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A B S T R A C T

Seahorse has been used as a traditional medicine in Southeast Asian countries for a long time. A compound, 2’-
Hydroxy-5′-Methoxyacetophenone (2H5M) isolated from seahorse, Hippocampus kuda, was tested for its anti-
inflammatory effect in lipopolysaccharides (LPS)-stimulated BV-2 cells and RAW264.7 cells. MTT assay in-
dicated that 2H5M has no cytotoxicity on two kinds of cells. The concentration of nitric oxide (NO) measured by
Griess Reaction System showed that 2H5M could significantly inhibit the NO concentration. The ELISA results
showed that 2H5M could suppress the secretion of TNF-α in a dose-dependent manner. Moreover, western blot
analysis was utilized to measure the protein levels of inducible nitric oxide synthase (iNOS) and cyclooxygenase-
2 (COX-2), mitogen-activated protein kinase (MAPK) and nuclear factor-kappa B (NF-κB) signaling pathways.
Electrophoretic mobility shift assay (EMSA) demonstrated that 2H5M reduced NF-κB DNA binding activity.
Furthermore, the molecular docking study showed that 2H5M can form active sites with NF-κB. Collectively,
these results indicated that 2H5M possesses anti-inflammatory effects and may have a potential application in
inflammatory disorders in the future.

1. Introduction

Inflammation refers to a complex biological response to micro-cir-
culation induced by harmful stimuli, infections or injuries. It is initiated
by a series of soluble mediators including complements, chemokines,
cytokines and ROS released from inflammation-related cells, which can
destroy the cause of inflammation (Lo Faro et al., 2014). However,
over-expressed or prolonged inflammation can be a potent trigger for
many diseases rather than a beneficial event, which is to blame for
many diseases, including cancer, rheumatoid arthritis, chronic asthma,
multiple sclerosis, obesity, autoimmune disease, diabetes, inflammatory
bowel disease and cardiovascular diseases (Tsaryk et al., 2013). When it
comes to brain, neuro-inflammation are considered as pathogenesis of
neurodegenerative diseases (Chen et al., 2016).

Microglia cells are differentiated from extra-embryonic yolk sac
progenitors and macrophages are derived from monocyte. However,
they have many similar molecules on cell surfaces (Ginhoux et al.,
2013). Microglia cells occupies 5–12% of total glial cells in murine and
0.5%–16.6% in human (Mammana et al., 2018). Under normal condi-
tions, macrophages are blocked by blood-brain barrier (BBB) to enter

the brain parenchyma, whereas, they will transfer to the brain and
differentiate to pro-inflammatory phenotype when the BBB are infected
or damaged, which may have a relationship with acute or chronic in-
flammation (Minogue, 2017). And macrophages/microglia oriented
treatments have been emerged in the field of neurodegenerative dis-
orders (Sevenich, 2018). In addition, for screening anti-inflammatory
lead compounds, the BV-2 and/or RAW264.7 are stimulated by LPS to
determine whether they can suppress the protein expressions of iNOS
and COX-2 (Cheung et al., 2016). LPS could activate inflammatory re-
sponses and immune dysfunctions (Li et al., 2017).

NF-κB, a protein complex, has long been considered as a classical
pathway to modulate inflammatory response. In general, NF-κB is lo-
cated in the cytoplasm and sequestered by a family of inhibitory pro-
teins known as inhibitors of κB (IκBs) (Ye et al., 2018). However, the
release of pro-inflammatory factors or LPS triggers a cascade of sig-
naling events in NF-κB pathway. Subsequently, the unbounded p65
dissociates from IκBα and then translocated to the nucleus, where it
activates transcription of its target genes (Li et al., 2018).

