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Biochanin A attenuates LPS-induced pro-inflammatory
responses and inhibits the activation of the
MAPK pathway in BV2 microglial cells
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Abstract. Inflammation in the brain, characterized by the
activation of microglia, is believed to participate in the patho-
genesis of Parkinson's disease. Biochanin A, an O-methylated
isoflavone, is a natural organic compound and is classified
as a phytoestrogen. In this study, using murine BV2 microg-
lial cells, we investigated the anti-inflammatory effects of
biochanin A and the possible mechanisms involved. BV2
microglial cells were treated with lipopolysaccharide (LPS)
to induce pro-inflammatory responses and the cells were then
treated with biochanin A. Cell viability was examined by MTT
assay. The production of nitric oxide (NO) was examined
using Griess reagent and intracellular reactive oxygen species
(ROS production) was measured by DCFH-DA assay. The
mRNA expression of interleukin-1f3 (IL-1f), inducible nitric
oxide synthase (iNOS) and tumor necrosis factor-o (TNF-a)
was examined by RT-PCR. The expression of p-ERK, p-JNK,
p-p38 and iNOS was measured by western blot analysis. In
addition, the protein and mRNA and phosphorylation levels
of pro-inflammatory cytokines were determined by western
blot analysis and RT-PCR, respectively. The results revealed
that biochanin A attenuated LPS-induced microglial activation
and the production of TNF-a, IL-1f, nitric oxide and reactive
oxygen species in a dose-dependent manner. Biochanin A
significantly decreased the LPS-induced mRNA expression
of TNF-a and IL-1f, and inhibited iNOS mRNA and protein
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expression. Furthermore, biochanin A significantly inhibited
the LPS-induced phosphorylation of c-Jun NH2-terminal
kinase (JNK), extracellular signal-regulated kinase (ERK)
and p38. These findings suggest that the inhibitory effects of
biochanin A on LPS-induced proinflammatory responses may
be associated with the inhibition of mitogen-activated protein
kinase (MAPK) signaling pathways in BV2 microglial cells.

Introduction

Inflammation in the brain, characterized by the activation of
microglia, has been closely associated with the pathogenesis of
Parkinson's disease (PD), as well as several other neurodegener-
ative disorders, including Alzheimer's disease (1,2). Microglia,
the resident immune cells in the brain, play a role in immune
surveillance and host defense under normal conditions (3).
However, in response to injury, infection, or inflammation,
microglia become readily activated and secrete a variety of
proinflammatory factors, including cytokines such as tumor
necrosis factor-a (TNF-a) and interleukin-13 (IL-1p), as well as
the free radicals, nitric oxide (NO) and reactive oxygen species
(ROS). The accumulation of these proinflammatory factors is
considered to contribute to the degeneration of dopaminergic
neurons (4-8). As the midbrain region that encompasses the
substantia nigra is particularly rich in microglia (6), the activa-
tion of microglia and the release of proinflammatory factors
may be a crucial component of the degenerative process of
dopaminergic neurons in PD. Hence, the identification of
compounds that inhibit microglial activation and the release of
proinflammatory factors is highly desirable in the search for
therapeutic agents for inflammation-mediated neurodegenera-
tive diseases, including PD.

In the investigation of more potent anti-inflammatory
agents, natural compounds have received much attention in
recent years (9,10). Biochanin A, an O-methylated isoflavone, is
anatural organic compound and is classified as a phytoestrogen,
due to its structural similarity to estrogen and its estrogen-like
activities. It can be found predominantly in legume plants,
such as chickpeas and red clover. A number of studies have
demonstrated that biochanin A exerts beneficial effects on
human health, including the prevention of cancers, heart
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disease, menopausal symptoms and osteoporosis (11,12,13). In
our previous study, we found that biochanin A inhibited the
lipopolysaccharide (LPS)-induced activation of microglia and
the production of TNF-a, NO and superoxide in mesencephalic
neuron-glia cultures and microglia-enriched cultures (11).
However, the mechanisms underlying the anti-inflammatory
effects of biochanin A are not yet fully understood.

