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High mobility group box 1 (HMGB1), a non-histone DNA-binding protein, is massively released into the extra-
cellular space from neuronal cells after ischemic injury, initiates inflammatory response and aggravates brain 
tissue damage. Acetylpuerarin (AP), an acetylated derivative of puerarin, was reported to protect against 
cerebrovascular ischemia-reperfusion injury in rats through anti-inflammation. In the present study, we aim to 
investigate whether AP inhibited HMGB1 release in oxygen-glucose deprivation (OGD)-treated BV2 microglia. 
BV2 microglia viability after OGD with or without AP was measured by CCK-8 assay, apoptosis of BV2 microglia 
was determined by Hoechst 33258 staining and FITC-Annexin V/7-AAD staining. HMGB1 protein level and 
release was detected by western blotting and immunofluorescent FITC-staining. The results demonstrated that 
AP significantly rescued OGD-induced cell death and apoptosis in a dose-dependent manner. AP inhibited 
OGD-induced HMGB1secretion at the level of nuclear to cytoplasmic translocation, decreased cytoplasmic 
HMGB1 at protein level, and the effects showed dose-dependent. The findings suggest that AP can protect 
against OGD-induced cellular injury in BV2 microglia by inhibition of HMGB1 release.

1. Introduction
Stroke is one of the leading causes of death and adult disability 
throughout the world. Of the subtypes, ischemic stroke makes up 
80% of the disability and death (Jia et al. 2011). In spite of substan-
tial research efforts, a lack of specific and effective drugs is still a 
major problem for this obstinate illness.
Although the pathophysiological processes of stroke have been 
extensively studied, the mechanisms of brain injury are not fully 
understood. It is generally considered that acute ischemic stroke 
involves a complex array of pathophysiological processes, and 
many molecular mechanisms have been implicated in the processes, 
including glutamate excitotoxicity, ionic imbalance, oxidative 
stress and programmed cell death pathways comprising apoptosis, 
necroptosis and autophagy (Puyal et al. 2013; Quillinan et al. 
2016). In addition, accumulating evidence shows the integral role of 
inflammatory response in the pathogenesis of ischemic stroke and 
secondary damage (Shukla et al. 2017; Vidale et al. 2017). Following 
transient or permanent middle cerebral artery occlusion (MCAO) in 
rats, acute inflammatory response occurs within hours and persists 
for days after the insult, and is currently thought to contribute to  
neuronal death (Toth et al. 2015). 
High mobility group box1 (HMGB1), a non-histone DNA-binding 
protein, is implicated in the stabilization of nucleosomal structure 
and the facilitation of gene transcription (Naglova and Bucova 
2012). Recently, HMGB1 has been characterized as a cytokine 
that initiates inflammatory response after tissue injury (Asavarut et 
al. 2013; Martinotti et al. 2015). HMGB1 normally resides in the 
nuclei of cells, but when cells are injured or underwent necrosis, 
HMGB1 can be secreted by activated macrophages/monocytes, or 
passively released by necrotic cells. Extracellular HMGB1 activates 
innate immune cells and endothelial cells to produce proinflamma-
tory cytokines, chemokines, tissue factors, and adhesion molecules, 
thus amplifies an inflammatory response (Martinotti et al. 2015). 
Administration of HMGB1 to normal animals produces systemic 
inflammatory responses including fever, weight loss, acute lung 

injury, epithelial leakage syndrome, arthritis and organ failure; 
on the contrary, anti-HMGB1 treatment with antibodies, specific 
antagonists or other pharmacological agents, is beneficial in many 
preclinical inflammatory disease models, ameliorates severity of 
diseases and reduces mortality (Yang et al. 2013). In the central 
nervous system (CNS), HMGB1 is highly expressed in the nuclei 
of neurons and glial cells, and involved in the inflammatory process 
(Fang et al. 2012). HMGB1 is released into the extracellular space 
early after ischemic injury; the released HMGB1, in turn, increases 
brain levels of proinflammatory cytokines such as tumor necrosis 
factor α (TNF-α) and interleukin-1β (IL-1β), thus inducing neuroin-
flammation and microglial activation in the post-ischemic brain and 
aggravating brain injury (Singh et al. 2016). Therefore, it is a prom-
ising strategy for the treatment of post-ischemic injury to inhibit the 
release of HMGB1. 
Acetylpuerarin, an acetylated derivative of puerarin, is considered a 
potential drug for ischemic stroke. Previous studies have indicated 

Table:  Effects of AP on the viability of OGD injured BV2 microglia by 
CCK-8 assay (mean±SD, n=6).

