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Astragaloside IV ameliorates intermittent hypoxia-induced
inflammatory dysfunction by suppressing MAPK/NF-κB signalling
pathways in Beas-2B cells
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Abstract
Purpose Intermittent hypoxia is a characteristic pathological change in obstructive sleep apnoea (OSA) that can initiate oxidative
stress reaction and pro-inflammatory cytokine release. The purpose of this study was to assess the effect and protective mech-
anism of Astragaloside IV (AS-IV) in intermittent hypoxia-induced human lung epithelial Beas-2B cells.
Methods Human lung epithelial Beas-2B cells were exposed to intermittent hypoxia or normoxia in the absence or presence of
AS-IV. MTT assay was performed to determine the cell viability. The levels of reactive oxygen species (ROS), lactate dehydro-
genase (LDH), malonaldehyde (MDA), and superoxide dismutase (SOD) were measured to evaluate oxidative stress. The levels
of cytokines interleukin (IL)-8, IL-1β, and IL-6 were evaluated by enzyme-linked immunosorbent assay and real-time PCR. The
expression of Toll-like receptor 4 (TLR4), mitogen-activated protein kinase (MAPK), and nuclear transcription factor-kappa B
(NF-κB) signalling pathways was analysed by western blot.
Results The results showed that AS-IV significantly reduced the levels of ROS, LDH, MDA, IL-8, IL-1β, and IL-6, and
increased the level of SOD in intermittent hypoxia-induced Beas-2B cells. It also suppressed the phosphorylation of MAPKs,
including P38, c-Jun N-terminal kinase and extracellular signal-regulated kinase, and inhibited the activation of the NF-κB
signalling pathway by reducing the phosphorylation of IκBα and p65.
Conclusions AS-IV attenuates inflammation and oxidative stress by inhibiting TLR4-mediated MAPK/NF-κB signalling path-
ways in intermittent hypoxia-induced Beas-2B cells.
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Introduction

Currently, obstructive sleep apnoea (OSA) is treated with con-
tinuous positive airway pressure (CPAP), oral appliance

therapy (OAT), and surgical intervention, but none of these
options is universally successful [1].

Studies have shown that many oxides are produced during
hypoxia–reoxygenation, which leads to oxidative stress in the
body [2–4]. These oxides can induce Toll-like receptor 4
(TLR4) to regulate the downstream transcription factors, such
as nuclear transcription factor-kappa B (NF-κB), to mediate
the production of pro-inflammatory cytokines in OSA patients
[5–7]. One study reported that OSA patients show a signifi-
cant overexpression of TLR4/NF-κB on monocytes [8]. The
TLR4/NF-κB pathway has been shown to promote pulmo-
nary inflammation in rats with OSA [9].

Astragaloside IV (AS-IV), the main active compound of
Astragalus membranaceus Bunge—a type of traditional herb
that has long been used to treat numerous diseases—has dem-
onstrated potent protective effects against pulmonary disease,
cardiovascular ischemia/reperfusion, diabetic nephropathy,
and other diseases [10–16]. In a rat model of hypoxic
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pulmonary hypertension (HPH) induced by chronic hypoxia,
AS-IV improved pulmonary function by decreasing the secre-
tion of TNF-α and IL-6 [17]. In obstructive sleep apnea-
hypopnea syndrome (OSAHS) patients, after 20 mL
Astragalus injection for 20 days, the time of hypoxia during
the night was significantly shortened, and the level of vascular
endothelial growth factor (VEGF) and apnea-hypopnea index
(AHI) were also decreased after treatment [18].

It remains unclear whether or not Astragaloside IV can play
a role in IH-induced lung injury. We therefore proposed to use
an in vitro model of IH to explore the suppressive effects of
AS-IV on the pro-inflammatory mediator overexpression in
IH-exposed human lung epithelial Beas-2B cells. We further
sought to measure the levels of the TLR4,MAPK, and NF-κB
signalling pathway components to clarify the mechanisms by
which AS-IV inhibits overoxidation and inflammation.