In the present study, using murine BV2 microglial cell
cultures, we further investigated the potential anti-inflammatory
effects of biochanin A, as well as the possible mechanisms
involved.

Materials and methods

Materials. All reagents used for cell culture were purchased from
Gibco (Carlsbad, CA,USA).Biochanin A,LPS and 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were
purchased from Sigma-Aldrich (St. Louis, MO, USA). Griess
reagent and TRIzol RNA extraction reagent were provided by the
Beyotime Institute of Biotechnology (Haimen, China). RT-PCR
reagents were purchased from Thermo Scientific (Waltham,
MA, USA). Primary antibody specific for inducible NO synthase
(iNOS; 2982s) was obtained from Cell Signaling Technology
(Danvers, MA, USA). Primary antibodies against extracel-
lular signal-regulated kinase (ERK; BS6426), phosphorylated
(p)-ERK (AP0484), c-Jun NH2-terminal kinase (JNK; BS6706),
p-JNK (BS4763), p38 (BS3566) and p-p38 (BS4635) were
obtained from Bioworld Technology (St. Louis Park, MN, USA).
A secondary antibody for goat anti-rabbit immunoglobulin (IgG)
horseradish peroxidase (HRP) was acquired from Zhongshan
Biotechnology Corp. (Beijing, China). The TNF-a and IL-1p
ELISA kits were obtained from BD Biosciences (San Jose, CA,
USA). Other chemicals and reagents used in this study were of
analytical grade.

Cell culture and MTT assay. The BV-2 microglial cell line was
obtained from Shanghai Fuxiang Biological Corp. (Shanghai,
China). The cells were seeded in 96-well culture plates at
1x10° cells/well. The cell cultures were maintained at 37°C in
a humidified atmosphere of 5% CO, and 95% air in Dulbecco's
modified Eagle's medium/nutrient F12 (DMEM/F12) containing
10% fetal bovine serum (FBS) and antibiotics (100 U/ml peni-
cillin and 100 pg/ml streptomycin). For cell viability assay, the
cells were incubated with serum-free medium for 24 h, followed
by treatment with various concentrations of LPS or biochanin A.
Following incubation for 36 h, 100 pl of MTT (0.5 mg/ml final
concentration) were added and incubation was continued for a
further 4 h. The formazan crystals in each well were dissolved in
dimethyl sulfoxide (DMSO), and the absorbance was measured at
490 nm using an enzyme-linked immunosorbent assay (ELISA)
microplate reader. The absorbance of the untreated control group
was also measured in order to calculate relative cell viability.

Measurement of proinflammatory cytokine production. The
production of proinflammatory cytokines was determined using
an ELISA kit. BV2 cells were treated with various concentrations
of biochanin A and stimulated with LPS for 36 h. The culture
medium was collected and the concentrations of TNF-a and
IL-1p were measured according to the manufacturer's instruc-
tions with quantikine mouse TNF-a and IL-1f3 immunoassay.
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Determination of NO production. The BV2 cells were pre-
treated with various concentrations of biochanin A (1.25,
2.5, 5 uM) for 30 min and then treated with LPS (10 pg/ml)
for an additional 36 h. The production of NO was measured
by Griess reaction as previously described (14). Briefly, after
36 h of treatment with LPS (10 ug/ml) and various concentra-
tions of biochanin A, 50 ul of culture supernatant from each
sample were mixed with an equal volume of Griess reagent
[1% sulfanilamide/0.1% N-(1-naphthyl)-ethylenediamine dihy-
drochloride/2.5% phosphoric acid]. Following incubation for
15 min, the absorbance values were read at 540 nm using an
ELISA microplate reader. The nitrite content was calculated
compared with that of standard concentrations of sodium
nitrite dissolved in DMEM.