Group Viability (%)

Control 100 ± 6.01

OGD/R-6 h 70.89 ± 1.92 ++

OGD/R-12 h 67.24 ± 2.56 ++

OGD/R-24 h 65.27 ± 3.08 ++

OGD/R-48 h 65.18 ± 2.51 ++

OGD/R-24 h + AP-L (0.1 μM) 72.89 ± 3.24 *

OGD/R-24 h + AP-M (0.4 μM) 75.47 ± 4.16 **

OGD/R-24 h + AP-H (1.6 μM) 85.13 ± 3.08 **

OGD/R-24 h + EP (1 mM) 86.56 ± 3.87 **

The viability of the BV2 microglia without OGD injury is defined as 100%, AP at 
increasing concentrations (0.1, 0.4 and1.6 μM) and EP (1 mM) were treated 
before the OGD treatment and on the onset of reoxygenation. 

++p<0.01 vs control group; *p<0.05, **p<0.01 vs OGD/R-24h group.
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the protective effect of AP against cerebrovascular ischemia-reper-
fusion injury in rats, and the mechanisms underlying this protec-
tion may involve increases in antioxidant enzyme, reductions in 
the damage induced by reactive oxygen species, decreases in the 
calcium concentration in neurons (Liu et al. 2007, 2013). More-
over, AP is found to inhibit the inflammatory response in the isch-
emic area after focal cerebral ischemia (Meng et al. 2013; Xiang et 
al. 2014). We suppose that AP protects against post-ischemic brain 
injury by inhibiting the release of HMGB1 into extracellular space. 
Glial cells such as astrocytes, oligodendrocytes and microglia play 
a beneficial role in neural cell viability and survival. In particular, 
microglia are involved in host defense and tissue repair in the CNS 
(Kraft and Harry 2011). In response to extracellular stimuli, microglia 
release pro-inflammatory mediators and cytokines to restore CNS 
homeostasis by clearing pathogens and infected cells (Zhao et al. 
2017). However, overproduction of these inflammatory mediators 
under pathological conditions causes chronic neuroinflammation, 
promotes various neurodegenerative diseases, and eventually leads 
to neuronal cell death (Xiong et al. 2016). Therefore, the activated 
microglia are regarded as a marker of post-ischemic inflammation. 
Thus, control of microglial activation provides a potential thera-
peutic approach for treating ischemic cerebrovascular diseases.
To examine whether AP inhibits HMGB1 release from activated 
microglia, BV2 cells, a microglia cell line, were activated by in vitro 
oxygen-glucose deprivation/reoxygenation (OGD/R) treatment. 
The protective effects of AP against OGD injury and AP-mediated 
suppression of HMGB1 release were examined in the present study.

2. Investigations and results 

2.1.  Effects of AP on OGD-induced cell death in BV2 
microglia

As estimated by CCK-8 assay, compared to those of control group, 
the cell viabilities markedly (p<0.01) decreased after OGD for 2.5 
h followed by 6, 12, 24 and 48 h incubation with normal medium, 

which were 70.89±1.92 %, 67.24±2.56 %, 65.27±3.08 %, and 
65.18±2.51 %, respectively.
To investigate whether AP protects BV2 microglia against injury 
after OGD, the cells were pretreated with different doses of AP 
prior to OGD and on the onset of reoxygenation, and the cell 
viability was measured 24 h after reoxygenation. As presented 
in the Table, compared to OGD/R-24 h group, AP significantly 
increased the viability of BV2 cells in a concentration-dependent 
manner. The findings suggest that AP can protect BV2 microglia 
against OGD-induced injury.