Materials and method

Reagents

AS-IV was purchased from Sigma Chemical Co., Ltd. (St.
Louis, MO, USA). Dulbecco’s modified Eagle medium
(DMEM) and foetal bovine serum (FBS) were purchased from
GibcoBRL Co., Ltd. (Grand Island, NY, USA). MTT was
purchased from Sigma-Aldrich (St. Louis, Mo, USA).
Antibodies against TLR4, p38, JNK, p44/42, phospho-p38,
phospho-JNK, phospho-p44/42, myosin light chain (phos-
phor S20), myosin light chain, and myosin light chain kinase
in addition to the NF-κB p50/p65 transcription factor assay kit
were purchased from Abcam (Cambridge, MA, USA).
Enzyme-linked immunosorbent assay (ELISA) kits for
TNF-α, IL-6, and IL-1β were purchased from eBioscience
(San Diego, CA, USA). Assay kits for ROS, LDH, MDA,
and SOD were purchased from Beyotime Biotechnology
(Shanghai, China).

Cell culture

Human lung epithelial Beas-2B cells were purchased from the
Cell Culture Unit of Shanghai Science Academy (Shanghai,
China) and grown in DMEM supplemented with 10% FBS
under 20% O2 and 10% CO2 at 37 °C.

Exposure of cells to IH

For the IH test group, epithelial Beas-2B cell cultures were
exposed to alternating cycles of 1.5% O2 for 30 s followed by
20% O2 for 5 min for a total of 60 cycles (330 s per cycle) at
37 °C in a humidified Lucite chamber as described previously

[19]. Cells exposed to repetitive normoxia (alternating cycles
of 20% O2 for 30 s followed by 20% O2 for 5 min) served as
the control group. To evaluate the effects of AS-IV, the cells
were incubated with a series of AS-IV concentrations (0–200
μmol/L) for 24 h before exposure to repetitive normoxia or IH
(control and test groups, respectively) without changing the
medium.

Cell viability assay

Cell viability was determined by anMTTassay. Briefly, Beas-
2B cells were plated at a density of 1 × 105 per well in 96-well
plates containing DMEM + 10% FBS and then treated with
different concentrations (0–200 μmol/L) of AS-IVor DMEM
(control medium) for 24 h. Subsequently, the cells were ex-
posed to IH or repetitive normoxia, respectively, and then
treated with 10-μl MTT solution for 4 h. The cells were then
lysed with 0.04 N HCl in isopropyl alcohol, and the absor-
bance was read at 570 nm. Cell viability was calculated as
follows: cell viability (%) = absorbance of the test group/
absorbance of the control group × 100.

Measurement of ROS, LDH, MDA, and SOD levels
in cell culture supernatant

Beas-2B cells were plated in six-well plates at a density of 1 ×
106 per well and treated with AS-IV for 24 h, followed by
exposure to IH or repetitive normoxia (test and control groups,
respectively). Subsequently, the supernatants were collected
and tested using the ROS, LDH, MDA, and SOD assay kits
according to the manufacturer’s instructions to detect the in-
hibitory effects of AS-IVon oxide production.

ELISA

Culture media from the same six-well plates were collected
and subjected to ELISA (eBioscience, San Diego, CA) ac-
cording to the manufacturer’s instructions to measure the
levels of the pro-inflammatory cytokines IL-8, IL-6, and IL-
1β.

Real-time PCR analysis

The cells from the six-well plates were harvested after IH or
normoxia treatment to analyse the levels of IL-8, IL-6, and IL-
1β and GAPDH mRNAs. Total RNA was isolated using
TRIzol reagent. RNA purity and concentration were deter-
mined using a NanoDrop 2000 device (Thermo Scientific,
Wilmington, DE, USA). The mRNAs were then reverse tran-
scribed into cDNA using a reverse transcription (RT) qPCR
kit according to the manufacturer’s instructions. PCR
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amplification conditions were as follows: initial denaturation
at 95 °C for 15 s, followed by 35 cycles of denaturation at 95
°C for 5 s and annealing at 61 °C for 15 s.

Measurement of NF-κB p65 activity

After preparing cellular extracts, the NF-κB p65 activity was
measured using an NF-κB p50/p65 transcription factor assay
kit according to the manufacturer’s instructions.

