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The effect of astragaloside IV on a model of isoproterenol- 
-induced hypertrophic injury in H9c2 cells

ABSTRACT
The objective of this study was to explore the protective effect of 
astragaloside IV on a model of isoproterenol-induced (ISO) hyper-
trophic injury in rat cardiomyocytes H9c2 (cell line derived from 
embryonic BD1X rat heart tissue). A cell hypertrophy injury model 
was established (H9c2 cells treated with 100 μmol L–1 ISO). The cells 
were divided into normal control, a model group, and an astragalo-
side IV group at several concentrations. Astragaloside IV was pre-
administered for 2 hours, followed by ISO treatment for 24 hours. 
Cell viability, cell surface area, apoptosis rate, lactate dehydroge-
nase (LDH) activity, reactive oxygen species (ROS), superoxide dis-
mutase (SOD), the mRNA levels of Bcl-2, Bax, p62, and LC3, the 
protein expressions of Sirt1, p62, caspase-3, beclin, and p53 and the 
LC3II/LC3I ratio were detected. Astragaloside IV significantly alle-
viated ISO-induced hypertrophy injury in H9c2 cells, reduced cell 
surface area and LDH release, decreased apoptosis rate and intracel-
lular ROS levels, increased SOD levels, upregulated the expressions 
of autophagy-related mRNA and proteins, and downregulated the 
expressions of apoptosis-related mRNA and proteins. Astragaloside 
IV can effectively inhibit ISO-induced hypertrophy and apoptosis in 
H9c2 cells, and its mechanism may be related to promoting auto
phagy and reducing oxidative stress.

Keywords: astragaloside IV, cardiac hypertrophy, apoptosis, autophagy, 
oxidative stress

INTRODUCTION

Pathological myocardial hypertrophy (MH) is an adaptive compensatory response of 
the heart to various stimuli, resulting in an increase in the volume and mass of myocardial 
cells (1–3). It is a common physiological phenomenon in the early stage of various cardiovas-
cular diseases, including hypertension, myocardial infarction or ischemia, atherosclerosis, 
etc. If external intervention is lacking for a long time, this adaptive compensatory response 
will be decompensated when it exceeds a certain limit, causing myocardial dysfunction and 
eventually developing into heart failure (HF) (4–6). At present, the main therapeutic drugs 
for MH are angiotensin-converting enzyme inhibitors, beta-blockers, etc. Although they 
have improved the clinical symptoms of patients to a certain extent, they still cannot signifi-
cantly reduce the mortality rate (7–9).
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Astragaloside IV is the main component of the traditional Chinese medicine Astragalus 
membranaceus. Recent studies have proved that astragaloside IV can act as a scavenger of 
endogenous reactive oxygen species (ROS) (10), as it exerts antioxidant and anti-inflamma-
tory effects and is involved in autophagy activation (11). Astragaloside IV has been proven 
to alleviate cardiovascular diseases, such as hypertension and myocardial infarction (12). 
Since ROS and autophagy play a key role in cardiac hypertrophy, the author speculates 
that astragaloside IV may exert antioxidant effects and induce autophagy by eliminating 
ROS and damaged mitochondria, thereby preventing the development of cardiac hyper-
trophy and the occurrence of heart failure. For this purpose, in this study, isoproterenol 
(ISO) is selected to induce hypertrophic injury in H9c2 cells, and the effect of astragaloside 
IV on ISO-induced hypertrophic cardiomyocytes as a model of hypertrophic injury is 
observed.

Bcl-2 can alleviate apoptosis by reducing the production of ROS, whereas Bax can 
change mitochondrial membrane permeability and promote the release of cytochrome c 
by inhibiting Bcl-2 as an antiapoptotic factor, thereby inducing caspase activation and cell 
death (13, 14). Protein p53 is a transcription factor and is regarded as an indicator of apop-
tosis (15, 16). To further verify the protective effect of astragaloside IV on apoptosis, the 
expressions of Bcl-2, Bax mRNA and p53 were detected in this experiment.