Seahorse has been used as a traditional medicine in Southeast Asian
countries for a long time. Traditionally, it has the potential to treat
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infertility, baldness, asthma and arthritis (Zhang et al., 2017). Recently,
several studies reported that seahorse possesses various biological ac-
tivities, including anti-oxidative (Qian et al., 2008, 2012; Oh et al.,
2018), anti-fatigue (Guo et al., 2017; Kang et al., 2017), promoting cell
differentiation (Ryu et al., 2010; Muthuramalingam et al., 2019),
neuro-inflammatory protective (Himaya et al., 2011) and anti-in-
flammatory effects (Chen et al., 2015; Neranjan Tharuka et al., 2019).
Among, it has been found that 1-(5-bromo-2-hydroxy-4-methox-
yphenyl) ethanone and paeonol are anti-inflammatory active compo-
nent in the sea horse H. kuda Bleeler. Also, the 2’-Hydroxy-5′-Methox-
yacetophenone (2H5M) was isolated. Previously, it has been found that
2H5M has acaricidal activity (Kim et al., 2013), however, to date, there
are still no further research to report about other activities of 2H5M.

Therefore, in this study, the investigated the anti-inflammatory effects
of 2H5M on LPS-induced BV-2 and RAW264.7 cells.

2. Materials and methods

2.1. Materials

13C NMR (400MHz) and 1H NMR (100MHz) and spectra were re-
corded on a JEOL JNM-ECP 400 NMR spectrometer (JEOL, Japan),
using CDCl3 (1D, 12.75 ppm in 1H and 113–9 ppm in 13C NMR). Silica
gel 60 (230–400mesh, Merck, Germany), and thin-layer chromato-
graphy (TLC) plates (Kieselgel 60F254, 0.25mm, Merck) were used for
column chromatography and analytical TLC, respectively.

Fig. 1. Structure of 2’-Hydroxy-5′-methoxyacetophenone (A) and the cytotoxicity of 2H5M on BV-2 cells (B) and RAW 264.7 cells (C). Cells were exposed to varying
concentrations of 2H5M and the cell viability was assesses by MTT assay. The results represent the mean ± S.D. (n=3). There no significance among all tested
groups.

Fig. 2. Effect of 2H5M on the production of NO and TNF-α in LPS-induced BV-2 cells (A and C) and RAW 264.7 cells (B and D). Cells exposed to varying
concentrations of 2H5M and then induced by LPS (1 μg/mL). Using Griess Reagents System to detect the concentration of NO induced in all groups. And the level of
TNF-α was determined by ELISA. The results represent the mean ± SD (n=3). ### p < .001, # p < .05, compared untreated cells; *** p < .001, ** p < .01
compared with LPS-treated cells.
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Commercial specific complete Dulbecco's modified eagle's medium
(DMEM), penicillin and streptomycin were purchased from GIBCO
(Carlsbad, USA), LPS and 3-(4, 5-dmethylthiazol-2-yl)-2, 5-diphenyl-
2H-tetrazolium bromide (MTT) were purchased from Sigma-Aldrich (St.
Louis, USA), Primary antibodies and secondary antibodies were pur-
chased from Santa Cruz Biotechnology (Santa Cruz, USA), Dylight 488
secondary antibody was acquired from Abbkine (CA, USA), 2, 7-
Dichlorodi-hydrofluorescein diacetate (DCFH-DA) was obtained from
Solarbio Life Science (Beijing, China), TNF-α Elisa kit, Nuclear and
Cytoplasmic Extraction Kit, Chemiluminescent EMSA Kit were obtained
from Beyotime Biotechnology (Shanghai, China). Other chemicals were
of analytic grade.

2.2. Extraction and isolation

Dry seahorses (Hippocampus kuda) were purchased from Zhoushan
Island (Zhejiang, China) in October 2005. 2H5M was prepared ac-
cording to a previously described method (Himaya et al., 2011). The
Hippocampus kuda was ground into powder and refluxed with MeOH,
and the solvent was evaporated in vacuo to obtain the crude MeOH
extract. The extract was subjected to silica gel flash chromatography by
eluting with n-hexane/EtOAc/MeOH (gradient), and got 10 main
fractions. One of the fraction was purified over Silica gel repeatedly to
obtain the purified compound.