Western blot analysis

Beas-2B cells were plated in six-well plates at density of 1 ×
106 per well and treated with AS-IV for 24 h, followed by
exposure to IH or normoxia (test and control groups, respec-
tively). Then, cells were collected and lysed in lysis buffer
(50 mM Tris (pH 7.4), 150 mM NaCl, 1% Triton X-100, 1%
sodium deoxycholate, 0.1% sodium dodecyl sulphate (SDS),
1-mmol/L phenylmethylsulphonyl fluoride and protease in-
hibitors). Cell debris was removed by centrifugation at
15000 rpm and 4 °C for 15 min. After measuring the protein
concentration, equal amounts of protein were separated by
12.5% SDS-PAGE and then transferred onto nitrocellulose
membranes for western blotting. The membranes were
blocked and incubated with primary antibodies at 4 °C over-
night, followed by incubation with secondary antibodies at 4
°C for 1 h. Finally, protein expression was detected using the
Bio-rad Imaging System (Bio-rad Biosciences, USA).

Statistical analysis

Results are expressed as the mean ± standard error of the mean
(SEM). Statistical analysis was performed using Student’s t
test with p < 0.05 representing significance. At least three
independent experiments were performed.

Results

The effect of AS-IV on the viability of IH-exposed
Beas-2B cells

The effect of AS-IV on the viability of IH-exposed Beas-2B
cells treated with various concentrations (0–200 μmol/L) of
AS-IV was tested using an MTT assay. As shown in Fig. 1,
AS-IV promoted cell proliferation in a dose-dependent man-
ner. In particular, significant growth promotion was observed
for cells treated with 50, 100, and 150 μmol/L of AS-IV.
Therefore, these concentrations were selected for further ex-
periments to explore the mechanisms of AS-IV.

AS-IV suppresses ROS, LDH, and MDA overproduction
and promotes SOD secretion in IH-exposed Beas-2B
cells

The antioxidative effects of AS-IV were evaluated by measur-
ing the levels of ROS, LDH, MDA, and SOD in IH-exposed
Beas-2B cells using corresponding assay kits. As shown in
Fig. 2, AS-IV (100 μmol/L) markedly decreased the produc-
tion of ROS, LDH, and MDA, and significantly increased the
secretion of SOD, indicating that AS-IV suppressed oxidative
overproduction in IH-exposed Beas-2B cells.

AS-IV inhibits the secretion of pro-inflammatory
cytokines in IH-exposed Beas-2B cells

The potential anti-inflammatory role of AS-IV was evaluated
by measuring the overproduction of IL-8, IL-6, and IL-1β in
IH-exposed Beas-2B cells by ELISA and real-time PCR. As
shown in Fig. 3, the IL-8, IL-6, and IL-1β levels significantly
increased in the culture medium of IH-exposed Beas-2B cells.
The AS-IV treatment markedly decreased the secretion of
these cytokines in these cells. These results indicate that AS-
IV can regulate the IH-induced overproduction of pro-
inflammatory cytokines.

AS-IV significantly inhibits TLR4 overexpression
in IH-exposed Beas-2B cells

IH stress can activate TLR4 tomediate the initiation of inflam-
matory and immune defence responses [20, 21]. Therefore,

Fig. 1 AS-IV promoted the proliferation of IH-exposed Beas-2B cells.
Beas-2B cells were treated with various concentrations (0–200 μmol/L)
of AS-IVor control DMEM for 24 h and then exposed to IH or repetitive
normoxia. The effect of AS-IV on cell viability was measured using the
MTT assay. Data are presented as the mean ± SEM of at least three
independent experiments (**p < 0.001 vs. control Beas-2B cell group;
#p < 0.05, ##p < 0.01 vs. IH-exposed Beas-2B cell group)
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Fig. 3 AS-IV regulated the secretion of inflammatory cytokines in IH-
exposed Beas-2B cells. Beas-2B cells were incubated without or with 100
μmol/L AS-IV for 24 h and then exposed to IH or repetitive normoxia.
The cell culture media were collected, and the concentrations of IL-8 (a),
IL-6 (b), and IL-1β (c) were determined by ELISA. The cells were

harvested to analyse the mRNA expression of IL-8 (d), IL-6 (e), and
IL-1β (f) by RT-qPCR (**p < 0.01, ***p < 0.001 vs. control Beas-2B
cell group; #p < 0.05, ##p < 0.01, ###p < 0.05 vs. IH-exposed Beas-2B cell
group)

