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Abstract: Microglial over-activation and apoptosis are associated with ischemic brain diseases. These processes 
may be hindered by oxysophocarpine (OSC) that generates anti-inflammatory and anti-apoptotic activities. However, 
the precise roles of OSC in microglial inflammation and apoptosis induced by oxygen-glucose deprivation/reoxy-
genation (OGD/R) remain unclear. In this study, we found that OSC reduced OGD/R-induced inflammation in BV-2 
microglia. OSC elevated cell viability and prevented the release of lactate dehydrogenase. OSC downregulated cy-
clooxygenase 2 and inducible nitric oxide synthase and reduced the levels of inflammatory mediators, including 
tumor necrosis factor-α, interleukin (IL)-1β, IL-6, monocyte chemoattractant protein-1, prostaglandin E2, and nitric 
oxide. OSC inhibited the expression of Toll-like receptor 4 (TLR4) and myeloid differentiation protein 88 (MyD88) and 
blocked the activation of nuclear factor (NF)-κB. In addition, OSC suppressed OGD/R-elicited BV-2 cell apoptosis, 
as indicated as follows: The restored mitochondrial membrane potential and the reduced caspase-3 activity; the 
decrease of Bax and cleaved caspase-3 and the increase of Bcl-2; the enhanced phosphorylation of Akt and mTOR. 
These results implied that OSC impedes OGD/R-induced inflammation and apoptosis of microglial cells. Therefore, 
OSC may be potentially used for ischemic stroke therapy.
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Introduction

Stroke is the second leading cause of morbidity 
and mortality worldwide, and ischemic stroke 
accounts for 80% of total cases [1]. The patho-
physiology of ischemic stroke involves a com-
plex series of pathological events, including 
oxidative stress, inflammation, and apoptosis 
[2, 3]. This disease can be treated by relatively 
few therapeutic options, such as surgery and 
anticoagulation. Therefore, discovering novel 
and effective therapy strategies to hinder isch-
emic stroke is necessary and urgent. 

Microglia, resident macrophage-like cells of the 
central nervous system, play essential roles in 
immunological surveillance, foreign invader 
removal, and brain homeostasis maintenance 
[4]. Microglia become activated and injured 
under ischemic and hypoxic conditions [5]. 
Activated microglia increase the expression of 
cyclooxygenase 2 (COX2) and inducible nitric 
oxide synthase (iNOS); these cells also inten-

sively release inflammatory mediators, includ-
ing tumor necrosis factor-α (TNF-α), interleukin 
(IL)-1β, IL-6, monocyte chemoattractant pro-
tein-1 (MCP-1), prostaglandin E2 (PGE2), and 
nitric oxide (NO) [5, 6]. These uncontrolled 
inflammatory responses are involved in microg-
lial dysfunction and death in various brain dis-
eases, including ischemic stroke [7, 8]. Toll-like 
receptor 4 (TLR4), primarily expressed in the 
microglia, evokes inflammatory chain reactions 
and regulates microglial activation [9]. TLR4/
myeloid differentiation protein 88 (MyD88)/
nuclear factor (NF)-κB signaling contributes to 
BV-2 cell injury induced by oxygen and gluco- 
se deprivation/reoxygenation (OGD/R) [10-12]. 
Hypoxia/reperfusion induces microglial apopto-
sis via a phosphatidylinositol 3-kinase (PI3K)/
Akt/mammalian target of rapamycin (mTOR)-
regulated autophagy pathway [13]. Thus, pre-
venting microglial over-activation and apoptosis 
is a potential treatment strategy for ischemic 
stroke. 
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Oxysophocarpine (OSC) is an alkaloid extracted 
from Sophora flavescentis radix and Sub- 
prostrate sophora root. OSC has various phar-
macological activities, including anti-nocicep-
tive [14], anti-viral [15], anti-inflammatory [16], 
and anti-apoptotic effects [17]. OSC amelio-
rates inflammatory pain by reducing the pro-
duction of TNF-α, IL-1β, IL-6, COX-2, and PGE2 
[16]. OSC also elicits significant protective 
effects on the OGD/R-induced hippocampal 
neuron injury by inhibiting apoptosis [17]. 
However, the effects of OSC on OGD/R-induced 
microglial inflammation and apoptosis remain 
unclear.

