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ABSTRACT: Galangin is an active flavonoid compound found in various plants, and is
one of the primary constituents of honey and propolis. It has antioxidant, anti-inflammatory,
antimicrobial and hepatoprotective properties. This study is intended to evaluate the effects of
galangin on cytokines and nitric oxide (NO) secretion from microglia BV2 after being
induced with lipopolysaccharide. Microglia BV2 was incubated with Galangin (with and
without LPS) and dexamethasone for 24h. NO production in the cultured supernatant was
measured with the Griess reaction. IL-6, IL-10, and TNF-a levels were measured using
immunoassay. Results indicated that galangin did not exert cytotoxicity effect on the cell
viability of BV2 macroglia at concentrations less than 40 pg/mL. It was also observed that
galangin had significantly suppressed the production of cytokines, such as IL-6, IL-10 and
TNF-a, as well as NO in LPS-induced BV2 cells. The antioxidant and anti-inflammatory
properties of galangin are associated with its ability to inhibit NO and cytokines. Our results
further showed the potential impact of galangin, thus suggesting that further development is
feasible in order to leverage on its promising antioxidant and anti-inflammatory effects in
treating neuroinflammatory diseases.

Key words: Galangin; Lipopolysaccharide (LPS); Nitric oxide (NO); Cytokines; Microglia
BV2.

INTRODUCTION cancer, diabetes, atherosclerosis and stroke,
among others (Ferrero-Miliani et al., 2007;
Kumar et al., 2014). Microglia are referred

Inflammation is an immune response to as immune cells in the brain which are
against the changes in our cells or tissue promptly activated in brain injury
due to external pathogens or damages. neurodegenerative processes; they secrete
Various inflammatory  processes are growth factors, inflammatory cytokines,
implicated in various diseases and these can reactive oxygen species (ROS) and others
lead to several pathological diseases such as (Block & Hong, 2005, Stolp &
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Dziegielewska, 2009). Although the
microglial activation is a compulsory
function that is a part of host defence, the
persistence of microglia activation is
neurotoxic and it triggers neuronal cell
death by the over-expression of pro-
inflammatory mediators, which could in
turn lead to neuro-inflammatory diseases
(Wang et al., 2015). Many pharmacological
studies have been conducted in pursuit of
new agents to modulate the microglial
activation and their production responses;
this could stand prominently as an
important therapeutic strategy to mitigate
the effects of neuro-inflammatory diseases
such as Alzheimer’s disease, cerebral
ischemia and Parkinson’s disease (Block &
Hong, 2005; Stolp & Dziegielewska, 2009).
Microglia play a very important role in
inflammatory diseases and neuropathology
(Nelson et al., 2002). During the immune
response caused by brain damage or
neurodegenerative diseases, microglia will
be activated to protect the brain from the
changes and against infections. However,
persistent activation of microglia and the
secretion of neuro-inflammatory mediators
such as cytokines and reactive oxygen
species (ROS) which include nitric oxide
and peroxynitrite as well as other free
radicals can also prove deadly to tissue and to
the host (Block et al., 2007). During
inflammation, the role of macroglia is
pivotal in phagocytosis and
immunomodulation through the production
of multiple kinds of pro-inflammatory
cytokines and other inflammatory mediators
indicated as markers of inflammation
(Wang et al., 2015). Nonetheless, despite
the important roles of pro-inflammatory
cytokines in counteracting inflammation,
their  overproduction could lead to
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pathophysiological diseases (Valledor et al.,
2010). Lipopolysaccharides (LPS) is well-
established as important stimuli for
activating macroglia in order to produce
various cytokines and nitric oxide (NO).
Neuro-inflammation produced by microglia
comes in a variety of cytotoxic and pro-
inflammatory factors due to the activated
NF-kB and ROS. Excessive production of
cytokines such as TNF-a, IL-6 and IL-10 as
well as Nitric oxide (NO) can be further
stimulated by inflammatory stimuli such as
LPS treatment in the microglia, thus
improving the immune response and
subsequently lead to inflammation (Dantzer
et al.,, 2008). However, although a low
quantity of this neuro-inflammation is
substantial due to its role in immune
responses, its persistent release will bring
about an uncontrolled accumulation of
neuro-inflammation that could lead to the
pathogenesis of several neurodegenerative
diseases. The neuro-inflammation
attenuation could potentially be a
therapeutic or preventative approach in

treating neurodegenerative diseases,
including  Alzheimer’s  disease  and
Parkinson’s disease. LPS is the most