Measurement of intracellular ROS by 2',7'-dichlorofluorescein
diacetate (DCFH-DA) assay. The intracellular formation of
ROS was assessed using the non-fluorescent probe, DCFH-DA.
DCFH-DA passively diffuses into cells and is deacetylated by
esterases to form non-fluorescent DCFH. DCFH reacts with
ROS to form the fluorescent product, DCF, which is trapped
inside the cells. The BV2 cells were seeded at a density of
1x10° cells/well in a 96-plate and pre-treated with various
concentrations of biochanin A for 30 min, then treated with LPS
(10 ug/ml) for an additional 36 h. The culture medium was first
removed and the cells were washed with PBS 3 times. DCFH-
DA, diluted to a final concentration of 10 uM with DMEM/
F12, was added to the culture medium and incubated at 37°C
for 20 min in the dark. After washing the cells 3 times with
serum-free medium, the cells were visualized using an inverted
fluorescence microscope [Olympus Opticals, Tokyo, Japan;
excitation (Ex)/emission (Em), 352/461 nm]. Six continual fields
in each group were used for quantitative analysis. By using the
Image-Pro Plus 6.0 analysis system, the fluorescence intensity
in each group was measured to indicate the production of ROS.

RNA extraction and reverse transcription-polymerase chain
reaction (RT-PCR). The BV2 cells (16x10° cells/well in 6-plate)
were treated with LPS in the presence or absence of biochanin A,
and total RNA was extracted using TRIzol reagent according
to the manufacturer's instructions. The yield and purity of the
RNA preparations were examined spectrophotometrically at
260 nm and 280 nm, respectively. An equal amount of RNA
(2 ug) was used for each cDNA synthesis reaction using a
reverse transcription system. The following primers derived
from the published cDNA sequences were used for the PCR
amplifications: IL-1p forward, 5'-CTC CAT GAG CTT TGT
ACA AGG-3' and reverse, 5“TGC TGA TGT ACC AGT TGG
GG-3'; iNOS forward, 5'-CCC TTC CGA AGT TTC TGG
CAG CAG C-3' and reverse, 5-GGC TGT CAG AGC CTC
GTG GCT TTG G-3'; TNF-a forward, 5-TTC TGT CTA CTG
AAC TTC GGG GTG ATC GGT CC-3' and reverse, 5'-GTA
TGA GAT AGC AAA TCG GCT GAC GGT GTG GG-3
GAPDH forward, 5-GGT GAA GGT CGG TGT GAA CG-3'
and reverse, 5'-TTG GCT CCA CCC TTC AAG TG-3'. The
products were inspected visually on a 1% precast agarose gel
with ethidium bromide staining and the bands were quantified
by densitometry. Ratios were calculated for the IL-1p, iNOS
and TNF-a signals with the control signals from GAPDH. The
averages from these ratios were presented.
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Table 1. Effects of biochanin A on pro-inflammatory cytokine production in LPS-stimulated BV2 microglial cells.

Pro-inflammatory cytokine concentration

Groups TNF-a (pg/ml) IL-1B (pg/ml)

Control 107.82+18.14 54.12+£9.413

LPS (10 pg/ml) 2269.75+£62.38* 213.12+15.64*
Biochanin A (1.25 uM) + LPS 2037.37+66.56" 203.65+14.13

Biochanin A (2.5 uM) + LPS 1776.62+47.71¢ 170.80+13.34°
Biochanin A (5 uM) + LPS 1577.67+50.84° 147.09+14.36°

Results are the means + SD of at least 3 independent experiments. *P<0.01 compared with the control (untreated) group, "P<0.05, °P<0.01

compared with the lipopolysaccharide (LPS)-treated group.

Western blot analysis. Following treatment, the BV2 cells were
rinsed in ice-cold PBS and lysed in RIPA buffer (Invitrogen,
Amersham, UK). The protein concentration was determined
by bicinchoninic acid (BCA) assay (Wuhan Boster Biological
Technology, Ltd., Wuhan, China). The extracted protein
samples were separated by 12% SDS-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and transferred onto polyvinylidene
difluoride (PVDF) membranes (Millipore Corp., Billerica, MA,
USA). The membranes were incubated with blocking solution
(5% skim milk) to block non-specific protein binding, followed
by incubation with the following primary antibodies at 4°C over-
night: B-actin, p-JNK, JNK, p-ERK, ERK, p-p38, p38, iNOS.
The membranes were incubated with a horseradish peroxidase
(HRP)-conjugated secondary antibody at room temperature
for 2 h, and then specific protein bands were detected using
the ECL-chemiluminescence kit (Thermo Scientific)
according to the manufacturer's instructions. The immunoblot
bands were visualized using a Bioshine ChemiQ 4600 mini
Chemiluminescence imaging system (Bioshine, Shanghai,
China) and protein expression was quantified using Imagel
software (National Institutes of Health, Bethesda, MD, USA).