In this study, OSC prevented BV-2 cells from 
OGD/R-induced injury, as evidenced by the 
increased cell viability and decreased lactate 
dehydrogenase (LDH) release. OSC reduced 
the levels of inflammatory mediators in OGD/R-
stimulated BV-2 cells. The anti-inflammatory 
effects of OSC on OGD/R-exposed BV-2 cells 
were partly mediated by the TLR4/MyD88/
NF-κB pathway. Moreover, OSC increased the 
phosphorylation of Akt and mTOR in OGD/ 
R-challenged BV-2 cells. Pretreatment with 
LY294002 or rapamycin attenuated OSC-me- 
diated pro-survival and anti-apoptotic effects, 
suggesting that PI3K/Akt/mTOR signaling is 
possibly implicated in OGD/R-induced microgli-
al apoptosis. Thus, OSC may be a potential 
novel therapeutic agent for ischemic stroke 
with microglial over-activation.

Materials and methods

Reagents and antibodies

OSC was purchased from the National Institute 
for the Control of Pharmaceutical and Biological 
Products (Beijing, China) and dissolved in ster-
ile PBS (pH 7.4) before use. The purity of OSC 
was above 99% and its chemical structure is 
shown in Figure 1. All reagents for cell culture 
were obtained from Gibco BRL (Grand Island, 
NY, USA). Enzyme-linked immunosorbent assay 
(ELISA) kits of mouse TNF-α, IL-1β, IL-6, MCP-1, 
and PGE2 were obtained from R&D Systems 
(Minneapolis, MN, USA). Rabbit anti-mouse 
COX-2, iNOS, pro-caspase-3, and cleaved (cl)-
caspase-3 polyclonal antibodies (pAbs) were 
from Santa Cruz Biotechnology (Dallas, TX, 
USA). Rabbit anti-mouse NF-κB p65, inhibitor of 
κB (IκB)-α, phosphorylated (p)-IκB-α (Ser32/36) 
Bax, Bcl-2, Akt, and p-Akt (Ser473) pAbs were 

supplied by Cell Signaling Technology, Inc. 
(Danvers, MA, USA). Rabbit anti-mouse TLR4, 
MyD88, mTOR, and p-mTOR (Ser2448) were 
purchased from Abcam (Cambridge, UK). 
Rabbit anti-mouse β-actin and Lamin B mono-
clonal antibodies (mAbs) were procured from 
Sigma-Aldrich (St. Louis, MO, USA). Horseradish 
peroxidase (HRP)-conjugated anti-rabbit IgG 
was from Chemicon (Temecula, CA, USA). All 
other chemicals were of analytical grade and 
obtained from Sigma unless otherwise stated.

Microglial cell culture and OGD/R treatment

An immortalized mouse microglial BV-2 cell line 
was purchased from American Type Culture 
Collection (Rockville, MD, USA) and cultured in 
Dulbecco’s modified Eagle’s medium supple-
mented with 10% fetal bovine serum, 100 U/
mL penicillin, and 100 mg/mL streptomycin at 
37°C and 5% CO2 in a humidified incubator. The 
OGD/R model was performed as previously 
described [18]. Briefly, BV-2 cells were digested 
into a cell suspension, and the cell density was 
adjusted to 5 × 104 cells/mL. After 80% conflu-
ence, the cells were washed thrice with PBS, 
switched from a normal feeding medium to an 
oxygen-depleted, glucose-free medium, and 
incubated in a hypoxic chamber with CO2/N2 
(5%/95%) for 3 h. The cultures were then 
returned to the normal feeding medium and 
incubated under normal conditions for 0 h, 12 
h, 24 h, and 48 h as reperfusion. OSC (1, 3, and 
5 μM) was given immediately after the OGD 
phase, acting through the processes of reoxy-
genation. The cells with neither OGD/R nor OSC 
treatment were used as the control group. In 
blocking experiments, the cells were treated 
with LY294002 (10 μΜ; PI3K/Akt inhibitor) or 
rapamycin (30 nM; mTOR inhibitor) for 30 min 
prior to OGD stimulation. 