prevalent inducer of neuro-inflammation in
the brain. BV2 cell lines isolated from
mouse are used widely in research
pertaining to neurodegenerative disorders.
Thus, identifying a way to reduce LPS-

induced BV2 microglia inflammation
would  definitely  facilitate  neuro-
inflammation treatment. ROS play a

significant role in inflammation through the
activation of nuclear factor-kB (NF-kB) and
the  monitoring of pro-inflammatory
mediators. The release of NO is
disadvantaged by the short half-life of the
molecule and has a highly reactive free
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radical which exerts antimicrobial and anti-
tumour effects as well as acts as a
neurotransmitter. It is produced by
inducible nitric oxide synthase (iNOS) from
the oxidative L-arginine during
inflammation; yet, the up-regulation of
INOS and NO is proportional with the
pathogenesis of inflammatory diseases.
Nonetheless, NO plays a vital role in the
pathogenesis of multiple acute and chronic
inflammatory diseases. NO produced by the
macroglia has a significant function in the
host defence response against various
pathogens, damages and tumour cells.
However, the over-production of NO is
directly implicated by the development of
cell damage, septic shock, various organ
failures and neuropathological diseases with
a putative mechanism that involves direct
mitochondrial inhibition (O'Shea et al.,
2002). Phenolic compounds are known to
contain phenolic acid, flavonoids and other
polyphenolic compounds. Plants appear to be
the biggest source of these compounds, which
are commonly found in flowers, leaves, stems
and roots. The compounds have been shown to
exert many pharmacological activities,
including anti-inflammatory and antioxidant
activities, free radical scavenging, immune-
inhibition and stimulation, as well as possess
anti-carcinogenic, antimicrobial, antiviral and
neuroprotective qualities. Additionally, the
compounds are potent enough to block or
inhibit cellular pathways such as the NF-KB
pathway as well as enzymes with phospholipase
A2, xanthine oxidase and glutathione reductase
(Kazlowska et al., 2010). Galangin is a natural
flavonol belonging to the flavonoid class, which
is a class of phenolic compounds, and is often
found in honey, propolis,  galangal,
Helichrysumaureonitens and
Alpiniaofficinarum. It is reported to have the
ability to generate pharmacological activities
such as anti-mutagenic, anticancer, radical
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scavenging, anti-oxidative, enzyme modulating
and anti-inflammatory activities through the
reduction of adhesion molecule and the
inhibition of phospholipase A2 inhibition and
antimicrobial activity (Afolayan & Meyer,
1997; Ciolino & Yeh, 1999; Cushnie & Lamb,
2006; Duthie & Morrice, 2012; Forbes et al.,
2014; Meyer et al., 1997; Zhang et al., 2013).
Our work aims to explore the potential of
galangin in decreasing the immune response in
BV2 microglia following LPS stimulation. In
this study, we examined the effects of the
galangin on the release of TNF-a, IL-6, 1L-10
and NO after the LPS-induction of the
microglia BV2 cell line.

MATERIALS AND METHODS

Reagents

Dulbecco’s Modified Eagle’s Medium
(DMEM), RPMI-1640 medium (RPMI),
heat-inactivated foetal bovine serum (FBS),
penicillin, streptomycin, phosphate-
buffered saline (PBS, pH 7.4) and other
tissue culture reagents were purchased from
Invitrogen-Gibco (Grand Island, NY, USA).
Galangin, griess, 3-(4,5-dimethylthizaol-
2yl)-2,5-diphenyl  tetrazolium  bromide
(MTT) reagent and all other chemicals were
purchased from Sigma-Aldrich (St. Louis,
MO, USA). The cytokine assay kits used to
determine cytokine concentration were
purchased from R & D (Minneapolis, MN,
USA). The workflow of the study was
depicted in Figure 1.

Cell Culture and Viability

BV2 mouse macroglia were purchased from
Banca Biologica e Cell Factory, Genova,
Italy. BV2 was cultured in Dulbecco’s
modified Eagle’s medium (DMEM),
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supplemented with 10% FBS containing
100 U/mL of penicillin/streptomycin, at
37°C in a 5% CO, humidified incubator.
Cell viability was assessed using the MTT
assay. Galangin was dissolved in dimethyl
sulfoxide (DMSOQ), in order to obtain the
required concentration (5-40 pg/mL), and
the final concentration of DMSO in the
culture medium was below 0.1 % (v/v).

In brief, cells were plated at a density of 1x
10° cells in a 96-well plate, and galangin
was added to each plate at varying
concentrations (5-40 pg/mL). After a 24h
incubation period, the absorbance was
measured at 490 nm. This assay was
repeated thrice with triplicate samples in
each measurement.