Statistical analysis. The data are expressed as the means + SD
(n=3). Statistical significance was assessed by one-way
ANOVA, Duncan's multiple range tests were used to determine
significant differences between groups. A value of p<0.05 was
considered to indicate a statistically significant difference.

Results

Cytotoxic effects of biochanin A and LPS on BV2 microglial
cells. To exclude the cytotoxicity caused by biochanin A treat-
ment, the BV2 microglial cells were treated with biochanin A
at concentrations of 1.25-30 yM for 36 h. The viability of the
BV2 microglial cells was measured by MTT assay. At the
examined concentrations of 1.25-5 yM for 36 h, biochanin A
did not affect cell viability (Fig. 1A). However, treatment with
concentrations >5 yM of biochanin A decreased cell viability.
Thus, we selected the dose of 1.25-5 yM of biochanin A for
further experiments.

Furthermore, as we used LPS to induce microglial
inflammatory responses, it was necessary to ascertain the
non-toxic concentration of LPS in BV2 cells. Treatment with
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Figure 1. Cell viability of BV2 cells. (A) Cytotoxicity of biochanin A in BV2
cells was assessed by MTT assay. (B) Following treatment with various con-
centration of lipopolysaccharide (LPS) for 36 h, the viability of the BV2 cells
was assessed by MTT assay. Values correspond to the means of 3 independent
experiments and are shown as the percentage of viable cells compared with the
viability of untreated cells. "P<0.05, “P<0.01 compared with the untreated cells.

LPS (0.01-10 ug/ml) did not affect the cell viability (p>0.05)
(Fig. 1B). In addition, our preliminary experimental results
suggested that 10 pxg/ml LPS markedly induced proinflam-
matory cytokine production (data not shown). Therefore, we
selected the dose of 10 pg/ml of LPS for further experiments.

Effects of biochanin A on LPS-induced morphological changes
in BV2 cells. We also observed the morphological changes
occurring in microglial activation following treatment with
LPS. As shown in Fig. 2, the microglia exhibited the typical
ramified morphology of resting microglia in the control group.
Following treatment with LPS (10 pg/ml; 36 h), the microglia
became activated with a greatly enlarged cell body and the
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Figure 2. Effects of biochanin A on lipopolysaccharide (LPS)-induced morphological changes in BV-2 cells. BV-2 cells were treated for 30 min with the
vehicle (DMSO) or the indicated concentrations of biochanin A prior to treatment with 10 gg/ml LPS for 36 h. Images presented are from one experiment and

representative of at least 3 independent experiments.
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Figure 3. Inhibitory effects of biochanin A on (A) tumor necrosis factor-a (TNF-a) and (B) interleukin-18 (IL-1) mRNA expression in BV2 cells. BV-2 cells
were treated with or without biochanin A for 30 min prior to treatment with lipopolysaccharide (LPS; 10 yg/ml). After 36 h, the mRNA expression was analyzed
by extraction and reverse transcription-polymerase chain reaction (RT-PCR). GAPDH was used as an internal control for PCR. Results are presented as the
means = SD of at least 3 independent experiments. “P<0.01 compared with the control group; “P<0.05, #P<0.01 compared with the LPS-treated group.

characteristic shapes of activated microglia. However, pre-
treatment with biochanin A (5 pM) significantly attenuated the
LPS-induced microglial activation.