Cell viability assay

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetra- 
zolium bromide (MTT) assay was performed to 
measure the viability of BV-2 cells. Briefly, after 
various treatments, the cells were seeded in a 
96-well plate at a density of 1 × 104 cells/well. 
MTT (5 mg/mL) was added into each well and 
incubated at 37°C for 4 h, followed by 100 μL 
of dimethyl sulfoxide to dissolve the formazan 
crystals. The optical density was determined  
at 570 nm using a microplate reader (Bio-Rad 
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Laboratories, Hercules, CA, USA). Cell viability 
was expressed as a percentage of the control.

LDH assay

Cell damage was detected using a commercial 
LDH kit in accordance with the manufacturer’s 
protocol (Nanjing Jianchen Bioengineering 
Institute, Nanjing, China). The LDH level in the 
medium was measured to reflect cell mem-
brane integrity. In brief, after the indicated 
treatments, 20 μL of cell culture medium was 
added to 300 μL of LDH reagent. Absorbance 
was recorded at 440 nm using a microplate 
reader (Bio-Rad). 

Quantitative real-time PCR (qPCR)

Total RNA of the BV-2 cells was isolated with a 
TRIzol commercial kit (Invitrogen, Carlsbad,  
CA, USA). The cDNA was synthesized using a 

reverse transcriptase kit (Promega, Madison, 
WI, USA). Quantitative PCR was performed 
using SYBR green PCR Master Mix (Applied 
Biosystems, Foster City, CA, USA). The relative 
mRNA expressions were determined by 2-ΔΔCt 
method and calculated after normalization to 
glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH). The primer sequences are listed in 
Table 1. 

ELISA

The levels of inflammatory mediators in the 
supernatants of BV-2 cells were determined by 
ELISA kits in accordance with the manufactur-
er’s instructions. Briefly, the cells were seeded 
in a 6-well plate at a density of 1 × 106 cells/
well. After the indicated treatments, the super-
natants were harvested for measuring the lev-
els of TNF-α, IL-1β, IL-6, MCP-1, and PGE2. The 
absorbance was read at 490 nm on a micro-
plate reader (Bio-Rad).

Nitrite assay

As an indicator of NO production, the nitrite 
level was assessed using a colorimetric assay 
(Promega, Madison, WI, USA). In brief, after the 
various treatments, the supernatants were col-
lected. Equal volumes of supernatant and 
Griess reagent were mixed and incubated for 
10 min at room temperature in the dark. The 
absorbance at 540 nm was assayed with a 
microplate reader (Bio-Rad). The concentration 
of nitrite in samples was determined from a 
sodium nitrite standard curve.

Western blot analysis

BV-2 cells were lysed using a lysis buffer (Cell 
Signaling Technology). Cytoplasmic and nu- 
clear proteins were isolated using NE-PERTM 
Nuclear and Cytoplasmic Extraction Reagents 
(Pierce Biotechnology, Rockford, IL, USA). Equal 
amount of protein in each sample was sepa-
rated by sodium dodecyl sulfate-polyacryla- 
mide gel electrophoresis and then electro- 
transferred onto polyvinylidene fluoride mem-
branes (Millipore, CA, USA). The membrane  
was blocked with 5% skimmed milk for 2 h at 
37°C and incubated at 4°C overnight with  
the corresponding primary antibodies. Lamin B 
and β-actin were used as the loading controls. 
After being washed thrice, the membrane was 
incubated in the HRP-conjugated secondary 

Figure 1. Chemical structure of oxysophocarpine. 

