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Abstract

Purpose: To investigate the effect of astragaloside IV (As-IV) on myocardial ischemia-reperfusion (I/R) 
injury in rats and reltaed mechanisms. 

Methods: Sixty rats were randomly divided into sham-operated, control I/R and 2.5, 5 and 10 mg/kg 
As-IV groups, 12 rats in each group. The later three groups were intragastrically administered with 
As-IV for 7 days, with a dose of 2.5, 5 and 10 mg/kg, respectively. The myocardial I/R injury model 
was constructed in later four groups. At the end of reperfusion, the cardiac function indexes, serum 
lactate dehydrogenase (LDH) and creatine kinase (CK) levels, heart weight (HW)/body weight (BW) 
ratio and infarct size, and expressions of phosphatidylinositol-3 kinase/serine-threonine protein 
kinase (PI3K/AKT) and glycogen synthase kinase-3β (GSK-3β) proteins and the phosphorylated forms 
(p-AKT, p-GSK-3β) were determined. 

Results: Compared with control I/R group, in 5 and 10 mg/kg As-IV groups the left ventricular systolic 
pressure, fractional shortening and ejection fraction were increased, the left ventricular end-diastolic 
pressure was decreased, the serum LDH and CK levels were decreased, the HW/BW ratio and 
myocardial infarct size were decreased, and the p-Akt/Akt ratio and p-GSK-3β/GSK-3β ratio were 
increased (all P < 0.05). 

Conclusion: As-IV can alleviate the myocardial I/R injury in rats through regulating PI3K/AKT/GSK-3β 
signaling pathways.
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survival and proliferation17. Study has shown that, the 
PI3K/AKT/GSK-3β signaling pathways are involved in the 
occurrence of myocardial I/R injury18. Therefore, the 
study was carried out to investigate the protective effect 
of As-IV on myocardial I/R injury in rats and the relations 
with PI3K/AKT/GSK-3β signaling pathways. The object was 
to provide a basis for further clarifying the mechanism for 
the protective effect of As-IV on myocardial I/R injury.

 ■ Methods  

This study was approved by the ethics committee of 
the Affiliated Hospital of Beihua University. All animal 
procedures followed the Principles of Laboratory Animal 
Care and were in accordance with the Guide for the Care 
and Use of Laboratory Animals by the National Institutes 
of Health.

Sixty healthy male Sprague Dawley rats (220-240g) 
were randomly divided into sham-operated, control I/R 
and 2.5, 5 and 10 mg/kg As-IV groups, 12 rats in each 
group. In 2.5, 5 and 10 mg/kg As-IV groups, the rats were 
intragastrically administered with As-IV, with a dose of 
2.5, 5 and 10 mg/kg, respectively (different amount of As-
IV was dissolved in 1% sodium carboxymethyl cellulose 
solution). In the control and control I/R groups, the 
rats were intragastrically administered with 1% sodium 
carboxymethyl cellulose solution. The administration 
was performed once a day, for 7 successive days.

Construction of myocardial I/R injury control I/R

After 60 min from the last intragastrical administration, 
the myocardial I/R injury model was constructed in 
control I/R and 2.5, 5 and 10 mg/kg As-IV groups. The rats 
were intraperitoneally injected with 100 mg/kg sodium 
pentobarbital for anesthesia. The needle electrodes 
were inserted subcutaneously into the left forelimb, right 
forelimb and left hindlimb to continuously monitor the 
lead II electrocardiogram. The endotracheal intubation 
was performed. The thoracotomy was conducted from 
left 1-3 ribs, and the positive pressure ventilation was 
performed. The heart was exposed, and the pericardium 
was cut open. The left anterior descending coronary 
artery was ligated with 6-0 Prolene ligature for 30 min, 
and then the ligature was cut off for reperfusion for 120 
min. The ST segment elevation and recovery of limb lead 
electrocardiogram presented the success of coronary 
artery disconnection and recanalization. The rats meeting 
the above criteria entered the later experiments. In the 
sham-operated group, only the ligature threading was 
performed, without ligatation, and the remaining steps 
were the same with other groups. After reperfusion, the 
rats were weighed.

 ■ Introduction

Myocardial ischemia-reperfusion (I/R) injury is the lesion 
in which the blood perfusion is restored after the myocardial 
blood supply is interrupted for a certain period, leading to the 
injury or dysfunction in ischemic area1. Myocardial I/R injury 
can lead to the impairment of cardiac function and damage 
of myocardial cells, which increases the risk of cardiovascular 
events, such as myocardial infarction and arrhythmia, and 
seriously affects the prognosis of underlying diseases2,3. In 
addition, the myocardial I/R injury can limit the application 
of coronary thrombolysis treatment, interventional therapy 
and bypass surgery4. Therefore, reducing myocardial 
I/R injury is of great significance to improve the curative 
effect of cardiovascular diseases. Astragaloside IV (As-IV) 
is one of the important effective chemical constituents of 
Astragalus membranaceus, a widely used Chinese herbal 
medicine (Fig. 1). 
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Figure 1 - Structure of astragaloside IV.