2.3. Cell culture and cell viability assay

RAW264.7 and BV-2 cells, obtained from the Cell Bank of Chinese

Academy of Sciences (Shanghai, China), were cultured in DMEM con-
taining 10% FBS and 1% penicillin/streptomycin at 37 °C in a humi-
dified 5%-CO2 incubator. The cytotoxicity of 2H5M on cells was as-
sessed by MTT assay. Briefly, BV-2 and RAW264.7 cells were seeded at
a density of 1×104 cells/well in 96-well plates and were treated with
2H5M (10, 20, 50, 100, and 200 μM) for 24 h. Then 100 μL MTT (1mg/
mL) was added into the wells. After 4 h, adding 100 μL DMSO to dis-
solve the formazan crystals and the absorbance at 540 nm were mea-
sured.

2.4. NO determination

BV-2 and RAW264.7 cells were seeded at a density of 5×104 cells/
well in 96-well plates. The cells were pre-treated with 2H5M (10, 20,
50, 100, and 200 μM) for 1 h, and then activated by LPS (1 μg/mL) for
another 24 h. The production of NO was measured using Griess Reagent
System according protocol (Promega, Madison, USA).

2.5. TNF-α determination

The level of TNF-α was determined by ELISA. Briefly, BV-2 and
RAW264.7 cells were seeded at 5× 105 cells/well in 24-well plates for
24 h. The cells were pre-treated with 2H5M (10, 50, and 200 μM) for 1 h
and then activated by LPS (1 μg/mL) for 24 h. The culture medium was
collected and centrifuged at 3000 rpm for 20min. The level of TNF-α in
the culture medium was quantified using ELISA kit (Beyotime
Biotechnology, China).

Fig. 3. Effect of 2H5M on ROS production in LPS-induced BV-2 cells (A) and RAW 264.7 cells (B) and the Mean optical density were shown in C and D, respectively.
The cells were pre-treated with or without 2H5M and then were stimulated with LPS (1 μg/mL) for another 24 h. The DCF fluorescent probe were labeled to the cell
for 30min and the ROS production was visualized using inverted fluorescence microscope. ### p < .001, compared untreated cells; *** p < .001, compared with
LPS-treated cells.
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2.6. ROS determination

The accumulation of ROS was assessed by DCFH-DA. Briefly, the
cells were seeded at density of 1× 104 cells/well in 24-well plate and
treated with 2H5M (10, 50, and 200 μM) for 1 h, then stimulated with
LPS (1 μg/mL) for 24 h. The cells were rinsed with phosphate buffered
saline (PBS) three times, and then were incubated with DCFH-DA
(10 μM) for 30min in the dark. After incubation, the cells were visua-
lized by an inverted fluorescence microscope (Olympus Opticals,
Tokyo, Japan).

2.7. Western blot analysis

BV-2 and RAW246.7 cells were seeded at a density of 5×106 cells/
well in 6-well plates. The cells were pre-treated with 2H5M (10, 50, and
200 μM) for 1 h and then stimulated by LPS (1 μg/mL) for 24 h. The
collected cells were rinsed thrice with cold PBS and lysed in RIPA
buffer. Protein concentrations were determined using Pierce BCA
Protein Assay Kit. Equal amounts of protein (20–40 μg) were separated
electrophoretically using a 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE), and then transferred onto ni-
trocellulose (NC) filter membranes (Amersham, USA). Membranes were
then blocked with 5% skim milk and incubated with primary antibody
and horseradish peroxidase (HRP)-conjugated secondary antibody.
Blots were quantified by Amersham ECL Western Blotting Detection Kit.