Table 1. Primers used for qPCR
Gene Primer sequences (5’ to 3’)
TNF-α Forward CAAGGGACA AGGCTGCCCCG

Reverse GCAGGGGCTCTTGACGGCAG
IL-1β Forward AAGCCTCGTGCTGTCGGACC

Reverse TGAGGCCCAAGGCCACAGGT
IL-6 Forward GTACTCCAGAAGACCAGAGG

Reverse TGCTGGTG ACAACCACGGCC
MCP-1 Forward CCAGCACCAGCACCAGCCAA

Reverse TGGATGCTCCAGCCGGCAAC
COX2 Forward GATGACTGCCCAACTCCC

Reverse AACCCAGGTCCTCGCTTA
iNOS Forward CAGCTGGGCTGTACAAACCTT

Reverse CATTGGAAGTGAAGCGTTTCG
GAPDH Forward GCCAAGGCTGTGGGCAAGGT

Reverse TCTCCAGGCGGCACGTCAGA
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antibody for 2 h at 37°C. The reactions were 
visualized using enhanced chemiluminescence 
detection reagents (Pierce). The band intensi-
ties were quantified using Image J software 
(NIH, USA). 

Flow cytometry analysis

BV-2 cell apoptosis were assessed using 
Annexin V-fluorescein isothiocyanate (FITC)/
propidium iodide (PI) staining. In brief, after the 
different treatments, the cells were washed 
twice with cold PBS and resuspended at a con-
centration of 1 × 106 cells/mL in the binding 
buffer. Afterward, approximately 10 μL of ready-
to-use Annexin V-FITC (R&D Systems) was 
added to the mixture, incubated at 37°C for 15 
min, and counterstained with 5 μL of PI in the 
dark for 30 min. Cell apoptosis was analyzed on 
a FACScan flow cytometer with CellQuest soft-
ware (BD Bioscience, MA, USA).

Mitochondrial membrane potential (MMP) as-
say 

MMP was determined using the lipophilic cat-
ionic fluorescence probe, 5,5’,6,6’-tetrachloro- 
1,1’,3,3’-tetraethylbenzimidazolyl-carbocyani- 

pNA by cleaved caspase-3. Briefly, after the 
indicated treatments, 1 × 106 cells were har-
vested, washed with PBS, and lysed in 50 μL 
lysing buffer. Then, 10 μL of cell lysates were 
mixed with 10 μL Ac-DEVD-pNA (2 mM) and 80 
μL reaction buffer. After incubation for 2 h at 
37°C, the release of pNA was measured at  
405 nm with a microplate reader (Bio-Rad). 

Statistical analysis

The data were expressed as the means ±  
standard deviation (SD) and analyzed by  
SPSS 16.0 software (SPSS, Chicago, IL, USA). 
Statistical analysis was performed using one-
way ANOVA followed by Tukey post hoc test. 
Differences at P < 0.05 were considered statis-
tically significant.

Results

OSC protected BV-2 cells against OGD/R-
induced cell injury

We first investigated whether OSC exerts pro-
tective effects against OGD/R insult in BV-2 
cells. We found that OSC (1, 3, and 5 μM) 
increased the viability of the OGD/R-treated 

Figure 2. OSC improved the viability and reduced the LDH release in OGD/R-
treated BV-2 cells. A and C. BV-2 cells were exposed to OGD for 3 h followed 
by 24 h of reoxygenation. OSC (1, 3, and 5 μM) was added to the medium 
immediately after the OGD phase. A. Cell viability was measured by MTT as-
say. C. LDH release was assessed. B and D. BV-2 cells were exposed to OGD 
for 3 h followed by 0, 12, 24, and 48 h of reoxygenation. OSC (3 μM) was 
added to the medium immediately after the OGD phase. B. Cell viability was 
measured by MTT assay. D. LDH release was assessed. Data are derived 
from three independent experiments and expressed as means ± SD. *P < 
0.05 vs. control (Ctrl) group; #P < 0.05 vs. OGD/R group.