2.2.  Effects of AP on OGD-induced apoptosis in BV2 
microglia

To evaluate the effects of AP on OGD-induced apoptosis in BV2 
microglia, we examined the morphologic changes by Hoechst 
33258 staining. As shown in Fig. 1, the nuclei of BV2 microglia 
were round and homogeneously stained in the control group; 
however, the OGD injured cells exhibited evident apoptosis char-
acteristics including cell shrinkage and membrane integrity loss or 
deformation, nuclear fragmentation and chromatin compaction of 
late apoptotic appearance; when the BV2 microglia were treated 
with different doses of AP (0.1, 0.4 and 1.6 μM) or EP (1 mM), the 
apoptotic morphologic changes were improved as compared with 
the OGD model group.
BV2 microglia were further stained with FITC-Annexin V/7-AAD, 
and analyzed by flow cytometric analysis. As shown in Fig. 2, the 
apoptosis rate of normal cells was only 2.7%, while the apoptosis 
of OGD injured BV2 cells significantly (p<0.01) increased to 
28.6%. When treated with AP at the concentrations of 0.1, 0.4 
and 1.6 μM, the percentage of apoptotic cells decreased to 19.7%, 
15.1% and 12.7%, respectively, indicating that AP decreased the 
apoptosis in a concentration-dependent manner. In addition, AP at 
1.6 μM showed similar protective effects with EP (1 mM) owning 
an apoptosis rate of 13.2%.

Fig. 1: Effects of AP on apoptosis in BV2 microglia by Hoechst 33258 staining. 
 BV2 microglia were pretreated with AP before the onset of OGD and then incubated with AP for an additional 24 h. The cells were then stained with Hoechst 33258, and 

observed under a fluorescent microscope at magnification of 200 ×. The scale bar is 100 μm. Arrows indicate apoptotic characteristics of the cells. CON, control cells; 
OGD, cells treated with oxygen-glucose deprivation/reoxygenation (OGD/R) for 2.5 h/24 h; AP-L, AP-M, AP-H represents 0.1, 0.4 and 1.6 μM AP treated BV2 microglia 
with OGD/R for 2.5 h/24 h, respectively; EP, EP (1 mM) treated BV2 microglia with OGD/R for 2.5 h/24 h.
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2.3.  Effects of AP on OGD-induced HMGB1 release in 
BV2 microglia

We first evaluated the cellular distribution of HMGB1 in BV2 
microglia by immunofluorescent FITC-staining. As shown in 
Fig. 3, HMGB1 immunoreactivity was present in the nucleus but 
absent in the cytoplasm of control cells; on the contrary, HMGB1 
was mainly localized in the cytoplasm (vesicle-like structures) of 
BV2 microglia subjected to OGD treatment; cells treated with 
different doses of AP or EP could retain HMGB1 in the nucleus, so 
HMGB1 immunoreactivity was highly represented in the nucleus, 
which was also present in the cytoplasm. The results indicated that 
AP could inhibit OGD-induced HMGB1secretion at the level of 
nuclear to cytoplasmic translocation in a dose-dependent manner. 
We further analyzed the protein level of cytoplasmic HMGB1 by 
western blotting. As shown in Fig. 4, the HMGB1 was very poor 
in cytoplasmic extracts from normal cells; in contrast, the cyto-
plasmic HMGB1 level in the OGD model group was significantly 
upregulated at 24 h after incubation with normal medium, indi-
cating the translocation of HMGB1 from nucleus to cytoplasm; 
AP significantly decreased cytoplasmic HMGB1 protein levels, 
and the effects were dose-dependent. The results indicated that 
AP inhibited the nuclear release of HMGB1 in BV2 microglia 

subjected to OGD treatment, and the findings agreed with the 
results of immunofluorescent FITC-staining.

3. Discussion
Microglia are the resident macrophages in brain, and they are now 
recognized as the prime cells in the immune defense and inflam-
matory response (Kraft and Harry 2011). Under physiological 
conditions, resting microglia play an important role in homeostasis 
within the CNS and in supporting neuronal cell function (Hu et 
al. 2014). Upon activation, the morphology of microglia altered, 
changing from resting microglia into activated microglia. Acti-
vated microglia produce pro-inflammatory mediators including 
nitric oxide (NO), prostaglandin E2 (PGE2), reactive oxygen 
species (ROS), and pro-inflammatory cytokines such as inter-
leukin (IL)-1β, interleukin-6 (IL-6) and tumor necrosis factor-α 
(TNF-α) that function to restore CNS homeostasis by removing 
cell debris and restoring tissue integrity (Yenari et al. 2010). 
However, over-expression of these inflammatory mediators and 
cytokines under pathological conditions can cause neuronal cell 
death and brain injury. Furthermore, after stroke, microglia can die 
in the core whereas the number of brain mononuclear phagocytes 

Fig. 2: Effects of AP on apoptosis in BV2 microglia after annexin-V/7-AAD staining by flow cytometric analysis. 
BV2 microglia were pretreated with AP before the onset of OGD and then incubated with AP for an additional 24 h. The cells were subsequently harvested and stained 
with annexin-V/7-AAD. 

