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Wei et al.: Astragalus Polysaccharide and Myocardial Apoptosis
To explore the inhibitory effects of Astragalus polysaccharide on myocardial apoptosis induced by hypoxia/
reoxygenation in rats based on the high mobility group box 1/toll-like receptor 4/nuclear factor kappa B
signaling pathway. The hypoxia/reoxygenation injury model of H9C2 myocardial cells was established
and divided into control group, hypoxia/reoxygenation group, Astragalus polysaccharide group and high
mobility group box 1 inhibitor group. Cell proliferation and apoptosis were detected by cell counting kit-8
assay and Annexin V-fluorescein isothiocyanate/propidium iodide double staining. The messenger RNA
expressions of high mobility group box 1, toll-like receptor 4 and nuclear factor kappa B were detected
by quantitative reverse transcription polymerase chain reaction and the contents of tumor necrosis factor
alpha, interleukin-1β and interleukin-6 were determined using enzyme-linked immunosorbent assay.
Compared with control group, cell proliferation was significantly weakened, apoptosis was significantly
enhanced and the messenger RNA expressions of high mobility group box 1, toll-like receptor 4 and
nuclear factor kappa B and the contents of tumor necrosis factor alpha, interleukin-1β and interleukin-6
significantly increased in hypoxia/reoxygenation group (p<0.05). Compared with hypoxia/reoxygenation
group, Astragalus polysaccharide group and high mobility group box 1 inhibitor group had significantly
enhanced cell proliferation, weakened apoptosis and decreased messenger RNA expressions of high
mobility group box 1, toll-like receptor 4 and nuclear factor kappa B and contents of tumor necrosis
factor alpha, interleukin-1β and interleukin-6 (p<0.05). Astragalus polysaccharide can repair the hypoxia/
reoxygenation injury of H9C2 myocardial cells, which may suppress apoptosis through inhibiting the high
mobility group box 1/toll-like receptor 4/nuclear factor kappa B signaling pathway.
Key words: High mobility group box 1, toll-like receptor 4, nuclear factor kappa B, Astragalus
polysaccharide, hypoxia/reoxygenation, myocardial apoptosis

Myocardial ischemia reperfusion injury (MIRI) is
irreversible injury caused by the recovery of blood
perfusion after myocardial tissue ischemia, which often
leads to decline in cardiac function, expansion of
myocardial infarction area and ultimately heart failure,
with a higher lethality rate[1,2]. The mechanism of MIRI
is related to the production of oxygen free radicals,
calcium overload, abnormal inflammatory response
and apoptosis[3]. Astragalus polysaccharide (APS) is
one of the main active components of dried roots of
Astragalus membranaceus Bge. or Mongolia
astragaloside, which is a kind of water-soluble
polysaccharide obtained by extraction, concentration
and purification, mixed by glucose, hexuronic acid,
fructose, galactose and arabinose[4]. It possesses the
anti-tumor, anti-virus, anti-oxidative stress and anti-