The pharmacological effects of As-IV include 
immunity enhancement5, anti-inflammation6, anti-
oxidation7, anti-virus8 and so on. In recent years, more 
and more attention has been paid to the effect of As-IV on 
cardiovascular system diseases. It is reported that As-IV 
can attenuate the viral myocarditis9, myocardial fibrosis10 
and heart failure11. In addition, the previous studies 
have shown that As-IV has the protective effects on 
myocardial I/R injury, and the mechanisms are various12-16. 
Phosphatidylinositol-3 kinase/serine-threonine protein 
kinase (PI3K/AKT) and glycogen synthase kinase-3β (GSK-
3β) are important signal transduction pathways in cells, 
which play important biological roles in cell apoptosis, 
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Measurement of cardiac function 

The cardiac function of rats was measured at the 
end of reperfusion. The left ventricular systolic pressure 
(LVSP) and left ventricular end-diastolic pressure (LVEDP) 
were detected using the PowerLab Data Acquisition and 
Analysis System (ADInstruments, Australia). The fractional 
shortening (FS) and ejection fraction (EF) were detected 
using HD15 Color Doppler Ultrasound Diagnostic System 
(Phillips, Netherlands). The specific operations were carried 
out in accordance with the instructions of instruments

Determination of serum lactate dehydrogenase 
and creatine kinase levels

After measurement of cardiac function, 5.0 ml of 
blood were immediately taken from the common carotid 
artery. After centrifugation at 2000 rpm for 15 min, the 
serum was obtained. The serum lactate dehydrogenase 
(LDH) and creatine kinase (CK) levels were determined 
by chemical colorimetry. The operation procedure was 
carried out according to the instructions of kits (Shanghai 
Lanpai Biotechnology Co., Ltd., Shanghai, China).

Determination of heart weight/body weight ratio 
and infarct size

After blood taking, the rats were killed by excessive 
anesthesia. The heart was quickly removed, and 
weighed. The heart weight (HW)/body weight (BW) ratio 
was calculated. After washing with normal saline, the 
left anterior descending branch of coronary artery was 
ligated again and perfused with 1% Evans blue. Then, 
the left ventricle was cut into 4-5 slices, and re-stained 
with 2,3,5-triphenyltetrazolium chloride (TTC) for 15 
min. The nonischemic zone (blue area), myocardium-
at-risk (nonstained area by Evans blue), and infarct 
zone (nonstained area by TTC) were outlined and areas 
quantified digitally using Image J 1.46 analysis software 
(European Molecular Biology Laboratory Inc., Oxford, 
UK). The infarct size (%) was expressed as the ratio of 
infarct zone area to myocardium-at-risk area. 

Western blotting

The myocardial tissue was collected. The protein was 
extracted using modified RIPA buffer, and the concentration 
of protein was determined by BCA colorimetry. The 
protein was separated by 10% SDS-polyacrylamide gel 
electrophoresis and transferred to nitrocellulose filter 
membranes. The membranes were blocked with blocking 
solution at 37oC for 1.5 h, followed by washing with 
TBST for 3 times. The membranes were incubated with 
primary antibody (anti-Akt, anti-phosphorylated (p)-Akt, 

anti-GSK-3β, anti-p-GSK-3β, anti-β-actin) at 4oC overnight. 
After washing with TBST for 3 times, the membranes 
were incubated with horseradish peroxidase-labeled 
second antibody at 37oC for 1 h, followed by washing with 
blocking solution for 3 times and washing with TBST for 
3 times. The membranes were stained, and imaged. The 
optical density of each brand was analyzed. The relative 
expression level of target protein was expressed as ratio 
of its optical density to that of β-actin. The ratios of p-Akt/
Akt and p-GSK-3β/GSK-3β presented the phosphorylation 
levels of PI3K/AKT and GSK-3β protein, respectively.

Statistical analysis

The SPSS 20.0 software was used for statistical 
analysis. Data were presented as the mean±SD. Grouped 
data were analyzed using a one-way analysis of variance 
followed by the Student-Newman-Keuls test. A P < 0.05 
was considered to be statistically significant.