 (A) Flow cytometric analysis of apoptotic BV-2 cells. 
 (B) Graphical representation of the percentage of apoptotic cells result from (A). Mean ± SD, n=3. ++p<0.01 vs control group; *p<0.05, **p<0.01 vs OGD model group; 

#p<0.05 vs EP treated group. CON, control cells; OGD, cells treated with OGD/R for 2.5 h/24 h; AP-L, AP-M, AP-H represents 0.1, 0.4 and 1.6 μM AP treated BV2 
microglia with OGD/R for 2.5 h/24 h, respectively; EP, EP (1 μM) treated BV2 microglia with OGD/R for 2.5 h/24 h.
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is augmented by microglial proliferation/macrophage infiltration 
and most markers used are unable to discriminate them (Yenari 
et al. 2010). Taken together, activation of microglia plays an 
important role in the inflammatory response to ischemic stroke. 
Control of microglial activation and decreasing the number of 
pro-inflammatory factors could provide a potential therapeutic 
approach for treating cerebral ischemic diseases. Therefore, in this 
study, we selected BV2 cells, a microglia cell line, and prepared 
an OGD model to investigate the protective effects and molecular 
mechanism of AP, a potential drug for the treatment of ischemic 
stroke.
Inflammation is a classical host defensive response to infection 
and injury that has many beneficial effects. However, inappro-
priate inflammation is increasingly implicated in diverse disease 
states, including ischemic stroke. Focal cerebral ischemia evokes 
a robust inflammatory response that begins within a few hours of 
onset and typifies the secondary or delayed response to ischemia. 
It is generally accepted that inflammation in the post-stroke period 
contributes to ischemic brain injury (Denes et al. 2010). HMGB1 is 
now characterized as a cytokine-like mediator of systemic inflam-
mation (Asavarut et al. 2013). In the pathophysiology of cerebral 
ischemia-reperfusion, HMGB1 is released from neurons early 
following ischemic injury, and acts as a mediator linking acute brain 
damage and subsequent inflammatory processes (Qiu et al. 2008; 
Fang et al. 2012). Neuronal cells subjected to OGD/R treatment can 
mimic cerebral ischemia-reperfusion in vivo (Alluri et al. 2015). In 
the present study, we successfully prepared an OGD model in BV2 
microglia for the observation of HMGB1 release. Our finding of 
increased cytoplasic HMGB1 level in BV2 cells suggest that exacer-
bated HMGB1 release may be triggered by OGD treatment. 
Immunofluorescent analysis revealed that HMGB1 was translo-
cated from the nucleus to cytoplasm and further accumulated in 
the cytoplasm 24 h OGD treatment. However, the translocation of 
HMGB1 was markedly inhibited in AP-treated cells, indicating 

that AP suppresses HMGB1 translocation from nucleus to cyto-
plasm. Western blotting analysis showed that the protein level of 
cytoplasmic HMGB1 was significantly increased 24 h after OGD 
treatment, and AP treatments attenuated the increase in HMGB1 
level in the cytoplasm of BV2 microglia. The findings indicated 
that AP protected against OGD-induced cellular injury in BV2 
microglia via inhibition of HMGB1 release.
It is accepted that treatment with inhibitors of HMGB1 activity is 
beneficial in inflammatory disease models (Yang and Tracey 2010). 
Ethyl pyruvate (EP) is a simple aliphatic ester of pyruvic acid and has 
been demonstrated to be an inhibitor of HMGB1 (Shin et al. 2014). 
Accumulating evidence indicates the anti-inflammatory effects of EP 
in the post ischemic brain and in primary microglia cultures, and the 
mainly molecular mechanisms lie in the inhibition of HMGB1 phos-
phorylation and release (Shin et al. 2014; Kim et al. 2016). In addition, 
EP has been reported to inhibit HMGB1 expression in traumatic brain 
injury and in myocardial ischemia/reperfusion injury models (Su et al. 
2011; Lin et al. 2015). Therefore, EP is considered to provide a thera-
peutic means of ameliorating inflammatory responses by suppressing 
HMGB1 expression and secretion. In this study, we compared the 
protective effects of AP and EP, and found that AP and EP contributed 
similar effects on inhibiting HMGB1 release. It is reported that serine 
phosphorylation of HMGB1 contributes to its translocation from 
the nucleus to cytoplasm (Taira et al. 2013). In the present study, we 
found that AP could inhibit HMGB1 secretion in activated microglia, 
however whether AP inhibits the phosphorylation of HMGB1 needs 
further study.
To the best of our knowledge, this is the first study to demonstrate 
the role of AP on HMGB1 expression and release. We can conclude 
that when activated by OGD treatment, BV2 microglia release 
HMGB1 from the nucleus to the cytoplasm; the released HMGB1, 
in turn, can further activate and injure the BV2 microglia, leading 
to the apoptosis and death of microglia. AP can protect against 
OGD-induced cellular injury in BV2 microglia, and the cytopro-