Effects of biochanin A on LPS-induced TNF-o and IL-1f
production and mRNA expression. Activated microglia are
known to be a major source of various pro-inflammatory cyto-
kines, such as TNF-a and IL-1f3 (15). In this study, we examined
whether biochanin A reduces the generation of pro-inflam-
matory cytokines induced by LPS stimulation. As shown in
Table I, the TNF-o and IL-1f levels were significantly increased

in the culture medium of LPS-stimulated BV2 microglial cells.
Pre-treatment with 1.25-5 uM biochanin A significantly inhib-
ited the production of TNF-a and IL-1f in a dose-dependent
manner. To elucidate the mechanisms responsible for the inhibi-
tory effects of biochanin A on TNF-a and IL-1p production, we
examined the cytokine mRNA expression levels by RT-PCR.
Consistent with the results obtained from cytokine produc-
tion, the LPS-induced mRNA levels of TNF-a and IL-1f3 were
reduced by biochanin A (Fig. 3), suggesting that biochanin A
negatively regulated the production of TNF-a and IL-1f at the
transcriptional level in the LPS-stimulated microglial cells.
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Figure 4. Inhibitory effects of biochanin A on nitric oxide (NO) production and inducible nitric oxide synthase (iNOS) expression in BV2 cells. Following
pre-treatment with biochanin A for 30 min, the BV2 cells were stimulated with lipopolysaccharide (LPS; 10 yg/ml) and incubated for 36 h. (A) The NO amounts
were determined using Griess reagent. (B) In parallel experiments, the mRNA expression levels of iNOS were measured by reverse transcription-polymerase
chain reaction (RT-PCR); and (C) the protein expression levels of iNOS were measured by western blot analysis. GAPDH was used as an internal control for
PCR and B-actin was used for western blot analysis. The results are presented as the means £ SD of at least 3 independent experiments. “P<0.01 compared with

the control group; “P<0.0, “P<0.01 compared with the LPS-treated group.

Effects of biochanin A on the production of NO and the expres-
sion of iNOS. NO is generated from L-arginine by iNOS, and
high levels of NO in the brain have been associated with the
progression of various neurodegenerative diseases (16). In
this study, to investigate the effects of biochanin A on NO
production in LPS-stimulated BV2 cells, the BV2 cells were
pre-treated with biochanin A (1.25-5 M) for 30 min and then
stimulated with LPS (10 ug/ml) for another 36 h. The levels of
nitrite in the culture medium were determined by Griess assay.
The accumulation of nitrite in the culture supernatant was an
indicator of the production of NO. Biochanin A significantly
decreased the LPS-induced production of NO in the BV2
cells in a dose-dependent manner (Fig. 4A). Subsequently, to
elucidate the mechanisms responsible for the inhibitory effects
of biochanin A on NO production, we determined the mRNA
and protein levels of iNOS by RT-PCR and western blot
analysis, respectively. As shown in Fig. 4B and C, biochanin A
effectively inhibited the mRNA and protein expression of
iNOS in the LPS-stimulated BV2 cells. These results indi-
cated that biochanin A inhibited NO production through the
downregulation of the mRNA and protein expresion of iNOS
in LPS-stimulated BV2 microglial cells.

Effects of biochanin A on intracellular ROS production. To
determine whether the neuroprotective effects of biochanin A
are due to a reduction in ROS production, the intracellular ROS
production in BV2 cells was measured by DCFH-DA. As shown

in Fig. 5, following treatment with LPS, the DCF fluorescence
intensity was significantly increased. However, pre-treatment
with biochanin A (1.25-5 yM) attenuated the LPS-induced
fluorescence intensity in the BV2 cells in a dose-dependent
manner. These results confirm that biochanin A exerts a marked
inhibitory effect on intracellular ROS production.

