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Introduction

Microglia are resident innate immune cells in the 
central nervous system (CNS), with similar func-
tional and phenotypic characteristics as mac-
rophages. They participate in innate immune 
responses in the brain and play an important role in 
the incidence and development of CNS diseases.1 
In the injured CNS, microglial activation plays a 
critical and dual role in the CNS microenvironment.2 
In the immune response of diseases such as 
Alzheimer’s disease (AD), Parkinson’s disease 
(PD), multiple sclerosis (MS), and cerebral 
ischemia, activated microglia can secrete both ben-
eficial and harmful molecules, including neuro-
trophic cytokines and inflammatory factors.3–6
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Like peripheral macrophages, microglia can be 
polarized to distinct functional phenotypes: 
namely, the classic activation type (M1 microglia) 
and the selective activation type (M2 microglia). 
Microglia respond to many stimuli such as LPS, 
IFN-γ, TNF-α, hypoxia, and β-amyloid, and are a 
major source of inflammatory cytokines and oxi-
dative metabolites such as IL-1β, IL-6, TNF-α, 
iNOS, and COX-2, thereby contributing to neuron 
damage and death. M2 microglia, however, are 
activated by Th2 cell factors like IL-4, IL-10, and 
IL-13, which can inhibit immuno-inflammatory 
responses by secreting anti-inflammatory factors 
and increasing neurotrophic factors such as glial 
cell-derived neurotrophic factor (GDNF) and 
brain-derived neurotrophic factor (BDNF), thus 
promoting nerve repair and regeneration.7 Priming 
of microglial polarization towards M2 phenotype 
by drug intervention should therefore provide 
novel strategies for the treatment of neurological 
diseases with neuroinflammation.

Although multiple cell lines, such as astrocytes 
and neurons, express toll-like receptor (TLR)-4, 
and TLR-4 concentration is highest on microglia,8 
it is clear that microglial activation occurs through 
a TLR-4–mediated pathway. Functional TLR-4 of 
microglia is known to have deleterious effects in 
stroke and neurodegenerative models. Previous 
studies indicated that TLR-4 was upregulated in 
microglia after oxygen-glucose deprivation 
(OGD), that microglia with intact TLR-4 expressed 
a significantly higher amount of inflammatory 
cytokines, and that the absence of a functional 
TLR-4 is associated with a decreased production of 
inflammatory cytokines.9,10 In stroke models, 
TLR-4 has been associated with larger infarct vol-
umes and more severe functional deficits.11 In 
addition, ischemic spinal cord also demonstrated a 
significant increase in microglia with intact TLR-
4, suggesting that TLR-4 signaling has an effect on 
reperfusion injury in the spinal cord.12 Taken 
together, these results indicate the TLR-4 on micro-
glia plays an important role in condition-induced 
CNS injury.

Safflor yellow (SY), the main active component 
of the traditional Chinese medicine safflower, is a 
mixture that contains water soluble chalcone, 
which includes hydroxyl safflor yellow A (HSYA), 
hydroxylsafflor yellow B (HSYB), and others. 
HSYA, molecular formula C27H32O16, with a 
molecular weight of 612, is the main component 

of SY.13 SY has been used for many years in tradi-
tional Chinese medicine as a purgative, analgesic, 
antipyretic, and poison antidote. SY has multiple 
pharmacological actions such as inhibiting plate-
let aggregation, anticoagulation, anti-oxidation, 
and anti-inflammation.14–17 It has been reported 
that HSYA inhibits the phosphorylation of NF-κB 
and p38 MAPK in BV2 cells in OGD/reoxygen-
eration (OGD/R) conditions, accompanied by the 
downregulation of inflammatory IL-1β, IL-6, and 
TNF-α.18 Human epithelial cell strain A549 has 
been stimulated by LPS to activate the TLR4/
Myd88/NF-κB inflammatory pathway, while 
HYSA also reduces TLR4 expression on mRNA 
and protein levels.19 In many CNS disorders, 
microglia are the cells principally responsible for 
the development of a neuroinflammatory microen-
vironment. Inhibition of the microglial inflamma-
tory pathway is therefore of primary importance 
for improving the neuroinflammatory microenvi-
ronment, reducing neuronal injury, and promoting 
tissue regeneration and repair in the CNS.