Fig. 2 AS-IV suppressed ROS, LDH, and MDA overproduction, and
promoted SOD secretion in IH-exposed Beas-2B cells. Beas-2B cells
were incubated with different concentrations of AS-IV for 24 h and
then exposed to IH or repetitive normoxia. The culture supernatants
were collected to assay the levels of ROS, LDH, MDA, and SOD. a–c
AS-IV decreased the IH-induced overproduction of ROS, LDH and

MDA in the culture supernatants. b AS-IV markedly promoted SOD
release in the culture supernatants. Data are presented the mean ± SEM
of at least three independent experiments (**p < 0.01, ***p < 0.001 vs.
control Beas-2B cell group; #p < 0.05, ##p < 0.01, ###p < 0.001 vs. IH-
exposed Beas-2B cell group)
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we examined the effect of AS-IVon TLR4 protein expression
in IH-exposed Beas-2B cells. As shown in Fig. 4, TLR4 ex-
pression was significantly upregulated by IH stimulation, but
the AS-IV treatment markedly downregulated the expression.

AS-IV markedly suppresses the activation
of the IH-stimulated MAPK signalling pathway
in Beas-2B cells

IH-enhanced TLR4 expression induces the production of pro-
inflammatory factors via the p38, SAPK/JNK, and ERK1/2-
mediated signalling pathways, which are the three parallel
pathways of the MAPK signalling pathway [22]. Therefore,
we investigated whether the MAPK signalling pathway is
involved in the protective effect of AS-IV against IH-
induced inflammation in Beas-2B cells.

As shown in Fig. 5, IH markedly increased MAPK activa-
tion by increasing the phosphorylation of p38, ERK1/2, and
JNK in IH-exposed Beas-2B cells. Although the AS-IV treat-
ment did not significantly affect the production of total p38,
ERK1/2, and JNK, 100 μmol/L AS-IV markedly inhibited the
overproduction of the phosphorylated forms of p38, ERK1/2,
and JNK (phospho-p38, phospho-ERK1/2, and phospho-
JNK, respectively). These results indicate that AS-IV can re-
duce pro-inflammatory cytokine overexpression by inhibiting
the activation of the MAPK signalling pathway.

AS-IV significantly inhibits the activation
of the IH-induced NF-κB signalling pathway
in Beas-2B cells

To further clarify the mechanisms underlying the inhibition of
MAPK family members by AS-IV, we studied the effects of
AS-IV on the activation of the NF-κB signalling pathway.
After the AS-IV treatment (100 μmol/L) and exposure to IH,
western blot was performed to examine the levels of phospho-
IκBα and phospho-p65 and the production of total IκBα and
p65. As demonstrated in Fig. 6a, the NF-κB p65 activity was
upregulated in IH-exposed Beas-2B cells. However, the AS-
IV treatment significantly inhibited this NF-κB p65 activity.
Similarly, as shown in Fig. 6b–e, the production of phospho-
IκBα and phospho-p65 significantly enhanced after IH expo-
sure, but the AS-IV treatment (100 μmol/L) markedly
inhibited the overproduction of phospho-IκBα and phospho-
p65.

Discussion

IH is one of the most characteristic pathological changes in
OSA [5, 23]. When exposed to IH, the lung endothelial cells
release various pro-inflammatory factors and oxides, such as
IL-6, TNF-a, and ROS, which cause various pathological
changes and tissue damage [9]. Our study is the first to dem-
onstrate the suppressive effects of AS-IVon IH-induced oxide
overproduction and pro-inflammatory cytokine overexpres-
sion in Beas-2B cells. The results showed that AS-IV signif-
icantly promoted the proliferation of IH-exposed Beas-2B
cells in a dose-dependent manner. It also significantly reduced
the levels of ROS, LDH, and MDA; increased the level of
SOD; and decreased the mRNA expression and secretion of
IL-8, IL-6, and IL-1β in IH-exposed Beas-2B cells.