Quantification of NO Production

The BV2 cells were plated at 1 x 10°
cells/well in 24-well plates and then
incubated for 24h with and without LPS
(1ug/mL), with and without galangin, and
with 10 uM of Dexamethasone. Nitrite levels
in the culture media were ascertained using
the Griess reaction assay and it was
presumed to reflect NO levels, as described
earlier (Kassim et al., 2010). In short, 100
uL of cell culture medium was mixed with
100 uL of Griess reagent (equal volumes of
1% (w/v) sulfanilamide in 5% (v/v)
phosphoric acid, and 0.1% (w/v)
naphthylethylenediamine dihydrochloride)
and incubated at room temperature for 15
min. The optical density was then
determined at 540 nm in a microplate reader
(Bio-Rad). The nitrite amount in the
samples was measured with the serial
dilution standard curve of sodium nitrite.
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Cytokine Assay

Cytokines released from the treated BV2
macroglia were measured in cell culture
supernatants using the commercial assay
kits. Standard curves for each cytokine were
generated using the Kit-supplied reference
cytokine samples. An evaluation was
carried out on the production of the
following cytokines: IL-6, IL-10, and TNF-
a, as described by (Kassim et al., 2012).

Statistical Analysis

The results shown are summarized from
three independent experiments, where they
represent the mean = SEM. Significant
differences were explored using a one-way
ANOVA followed by the Dunett test with
GraphPad Prism 5.0 software (GraphPad
Software, San Diego, USA). P values less
than 0.05 (p < 0.05) were considered to be
statistically significant.

RESULTS

Effects of galangin on the cell viability of
BV2 cells

The cytotoxicity of galangin on BV2 cells
was tested using the MTT assay. The results
indicated that galangin had no cellular
toxicity on BV2 cells at a concentration of
up to 40ug/mL, and this is illustrated in
Figure 2. Therefore, galangin at
concentrations of and below 20pg/mL was
selected for the following experiments.

Effects of galangin on NO production in
LPS-induced BV2

To study the anti-inflammatory effects of
galangin, its effects on LPS-induced NO
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production was examined in this study. As
made evident in Figure 2, in comparison to
the control group, the production of NO did
not show any increase in galangin-treated
groups, whereas the production of NO had
elevated drastically in the LPS-treated
group. However, galangin groups and
Dexamethasone suppressed the LPS-
induced NO production in a dose-dependent
manner. To assess the anti-
neuroinflammatory effects of galangin on
LPS-stimulated BV2 cells, pro-
inflammatory mediators were measured
with and without galangin at non-cytotoxic
concentrations, ranging from 1.25 to 20
ug/mL. BV2 cells were pre-treated with
galangin for 1 h, and subsequently
stimulated with LPS (1 pg/mL) for 24 h.
The LPS treatment had resulted in more
than a 10-fold increase in the nitrite
concentration in the culture media,
compared to that of the untreated group. On
the other hand, the pretreatment of the
microglial cells with galangin for 1 h had
caused a reduction in NO production
implied by the nitrite concentration in LPS-
stimulated BV2 in a dose-dependent
manner, as illustrated in Figure 3.

Effects of galangin on cytokine production
in LPS-induced BV2

Cytokines, including TNF-a, IL-6 & IL-10,
have been reported to play critical roles in
inflammatory response. The effects of a 24
h treatment with different concentrations of
galangin (1.25-20 pg/mL) on the cytokine
production in LPS-activated BV2 macroglia
are represented in Figure 4. Galangin
significantly suppressed the production of
the inflammatory mediators IL-6, IL-10,
and TNF-a following the LPS induction in
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BV2 macroglia cells in a dose-dependent
manner. When the anti-inflammatory effect
of galangin and that of Dexamethasone
anti-inflammatory drugs were compared, it
was observed that although Dexamethasone
exhibited some inhibitory effects on the
production of cytokines (including IL-6 and
IL-10) after the LPS induction in BV2,
galangin at a concentration of 20 pg/mL
inhibited LPS-induced cytokine production
better and more successfully than
Dexamethasone.