To better understand the molecular basis of SY’s 
anti-inflammatory capacity in the CNS, we observed 
its ability to inhibit TLR expression while simulta-
neously suppressing inflammatory responses. We 
found that SY inhibited TLR4-Myd88- P38 MAPK-
NF-κB signaling pathways, accompanied by the 
suppression of inflammatory TNF-α, IL-1β, IL-6, 
IL-12, NO, COX-2, and iNOS, promoting the depo-
larization of inflammatory M1 toward anti-inflam-
matory M2 microglia.

Materials and methods

BV2 microglia culture and treatments

The BV-2 immortalized microglial cell line was 
obtained from ShenKe Biological Technology Co., 
Ltd., Shanghai, PR China, and cultured in 
Dulbecco’s modified Eagle medium (DMEM; 
Gibco) supplemented with 10% fetal bovine serum 
(FBS; Gibco), 100 U/mL penicillin, and 100 μg/mL 
streptomycin (Gibco) at 37°C in a humidified cell 
incubator with a 95%/5% (v/v) mixture of air and 
CO2. HSYA is major active component of SY that 
is obtained from traditional Chinese medicine saf-
flower carthamus by Shanxi HuaHuiKaiDe 
Pharmaceutical Co., Ltd., PR China. A control 
group, LPS group, and LPS+SY group were set for 
the experiments. After microglial cells had been 
attached to the culture dish for 2 h, LPS (Sigma, St. 
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Louis, MO, USA) at a final concentration of 0.5 
μg/mL was added to the LPS group, and LPS plus 
SY at a final concentration of 80 μg/mL was added 
to the LPS+SY group. BV-2 cells in all groups 
were then cultured for 48 h.

Cell viability

Cell viability of BV2 microglia was measured by 
MTT assay. Briefly, BV-2 microglia (2×104 / mL) 
were inoculated on 96-well plates, and cultured 
with LPS (100 ng/mL, 200 ng/mL, 500 ng/mL, 1 
μg/mL, 2 μg/mL) and/or SY (20 μg/mL, 40 μg/mL, 
80 μg/mL, 100 μg/mL) for 48 h. A total of 100 μl of 
MTT solution (0.5 mg/mL in the medium) was 
added to each well, and the plates were incubated at 
37°C for an additional 4 h. Plates were then centri-
fuged to remove the supernatants, and the crystals 
were dissolved in 150 μL of DMSO. Cell viability 
was determined by measuring the optical density 
(OD) at 490 nm using a quantified microplate 
reader (Multiscan Ascent, Labsystem, Finland). All 
determinations were confirmed by replication in at 
least three independent experiments. Cell viability 
(%) = (OD value of experimental well – OD value 
of zero-setting well) / (OD value of control well – 
OD value of zero-setting well) × 100%.

Cytokine ELISA assay

Collected supernatants were put into a −80°C refrig-
erator and the concentrations of IL-1β, IL-6, TNF-
α, and IL-10 were measured with the commercial 
ELISA kit (PeproTech Inc., USA) following the 
manufacturer’s instructions. All determinations 
were confirmed by replication in at least three inde-
pendent experiments. Concentrations of cytokine 
are expressed as pg/mL.

Nitrite assay

Nitric oxide (NO) was assayed by measuring the 
end product nitrite, which was determined by a 
colorimeter assay based on the Griess reaction. 
Supernatants (100 μL) of cultured cells were mixed 
with 100 μL of Griess reagent for 10 min at RT. 
Absorbance was measured at 510 nm in an auto-
mated plate reader. Concentrations of nitrite were 
determined by reference to a standard curve of 
sodium nitrite (Sigma). Determinations were per-
formed in duplicate and repeated in three inde-
pendent experiments. Results are expressed as 

micromolar. In order to remove the possible effect 
of SY’s color on background absorbance, an SY 
control was used in addition to the control group.

Western blotting

Cells were homogenized with a glass homogenizer 
using RIPA Lysis Buffer (Beyotime Institute of 
Biotechnology, PR China) supplemented with pro-
tease inhibitors. Protein concentration was meas-
ured by BCA (Beyotime Institute of Biotechnology, 
PR China). Cell extracts (30 μg) were loaded onto 
SDS-polyacrylamide gels and transferred onto a 
nitrocellulose membrane (Millipore). After block-
ing with 5% milk was at room temperature for 1 h, 
membranes were incubated at 4°C overnight with 
primary antibodies against TLR4, TLR2, p-NF-
κB(p65), p-JNK (1:1000, Cell Signaling Technology, 
USA), Myd88 (1:1000, Abcam, USA), p-P38, 
p-ERK (1:1000, Santa Cruz Biotechnology, USA), 
iNOS (1:1000, Enzo Life Sciences, USA), Arg 
(1:1000, BD Biosciences, USA), COX-2 (1:1000, 
Epitomics, USA), GAPDH, β-actin(1:10000, Cell 
Signaling Technology, USA). The following day, 
membranes were incubated with horseradish perox-
idase-conjugated secondary antibody (1:10,000, 
Earthox LLC, USA) for 1 h. Immunoblots were 
developed with an enhanced chemiluminescence 
system (GE Healthcare Life Sciences) and meas-
ured using Quantity Software (Bio-Rad, Hercules, 
CA, USA). GAPDH or β-actin was used as the opti-
cal density of internal reference.