Fig. 3: Effects of AP on OGD-induced HMGB1 release in BV2 microglia by green immunofluorescent FITC-staining.
 HMGB1 immunoreactivity was present in the nucleus but absent in the cytoplasm of control cells, while which was found in both nucleus and cytoplasm (vesiclelike 

structure) of OGD model microglia, indicating that HMGB1 is released from the nucleus into the cytoplasm in BV2 microglia after exposure to OGD injury; treatment 
with different doses of AP (0.1, 0.4 and 1.6 μM) and EP (1 μM) prior to OGD and on the onset of reoxygenation could retain HMGB1 in the nucleus, so HMGB1 immu-
noreactivity was highly represented in the nucleus.

 The scale bar in the photograph is 100 μM. CON, control cells; OGD, cells treated with OGD/R for 2.5 h/24h; AP-L, AP-M, AP-H represents 0.1, 0.4 and 1.6 μM AP 
treated BV2 microglia with OGD/R 2.5 h/24 h, respectively; EP, EP (1 μM) treated BV2 microglia with OGD/R for 2.5 h/24 h.
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tective mechanisms may be mediated by inhibition of HMGB1 
expression and release in microglia, which leads to attenuation of 
OGD-induced necrosis and neuroinflammation.

4. Experimental

4.1. Materials

4.1.1. Drugs

AP sample (purity ≥ 98%) was a gift from Shandong Academy of Medical Sciences 
(Jinan, China) and was dissolved in DMSO at 1.0 mM as a stock solution. Ethyl 
pyruvate (EP, Batch No. E47808) was supplied from Sigma-Aldrich Company (Saint 
Louis, USA). The dilutions of the reagents were all freshly prepared before each 
experiment.

4.1.2. BV2 microglia culture and treatments

The BV2 mouse microglial cell line was a gift from Prof. Huiqing Liu (Institute of 
Pharmacology, School of Medicine, Shandong University, Jinan), and the experiment 
was conducted using protocols approved by the Shandong University Institutional 
Animal Care and Use Committee (Approval No. ECAESDUSM 201). Cells were 
kept at 37 °C in a humidified 5% CO

2
/95% air incubator. The dissociated cells were 

cultured in high glucose DMEM medium (Gibco, NY, USA), supplemented with 10% 
fetal bovine serum (FBS). The medium was changed every two days. 
BV2 microglia was randomly divided into 6 groups: control group (CON), OGD 
group (model group), OGD + AP groups (0.1, 0.4 and 1.6 μM) and OGD + EP group 
(1 mM). For the preparation of OGD model, BV2 microglia were washed with Hank’s 
balanced salt solution (no glucose) for 4 times, incubated with 100 μL of the Hank’s 
solution for 2.5 h at 37 °C in a special anaerobic jar (HP025, HiTech Photoelectricity 
Biotechnology Co.,Ltd, Guang Zhou, China) filled with 5% CO

2
/95% N

2
, and then 

incubated with 5% CO
2
/95% air for an additional given duration. Microglia in the 

control group were treated with Hank’s balanced salt solution containing glucose and 
incubated with 5% CO

2
 and 95% air. In the AP or EP-treated groups, BV2 microglia 

were pretreated with AP or EP at an indicated concentration before the onset of OGD 
and then incubated with the drugs for an additional 24 h. 

4.2. Methods

4.2.1. CCK-8 assay for the determination of cell viability

BV2 microglia seeded in 96-well plate (1×104 per well) were pretreated with AP 
before the onset of OGD and then incubated with AP for an additional 6, 12, 24 
and 48 h, respectively. OGD-induced cell death was assessed by Cell Counting Kit-8 
(CCK-8) according to manufacturer’s instructions. The optical density (OD) was 
measured at a wavelength of 492 nm in a microplate reader (Therm MK3, Finland).