LC3I can be transformed into LC3II. Ratio of LC3II/LC3I is a biomarker, reflecting the 
degree of autophagy. As one of the marker proteins reflecting autophagic activity, the 
content of p62 indirectly reflects the clearance level of autophagosomes. To further explore 
the protective mechanism of astragaloside IV on myocardial hypertrophy, the expressions 
of autophagy-related proteins (beclin, p62, LC3I, LC3II, Sirtl) were followed by Western 
blot in this experiment. Through the above experiments, the protective mechanism of 
astragaloside IV against myocardial hypertrophy was further verified.

EXPERIMENTAL

Culture of H9c2 cells. – Cell line H9c2 (rat cardiomyocytes) was purchased from the cell 
bank of Hefei WanWu Biotechnology, China. The cells were cultured at 5 % CO2 at 37 °C 
using DMEM medium (Thermo Fisher Scientific, USA) containing 10 % fetal bovine serum. 
When the cell density reached approximately 80 %, digestion and passage were carried 
out. Cells in the logarithmic growth phase and in good condition were taken for subse-
quent experiments.

Experimental grouping. – H9c2 cardiomyocytes were divided into 5 groups, and each 
group was treated with normal medium containing 1 % fetal bovine serum. The normal 
control group (received no treatment at all), the model group (ISO (Item No. 51-30-9, Med 
Chem Express, USA) in a final concentration of 100 μmol L–1 was added and cultured for 
24 hours), and three astragaloside IV groups (pretreated with astragaloside IV at final 
concentrations of 6.08, 12.16 and 24 μmol L–1 for 2 h respectively, and then cultured with 
100 μmol L–1 ISO for 24 h).

Detection of H9c2 cell viability by the CCK-8 (Beijing Codon Biotechnology Co.) method. – 
H9c2 cells in the logarithmic growth phase were prepared into a cell suspension and in-
oculated in a 96-well plate (cell culture plates, Corning Corporation, USA) for 24 hours. 
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Then, 1 % fetal bovine serum medium was used for overnight culture. Different concentra-
tions of astragaloside IV (1.56, 3.13, 6.08, 12.16, 24, 50, 100, and 200 μmol L–1) were added to 
the administration groups for 2 hours, then cultured with 100 μmol L–1 ISO for 24 hours, 
and later 810 μL of CCK-reagent was added to each well for continued culture for 2 hours. 
Finally, the optical density (D) of each well at λ = 450 nm were detected, and the cellular 
proliferation inhibition rate was calculated using Equation 1.

	 Proliferation inhibition rate (%) exper. group blank group

ne
=

−D D
D gg. control group blank group−

×
D

100 	 (1)

Cell surface area staining. – After the cells were grouped and treated, they were fixed in 
4 % paraformaldehyde, rinsed with PBS (Thermo Fisher Scientific) three times, and then 
sealed in PBS solution (containing 1 % BSA) for 60 minutes at room temperature. TRITC- 
-Phalloidin (Xi'an Qiyue Biology) with a final concentration of 5 mg L–1 was added for 
light-protected staining for 30 minutes, and PBS was used for washing three times. DAPI 
was added to stain the cell nuclei in the dark for 5 minutes, and washed three times with 
PBS. The cytoskeletal microfilaments of myocardial cells were observed under a fluores-
cence microscope. Ten fields of view were randomly selected from each group, and the 
surface area of H9c2 cells was determined by Image J2 (National Institutes of Health, USA).

Lactate dehydrogenase (LDH), ROS and superoxide dismutase (SOD) assays. – After the cells 
were grouped and treated, the contents of LDH (Yeasen Biotechnology, China), ROS and 
SOD (Shanghai Enzyme-linked Biotechnology, China) in the cells were determined ac-
cording to the instructions of the detection kits, and using the Epoch2 microplate reader 
(Bio-Tek Company, USA).

Detection of apoptosis by Hoechst 33342 staining. – After the cells were grouped and 
treated, the detection was carried out according to the instructions of the kit. The cells 
were fixed with 4 % paraformaldehyde for 5 min at room temperature and washed three 
times with PBS, stained with Hoechst 33342 in the dark for 15 min, rinsed with PBS three 
times to remove the staining solution, and then observed under a fluorescence microscope. 
The apoptosis rate of cells was calculated.