Real-time PCR

Total RNA was isolated from cells using RNAiso 
Plus Reagent (Takara, Dalian, PR China), and 
reverse-transcribed by using PrimeScriptTMRT 
Reagent Kit (Takara, Dalian, PR China) to produce 
cDNA. Quantitative PCR (ABI StepOne Plus, 
USA) was performed with SYBR® Premix Ex 
Taq™ (Tli RNase Plus) (Takara, Japan). 
Glyceraldehydes-3-phosphate dehydrogenase 
(GAPDH) mRNA was used as an internal control. 
PCR primers were as follows: TLR4: F:5′-
TTCAGAACTTCAGTGGCTGGATTTA-3′,R:5′-
GTCTCCACAGCCACCAGATTCTC-3′; TLR2: 
F: 5′-GTCTCCACAGCCACCAGATTCTC-3′, R: 
5 ′ - A G A G T C A G G T G AT G G AT G T C G - 3 ′ ; 
GAPDH:F:5′-TGTGTCCGTCGTGGATCTGA-3′, 
R: 5′-TTGCTGTTGAAGTCGCAGGAG-3′.
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The GenBank accession numbers of the primers 
are TLR4: (NM-021297.2 http://www.ncbi.nlm.nih.
gov/entrez/viewer.fcgi?db=nucleotide&id=1181 
30391), TLR2: (NM-011905.3), GAPDH: (NM-
144900.2 http://www.ncbi.nlm.nih.gov/entrez/
viewer.fcgi?db=nucleotide&id=340007435), spe-
cies: Mus musculus (house mouse). Differences in 
expression of TLR-4 and TLR-2 between the con-
trol and treated cells were calculated by normalizing 
with GAPDH gene expression according to the fol-
lowing formula: 2–ΔΔCt = ((Ct gene of interest-Ct 
internal control) sample A-(Ct gene of interest-Ct 
internal control) sample B).

Flow cytometry analysis

BV2 microglia were stimulated with LPS (0.5 μg/
mL) in the presence or absence of SY (80 μg/mL) 
for 48 h, and stained for 20 min at room RT in 1% 
BSA-PBS buffer with the following antibodies: 
PE-CD206 (eBioscience, USA), PE-CD16/32 (eBi-
oscience, USA), TLR-2 (Cell Signaling Technology, 
USA), and TLR-4 (Cell Signaling Technology). For 
intracellular staining, BV2 microglia were stained 
for 20 min at RT in 0.3% saponin/1% BSA-PBS 
buffer with the following antibodies: PE-IL-10 and 
PE-IL-12 (eBioscience, USA), Arginase-1 (Arg-1) 
(BD Biosciences, America), iNOS (Enzo Life 
Sciences, USA). For TLR-2, TLR-4, Arg-1, and 
iNOS staining, we adopted indirect fluorescence to 
label Arg-1 and iNOS with the fluorescence second 
antibodies Alexa Fluor 488 (Invitrogen Corporation, 
USA) and Alexa Fluor 555 (Invitrogen Corporation, 
USA). Cells were gated by using forward and side-
ward scatter characteristics for monocytes/mac-
rophages, and at least 10,000 gated events were 
collected using a flow cytometer (BD Biosciences, 
USA). Data were analyzed with CellQuest soft-
ware. Results are expressed as mean fluorescence 
intensity.