4.2.2. Hoechst 33258 staining

BV2 microglia were rinsed twice in 4 °C PBS and fixed in 4% formaldehyde at 4 °C 
for 10 min. After washing, the cells were incubated using Hoechst 33258 (Sigma, 
USA) staining at room temperature for 10 min in the dark. The apoptotic cells were 
visualized under a fluorescence microscope (Leica Microsystems Holdings GmbH, 
Germany). Cells were scored apoptotic if the nuclei presented chromatin condensa-
tion, marginalization or nuclear beading (Xue et al. 2014). 

4.2.3. FITC-Annexin V/7-AAD staining 

BV2 microglia seeded in 6-well plates (1.5×105 per well) were pretreated with AP 
before the onset of OGD and then incubated with AP for an additional 24 h. The cells 
were then harvested and washed with cold PBS. The cell surface phosphatidylserine 
in apoptotic cells was quantitatively estimated using Annexin V/FITC and 7-AAD 

Fig. 4:  Effects of AP on OGD-induced HMGB1 expression in BV2 microglia by western blotting.
 (A) Protein levels of HMGB1 were determined by western blotting analysis. β-Actin was used as a loading control.
 (B) The relative HMGB1 protein level normalized to β-actin level was detected. Mean ± SD, n=3. ++p<0.01 vs control group; **p<0.01 vs OGD model group; ##p<0.01 vs 

EP treated group. CON, control cells; OGD, cells treated with OGD/R for 2.5 h/24 h; AP-L, AP-M, AP-H represents 0.1, 0.4 and 1.6 μM AP treated BV2 microglia with 
OGD/R for 2.5 h/24 h, respectively; EP, EP (1 μM) treated BV2 microglia with OGD/R for 2.5 h/24 h.
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Apoptosis Detection Kit (Roche, USA) according to manufacturer’s instructions. Cell 
apoptosis was analyzed on a FACScan flow cytometry (Becton Dickinson, USA). 
Annexin V-positive, 7-AAD-negative cells were scored as early apoptotic cells, and 
cells double-stained with both Annexin V and 7-AAD were considered late apoptotic 
cells. Normal cells were negative for both stains. 

4.2.4. Immunofl uorescent FITC-staining
For immunofluorescent detection of HMGB1 protein, cells were fixed in 4% parafor-
maldehyde (Sigma, USA) for 10 min and then blocked for 1 h in 5% BSA (Sigma, 
USA) diluted in 0.5%Tween-20/phosphate buffered saline (T-PBS) followed by 
permeabilization in PBS containing 10% of Triton X-100 for 30 min. 
Cells were then incubated with primary antibody: polyclonal rabbit anti-HMGB1 
antibody (1:500, Abcam, Cambridge, UK). Immunoreactivity was detected using a 
FITC-labeled secondary antibody (ZSGB Int, Beijing, China). Fluorescent images 
were obtained with a Zeiss Axio Observer Z1 invert microscope.

4.2.5. Western blotting analysis
The procedure for separation of nuclei and cytoplasm fraction of the cells was 
performed according to the manufacturer’s instructions of Nuclear and Cytoplasmic 
Protein Extraction Kit (Beyotime Biotechnology, Shanghai, China). The HMGB1 
protein concentration was determined using a BCA Protein Assay kit (Beyotime 
Biotechnology, Shanghai, China). The lysates were separated by SDS-PAGE on 
12% Tris-Glycine gels and transferred to nitrocellulose membrane. The nonspecific 
binding of antibodies was blocked with 5% nonfat dried milk in PBS. The membranes 
were then probed with primary antibody of polyclonal rabbit anti-HMGB1 antibody 
(1:2000, Abcam, Cambridge, UK) overnight at 4 °C. After washing three times with 
TBS-T, the HRP-conjugated goat anti-rabbit second antibody (ZSGB-Bio, Beijing, 
China) was incubated with membranes for 1 h at room temperature. β-actin (Bioworld 
Technology, Minneapolis, MN, USA) was served as a loading control. The densitom-
etry of the bands was performed using AlphaEaseFC 4.0 software (Alpha Innotech, 
San Leandro, CA, USA).

4.2.6. Data analysis and statistics
The results were expressed as the mean ± standard deviation (mean ± SD). Statistical 
significance was determined by one-way analysis of variance (ANOVA) followed by 
a least significant difference (LSD) test using SPSS 19.0 (SPSS Inc., Chicago, IL, 
USA). Results with P<0.05 were considered statistically significant.
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