TUNEL staining. – After the cells were grouped and treated, 4 % paraformaldehyde 
was used to fix the cells, and TUNEL staining was performed according to the instructions 
of the kit (YiSheng Biotechnology, China). Observation was performed using an inverted 
fluorescence microscope. Ten fields of view were selected and statistically analysed using 
ImageJ software (National Institutes of Health).

qRT-PCR detection. – Cell grouping and intervention methods are the same as those 
under "Cell surface area staining". After 24 h, cells from each group were collected. The 
total RNA of the cells was extracted on ice according to the steps in the total RNA extrac-
tion kit (Shandong Sikejie Biotechnology, China) manual, and the RNA content and purity 
were detected. RNA was reverse transcribed into cDNA using a reverse transcription kit 
(Shandong Sikejie Biotechnology). Reverse transcription conditions: 42 °C for 15 min; 95 °C 
for 5 min; 72 °C for 5 min, then stored at 4 °C. Finally, a PCR reaction was carried out. The 
reaction system (Shandong Sikejie Biotechnology) was 20 μL, and the reaction conditions 
were: 95 °C for 2 min; thermal cycling at 95 °C for 15 s; annealing at 60 °C  for 40 s, repeating 
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40 cycles. After the reaction was completed, the data was exported. b-actin was used as the 
internal reference. The relative expression levels of each gene were calculated using the 
relative quantification method of 2–ΔΔCt. (The primer sequences synthesised by Fuzhou 
Seville Biotechnology Engineering, China, Table I).

Western blot detection. – Total protein was extracted using RIPA lysis buffer (Biyun Tian 
Biotechnology, China) containing phenylmethylsulfonyl fluoride protease inhibitor (Biyun 
Tian Biotechnology). Protein concentration was measured by bicinchoninic acid method. 
Protein was denatured by boiling and was separated by SDS-PAGE gel electrophoresis. 
Transfer of proteins to the PVDF membrane was performed at 100 V for 1.5 h). Then the 
membrane was sealed with 5 % skimmed milk for 1.5 h at room temperature. Membranes 
were incubated with antibodies against Sirt1 (Shanghai Enzyme-Linked Biotechnology, 
China), p62 (Shanghai Enzyme-Linked Biotechnology), beclin (Aimeijie Technology, China), 
p53 (Shanghai Enzyme-Linked Biotechnology), caspase-3 (Cell Signaling Technology, 
China) and LC3 (Shanghai Lianmai Bioengineerin, China) overnight at 4 °C. Membranes 
were incubated with secondary antibodies (labeled with horseradish peroxidase) (diluted 
with Tris-buffered saline with Tween) against anti-Sirt1 (Merck, Germany), anti-p62 
(Merck), anti-p53 (Merck), anti-caspase-3 (Wuhan Finn Biotechnology, China), and anti-LC3 
(Fujifilm, Japan) at room temperature for 2 h. Finally, the protein signals were detected by 

Fig. 1. The effect of astrastragaloside IV on the viability of H9c2 cells (n = 3). Compared with the control 
group (0 μmol L–1), ### p < 0.001.

Table I. Primer sequence

Gene Upstream sequence Downstream sequence

Bcl-2 CTGTGGATGACTGAGTACC GAGACAGCCAGGAGAAAT

Bax ATCCAAGACCAGGGTGGCT CCTTCCCCCATTCATCCCAG

p62 TCGTGGTCGTGGGGTGTCTG TCTGGTGATGGAGCCTCTTACTGG

LC3 TATCCACACCCATCGCTGACA CCTCTTGACTCAGAAGCCGAA

β-actin TCCTGTGGCATCCACGAAACT GAAGCATTTGCGGTGGACGAT
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a chemiluminescence imaging system (Beyotime Biotechnology, China). The results were 
analysed with the use of ImageJ software (National Institutes of Health).