Immunofluorescent staining

A slide coated with Poly L-lysine (0.1 mg/mL) was 
put in a 24-well plate. After BV2 microglia were 
cultured and treated based on experimental require-
ments, BV2 microglia were fixed with 4% para-
formaldehyde for 30 min and stained with the 
following antibodies: anti-CD16/32 (1:1000), anti-
CD206 (1:1000), anti-iNOS (1:1000), anti-Arg-1 
(1:1000), anti-IL-12 (1:1000), and anti-IL-10 

(1:1000), and kept overnight at 4°C. The next day, 
Alexa Fluor 488-conjugated secondary antibodies 
(1:1000; Invitrogen) or Alexa Fluor 555-conju-
gated secondary antibodies (1:1000; Invitrogen) 
were added at RT for 2 h. As a negative control, 
additional slides were treated similarly, but pri-
mary antibodies were omitted. The stained slides 
were examined with a fluorescence microscope 
(Olympus, Japan).

Statistical analyses

The data were statistically analyzed with statistical 
software SPSS13.0 by one-way ANOVA followed 
by post-hoc Tukey’s test. A statistically significant 
difference was assumed at P <0.05.

Result

Effect of SY on cell viability stimulated with LPS

The viability of BV2 microglia under different 
LPS and SY conditions was tested using the MTT 
method. Based on our pilot results, LPS (0.5 μg/mL) 
and SY (80 μg/mL) were used in the following 
experiments. As shown in Figure 1a, the viability 
of BV2 microglia did not exhibit statistical differ-
ence (P >0.05) when stimulated with LPS at differ-
ent concentrations (100, 200, 500, 1000, and 2000 
ng/mL), indicating that LPS stimulation alone had 
no significant influence on the viability of BV2 
microglia. The viability of BV2 microglia was not 
affected by the addition of different SY concentra-
tions (20, 40, 80, and 100 μg/mL) either (Figure 
1b), suggesting that SY also did not induce BV2 
microglial cell death.

Effect of SY on LPS-induced TLRs/ Myd88 
signaling in BV2 microglia

TLRs play key roles in the innate defense mecha-
nism against pathogens and the development of 
adaptive immunity, and are possibly the major 
determinants of the susceptibility to inflammation 
and infection, through MyD88-dependent and 
independent signaling pathways. Compared with 
control group, LPS stimulation resulted in upregu-
lation of TLR-4 at both mRNA and protein levels, 
as determined by RT-PCR, western blot, and flow 
cytometry assays (P <0.01–0.001, Figure 2) and 
increase of MyD88 at protein by western blot 
(P <0.01, Figure 2), suggesting LPS-induced 

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1181
30391
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1181
30391
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1181
30391
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=340007435
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=340007435
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TLR-4-MyD88 activation. On the contrary, SY 
treatment effectively inhibited the TLR-4 and 
MyD88 expression at levels of mRNA and/or 

protein (P <0.05–0.001), revealing a suppressive 
role of SY in TLR-4-MyD88 signaling in BV2 
microglia. However, no influence was observed by 

Figure 1. Effect of SY on cell viability stimulated with LPS. BV2 microglia were treated with different concentrations of LPS (a) and 
SY (b), and cell viability was measured by MTT assay.

Figure 2. Effect of SY on LPS-induced TLRs/ Myd88 signaling in BV2 microglia. BV2 microglia were treated with LPS (0.5 μg/mL) 
or LPS (0.5 μg/mL) plus SY (80 μg/mL) for 48 h. Levels of TLR2, TLR4, and Myd88 were measured by RT-PCR (a), western blot (b), 
and flow cytometry (c). Quantitative results are expressed as mean ± SEM from three independent experiments with similar results 
(in triplicate/each experiment). *P <0.05, **P <0.01, ***P <0.001.
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LPS stimulation or SY treatment on TLR-2 expres-
sion (Figure 2).

Influence of SY on LPS-induced NF-κB/MAPK 
activation in BV2 microglia

Given that MyD88 signaling mediates NF-κB and 
MAPK pathway, we next determined the activation 
of NF-κB/MAPK pathway by western blot. As 
shown in Figure 3, LPS stimulation resulted in the 
activation of NF-κB (P <0.01) and the phosphoriza-
tion of P-38 (P <0.05) and JNK (P <0.001), and SY 
treatment effectively inhibited the expression of 
p-NF-κB(P65) (Figure 3a, P <0.05), and P-38 
(Figure 3b, P <0.05). These results indicate that SY 
treatment inhibited the LPS-induced activation of 
NF-κB/P-38 signaling pathway in BV2 microglia in 
vitro. Simultaneously, LPS stimulation or SY treat-
ment did not influence ERK activity, and SY did not 
suppress LPS-induced JNK activity (Figure 3b).