apoptosis effects, which can serve as an immune
promoter or regulator[5,6]. It has been found that APS
can alleviate myocardial damage in MIRI of animal
models. The high mobility group box 1 (HMGB1)/tolllike receptor 4 (TLR4)/nuclear factor kappa B (NF-κB)
signaling pathway can effectively interfere with MIRI
through activating the inflammatory response[7].
However, whether APS can inhibit MIRI by downregulating the HMGB1/TLR4/NF-κB signaling
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pathway has not been reported yet. In the present study,
the primary cultured myocardial cells were subjected to
hypoxia/reoxygenation (H/R) to simulate MIRI and the
influence of APS on apoptosis of myocardial cells
during H/R was observed through the HMGB1/TLR4/
NF-κB signaling pathway. The following materials
were used: H9C2 myocardial cell lines (ATCC), APS
(Changsha Green Health Biological Products Co.,
Ltd.), fetal bovine serum (FBS) (Hangzhou Sijiqing
Bioengineering Materials Co., Ltd.), trypsin (Gibco,
USA), Dulbecco’s Modified Eagle Medium (DMEM)
(Sigma, USA), bicinchoninic acid (BCA) protein
quantification kits (Nanjing KeyGEN BioTECH Co.,
Ltd.), rabbit anti-HMGB1, TLR4 and NF-κB
monoclonal antibodies (Abcam, USA), Annexin
V-fluorescein isothiocyanate (FITC)/propidium iodide
(PI) double staining kits (Takara, Dalian), enzymelinked immunosorbent assay (ELISA) kits (Wuhan
Boster Biological Technology Co., Ltd.), carbon
dioxide (CO2) incubator and a Multiskan FC microplate
reader (Thermo, USA), a clean bench (Suzhou AirTech
Co., Ltd.), a low-temperature high-speed centrifuge
(Eppendorf, Germany) and a transmission electron
microscope (JEOL, Japan). Establishment of H/R
injury models[8] is done. Myocardial cells in the
logarithmic growth phase were inoculated in a 24-well
plate. Upon reaching 85 % confluence, the original
medium was replaced with simple sugar-free medium.
Then mixed gas of 95 % nitrogen (N2) and 5 % CO2 was
injected and the cells were incubated at 37° for 4 h. The
medium was replaced with DMEM containing 10 %
FBS and mixed gas of 95 % air and 5 % CO2 was
injected, followed by culture at 37°C for 12 h. Grouping
is done and the myocardial cells were randomly divided
into control group (cells were cultured normally),
model group (H/R group: H/R cells), experimental
group (APS group: APS at a final concentration of
1 mg/l was added into H/R cells at 30 min before
modeling) and HMGB1 intervention group: (HMGB1
inhibitor group: HMGB1 inhibitor glycyrrhizin at a
final concentration of 100 μg/ml was added into H/R
cells at 30 min before modeling). Detection of cell
proliferation by cell counting kit-8 (CCK8) assay was
carried out. The above cells were added with 10 μl of
CCK8 solution each well at 12, 24, 48 and 72 h,
respectively, with 3 replicates for each well and
incubated in an incubator at 37° for 2 h. The absorbance
at 450 nm was measured using a microplate reader.
Detection of apoptosis via AnnexinV-FITC/PI double
staining is done. At 24 h after modeling, 5×105 cells
were centrifuged, washed with phosphate-buffered
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saline (PBS) and suspended with 500 μl of binding
buffer, followed by incubation with each 10 μl of
AnnexinV-FITC and PI for 30 min in the dark. Finally,
apoptosis was detected by flow cytometry and analyzed
using NovoExpressTM software. Detection of HMGB1,
TLR4 and NF-κB messenger ribonucleic acid (mRNA)
expressions by quantitative reverse transcription
polymerase chain reaction (qRT-PCR) was carried out.
After modeling, H9C2 cells were collected in each
group, from which the total RNA was extracted by
TRIzol and reversely transcribed into complementary
deoxyribonucleic acid (cDNA), followed by
amplification. The amplification system (20 μl) included
10 μl of SYBR Green Mix, 8 μl of double-distilled
water (ddH2O), 0.5 μl of forward primers, 0.5 μl of
reverse primers and 1 μl of cDNA template. The
amplification conditions were as follows: predenaturation at 95° for 5 min, 95° for 30 s, 60° for 10 s,
72° for 25 s, 40 cycles in total. The relative expression
level of mRNA was calculated using 2-ΔΔCT. The primer
sequences
were
as
follows:
HMGB1
F:
5’-ATCCATTGGTGATGTTGC-3’,
R:
5’-TCTTTTCATAGGGCTGCT-3’.
TLR4
F:
5’-ATCCCTTATTCAACCA-3’,
R:
5’-TGTCTCCACAGCCACC-3’.
NF-κB
F:
5’-TGTTTCCCCTCATCTTTCC-3’,
R:
5’-GTGGTATCTGTGCTTCTCTCC-3’.
U6
F:
5’-CTCGCTTCGGCAGCACA-3’,
R:
5’-AACGCTTCACGAATTTGCGT-3’.
Tumor
necrosis factor alpha (TNF-α), interleukin-1 beta (IL1β) and interleukin-6 (IL-6) content was detected by
ELISA. After modeling, the culture medium in the 24well plate was collected and detected according to the
instructions of ELISA kits. The absorbance at 450 nm
was measured using the microplate reader and the
standard curve was plotted, based on which the content
of inflammatory factors was calculated. SPSS16.0
software was used for statistical analysis and Graphpad
5.0 software was used for plotting. Numerical data were
expressed as n (%) and the comparison was conducted
by χ2 test between two groups and performed by oneway analysis of variance among groups, p<0.05 was
considered statistically significant. Effect of APS on
proliferation of H/R-injured cells was compared. The
results of CCK8 assay showed that the cell proliferation
was significantly weakened in H/R group compared
with that in control group (p<0.05), while it was
significantly enhanced in APS group and HMGB1
inhibitor group compared with that in H/R group
(p<0.05). Therefore, both APS and HMGB1 inhibitor
can restore the proliferation ability of H/R-injured cells
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(fig. 1). Effect of APS on apoptosis of H/R-injured cells
was compared. The results of flow cytometry revealed
that the apoptosis rate was significantly higher in H/R
group than that in control group (p<0.05), while it was
significantly lower in APS group and HMGB1 inhibitor
group than that in H/R group (p<0.05) (fig. 2). It can be
inferred that APS and HMGB1 inhibitor can inhibit the
apoptosis of H/R-injured cells. Effects of APS on
mRNA expressions of HMGB1, TLR4 and NF-κB in
H/R-injured cells were compared. It was found from
qRT-PCR that H/R group had significantly higher
mRNA expressions of HMGB1, TLR4 and NF-κB than
control group (p<0.05). APS group and HMGB1
inhibitor group had significantly lower mRNA
expressions of HMGB1, TLR4 and NF-κB than H/R
group (p<0.05) (fig. 3). The above results demonstrate
that APS and HMGB1 inhibitor can inhibit the mRNA
expressions of HMGB1, TLR4 and NF-κB in H/Rinjured cells. Effects of APS on contents of TNF-α, IL1β and IL-6 in H/R-injured cells were compared. The
results of ELISA showed that the contents of TNF-α,
IL-1β and IL-6 in H/R group significantly rose compared
with that in control group (p<0.05). The contents of
TNF-α, IL-1β and IL-6 in APS group and HMGB1
Inhibitor group significantly declined compared with
that in H/R group (p<0.05) (fig. 4). The above findings
demonstrate that the release of inflammatory factors
TNF-α, IL-1β and IL-6 in H/R-injured cells can be
inhibited by APS and HMGB1 inhibitor. MIRI, a major
problem in the clinical prevention and treatment of
ischemic heart disease, involves many mechanisms,
including inflammatory response, oxidative stress,
apoptosis and autophagy. The activation of inflammatory
response in vivo causes further damage to myocardial
cells, worsening apoptosis and increasing myocardial
infarction area[9]. APS is able to resist inflammation,
oxidation and tumor, which cannot only enhance the
immune functions of T cells and B cells, but also
strengthen chemosensitivity and kill tumor cells[10,11]. In