Statistical processing was conducted using SPSS22.0 software (IBM Corporation) for 
statistical analysis. All data were expressed as average value ± SD.

One-way ANOVA was used for the comparison among multiple groups of data with 
normal distribution, and Tukey's multiple comparisons test was used for multiple compari
sons between groups. p < 0.05 was considered statistically significant.

RESULTS AND DISCUSSION

The effect of astragaloside IV on the viability of H9c2 cells is shown in Fig. 1. When 
the concentration is less than 24 μmol L–1, astragaloside IV has no cytotoxicity to H9c2 
cells. Therefore, astragaloside IV at concentrations of 6.08, 12.16, and 24 μmol L–1 was 
selected for the subsequent experiments.

The results of the effect of astragaloside IV on the surface area of H9c2 cells induced 
by ISO is shown in Fig. 2. Compared with the normal control group, the cell volume in the 
models group increased, the fluorescence of the skeletal microfilaments was brighter, the 
microfilament density increased, and occasionally the microfilaments aggregated into 
clusters, with disordered arrangement and uneven distribution. The cell surface area also 
significantly increased (p < 0.001). Compared with the model group, a decrease in the 
density of cytoskeletal microfilaments was observed in each group of astragaloside IV, 

Fig. 2. Effect of astragaloside IV on the surface area of H9c2 cells induced by ISO (n = 3), (×400). 
A – normal control group; B – model group; C – astragaloside IV group (c = 6.08 μmol L–1); D – astraga-
loside IV group (c = 12.16 μmol L–1); E – astragaloside IV group (c = 24 μmol L–1). Compared with the 
normal control group, ### p < 0.001; compared with the model group, ** p < 0.01, *** p < 0.001.
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with a more orderly arrangement and uniform distribution. Mast cells with high fluores-
cence intensity were rarely seen. The cell surface area in the 12.16 and 24 μmol L–1 group 
of astragaloside IV was significantly reduced (p = 0.008 and p < 0.001).

The effect of astragaloside IV on ROS levels in ISO-induced H9c2 cells is shown in 
Fig. 3. Compared with the normal control group, the ROS level in the model group cells 
was significantly increased (p < 0.001). Compared with the model group, the ROS levels in 
the cells of each concentration group of astragaloside IV were significantly decreased 
(p < 0.001).

Effect of astragaloside IV on LDH release and SOD activity in H9c2 cells induced by 
ISO is presented in Fig. 4. Compared with the normal control group, the LDH level in the 
culture supernatant of the model group was significantly increased (p < 0.001), and the 
intracellular SOD activity was significantly decreased (p = 0.01). Compared with the model 
group, the LDH level in the culture supernatant of each concentration group of astragalo-

Fig. 3. The effect of astragaloside IV on ROS levels in ISO-induced H9c2 cells (n = 3), (×200). A – normal 
control group; B – model group; C – astragaloside IV group (c = 6.08 μmol L–1); D – astragaloside IV 
group (c = 12.16 μmol L–1); E – astragaloside IV group (c = 24 μmol L–1). Compared with the normal 
control group, ### p < 0.001; compared with the model group, *** p < 0.001.

Fig. 4. The effect of astragaloside IV on LDH release and SOD activity in H9c2 cells induced by ISO 
(Compared with the normal control group). n = 3. A – normal control group; B – model group; C – 
astragaloside IV group (c = 6.08 μmol L–1); D – astragaloside IV group (c = 12.16 μmol L–1); E – astraga-
loside IV group (c = 24 μmol L–1). Compared with the normal control group, #p < 0.05 and ###p < 0.001; 
compared with the model group, * p < 0.05, ** p < 0.01, *** p < 0.001.
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side IV was significantly decreased, and the intracellular SOD activity was significantly 
increased (p < 0.001).