2.8. EMSA assay

BV-2 and RAW264.7 cells were seeded at a density of 1×106 cells/
well in 6-well plates and treated with 2H5M (10, 50, and 200 μM) for
1 h, then stimulated with LPS (1 μg/mL) for another 18 h. Nuclear ex-
tracts from cells were prepared with a Nuclear and Cytoplasmic
Extraction Kit according to protocol. Nuclear protein (5 μg) was in-
cubated with 0.2 μg of probe (5′-AGT TGA GGG GAC TTT CCC AGG C-
3′). The reaction mixtures were electrophoresed through 6.5% poly-
acrylamide gel, and then transferred to a positive charge nylon mem-
brane. After the transfer, the membrane was cross-linked and biotin-
labeled DNA was detected using a Chemiluminescent EMSA Kit
(Beyotime Biotechnology, China) according to instruction.

2.9. Immunocytochemistry

BV-2 and RAW246.7 cells were seeded at 5× 104 cells/well in 24-
well plates for 24 h. The cells were pre-treated with 2H5M (200 μM) for
1 h and then induced by LPS (1 μg/mL). After 24 h, cells were washed
thrice with PBS and were fixed with 4% paraformaldehyde (PFA). Then,
cells were permeabilized with 0.2% Triton X-100 (Sigma, USA). The
cells were blocked with 5% bovine serum albumin (BSA) and then were
incubated with anti-p65 antibody. After removed the primary antibody,
the cell were washed again and incubated with Dylight 488 conjugated
Goat Anti-Rabbit IgG secondary antibody (Abbkine, USA) in the dark.
Finally, cells were stained with 100 ng/mL DAPI for 5min before

Fig. 4. Inhibitory effects of 2H5M on pro-inflammatory enzymes iNOS and COX-2 in BV-2 cells (A and B) and RAW 264.7 cells (C and D). Cells were exposed to
varying concentrations of 2H5M with LPS. Protein expression was studied by western blotting and β-actin was function as control. ### p < .001, ## p < .01,
compared untreated cells; *** p < .001, ** p < .01, compared with LPS-treated cells.
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observation.

2.10. Molecular docking

The crystal structure of NF-κB (PDB ID: 1IKN) was obtained from
PDB database. The protein and ligand molecules were prepared by DS

3.5 respectively before docking. Molecular docking of the 2H5M into
the NF-κB protein binding sites was performed by CDOCKER protocol.
The negative CDOCKER energy was calculated after conducting the
molecular docking (Wu et al., 2003).

Fig. 5. Effects of 2H5M on the expression of NF-κB p65 and IκBα in LPS-induced BV-2 (A and B) and RAW 264.7 cells (C and D). Cells were exposed to varying
concentrations of 2H5M with LPS. Protein expression was studied by western blotting and β-actin was function as control. ### p < .001, ## p < .01, compared
untreated cells; *** p < .001, ** p < .01, * p < .05 compared with LPS-treated cells.

Fig. 6. 2H5M suppressed the NF-κB activity inside the nucleus of NF-κB in LPS-stimulated BV-2 (A) and RAW264.7 (B) cells. Cells were pretreated with 2H5M (10,
50, and 200 μM) for 1 h, and stimulated with LPS (1 μg/mL) for 18 h. EMSA was performed to determine the NF-κB activity in nuclear raction by using DNA probe
specific to NF-κB.
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2.11. Statistics

All results were expressed as the means ± SD (n=3). Differences
between groups were calculated by One-way analysis of variance
(ANOVA) and t-test. A value of p < .05 was considered statistically
significant.

3. Results

3.1. Elucidation of 2H5M

2H5M: 2’-Hydroxy-5′- Methoxyacetophenone: 1H NMR (DMSO‑d6,
500MHz): δH12.05 (2-OH, s), 7.71 (H-6, d, 3.0), 7.23 (H-4, dd, 9.0,
3.0), 7.01 (H-3, d, 9.0), 3.85 (5-OCH3, s), 2.42 (1-COCH3, s). 13C NMR
(DMSO‑d6, 125MHz): δC 203.8 (1-COCH3), 156.3 (C-2, s), 151.4 (C-5,
s), 123.7 (C-4, d), 123.4 (C-1, s), 118.9 (C-3, d), 113.3 (C-6, d), 56.6 (5-
OCH3), 26.4 (1-COCH3). The chemical structure of 2H5M was shown in
Fig. 1A. The NMR data of 2’-Hydroxy-5′-Methoxyacetophenone was
showed as following and compared with previous report (Patra et al.,

1987).