DISCUSSION

In cases of brain damage, there are many
molecules that are released which
automatically  activate the microglia.
However, microglial activation increased
neuronal cell deaths in the brain by freeing
cytotoxic agents such as cytokines, NO and
others. Macroglia have a major role in
immune responses in the brain; in the
inflammatory process, they are involved in
phagocytosis, releasing proinflammatory
cytokines, NO and other mediators (Duque
& Descoteaux, 2014). The present study
shows that the anti-inflammatory effects of
galangin in the activated BV2 microglia are
stimulated by the LPS. Galangin
significantly suppressed the microglial
production of the inflammatory mediators
of cytokines such as IL-6, IL-10 and TNF-a.
as well as NO in the LPS-induced BV2
macroglia in a dose-dependent manner.
Increased levels of cytokines (such as TNF-
a, IL-6 and IL-10) and NO often correlate
with traumatizing brain injury, severe
sepsis, several inflammatory autoimmune
diseases and many others (Spite et al.,
2009). Pro- and anti-inflammatory
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cytokines also have a significant role in the
inflammatory response, and they are
implicated in the development of chronic
inflammatory diseases. As a result, the
ongoing pro- and anti-inflammatory
cytokine production stands to be the
hallmark of various neurological diseases in
the brain. Galangin significantly inhibits the
generation of NO, IL-6, IL-10 and TNF-a
in LPS-stimulated BV2 microglia in a
concentration-dependent manner. One sure
indication is that the inhibitory action of
galangin on the production of inflammatory
mediators takes place at the protein level.
Some studies have reported on the benefits
of natural compounds in neuro-protective
and neuro-inflammatory health (Zhang et
al., 2011). Several studies have delved into
many natural compounds that could prevent
neuronal deaths by means of up-regulating
the expression of antiapoptotic proteins,
glial-derived neurotrophic factor and the
inhibition of inflammatory mediators in
animal  models.  Furthermore, several
preceding studies also highlighted the
powerful antioxidant properties of galangin
in vitro, as well as the strong radical
scavenging and regulation of the
inflammatory signalling through the ROS
inhibition. Therefore, our results and others’
suggest that galangin may stand as a useful
antioxidant agent against ROS (Hewage et
al., 2015). Previous studies illustrated that
galangin reduces ear thickness, ulcers,
dermal and epidermal thickness, epidermal
hyperplasia and the infiltration of
inflammatory cells (J. K. Choi & S.-H.
Kim, 2014). Treatment with of the skin
lesions in atopic dermatitis (Zha et al.,
2013). Galangin has an inhibitory effect on
dermatitis  development  through the
reduction of histamine following the
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decrease of edema; furthermore, galangin
reduces both acute and chronic dermatitis
(J. K. Choi & S. H. Kim, 2014). Galangin
also  suppresses  TNF-a/IFN-c-induced
CcCL17, IL-6, TNF-a and IL-1b
keratinocytes as well as inhibits the gene
expression of TNF-o, IL-1b and IL-6 in
mast cells (J. K. Choi & S. H. Kim, 2014,
Madduma Hewage et al., 2015). In addition,
previous studies also mentioned that the
tropical application of galangin suppresses
the development of dermatitis in in vitro
and in vivo models. Galangin inhibits
histamine release via the reduction of
intracellular calcium of mast cells. It also
inhibits the cytokine gene expression in
mice arthritis model induced with collagen
(Kim et al., 2013). Similarly, it significantly
inhibits rheumatoid arthritis at both clinical
and pathological levels (Huh et al., 2013).
Its protective effect has been claimed to
form a linkage with the down-regulation of
IL-1b, TNF-a, IL-17 and RANKL in the
serum of experimental arthritis animals
(Huh et al.,, 2013). Microglial cells are
activated by extracellular stimuli, where the
activation starts several crucial cellular
responses, playing a role that is vital in the
pathogenesis of neuro-inflammation. The
various pro-inflammatory cytokines and
neurotoxic mediators produced by the
activated microglia are regarded as the
contributing factors to neuronal injury and
the pathogenesis of the neuro-inflammatory
diseases. Thus, the control of the production
of pro-inflammatory mediators could
possibly be targeted at neuro-inflammation-
related diseases. Based on our data,
galangin has demonstrated a remarkable
ability to inhibit the production of cytokines
and NO in LPS-stimulated BV2 microglial
cells. The unnecessary production of
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cytokines and NO can be stimulated by
inflammatory stimuli such as LPS-treatment
in macroglia, thus increasing the immune
response that can subsequently lead to
inflammation (Dantzer et al., 2008). Hence,
the inhibition of  pro-inflammatory
cytokines has been recognised as a target in
anti-inflammatory treatments. Galangin has

been shown to inhibit LPS-induced
cytokine and NO production more
successfully than Dexamethasone. One

would have recognised that the resolution

of inflammation is an active program
regulated by temporal and special
productions of  specialized chemical