ne iodide (JC-1), which exhibits 
potential-dependent accumu-
lation in the mitochondria. The 
probe exhibits a red fluores-
cence when MMP increases 
and shifts to green fluores-
cence when the MMP decreas-
es. In brief, after the indicated 
treatments, the cells were 
treated with JC-1 (5 μg/mL)  
for 1.5 h at 37°C in the dark 
and washed twice with PBS. 
Fluorescence intensity was 
measured at 485 nm excita-
tion and 585 and 538 nm 
emission using a multimode 
microplate reader (Bio-Rad). 
The values were expressed as 
the OD585/OD538 ratio.

Caspase-3 activity assay

Caspase-3 activity was deter-
mined using a colorimetric 
assay kit (Promega, Madison, 
WI, USA). The activity was 
assessed by the production of 
the p-nitroanilide (pNA), which 
was cleaved from Ac-DEVD-
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BV-2 cells partly in a dose- and time-dependent 
manner (Figure 2A and 2B). Consistently, LDH 
assays showed that OSC resulted in a marked 
decrease of LDH release in OGD/R-stimulated 
BV-2 cells (Figure 2C and 2D). However, no sig-
nificant differences exist in 3 μM and 5 μM 
groups and 24 h and 48 h groups, respectively 
(Figure 2A-D). Thus, 3 μM plus 24 h group was 
selected for the subsequent experiments. 
These results indicated that OSC attenuated 
OGD/R-led BV-2 cell damage.

OSC reduced inflammatory mediators in OGD/
R-insulted BV-2 cells

OSC inhibits the inflammatory responses in 
carrageenan-induced pain [16]. Here, we inves-
tigated the effect of OSC on OGD/R-induced 
inflammation in BV-2 cells. qPCR results 
showed that OGD/R exposure increased the 
mRNA expression of the pro-inflammatory fac-
tors in BV2 cells, including TNF-α (Figure 3A), 
IL-1β (Figure 3B), IL-6 (Figure 3C), MCP-1 
(Figure 3D), COX-2 (Figure 3E), and iNOS (Fig- 
ure 3F), which was markedly attenuated by 
OSC. Accordantly, the levels of TNF-α (Figure 
3F), IL-1β (Figure 3G), IL-6 (Figure 3H), MCP-1 
(Figure 3I), PGE2 (Figure 3J), and NO (Figure 
3K) in the supernatants of OGD/R-stimulated 

cells were remarkably elevated, and these 
increases were counteracted by OSC. These 
data suggested that OSC suppressed OGD/R-
induced inflammatory responses in BV-2 cells.

OSC inhibited OGD/R-induced inflammatory 
response by blocking TLR4 signaling in BV-2 
cells 

To further investigate the inhibitory effect of 
OSC on inflammatory response, we detected 
the protein expression of COX-2 and iNOS. 
Western blot results showed that COX-2 and 
iNOS protein levels were significantly decreased 
by OSC in OGD/R-treated BV-2 cells (Figure 4A 
and 4B). NF-κB is a critical transcription activa-
tor responsible for the expression of inflamma-
tory mediators, including TNF-α, IL-1β, IL-6, 
COX-2, and iNOS [19]. Here, we detected the 
activation of NF-κB in OGD/R-exposed BV-2 
cells. As shown in Figure 4C-G, NF-κB p65 was 
markedly accumulated in the nucleus of BV-2 
cells after OGD/R exposure, accompanying 
with the decrease of IκB-α in the cytoplasm. 
However, OSC inhibited the OGD/R-induced 
degradation of IκB-α and nuclear translocation 
of NF-κB p65. TLR4/MyD88/NF-κB signaling is 
involved in OGD/R-caused BV-2 cell injury [10-
12]. In this study, we found that OGD/R mark-