3.2. Cytotoxicity of 2H5M on cells

In order to ascertain whether 2H5M exerted cytotoxicity on BV-2
and RAW264.7 cells, the MTT assay was performed. As shown in Fig. 2B
and C, no significances were observed in all tested groups with various
dose of 2H5M (10, 20, 50, 100, and 200 μM). Therefore, concentrations
of 10, 20, 50, 100, and 200 μM of 2H5M were used for the further in-
vestigation.

3.3. Effect of 2H5M on NO production

The BV-2 and RAW264.7 cells were exposed to various concentra-
tions of 2H5M (10, 20, 50, 100, and 200 μM) and induced with LPS
(1 μg/mL). The NO concentration in various concentration groups were
shown in Fig. 2(A, B). The NO concentration was increased when the
cells exposed to LPS, and the treatment with 2H5M (50–200 μM) sig-
nificantly decreased the LPS-induced NO production in BV-2 and

Fig. 7. The effect of 2H5M on translocation of NF-κB p65 in BV-2(A) and RAW 264.7 cells (B). Cells were exposed to 200 μM of 2H5M with LPS. Nucleus was stained
with DAPI and NF-κB p65 was immunostained with p65 antibody.

Fig. 8. Binding pose of 2H5M with NF-κB (A). The important residues formed between 2H5M and NF-κB formed with (B). Hydrogen bonds formed with LYS 221
(Blue arrow). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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RAW264.7 cells. Briefly, treatment with 2H5M prior to LPS activation
could significantly suppress the secretion of NO.

3.4. Effect of 2H5M on levels of TNF-α

To investigate the inhibitory effect of 2H5M on TNF-α production,
the cells were treated with LPS in the absence or presence of 2H5M, and
the levels were measured by ELISA. As shown in Fig. 2(C, D), compared
with un-stimulated cells, the level of TNF-α was increased in LPS-in-
duced cells. Pre-treatment with 10, 50, and 200 μM 2H5M inhibited the
production of TNF-α in a dose-dependent manner.

3.5. Effect of 2H5M on ROS production

To determine whether 2H5M can scavenge the ROS, the DCFH-DA
assay was carried out. As expected, LPS treatment induced ROS accu-
mulation compared to untreated cells. 2H5M reduced the LPS-stimu-
lated elevation of ROS production, and the DCF fluorescence intensity
was significantly decreased in a dose-dependent manner (Fig. 3). Those
results indicated that 2H5M markedly attenuates ROS generation in
LPS-stimulated BV-2 and RAW264.7 cells.

3.6. Effect of 2H5M on expression of iNOS and COX-2

Since 2H5M could down-regulate NO production, we used western
blot to verify whether it reduce NO concentration via down-regulation
of iNOS. As shown in Fig. 4(A) and (C), reduction of iNOS protein was
consistent with the result of NO production observed in this study in
LPS-stimulated cells. Moreover, the level of COX-2 was also in-
vestigated. As depicted in Fig. 4(B) and (D), the protein level of COX-2
was dramatically increased by treatment with LPS compared to un-
treated cells and down-regulated by 2H5M.

3.7. Effect of 2H5M on NF-κB signaling pathway

NF-κB is a major signaling pathway in inflammatory reaction. To
examine whether 2H5M could restrain the LPS-induced NF-κB activa-
tion, the patterns of IκBα, NF-κB-p65, p-IκBα, and p-NF-κB p65 were
detected respectively by Western blot assay. As shown in Fig. 5, the
levels of p-I-κBα and p-NF-κB p65 increased in LPS-treated cells, and
they were down-regulated by co-treatment with various concentrations
of 2H5M, which indicated that 2H5M could inhibit the phosphorylation
of I-κBα and NF-κB-p65. In summary, the above results demonstrated
that 2H5M could inhibit the activation of the NF-κB pathway in LPS
stimulation of BV-2 and RAW264.7 cells.