Influence of SY on LPS-induced BV2 microglial 
polarization

To further ascertain whether SY can trigger the 
polarization of inflammatory BV2 microglia toward 
anti-inflammatory M2 cells under LPS stimulation, 
we measured the expression of iNOS, CD16/32, 
IL-12, and Arg-1, CD206, IL-10, which are repre-
sentatives of M1 and M2 microglia/macrophage. 
LPS induced iNOS expression in BV2 cells as 
shown by immunocytochemistry staining (Figure 
4a, P <0.05), flow cytometry (Figure 4b, P <0.05), 
and western blot (Figure 4c, P <0.01), but did not 
significantly affect Arg-1 expression (Figure 4). 
However, the treatment of SY effectively inhibited 
the expression of iNOS (Figure 4; P <0.05) and the 
ratio of iNOS/Arg-1 (Figure 4c, P <0.01).

Similarly, LPS stimulated CD16/32 expression 
in BV2 cells (P <0.05), but slightly enhanced 
CD206 expression (P <0.05). SY treatment effec-
tively inhibited CD16/32 expression, and further 
increased LPS-induced CD206 expression in BV2 
cells (Figure 5a, b, both P <0.05).

Further, while LPS induced obviously IL-12 pro-
duction of BV2 cells (P <0.05), SY treatment effec-
tively suppressed its production but elevated the 
production of IL-10 (Figure 6, both P <0.05). Taken 
together, these results clearly demonstrate that SY 
treatment converted LPS-induced inflammatory 
M1 microglia toward anti-inflammatory M2 cells.

Influence of SY on LPS-induced production of 
inflammatory factors and NO by BV2 microglia

TLR-activated signaling pathway on microglia has 
been linked to neuroinflammation that is known to 
increase the risk for the development and promo-
tion of neurodegeneration and neuron damage. We 
thus further measured the production levels of 
inflammatory factors IL-1, IL-6, TNF-α, COX-2, 
and NO in BV2 microglia. As shown in Figure 7a–
e, LPS stimulated BV2 cells to produce IL-1β 
(P <0.05), IL-6 (P <0.01), TNF-α (P <0.05), and 
COX-2 (P <0.05), and the production of these mol-
ecules was significantly inhibited by treatment (all 
P <0.05). Further, LPS stimulated BV-2 cells to 

Figure 3. Influence of SY on LPS-induced NF-κB/MAPK 
activation in BV2 microglia. BV2 microglia were treated with 
LPS (0.5 μg/mL) or LPS (0.5 μg/mL) plus SY (80 μg/mL) for 48 
h. Protein levels of p-NF-κB/65 (a), p-P38 (b), p-JNK (b), and 
p-ERK (b) were measured by western blot assay. Quantitative 
results are expressed as mean ± SEM from three independent 
experiments with similar results (in triplicate/each experiment). 
*P <0.05, **P <0.01, ***P <0.001.
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produce NO, while SY significantly inhibited this 
production (Figure 7f; P <0.01).

Discussion

Accumulated evidence shows that neuroinflamma-
tion is involved in the pathogenesis of a number of 
neurodegenerative diseases and cerebrovascular 
diseases including PD, AD, MS, and stroke.20,21 In 

the process of inflammatory response, M1 and M2 
macrophages/microglia dynamically regulate the 
immune response and inflammatory microenviron-
ment. M1 microglia can secrete a large number of 
inflammatory mediators and ingest dead cells and 
other debris. When the production of inflammatory 
mediators is not well controlled, however, exces-
sive inflammatory response will result in tissue 
damage. On the other hand, M2 microglia can 

Figure 4. Influence of SY on LPS-induced iNOS and Arg-1 expression in BV2 microglia. BV2 microglia were treated with LPS 
(0.5 μg/mL) or LPS (0.5 μg/mL) plus SY (80 μg/mL) for 48 h. Protein levels of iNOS (M1) and Arg-1 (M2) were measured by 
immunocytochemistry staining (a), flow cytometry (b), and western blot assay (c). Quantitative results are expressed as mean ± 
SEM from three independent experiments with similar results (in triplicate/each experiment). *P <0.05, **P <0.01.
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Figure 5. Influence of SY on LPS-induced the expression of CD16/32 and CD206 protein on BV2 microglia treated by LPS. BV2 
microglia were treated with LPS (0.5 μg/mL) or LPS (0.5 μg/mL) plus SY (80 μg/mL) for 48 h. Protein levels of CD16/32 (M1) and 
CD206 (M2) were measured by immunocytochemistry staining (a) and flow cytometry (b). Quantitative results are expressed as 
mean ± SEM from three independent experiments with similar results (in triplicate/each experiment). *P <0.05.