TLRs play vital roles in innate immunity by defending
against invading pathogens when activated [20, 21]. The
mRNA and protein levels of TLR4 increased in murine hearts
after myocardial ischaemic injury [24]. And under hypoxic
stress, HIF-1a binds to the TLR4 promoter region to upregu-
late the expression of TLR4 [25]. Research showed that
TLR4/NF-κB is significantly overexpressed on the monocytes
of patients with OSA [8]. In our study, AS-IV demonstrated a
significant suppressive effect on IH-activated TLR4 protein
overexpression.

The MAPK signalling pathway is activated in response to
IH-induced inflammation [22]. The MAPK signalling path-
way associated with three parallel pathways, namely the
p38, ERK, and JNK signalling pathways [26]. Studies have
shown that ERK activation is associated with IH-induced lung
epithelial barrier dysfunction [27, 28]. Furthermore, p38

Fig. 4 AS-IV modified the protein expression of TLR4 in IH-exposed
Beas-2B cells. a Beas-2B cells were incubated without or with 100
μmol/L AS-IV for 24 h and then exposed to IH or repetitive normoxia.
The figure shows a representative western blot of TLR4 in IH-exposed
Beas-2B cells treated by AS-IV. bQuantification of the amounts of TLR4
relative to GAPDH at 3 h (**p < 0.01 vs. control Beas-2B cell group; #p <
0.05 vs. IH-exposed Beas-2B cell group)
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activation is associated with the production of inflammatory
mediators that initiate the recruitment and activation of
leucocytes; p38 also regulates the expression of various
inflammation-related genes, such as those encoding for
TNF-α and IL-6 [29, 30]. JNK activation by IH, inflammatory
cytokines, and other stimulation induces the expression of
pro-inflammatory cytokines [31, 32]. In our study, AS-IV
treatment inhibited the phosphorylation of p38, ERK, and
JNK in IH-exposed Beas-2B cells. This result suggests that
the inhibition of MAPK phosphorylation is the mechanism by
which AS-IVattenuated inflammation in IH-exposed Beas-2B
cells.

NF-κB is an important downstream target of the MAPK
signalling pathways that regulates various genes encoding for
pro-inflammatory mediators of inflammatory and immune re-
sponses [33, 34]. One study demonstrated the involvement of
the TLR4/NF-kB signalling pathway activation in lung tissue
inflammation in IH-exposed rats [9]. In our study, AS-IV
treatment significantly suppressed the IH-induced phosphor-
ylation of IκBα and further inhibited NF-κB p65 activation
and reduced p65 phosphorylation.

There are several shortcomings in this study that should be
acknowledged. First, the in vitro model used in this study is
limited. It will be important to explore the use of AS-IV for the

Fig. 5 AS-IV markedly suppressed the activation of the IH-induced
MAPK signalling pathway in IH-exposed Beas-2B cells. a Beas-2B
cells were incubated without or with 100 μmol/L AS-IV for 24 h and
then exposed to IH or repetitive normoxia. The figure shows a
representative western blot of phospho-p38 and phospho-p38. b
Quantification of the amounts of phospho-p38 relative to p38. c The

figure shows a representative western blot of phospho-ERK1/2 and
ERK1/2. d Quantification of the amounts of phospho-ERL1/2 relative
to ERK1/2. e The figure shows a representative western blot of
phospho-JNK and JNK. b Quantification of the amounts of phospho-
JNK relative to JNK (*p < 0.05, **p < 0.01 vs. control Beas-2B cell
group; #p < 0.05 vs. IH-exposed Beas-2B cell group)
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treatment of IH in a murine model and to consider the differ-
ences between in vitro and in vivo findings. Furthermore, the
feasibility of using AS-IV for the treatment of patients with
OSAHS needs to be explored.

Conclusion

In our study, AS-IV was shown to attenuate the oxidative
response and inflammation in IH-exposed Beas-2B cells.
Our results also demonstrated that AS-IV inhibits IH-
induced TLR4-mediated MAPK/NF-κB signalling pathways,

indicating that this may be the mechanism underlying the
protective effect of AS-IVagainst oxidative and inflammatory
responses.
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