3.8. Effect of 2H5M on NF-κB DNA bingding activity

To detect the effect of 2H5M on the activity of NF-κB in the nucleus
of LPS-induced BV-2 and RAW264.7 cells, EMSA was performed. As
shown in Fig. 6, the nuclear level of NF-κB probe binding activity in LPS
group was significantly higher than that in the untreated cells. How-
ever, the strength of the signal from the NF-κB-DNA complex decreased
along with the increase of the concentration of 2H5M. The result de-
monstrated that 2H5M could inhibit the activity of NF-κB in the nucleus
of LPS-induced BV-2 and RAW264.7 cells.

3.9. Effect of 2H5M on NF-κB p65 translocation

To determine the inhibitory effect of 2H5M on the translocation of
NF-κB p65, the immunocytochemistry was utilized to evaluate p65 lo-
calization. As shown in Fig. 7, in blank group, the green fluorescence
was faint in nucleus and intense in cytoplasm. Induced by LPS, cells
were larger in size and the fluorescence was opposite from blank group,
indicating that the p65 has translocated from cytoplasm into nucleus.
After treatment with 2H5M and stimulated with LPS, the green

fluorescence in nucleus was weakened with the increasing dose of
2H5M. Those results suggested that 2H5M could inhibit the transloca-
tion of NF-κB p65.

3.10. Docking study of NF-κB with 2H5M

Molecular docking study was demonstrated to investigate the in-
teraction between 2H5M and NF-κB. Fig. 8 showed the docked pose of
2H5M with NF-κB with a CDOCKER energy of −23.466 kcal/mol. And
2H5M formed one hydrogen bond NF-κB at Lys221 with a distance of
5 Å.

4. Discussion

Inflammation is a complex pathologic process of body to eliminate
harmful stimuli, however, prolonged inflammation has been seemed as
one of the major causes of several diseases (Chen et al., 2018). Neuro-
inflammation regulated by microglia cells is always considered as a
chief culprit of neurodegenerative diseases, therefore, interference in
over-activation of microglia cells is a useful way to control the neuro-
inflammatory reaction (Geng et al., 2017).

NO is synthesized from L-arginine catalyzed by NO synthase (NOS).
The neuronal NOS (nNOS) is mostly expressed in neural tissue and
endothelial NOS (eNOS) is constitutively produced in many cell types,
while iNOS is upregulated during abnormal state (Murphy and Gibson,
2007). NO is a two edged sword in inflammatory diseases depending on
its origin and production. For example, low concentration of NO gen-
erated by eNOS or nNOS is good for physical health because NO exerts
antimicrobial activity, and regulates cell signaling and survival. How-
ever, a large amount of NO produced by iNOS are related to in-
flammatory reaction. Moreover, NO causes negative influence on tissue
due to its cytostatic or cytotoxic for neighboring cells as well as the
invading microorganisms (Tripathi et al., 2007). Furthermore, NO can
interact with other radicals to generate cytotoxic molecules. Hence,
inhibition of NO production is an anti-inflammatory treatment
(Hofseth, 2008). In our study, 2H5M negatively regulated the produc-
tion of NO in both cells via inhibiting the iNOS expression.

COX, one of the most predominate targets of NSAIDs, is rapidly
induced by various stimuli and then contributes to the formation of
prostaglandin (PG) associated with inflammation (Badri et al., 2016).
COX-1, constitutively expressed in nearly all tissues, is responsible for
basal level of prostaglandin E (PGE), while COX-2 is produced by sti-
muli and the excessive expression of COX-2 could promote neuronal
injury, neurodegeneration and cognitive deficits. Moreover, inhibition
of COX-2 activity has neuro-protective effect in rodent models of stroke
and Parkinson's disease (PD) (Liang et al., 2007). With the addition of
2H5M, the can down-regulate the expression of COX-2 in LPS-stimu-
lated BV-2 and RAW264.7 cells. Activated BV-2 and RAW264.7 cells
can trigger the release of inflammatory cytokines, such as TNF-α. And
the excessive production of inflammatory cytokines can cause organic
damage (Li et al., 2017). In this study, an in vitro model of inflamma-
tion was induced by LPS in BV-2 and RAW264.7 cells, and treatment
with different concentrations of 2H5M. The results demonstrated that
2H5M significantly suppress the secretion of TNF-α in LPS-stimulated
BV-2 and RAW264.7 cells.

