pH 7.4, 140 mM NaCl, 2.5 mM CaCl2). 
Annexin-V FITC and Propidium Iodide Buffer 
were added to the cells, which were then incu-
bated at room temperature for 15 minutes in 
the dark. The cells without any treatment were 
used as internal control. After incubation, the 
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cells were filtered by a filter screen and the  
cells were analyzed by flow cytometry (Becton 
Dickinson, Franklin Lakes, NJ) within 1 h of 
staining. 

Autophagy measurement using GFP-LC3

Primary cardiomyocytes were transfected with 
a green fluorescent protein-microtubule-asso-
ciated protein 1 light chain 3 (GFP-LC3) expres-
sion plasmid (Invitrogen Life Technologies, NE, 
USA). After 24 h, cells were treated with ad-p72 
and the fluorescence of GFP-LC3 was observed 
under a fluorescence microscope. Then, the 
LC3 punctate spots were counted two days 
later. The percentage of cells undergoing 
autophagy was calculated from the ratio of 
autophagic cells to normal cells bearing GFP- 
LC3 fluorescence.

Enzyme activity assay

The tissue homogenate was centrifugated at 
2000 rpm/min for 10 min. The contents of  
total protein, SOD, CAT and MDA were deter-
mined using the assay kits (Nanjing Jiancheng 
Bioengineering Institute, Nanjing, China), ac- 
cording to the manufacturer’s instruction.

Echocardiography

Echocardiography was performed using Vevo 
770 and Vevo 2100 (VisualSonics) instruments. 
Fraction shortening (FS), ejection fraction (EF), 
let ventric- ular internal diameter (LVID) during 
systole, LVID during diastole, endsystolic vol-
ume, and end-diastolic volume were calculated 
with Vevo Analysis sotware (version 2.2.3) as 
previously described [17].

Statistical analyses

The data were expressed as the means ± SEM. 
The statistical evaluation was performed using 
SPSS10.0 software. The statistical compari-
sons were performed using a one-way analysis 
of variance (ANOVA), and Dunn’s method was 
used to discriminate the differences between 
different groups. P<0.05 was considered sta-
tistically significant.

Results

APS increases primary cardiomyocytes viability 
in a dose and time dependent manner

To explore the effect of APS on cell viability, 
MTT assay was applied. As shown in Figure 1A, 
incubation of primary caridiomyocytes with APS 
significantly increased cell viability at 100 nM, 
1 μM, and 10 μM. Meanwhile, treatment with 
100 nM and 1 μM APS enhanced cardiomyo-
cyte viability by 34.5% and 42.3% at 48 h and 
72 h, respectively (Figure 1B).

APS reduces cardiotoxicity and apoptosis in 
vivo

In vitro study found that treatment with APS sig-
nificantly inhibited the activation of caspase3 
(Figure 2A). Meanwhile, the protein level of Bax 
was significantly decreased (Figure 2A). We 
also detected the level of SOD and MDA when 
primary cardiomyocytes were treated with APS. 
The data showed that treatment with APS sig-

Figure 1. APS increases primary cardiomyocytes vi-
ability in a dose and time dependent manner. A. In-
cubation of primary caridiomyocytes with APS signifi-
cantly increased cell viability at 100 nM, 1 μM, and 
10 μM. B. T treatment with 100 nM APS enhanced 
cardiomyocyte viability by 34.5% and 42.3% at 48 h 
and 72 h, respectively Data represent the means ± 
SEM, n=3 independent experiments. **P<0.01, ver-
sus control.
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nificantly enhanced the contents of SOD and 
reduced the level of MDA, suggesting the car-
diotoxicity effect of APS (Figure 2B and 2C).

APS ameliorates IR-induced cardiac injury in 
vivo

To explore the protective role of APS treatment 
on APS-induced cardiac injury, Echo analysis 
was conducted. Compared with the sham rats, 
the heart function was decreased by IR injury 
as measured by the ejection fraction (EF)%  
and fraction shortening index (FS)% (Figure 3). 
Compared with IR treatment, APS significantly 
enhanced the ejection fraction (EF)% (Figure 
3B) and fraction shortening index (FS)% (Figure 
3C).

Treatment with APS reduces cardiomyocytes 
autophagy

To explore the role of APS on IR injury, the cir-
cumstances of autophagy was explored in rat 
hearts with IR injury. As shown in Figure 4A, 
autophagy related protein, beclin1, was found 

to be significantly enhanced with IR injury. 
Meanwhile, accumulation of GFP-LC3 dots was 
significant in primary cardiomyocytes of IR rats 
compared with sham group (Figure 4B). More 
importantly, we found that APS treatment sig-
nificantly decreased the protein level of Beclin1 
(Figure 4C). Furthermore, we found that APS 
treatment significantly decreased GFP-LC3 
dots even in primary cardiomyocytes isolated 
from APS treated rats (Figure 4D). The data 
indicated that APS reduced primary cardio- 
myocytes autophagy and apoptosis partially 
through regulation of Beclin1 expression.

Discussion

APS has long been applied as an effective tradi-
tional medicine that can enhance immunity, 
reduce cancer cell growth and reduce inflam-
mation [18]. Previous studies have indicated 
that APS may act as a potent protective medi-
cine that can improve heart injury, such as myo-
cardial hypertrophy and heart failure [19]. 
However, few studies have explored whether 
APS could protect cardiac injury induced cell 

Figure 2. APS reduces cardiotoxicity 
and apoptosis in vivo. (A) APS signif-
icantly decreased the activation of 
caspase3. Treatment with APS sig-
nificantly enhanced the contents of 
SOD (B) and decreased the level of 
MDA (C). Data represent the means 
± SEM, n=3 independent experi-
ments. **P<0.01, versus control.
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autophagy. In this study, we first explored the 
role APS on cardiomyocytes autophagy. 

Autophagy has been indicated to be involved in 
tumor progression and suppression [20]. It is 
reported that autophagy can maintain cellular 
homeostasis, genomic stability and metabo-
lism by suppressing malignant transformation 
of normal cells [21]. It is reported that the  
actual function of autophagy on tumorgenesis 
is largely dependent on the microenvironment 
[22]. According to different tissue types and 
genetic context, autophagy exerts different 
functions on cell growth [23]. Beclin1 is sug-
gested to interact with the class III pho-
phoinositide 3-kinase complex, which is neces-
sary for the autophagy initiation [24]. 

Moreover, autophagy appears in the heart with 
acute and chronic ischemia [25, 26]. It is 
reported that autophagy was significantly 
enhanced in ischemic-reperfusion hearts [27, 
28]. In this study, we found that autophagy was 
significantly increased in hearts with IR injury. 
Previous study has suggested that excessive 
autophagy obviously enhanced the upregula-
tion of Beclin1 during reperfusion [29]. In line 
with previous study, Beclin1 was increased 
after IR injury. More importantly, we explored 
the role of APS on autophagy after IR. We found 
that APS treatment significantly reduced 
IR-induced autophagy with reduced Beclin1 
expression. We first reported the protective 
role of APS on cardiomyocyte autophagy after 
IR.

Figure 3. APS ameliorates IR-induced cardiac injury in vivo. (A) Representative echo figures for rat hearts from sham 
group, IR group and APS treatment group. Compared with IR treatment, APS significantly enhanced the ejection 
fraction (EF)% (B) and fraction shortening index (FS)% (C). Data represent the means ± SEM, n=3 independent 
experiments. **P<0.01, versus control.
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To conclude, treatment with astragalus poly-
saccharide significantly improves cardiac func-
tion after IR-induced injury mainly through 
reducing cardiomyocytes autophagy.
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