mediators (Spite et al., 2009). In terms of
pathogenic infection, the production of pro-
inflammatory cytokines in immune cells
results in acute or chronic inflammatory
diseases (Yang et al., 2014). In the Nuclear
factor-kappa B (NF-kB), the principal
transcription factor, which controls the
inflammatory  expression of  multiple
inflammatory and immune genes, such as
cytokines, iINOS and COX, has a critical
role in controlling inflammatory diseases.
Earlier studies have shed light on the
inhibitory  effects of galangin  on
inflammatory  cytokines due to the
regulation of NF-kB pathway (Jung et al.,
2014). Once the microglial cells are
activated by a number of stimulations, the
IxB protein is released and degraded,
further causing free p50 and p65 which
would subsequently translocate to the
nucleus and lead to the production of
cytokines, NO and others. Galangin has
been  discovered to impede the
phosphorylation of IkB and IKK in LPS-
stimulated macrophages (J. K. Choi & S. H.
Kim, 2014; Madduma Hewage et al., 2015).
Furthermore, the inhibitory effect of
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galangin on the expression of pro-
inflammatory cytokines and chemokines is
mediated by means of blocking ERK, p38
MAPKs and NF-kB pathways in HaCaT
cells (J. K. Choi & S. H. Kim, 2014;
Madduma Hewage et al., 2015). It also
constricts collagen-induced arthritis by
regulating NF-kB translocation  and
oxidative damage through the inhibition of
NF-kB activation in rats fed with fructose
(LI et al., 2008). Galangin inhibits the
inflammatory  cytokines  through the
regulation of caspase-1, NF-kB and
MAPKSs as well as through the prevention
or treatment of mast cell-mediated allergic
inflammatory disorders (Qu et al., 2017). It
also functions as a modulator of
inflammation and bone destruction in in
vitro and in vivo (S. T. Chien et al., 2015;
Huh et al, 2013). Furthermore, it
suppresses RANKL-induced JNK, p38
MAPK and NF-kB activation by reducing
phospho-c-Jun and NFATc1 expression and
regulating IkBa activation in osteoclast
precursors (S. T. Chien et al., 2015; Huh et
al., 2013). Galangin has also been shown to
significantly reduce the DNA-binding
activity of NF-«kB in nuclear extracts taken
from LPS-stimulated macrophages cells (S.-
T. Chien et al., 2015). Various biological
effects of galangin such as antioxidant,
antimicrobial, and anti-inflammatory effects
have also been reported. Evidence showed
galangin to specifically inhibit the
production of TNF-o and ILs in whole
blood cytokines in rat (Sivakumar &
Anuradha, 2011).

In a nutshell, the anti-inflammatory effects
of (TNF-a, IL-1,6 and 10) and the
molecular mechanism involved in these
effects are reported in this particular study
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and several others (J. K. Choi & S.-H. Kim,
2014)
CONCLUSION

In summary, the present study has been able
to show that galangin  regulates
neuroinflammatory activity through the
suppression of NO, TNF-a, IL-6 and IL-10

production in  LPS-stimulated BV2
macroglia. The mechanism is made
possible as the NF-«xB pathway is

suppressed, particularly the activation of
JNK and p38 in BV2 microglia cells.
Further investigations are thus important to
understand the molecular mechanisms at a
transcriptional level as well as the
transcription  factors that control the
inflammatory gene expression. It has been
suggested in the data that galangin may well
be regarded as a natural remedy to
effectively prevent neuroinflammation, and
as a promising pharmacological agent or
food supplement. Earlier studies have
illustrated the strong potential of galangin
for therapeutic purposes against many
inflammatory diseases.
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Figure 1: Workflow chart
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Figure 2: Cytotoxicity of galangin in BV2
cells. Cells were treated with increasing
concentrations of galangin for 24 hours.
Cell viability was assessed using the MTT
assay. Mean + SD. n = 3.
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Figure 3: Effect of galangin on Nitric oxide
(NO) production from BV2 stimulated with
LPS in a dose-dependent manner. *
indicates significant change compared to
control, *p< 0.01, **

0.05***p< 0.005. GANG= Galangin, and
DEXA= Dexamethasone.
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Figure 4: Effect of galangin on cytokines
production from BV2 stimulated by LPS.
(A) Galangin effect on the microglia
production of the inflammatory mediators
of TNF-a after LPS -induced BV?2
macroglia in a dose-dependent manner. (B)
Galangin effect on the microglia production
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of the inflammatory mediators of IL-6 after
LPS -induced BV2 macroglia in a dose-
dependent manner. (C) Galangin effect on
the  microglia  production of the
inflammatory mediators of IL-10 after LPS
-induced BV2 macroglia in a dose-
dependent manner. ***p< 0.005
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