The effect of astragaloside IV on ISO-induced apoptosis of H9c2 cells is presented in 
Fig. 5. Hoechst 33342 staining showed that, as compared with the normal control group 
(the apoptosis rate: 0.9), the apoptosis rate of the model group (the apoptosis rate: 3.5) was 
significantly increased (p < 0.001). As compared with the model group (the apoptosis rate: 
3.5), the apoptosis rate of cells in each concentration group of astragaloside IV (the apop-
tosis rates were 2.2, 2.0, and 1.9 in different concentration groups) was significantly 
decrease (p < 0.01, p < 0.001, and p < 0.001, respectively). The results of TUNEL staining 
showed that, as compared with the normal control group (the apoptosis rate: 0.9), the apop-
tosis rate of the model group (the apoptosis rate: 3.8) was significantly increased (p < 0.001) 
(Fig. 6). As compared with the model group (the apoptosis rate: 3.8), the apoptosis rate of 
cells in each concentration group of astragaloside IV (the apoptosis rates were 3.0, 2.9, and 
1.8 in different concentration groups) was significantly decreased (p < 0.001 for all three 
astragaloside IV concentrations).

The effect of astragaloside IV on the mRNA expressions of Bcl-2, Bax, p62 and LC3 in 
H9c2 cells induced by ISO is shown in Fig. 7. Compared with the normal control group, 
mRNA expressions of Bax and p62 in the model group cells were significantly increased, 
while the mRNA expressions of Bcl-2 and LC3 were significantly decreased (p = 0.03 or 

Fig. 6. TUNEL staining for the effect of astragaloside IV on ISO-induced apoptosis of H9c2 cells (n = 3), 
(×100). A – normal control group; B – model group; C – astragaloside IV group (c = 6.08 μmol L–1); 
D – astragaloside IV group (c = 12.16 μmol L–1); E – astragaloside IV group (c = 24 μmol L–1). Compared 
with the normal control group, ### p < 0.001; compared with the model group, *** p < 0.001.

Fig. 5. Hoechst 33342 staining to detect the effect of astragaloside IV on ISO-induced apoptosis of 
H9c2 cells (n = 3), (×200). A – normal control group; B – model group; C – astragaloside IV group (c = 
6.08 μmol L–1); D – astragaloside IV group (c = 12.16 μmol L–1); E – astragaloside IV group (c = 24 μmol 
L–1). Compared with the normal control group, ### p < 0.001; compared with the model group, **p < 0.01, 
***p < 0.001.
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Fig. 7. The effect of astragaloside IV on the mRNA expressions of Bcl-2, Bax, p62 and LC3 in H9c2 cells 
induced by ISO (n = 4), using β-actin as the internal reference gene, the relative expression level of the 
target gene was calculated by the 2–ΔΔCt method (n = 3). A – normal control group; B – model group; C 
– astragaloside IV group (c = 6.08 μmol L–1); D – astragaloside IV group (c = 12.16 μmol L–1); E – astraga-
loside IV group (c = 24 μmol L–1). Compared with the normal control group, # p < 0.05, ### p < 0.001; 
compared with the model group, ** p < 0.01, *** p < 0.001.

Fig. 8. The effect of astragaloside IV on the protein expressions of LC3, beclin, Sirt1, p53, p62 and 
caspase-3 in H9c2 cells induced by ISO (n = 3). A – normal control group; B – model group; C – astraga-
loside IV group (c = 6.08 μmol L–1); D – astragaloside IV group (c = 12.16 μmol L–1); E – astragaloside 
IV group (c = 24 μmol L–1). Compared with the normal control group, # p < 0.05, ## p < 0.01, ### p < 0.001; 
compared with the model group, * p > < 0.05, ** p < 0.01, *** p < 0.001.
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p < 0.001). Compared with the model group, except that there was no statistically signifi-
cant difference in the expression of LC3 mRNA in the 6.08 and 12.16 μmol L–1 groups of 
astragaloside IV (p > 0.05), the expressions of Bax and p62 mRNA in the cells of each con-
centration group of astragaloside IV were significantly decreased, and the expressions of 
Bcl-2 and LC3 were significantly increased (p < 0.01 or p < 0.001).