 ■ Results

Mortality of rats

Sixty rats were used in this study. No rat dying in 
sham-operated group during the experiment. During the 
modeling, there were 1, 2, 2 and 1 rats dying in control 
I/R and 2.5, 5 and 10 mg/kg As-IV groups, respectively. 
The causes of death included tracheal intubation failure, 
ventricular fibrillation immediately after ligation and 
malignant arrhythmia.

Comparison of cardiac function indexes among  
five groups

At the end of reperfusion, compared with sham-
operated group, in control I/R group the LVSP, FS and 
EF were significantly decreased, respectively (P < 0.05), 
and the LVEDP was significantly increased (P < 0.05). 
Compared with control I/R group, in 5 mg/kg As-IV 
and 10 mg/kg As-IV groups, the LVSP, FS and EF were 
significantly increased, respectively (P < 0.05), and the 
LVEDP was significantly decreased (P < 0.05) (Table 1).

Comparison of serum LDH and CK levels among 
five groups

As shown in Figure 2, after reperfusion, the serum LDH 
and CK levels in control I/R group were significantly higher 
than those in sham-operated group, respectively (P < 0.05). 
Compared with control I/R group, in 2.5 mg/kg As-IV, 5 mg/
kg As-IV and 10 mg/kg As-IV groups the serum LDH and CK 
levels were significantly decreased, respectively (P < 0.05).
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Figure 2 - Comparison of serum LDH and CK levels 
among five groups. aP < 0.05 compared with sham-
operated group; bP < 0.05 compared with control I/R 
group; cP < 0.05 compared with 2.5 mg/kg As-IV group; 
dP < 0.05 compared with 5 mg/kg As-IV group. As-IV, 
astragaloside IV; I/R, ischemia-reperfusion; LDH, lactate 
dehydrogenase; CK, creatine kinase.

Comparison of HW/BW ratio and myocardial 
infarct size among five groups

After reperfusion, compared with sham-operated 
group, in control I/R group the HW/BW ratio and 
myocardial infarct size were significantly increased, 

respectively (P < 0.05). Compared with control I/R group, 
the HW/BW ratio in  5 mg/kg As-IV and 10 mg/kg As-IV 
groups and myocardial infarct size in 2.5 mg/kg As-IV, 5 
mg/kg As-IV and 10 mg/kg As-IV group were significantly 
decreased, respectively (P < 0.05) (Fig. 3).
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Figure 3 - Comparison of HW/BW ratio and myocardial 
infarct size among five groups. aP < 0.05 compared with 
sham-operated group; bP < 0.05 compared with control 
I/R group; cP < 0.05 compared with 2.5 mg/kg As-IV 
group; dP < 0.05 compared with 5 mg/kg As-IV group. 
As-IV, astragaloside IV; I/R, ischemia-reperfusion; HW, 
heart weight; BW, body weight.

Table 1 - Comparison of cardiac function indexes among five groups.
Group n LVSP (mmHg) LVEDP (mmHg) FS (%) EF (%)

Sham-operated 12 119.3±13.53 7.72±1.21 42.73±6.63 77.76±12.74

Control I/R 11 85.44±9.31a 11.45±2.01a 21.83±3.33a 41.42±6.37a

2.5 mg/kg As-IV 10 89.17±8.15a 10.21±1.32a 24.26±2.18a 43.63±7.29a

5 mg/kg As-IV 10 99.92±11.48abc 9.48±1.07ab 27.47±4.49ab 56.37±9.82abc

10 mg/kg As-IV 11 106.94±12.42abc 9.21±1.28ab 36.52±5.32abcd 61.83±10.32abc

aP < 0.05 compared with sham-operated group; bP < 0.05 compared with control I/R group; cP < 0.05 compared with 2.5 mg/kg As-IV 
group; dP < 0.05 compared with 5 mg/kg As-IV group. As-IV, astragaloside IV; I/R, ischemia-reperfusion; LVSP, left ventricular systolic 
pressure; LVEDP, left ventricular end-diastolic pressure; FS, fractional shortening; EF, ejection fraction.
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Comparison of phosphorylation levels of PI3K/AKT 
and GSK-3β protein in myocardial tissue

After reperfusion, compared with sham-operated 
group, in control I/R group the p-Akt/Akt ratio and 

p-GSK-3β/GSK-3β ratio were significantly increased, 
respectively (P < 0.05). Compared with control I/R 
group, the p-Akt/Akt ratio and p-GSK-3β/GSK-3β ratio 
in 5 mg/kg As-IV and 10 mg/kg As-IV groups were 
significantly increased, respectively (P < 0.05) (Fig. 4).
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Figure 4 - Comparison of phosphorylation levels of PI3K/AKT and GSK-3β protein in myocardial tissue. aP < 0.05 compared 
with sham-operated group; bP < 0.05 compared with control I/R group; cP < 0.05 compared with 2.5 mg/kg As-IV group; 
dP < 0.05 compared with 5 mg/kg As-IV group. As-IV, astragaloside IV; I/R, ischemia-reperfusion; AKT, serine-threonine 
protein kinase; p-AKT, phosphorylated serine-threonine protein kinase; GSK-3β, glycogen synthase kinase-3β; p-GSK-3β, 
phosphorylated glycogen synthase kinase-3β.