Figure 3. OSC reduced inflammatory mediators in the OGD/R-challenged BV-2 cells. BV-2 cells were exposed to 
OGD for 3 h followed by 24 h of reoxygenation. OSC (3 μM) was added to the medium immediately after the OGD 
phase. (A-F) mRNA expression of TNF-α (A), IL-1β (B), IL-6 (C), MCP-1 (D), COX-2 (E), and iNOS (F) was detected by 
qPCR assay. (G-K) Levels of TNF-α (G), IL-1β (H), IL-6 (I), MCP-1 (J), and PGE2 (K) in the supernatants were measured 
by ELISA. (L) Nitrite production was measured using Griess reagent. The data are derived from three independent 
experiments and expressed as means ± SD. *P < 0.05 vs. Ctrl group; #P < 0.05 vs. OGD/R group.
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Figure 4. OSC inhibited OGD/R-induced inflammatory responses in BV-2 cells by inactivating the TLR4/MyD88/NF-
κB pathway. BV-2 cells were exposed to OGD for 3 h followed by 24 h of reoxygenation. OSC (3 μM) was added to 
the medium immediately after the OGD phase. (A) Representative Western blots showing the expression of COX-2 
and iNOS. β-actin was used as the endogenous control. (B) Quantitative analyses of COX-2 and iNOS levels in (A). 
(C-G) Representative Western blot results of (C) and quantitative data (D-G) on the nuclear level of NF-κB p65 and 
cytosolic levels of NF-κB p65, p-IκB-α, and IκB-α. β-actin and Lamin B were used as the endogenous controls, re-
spectively. (H-J) Representative Western blot results of (H) and quantitative data (I and J) on the expression of TLR4 
and MyD88. β-actin was used as the endogenous control. Data are derived from three independent experiments 
and expressed as means ± SD. *P < 0.05 vs. Ctrl group; #P < 0.05 vs. OGD/R group.

Figure 5. OSC suppressed OGD/R-elicited BV-2 cell apoptosis. BV-2 cells were exposed to OGD for 3 h followed by 
24 h of reoxygenation. OSC (3 μM) was added to the medium immediately after OGD phase. (A) BV-2 cell apoptosis 
was analyzed by flow cytometry. The percentage of apoptotic cells was calculated. (B) MMP was measured by JC-1 
staining. (C) Caspase-3 activity was determined to evaluate cell apoptosis. (D) Western blot analyses of pro-cas-
pase-3, cl-caspase-3, Bax, and Bcl-2 expression. β-actin was used as loading control. (E and F) Quantitative ratios 
of cl-caspase-3/pro-caspase-3 (E) and Bax/Bcl-2 (F). The data are derived from three independent experiments and 
expressed as means ± SD. *P < 0.05 vs. Ctrl group; #P < 0.05 vs. OGD/R group.
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edly upregulated TLR4 and MyD88, which was 
attenuated by OSC (Figure 4H-J). These results 
suggested that TLR4/MyD88/NF-κB signaling 
contributed to the inhibitory effects of OSC on 
OGD/R-induced inflammation in BV-2 cells.

OSC hindered OGD/R-triggered apoptosis of 
BV-2 cells

Next, we investigated the protective effects of 
OSC on BV-2 cell apoptosis. Flow cytometry 
results showed that the percentage of apop-
totic cells increased after OGD/R treatment, 
which was reduced by OSC (Figure 5A). MMP is 
known as a critical factor determining mito-
chondrial integrity, and MMP loss can lead to 
cell apoptosis. As shown in Figure 5B, OGD/R 
exposure induced a significant loss of MMP, 
whereas OSC resulted in a considerable resto-
ration of MMP. In addition, OSC attenuated the 
increase in caspase-3 activity induced by 
OGD/R stimulation (Figure 5C). To investigate 

the underlying mechanisms involved in OSC-
reduced apoptosis, we analyzed the expres-
sions of apoptotsis-related molecules, includ-
ing pro-apoptotic proteins (pro-caspase-3, cl-
caspase-3, and Bax), and the anti-apoptotic 
protein (Bcl-2). OGD/R markedly increased cl-
caspase-3 level and Bax/Bcl-2 ratio, which 
were attenuated by OSC (Figure 5D-F). These 
results indicated that OSC could protect against 
OGD/R-induced BV-2 cell apoptosis.