Fig. 1: Effect of APS on proliferation of H/R-injured cells,
*p<0.05 vs. control group, #p<0.05 vs. H/R group
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Fig. 2: Effect of APS on apoptosis of H/R-injured cells, *p<0.05
vs. control group, #p<0.05 vs. H/R group

Fig. 3: Effects of APS on mRNA expressions of HMGB1, TLR4
and NF-κB in H/R-injured cells, *p<0.05 vs. control group,
#
p<0.05 vs. H/R group

Fig. 4: Effects of APS on contents of TNF-α, IL-1β and IL-6 in
H/R-injured cells, *p<0.05 vs. control group, #p<0.05 vs. H/R
group

recent years, it has been found that APS inhibits
autophagy and improves myocardial function through
suppressing the expression of mitogen-activated protein
kinase kinase kinase kinase 3 (MAP4K3) and
mammalian target of rapamycin (mTOR) signaling
pathway[12]. In the present study, the H/R-injured cells
had weakened proliferation and enhanced apoptosis,
while both proliferation and apoptosis were restored to
a certain extent after treatment with APS or HMGB1
inhibitor. It can be seen that APS and HMGB1 inhibitor
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have a similar effect of repairing H/R injury and
inhibiting apoptosis. HMGB1 can bind to DNA and be
released by myocardial cells with ischemic necrosis,
thereby inducing the inflammatory response, which is
an early mediator of inflammatory response in MIRI[13].
After MIRI occurs, TLR4 will be activated, activating
downstream NF-κB protein. Then NF-κB will enter the
cell nucleus to activate the transcriptional activity of
inflammatory factors TNF-α, IL-1β and IL-6, worsening
the inflammatory response[14]. Cai et al.[15] found that
geniposide inhibited the release of inflammatory factors
TNF-α, IL-1β and IL-6 in H/R-injured myocardial cells
through the TLR4/NF-κB signaling pathway. In the
present study, the expressions of HMGB1, TLR4 and
NF-κB and the contents of TNF-α, IL-1β and IL-6 in
H/R-injured myocardial cells were obviously higher in
H/R group than those in control group, while the
HMGB1/TLR4/NF-κB signaling pathway and
expressions of inflammatory factors in H/R-injured
myocardial cells were suppressed in APS group and
HMGB1 inhibitor group. The above findings suggest
that APS and HMGB1 inhibitor have a similar effect of
repairing H/R-injured myocardial cells, whose
mechanism may be related to the inhibition on HMGB1/
TLR4/NF-κB signaling pathway. In conclusion, APS is
able to repair the H/R injury of H9C2 myocardial cells,
which may suppress apoptosis through inhibiting the
HMGB1/TLR4/NF-κB signaling pathway. This study
offers a new direction to the treatment of MIRI.
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