Effects of biochanin A on the phosphorylation of JNK, ERK
and p38. Mitogen-activated protein kinase (MAPK) signaling is
known to be a major regulator of pro-inflammatory cytokines in
LPS-stimulated microglia (17,18). In order to investigate whether
biochanin A inhibits the production of pro-inflammatory cyto-
kines through the MAPK signaling pathway, we examined
the effects of biochanin A on the LPS-induced phosphoryla-
tion of JNK, ERK and p38 in BV2 microglia by western blot
analysis. As shown in Fig. 6, stimulation with LPS markedly
increased the phosphorylation of JNK, ERK and p38. However,
pre-treatment with biochanin A (5 M) markedly inhibited the
phosphorylation of JNK, ERK and p38. These results suggest
that the phosphorylation of INK, ERK and p38 is involved in the
inhibitory effects of biochanin A on LPS-induced proinflamma-
tory cytokine production in BV2 microglial cells.

Discussion

Biochanin A, an isoflavone compound, is found predomi-
nantly in chickpeas and red clover. In our previous study, we
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Figure 5. Effects of biochanin A on reactive oxygen species (ROS) production in BV2 cells. BV2 cells were pre-incubated with or without biochanin A or 30 min
and then stimulated with lipopolysaccharide (LPS; 10 ug/ml) for 36 h. (A) Images presented are from one experiment and are representative of at least 3 indepen-
dent experiments. (B) The fluorescence intensity is presented as the means + SD of at least 3 independent experiments. “P<0.01 compared with the control group;
"P<0.05, #P<0.01 compared with LPS-treated group.
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Figure 6. Inhibitory effects of biochanin A on the phosphorylation of c-Jun NH2-terminal kinase (JNK), extracellular signal-regulated kinase (ERK) and p38
in BV2 cells. BV2 cells were pre-incubated with or without biochanin A for 30 min and then stimulated with lipopolysaccharide (LPS; 10 pg/ml) for 36 h. The
expression levels of (A) p-JNK, (B) p-ERK and (C) p-p38 were measured by western blot analysis. JNK, ERK and p38 were used as internal controls. Results are
presented as the means + SD of at least 3 independent experiments. “P<0.01 compared with the control group; “P<0.05 compared with the LPS-treated group.
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demonstrated that biochanin A inhibited the LPS-induced
activation of microglia and the production of TNF-a, NO
and superoxide in mesencephalic neuron-glia cultures and
microglia-enriched cultures (11). However, the mechanisms
underlying the anti-inflammatory effects of biochanin A are
not yet fully understood. Therefore, in this study, in order to
elucidate the molecular mechanisms responsible for the anti-
inflammatory effects of biochanin A, we further investigated
the inhibitory effects of biochanin A on the production of pro-
inflammatory factors induced by LPS in murine BV2 microglial
cells. Our results demonstrated that biochanin A significantly
inhibited the LPS-induced microglial activation and the release
of TNF-a, IL-1f, NO and ROS. Biochanin A also significantly
attenuated the LPS-induced mRNA and protein expression of
TNF-a, IL-1p and iNOS. Furthermore, biochanin A signifi-
cantly inhibited the LPS-induced phosphorylation of JNK,
ERK and p38 in BV2 microglial cells.

Microglia are the resident immune cells of the brain. In
response to injury or infection, microglia become readily acti-
vated and consequently release pro-inflammatory cytokines,
free radicals and eicosanoids. These factors are believed to
contribute to microglia-mediated neurodegeneration (2,19,20).
Therefore, the inhibition of microglial activation may prove
to be an effective therapeutic approach for alleviating the
progression of neurodegenerative diseases, such as PD and
Alzheimer's disease. In the present study, our results indicated
that biochanin A significantly inhibited the LPS-induced
microglial activation and the release of pro-inflammatory
factors.

Pro-inflammatory cytokines, such as TNF-a and IL-1f,
have been shown to induce neuronal cell damage; therefore,
the suppression of their production is important for the preven-
tion of neurodegenerative diseases. Microglia are the primary
producers of TNF-a in the brain and play a role in a number
of pathological conditions in the brain (21). TNF-a overexpres-
sion has been implicated in the pathogenesis of several human
disorders of the central nervous system (CNS) (22-25). IL-1p
is a potent pro-inflammatory cytokine that acts through IL-1
receptors found on numerous cell types, including neurons and
microglia. Moreover, the importance of IL-1§ as a mediator of
neuroimmune interactions that participate directly in neurode-
generation has been demonstrated (26). In this study, our results
revealed that the production of the pro-inflammatory cytokines,
TNF-a and IL-1f, was significantly inhibited by biochanin A
in a dose-dependent manner. Moreover, the LPS-stimulated
mRNA expression levels of TNF-ao and IL-1§ were also reduced
by biochanin A, suggesting that biochanin A suppressed the
production of TNF-a and IL-1f through the downregulation of
their gene expression in the LPS-stimulated microglial cells.