Pro-survival effects of OSC on OGD/R-treated 
BV-2 cells were dependent on PI3K/Akt/mTOR 
signaling

The PI3K/Akt/mTOR pathway plays a key role in 
microglial cell injury during hypoxia/reperfusion 
[13]. We investigated whether the PI3K/Akt/
mTOR signaling is involved in pro-survival 
effects of OSC on OGD/R-insulted BV-2 cells. 
As shown in Figure 6A-C, the phosphorylation 
of Akt and mTOR significantly increased after 

Figure 6. OSC promoted OGD/R-treated BV-2 cell survival by further activating the PI3K/Akt/mTOR pathway. (A-C)
BV-2 cells were exposed to OGD for 3 h followed by 24 h of reoxygenation. OSC (3 μM) was added to the medium 
immediately after OGD phase. (A) Western blot was performed to analyze the expression of Akt, p-Akt, mTOR, and 
p-mTOR. β-actin was used as the loading control. (B and C) Quantitative ratios of p-Akt/Akt (B) and p-mTOR/mTOR 
(C). (D and E) BV-2 cells were exposed to OGD for 3 h followed by 24 h of reoxygenation with or without 30 min of pre-
treatment of PI3K/Akt inhibitor LY294002 (10 μM) or mTOR inhibitor rapamycin (30 nM). OSC (3 μM) was added to 
the medium immediately after the OGD phase. (D) MTT assay was adopted to detect cell viability. (E) Cell apoptosis 
was measured by flow cytometry. Data are derived from three independent experiments and expressed as means ± 
SD. *P < 0.05 vs. Ctrl group; #P < 0.05 vs. OGD/R group; P < 0.05 vs. OGD/R + OSC group.
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OGD/R treatment, which was further enhanced 
by OSC. By contrast, OSC did not elicit evident 
effects on the expression of total Akt and 
mTOR. Moreover, we found that the increased 
viability of BV-2 cells caused by OSC was abol-
ished by PI3K/Akt inhibitor (LY294002) or 
mTOR inhibitor (rapamycin) pretreatment 
(Figure 6D) and the anti-apoptotic effect of OSC 
on BV-2 cells was weakened by treatment with 
LY294002 or rapamycin (Figure 6E). These 
results suggested that PI3K/Akt/mTOR axis 
partly mediated the pro-survival effects of OSC 
on OGD/R-exposed BV-2 cells. 

Discussion

This study illuminated that OSC protected 
against OGD/R-caused BV-2 microglia injury. 
The key findings were as follows. First, OSC 
increased cell viability and reduced LDH release 
in OGD/R-injured BV-2 cells. Second, OSC 
decreased inflammatory mediators in OGD/R-
exposed BV-2 cells. Third, OSC suppressed the 
inflammatory responses in OGD/R-challenged 
BV-2 cells partly by blocking the TLR4/MyD88/
NF-κB pathway. Fourth, OSC inhibited OGD/R-
induced BV-2 cell apoptosis, as shown by the 
decrease in MMP loss and caspase-3 activity, 
the downregulation of pro-apoptotic proteins 
(cl-caspase-3 and Bax), and the upregulation  
of anti-apoptotic protein (Bcl-2). Lastly, the  
anti-apoptotic effects of OSC probably relied  
on the activation of PI3K/Akt/mTOR signaling. 
Collectively, OSC attenuated OGD/R-induced 
BV-2 cell damage by inhibiting inflammation 
and apoptosis.