ROS is an important molecular target of inflammatory diseases. ROS
produced in LPS-induced cells can cause pro-inflammatory response by
up-regulating pro-inflammatory cytokines and functioning as a sec-
ondary messenger in following progression (Block et al., 2007). Pre-
vious study suggested that ROS produced from activated microglia
exert cytotoxicity to neurons though protein and lipid oxidation, and it
can interact with NO to produce much more deadly intermediates,
which lead to neurotoxic damage and become the pathological char-
acters of neurogenesis diseases (Cobourne-Duval et al., 2016). There-
fore, ROS regulation has been deemed as a major method to study in-
flammation (Ko et al., 2017). In the study, 2H5M did scavenge the ROS
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production in both cells.
NF-κB promote the production of inflammatory mediators. NF-κB is

normally sequestered in the cytoplasm and associated with IκBs. Once
stimulated, NF-κB members become activated and then translated to the
nucleus to function as transcriptional factors. A large number of in-
vestigations regard deregulated NF-κB as a main reason for inflamma-
tion (Zhang and Sun, 2015; Kirchner et al., 2018; Wang et al., 2011). In
the study, the expression of p-p65 and p-IκB were investigated and the
p65 protein translocation was also studied, which indicated 2H5M can
suppress the NF-κB activation. And EMSA experiments demonstrated a
direct interference of 2H5M on NF-κB DNA binding activity in LPS-
stimulated BV-2 and RAW264.7 cells. Therefore, induction of anti-in-
flammatory responses by 2H5M may be dependent on the NF-κB sig-
naling pathway.

Additionally, it has been well confirmed that the presence of
methoxy (-OCH3) group often enhances the anti-inflammatory activity
of compounds. As shown in Fig. 8, 2H5M located in the NF-κB cavity
and surrounded by fourteen amino acid residues. Among these amino
acid, Gln241, Glu222, Arg30, Phe184, Glu282, Pro182, Pro281, and
Met279 were involved in van der Waals interaction, while Gln29,
Leu280, His181, Arg158, and Lys221 were involved in hydrogen
bonding and electrostatic interaction. The methoxy group of 2H5M was
oriented towards Lys221 and a hydrogen bond was formed between
them with the distance of 5 Å. Thus, the essential driving forces of
2H5M binding to NF-κB were mainly electrostatic forces in nature. And
the CDOCKER energy between methoxy group of 2H5M and NF-κB was
with a high negative values. Combining the results 2H5M into the ac-
tive site of NF-κB, causing conformational changes in NF-κB, which
might be the main mechanism of inhibition. These results which in-
dicated that 2H5M may be a good inhibitor of NF-κB due to the hy-
drogen bonds formed between 2H5M and NF-κB. Moreover, hydroxyl
along with ketone groups are able to scavenge neuro-toxicradical spe-
cies by donating electrons (Himaya et al., 2012). In conclusion, we
studied the anti-inflammatory effect of 2H5M in LPS-stimulated BV-2
and RAW264.7 cells. 2H5M can reduce the concentration of NO by
down-regulating the expression of iNOS. It also negatively regulate of
COX-2, TNF-α as well as ROS production. Moreover, in terms of sig-
naling pathway, 2H5M inhibited the phosphorylation of p65 and IκB
and ERK. Furthermore, EMSA showed a direct interference of 2H5M on
NF-κB DNA binding activity and the molecular docking indicated the
2H5M could interact with NF-κB. Those observations indicated that
2H5M may be have a potential to be selected as an anti-inflammatory
agent.
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