In mammalian cells, NO is synthesized from three different
isoforms of NOS: endothelial NOS (eNOS), neuronal NOS
(mNOS) and iNOS. Activated microglia are a major cellular
source of iNOS in the brain. The excessive release of NO by
activated microglia correlates with the progression of neuro-
degenerative disorders. The excessive accumulation of NO has
long been known to be toxic to neurons (8,27,28). The generation
of NO has been implicated in a variety of neuroinflammatory
and neurodegenerative disorders. In the brain, iNOS is the
main contributor to NO production following an inflammatory
assault, compared with the other isoforms of NOS (29,30).
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Accumulating evidence indicates that the expression of iNOS
during inflammation in the CNS plays an important role in the
neurodegeneration in PD (31). It has been reported that activated
microglia cause neuronal death with mechanisms involving the
expression of iNOS and the release of NO in mixed neuron-
glia co-cultures (19). This study also demonstrated that LPS
induced the activation of microglia, which subsequently led
to the upregulation of NO production and iNOS expression.
However, pre-treatment with biochanin A exerted a significant
inhibitory effect on the LPS-induced the production of NO and
attenuated the expression of iNOS in a dose-dependent manner.

Previous studies have suggested that LPS increases the
levels of intracellular ROS, which serve as second messengers
to enhance the LPS-induced expression of genes encoding a
variety of pro-inflammatory factors (32,33). ROS, including
superoxide anion, hydroxyl radical, lipid hydroperoxides and
their byproducts (e.g., hydrogen peroxide), may play an impor-
tant role in the pathogenesis of neurodegenerative diseases.
ROS generated by activated microglia are toxic to neurons
by inducing lipid peroxidation, DNA fragmentation and
protein oxidation (34). Moreover, oxygen free radicals, such
as superoxide can react with NO to form much more deadly
intermediates, such as peroxynitrite (35). In fact, a previous
study identified peroxynitrite as a key mediator of neurotox-
icity induced by LPS-activated microglia (36). In this study,
our results demonstrated that LPS increased intracellular
ROS production in BV2 cells. However, pre-treatment with
biochanin A attenuated the LPS-induced intracellular ROS
production in a dose-dependent manner.

The mammalian MAPK family consists of ERK, p38, and
JNK (37). Previous studies have demonstrated that MAPKs
are involved in the regulation of iNOS, COX-2, TNF-a, IL-1p
expression in microglia (38-42). In this study, we found that
biochanin A inhibited the LPS-induced phosphorylation of
JNK, ERK and p38. In addition, we found that biochanin A
inhibited the gene expression of iNOS, TNF-a and IL-1p in
LPS-stimulated BV2 microglia, the mechanisms of which at
least in part, may involve the inhibition of MAPKs. Taken
together, the results from the present study suggest that the
inhibition of the MAPK pathway may be a molecular mecha-
nism underlying the anti-inflammatory effects of biochanin A
in LPS-stimulated BV2 microglial cells.

In conclusion, to the best of our knowledge, in this study, we
demonstrate for the first time that biochanin A markedly attenu-
ates LPS-induced microglial activation and pro-inflammatory
responses in BV2 microglial cells. Biochanin A also inhibited
the production of IL-1p3, TNF-a, NO and ROS, which may be
mediated through the inhibition of MAPK signaling pathways
in BV2 cells. These observations suggested that biochanin A
may be considered as a potential anti-inflammatory agent.
However, further in vivo investigations using animal models
are required to confirm the effectiveness of biochanin A.
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