Microglia plays a pivotal role in the pathogene-
sis of ischemic stroke. The excessive activation 
of microglia contributes to inflammation-medi-
ated neurotoxicity through the release of inflam-
matory mediators, such as TNF-α, IL-1β, IL-6, 
PGE2, and NO [20-23]. TLR4 is involved in 
microglial activation under hypoxic conditions 
[24]. TLR4 activation triggers the recruitment of 
MyD88 and sequential activation of IκB kinase 
(IKK) complex. The activated IKK complex pro-
motes the phosphorylation and degradation of 
IκB-α and the subsequent release of NF-κB. 
Then, NF-κB translocates to the nucleus and 
triggers the transcription of its downstream 
molecules, such as TNF-α, IL-6, COX-2, and 
iNOS [25, 26]. OGD/R-induced phosphorylation 
and nuclear NF-κB translocation are mediated 
by TLR4/MyD88 signaling in BV-2 cells [9-11]. 

This study demonstrated that OSC reduced  
the OGD/R-induced upregulation of TLR4 and 
MyD88 and the activation of NF-κB and the  
production of its downstream inflammatory 
mediators in BV-2 cells, suggesting the protec-
tion of OSC against OGD/R-induced inflamma-
tory responses. 

Apoptosis is a critical event in many neurologi-
cal disorders, including ischemic stroke. The 
inflammatory or apoptotic mediators produced 
by over-activated microglia may cause and 
exacerbate microglial apoptosis [12]. Lee et al. 
[27] reported that NO released by microglia 
may act as an autocrine mediator in the apop-
tosis of activated microglial cells. The exces-
sive PGE2 can also induce microglial apoptosis 
[28]. The major components of the apoptotic 
pathway include caspase and Bcl-2 families 
[29]. Caspase-3 is a key executor of cell apop-
tosis. Increased cl-caspase-3 expression is a 
hallmark of apoptosis in brain diseases [30]. 
The relative expression of different Bcl-2 family 
members controls the sensitivity of cells to 
apoptotic stimuli [31]. Bax overexpression pro-
motes apoptotic cell death, while heterodimer 
formation between Bax and Bcl-2 inhibits the 
death-promoting effects of Bax [32]. An 
increased Bax/Bcl-2 ratio induces cytochrome 
c release and caspase-3 activation. In this 
study, OSC reversed the increase of Bax and cl-
caspase-3 and the decrease of Bcl-2 in OGD/R-
exposed BV-2 cells, suggesting the intensively 
anti-apoptotic efficacy of OSC. PI3K/Akt signal-
ing has been proposed as an essential strategy 
to prevent cell death [33]. Endogenous protec-
tion of microglia against OGD relies on the pro-
survival PI3K/Akt/mTOR pathway because the 
pharmacological inhibition of mTOR or Akt or 
Akt silencing significantly exacerbates microgli-
al apoptotic injury under hypoxia/reperfusion 
[13, 34]. In this report, OGD/R insult markedly 
increased the phosphorylation levels of mTOR 
and Akt and OSC further enhanced the levels  
of p-mTOR and p-Akt in BV-2 cells. The pro-sur-
vival and anti-apoptotic effects of OSC on OGD/
R-stimulated BV-2 cells were counteracted by 
LY294002 or rapamycin pretreatment. Thus, 
PI3K/Akt/mTOR signaling contributes to the 
protective effects of OSC on OGD/R-insulted 
BV-2 cells.

In summary, this study demonstrated that OSC 
attenuates OGD/R-induced BV-2 cell damage 
by its anti-inflammatory and anti-apoptotic 
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properties. OSC reduces the levels of inflam- 
matory mediators partly by inactivating the 
TLR4/MyD88/NF-κB signaling. The OSC-eli- 
cited inhibition of OGD/R-led BV-2 cell apopto-
sis is probably dependent on PI3K/Akt/mTOR 
signaling. These findings suggested that OSC 
may be a potential agent for the treatment of 
ischemic brain diseases.
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