The effects of astragaloside IV on the protein expressions of LC3, beclin, Sirt1, p53, p62 
and caspase-3 in H9c2 cells induced by ISO are presented in Fig. 8. Compared with the 
normal control group, the protein expression of beclin, Sirt1 and LC3II in the model group 
were significantly decreased (p < 0.001), while the protein expressions of p53, p62 and 
caspase-3 were significantly increased (p = 0.01, p < 0.05 and p < 0.001, respectively). 
Compared with the model group, the protein expressions of beclin, Sirt1 and LC3II in the 
astragaloside IV 12.16 and 24 μmol L–1 group were significantly increased, while the pro-
tein expressions of p53, p62 and caspase-3 in each concentration group were significantly 
decreased (p = 0.03 or p < 0.001).

Myocardial hypertrophy is a compensatory response to ischemia, hypoxia or pressure 
overload conditions, mainly manifested as myocardial cell hypertrophy, increased apop-
tosis, myocardial tissue fibrosis and extracellular deposition of collagen fibers, etc. (16). The 
non-selective β-receptor agonist ISO can induce myocardial hypertrophy by stimulating 
cardiac β-receptors and is currently recognized as the main drug for constructing myocar-
dial hypertrophy models (15). Studies have shown that ISO can increase energy metabo-
lism and oxygen free radical production in cardiomyocytes and promote cell apoptosis 
(13). In this experiment, after H9c2 cells were treated with 100 μmol L–1 ISO for 24 hours, 
it was observed that the viability of H9c2 cells decreased significantly, the cell surface area 
increased significantly, and the apoptosis rate increased significantly, confirming that ISO 
could cause hypertrophic damage to H9c2 cells.

Astragalus membranaceus, a plant used in traditional Chinese medicine, is widely used 
in clinical practice for cardiovascular diseases such as coronary heart disease, arrhythmia 
and hypertension (17). Relevant studies have shown that astragaloside IV, total saponins 
and total flavonoids can effectively protect the myocardium by eliminating free radicals 
and preventing lipid peroxidation (15). The accumulation of ROS can lead to myocardial 
systolic failure and structural damage, and activate various hypertrophic signal kinases 
and transcription factors, which are one of the key factors in the occurrence and develop-
ment of cardiac hypertrophy (18–20). The staining results of TUNEL and Hoechst 33342 in 
this experiment showed that with the hypertrophy of cardiomyocytes, the apoptosis rate 
of cardiomyocytes significantly increased, whereas the treatment with astragaloside IV 
could reduce ISO-induced cardiomyocyte apoptosis, which was further confirmed by the 
decrease in caspase-3 protein expression (22–22). The results indicated that astragaloside 
IV could reduce the expression of Bax and p53 in the myocardial hypertrophy model and 
increase the expression of Bcl-2. All the above results indicate that astragaloside IV can 
reverse the accumulation of ROS and the decrease of SOD level caused by ISO-induced 
cardiomyocytes, alleviate cardiomyocyte apoptosis by regulating mitochondrial oxidative 
stress, and thereby reduce cardiomyocyte hypertrophic injury.

Recent studies have shown that autophagy maintains cardiac function by eliminating 
damaged organelles and proteins. The loss of autophagy disrupts protein homeostasis and 
increases intracellular oxidative stress, accelerating the occurrence and development of 
cardiac hypertrophy and heart failure (23, 24). Relevant in vivo experiments have shown 
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that the reduction of heart-specific autophagy in adulthood can lead to systolic dysfunc-
tion, heart failure and cardiac hypertrophy. Other studies have also confirmed that 
increasing autophagy and reducing apoptosis can alleviate hypertrophic responses and 
cardiac dysfunction (20). The results of this study indicate that astragaloside IV can inhibit 
the expression of p62 and increase the total level expressions of beclin and Sirt1, as well as 
LC3II. The above results indicate that the protective effect of astragaloside IV on myocar-
dial hypertrophy is also related to the activation of autophagy.

CONCLUSIONS

In conclusion, astragaloside IV can enhance the autophagy level of H9c2 cells, elimi-
nate intracellular damaged substances, reduce oxidative stress, and improve mitochon-
drial function, thereby alleviating cell hypertrophy damage.
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