Figure 6. Influence of SY on LPS-induced IL-12 and IL-10 production in BV2 microglia. BV2 microglia were treated with 
LPS (0.5 μg/mL) or LPS (0.5 μg/mL) plus SY (80 μg/mL) for 48 h. Production of IL-12 (M1) and IL-10 (M2) was measured by 
immunocytochemistry staining (a) and flow cytometry (b). Quantitative results are expressed as mean ± SEM from three 
independent experiments with similar results (in triplicate/each experiment). *P <0.05.
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inhibit the inflammatory response in damaged area 
and reduce the release of inflammatory factors, 
possessing the function of neuroprotection and 
restoration.22–24

Defining the molecular mechanism for mac-
rophage/microglial polarization could result in 
the identification of novel opportunities for 
manipulating immune and inflammatory responses. 
Many factors contribute to the diversity of mac-
rophage/microglial functions, including the syn-
ergistic or antagonistic effects of different cells, 
cytokines, chemokines, protein kinases, hor-
mones, TLR ligands, complements, and other 
endogenous molecules.6,25,26 In this study, we 
observed that SY, the main active component 
of the traditional Chinese medicine safflower, 

effectively inhibited LPS-mediated inflammatory 
signaling and factors in microglia, including 
TLR-4/NF-κB, NF-κB/MAPK pathways and 
COX-2, IL-1β, IL-6, and TNF-α. At the same 
time, HSYA treatment is able to induce the con-
version of microglia from inflammatory M1 to an 
anti-inflammatory M2 phenotype.

LPS, an inducer of M1 microglia,27 especially 
acts on TLRs of cells, which is able to stimulate the 
activation of NF-κB/MAPK pathway by their 
downstream molecule MyD88. This signaling path-
way is also required for immune protection and 
inflammatory responses during many infections, 
which might be lethal in the absence of MyD88.28 
In seven randomized controlled trials with 762 par-
ticipants, SY seems to be effective and safe in the 
treatment of acute ischemic stroke.29 In a series of 
experimental studies, SY enhanced Bcl-2 expres-
sion and inhibited Bax and caspase-3 activation, 
thus attenuating neuronal apoptosis and spinal cord 
ischemia reperfusion injury16 and protected PC12 
cells from H2O2-induced injury and apoptosis.30 SY 
also inhibited neuroinflammation which was medi-
ated by Aβ1-42

14 and oxygen-glucose deprivation in 
BV-2 cells.18 The mechanisms of SY action include 
the phosphorylation of JAK2/STAT3 pathway,14 the 
upregulation of Bcl-2/p22 (phox) expression15 as 
well as the inhibition of oxidative stress/apoptosis 
and NF-κB signaling pathway.18,31 On the other 
hand, MAPKs comprise a group of serine and thre-
onine signaling kinases that transduce a variety of 
extracellular stimuli through a cascade of protein 
phosphorylation, leading to activation of transcrip-
tion factors. Among MAPKs, ERK pathway is 
linked to cellular proliferation and differentiation 
while p-JNK and p-P38 pathways are linked to 
inflammation and apoptosis.32 In the current study, 
we observed the SY significantly reduced p-38, but 
not p-ERK, expression, indicating a p-38/p-JNK-
dependent and ERK-independent signaling path-
way for NF-κB inhibition by SY.

In conclusion, our results demonstrate that SY 
exerts an anti-inflammatory effect on BV2 micro-
glia, possibly through TLR-4/p-38/p-JNK/NF-κB 
signaling pathways and the conversion of microglia 
from inflammatory M1 to an anti-inflammatory M2 
phenotype.
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Figure 7. Influence of SY on LPS-induced inflammatory 
factors and NO release by BV2 microglia. BV2 microglia were 
treated with LPS (0.5 μg/mL) or LPS (0.5 μg/mL) plus SY (80 
μg/mL) for 48 h. The levels of IL-1β, IL-6, TNF-α, and IL-10 
in culture supernatants were measured by ELISA assay (a–d), 
COX-2 expression was determined by western blot assay (e), 
and NO generation was evaluated by the Griess reaction (f). 
Quantitative results are expressed as mean ± SEM from three 
independent experiments with similar results (in triplicate/each 
experiment). *P <0.05, **P <0.01, ***P <0.001.
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