 ■ Discussion

Restoration of reperfusion after myocardial ischemia 
within a certain period of time may be accompanied 
by I/R injury. The etiology of myocardial I/R injury is 
not yet clear, but it can reduce the cardiac function 
and increase myocardial cell damage19. Myocardial 
I/R injury is the main problem hindering the ischemic 
myocardium benefiting from therapy with reperfusion. 
Astragalus membranaceus is a widely used traditional 
Chinese medicine for the treatment of various heart 
diseases. It can improve the cardiac function and reduce 
cardiac myocyte apoptosis20. As-IV, the main active 
ingredient of Astragalus membranaceus, has a variety 
of biological activities, such as alleviating apoptosis 

of neurons around cerebral hemorrhage focus21 and 
attenuating myocardial infarction22, suggesting that it 
has a good cardiovascular protective effect. This study 
constructed the myocardial I/R injury model of rats 
and investigated the protective effect of As-IV. Result 
showed that, compared with control I/R group, in 5 
mg/kg As-IV and 10 mg/kg As-IV groups, the LVSP, FS 
and EF were significantly increased, the LVEDP was 
significantly decreased, the serum LDH and CK levels 
were significantly decreased, and the HW/BW ratio and 
myocardial infarct size were significantly decreased. 
This indicates that, As-IV can alleviate the myocardial 
I/R injury in rats.

The P13K/AKT pathway is an important signal 
transduction pathway in the body, which plays an 



 

Astragaloside IV alleviates myocardial ischemia-reperfusion injury  
in rats through regulating PI3K/AKT/GSK-3β signaling pathways
Wei D et al.

Acta Cir Bras. 2019;34(7):e201900708

6

important role in cell survival, proliferation and 
apoptosis. When the myocardial I/R injury occurs, some 
kinases are activated and a series of cascade reactions 
are initiated to protect the myocardium23. It has been 
confirmed that the P13K/AKT signaling pathway plays 
a protective role in myocardial I/R injury control I/R of 
myocardial cell culture, ligation of coronary artery and 
perfusion of isolated heart24-26. Results of this study 
showed that, after reperfusion, compared with sham-
operated group, in control I/R group the p-AKT/AKT 
ratio was significantly increased. This may be due to 
protective feedback of rats themselves when I/R injury 
occurs. Compared with control I/R group, the p-AKT/AKT 
ratio in 5 mg/kg As-IV and 10 mg/kg As-IV groups were 
significantly increased. This suggests that, As-IV can 
promote the phosphorylation of AKT, thus exerting the 
myocardial protective effects.

GSK-3 is a multifunctional serine/threonine 
protein kinase. There are two main subtypes of GSK-3 
including GSK-3α and GSK-3β. GSK-3β is particularly 
closely related to the occurrence of apoptosis27. 
The regulation of GSK-3β is mainly realized by the 
phosphorylation and non-phosphorylation of GSK-3β 
and interaction with GSK-3β binding protein28. Many 
factors that regulate cell survival can phosphorylate 
GSK-3β through transduction of PI3K/AKT signal 
pathway, thus inhibiting its biological activity and 
ultimately promoting the cell survival29,30. Results of 
this study showed that, after reperfusion, compared 
with sham-operated group, in control I/R group the 
p-GSK-3β/GSK-3β ratio was significantly increased. 
This may be also caused by the protective feedback 
when I/R injury occurs. Compared with control I/R 
group, the p-GSK-3β/GSK-3β in 5 mg/kg As-IV and 
10 mg/kg As-IV groups were significantly increased. 
This suggests that, As-IV can also promote the 
phosphorylation of GSK-3β, which is related to the 
myocardial protective effects.

 ■ Conclusions

As-IV can alleviate the myocardial I/R injury in rats. 
The possible mechanism is related to it increasing 
phosphorylation of PI3K/AKT and GSK-3β protein and 
activating PI3K/AKT/GSK-3β signaling pathway. This study 
has provided a basis for further clarifying the mechanism 
for the protective effect of As-IV on myocardial I/R 
injury. In the next study, the upstream and downstream 
pathways of PI3K/AKT/GSK-3β signal pathways will be 
further studied to provide more abundant theoretical 
basis for clinical application of As-IV to prevention and 
treatment of myocardial I/R injury.
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