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Abstract In this study, we investigated the inhibitory potential of an ethanol extract of Carpomitra
costata (EECC) (Stackhouse) Batters, a brown alga, against neuroinflammatory responses in lip-
opolysaccharide (LPS)-stimulated BV2 microglia. Our results showed that EECC significantly sup-
pressed the LPS-induced secretion of pro-inflammatory mediators, including nitric oxide (NO)
and prostaglandin E,, with no significant cytotoxic effects. EECC also inhibited the LPS-induced
expression of their regulatory enzymes, such as inducible NO synthase and cyclooxygenase-2.
In addition, EECC downregulated the LPS-induced expression and production of the proin-
flammatory cytokines, tumor necrosis factor-a and interleukin-1[3. In the mechanistic assessment
of the antineuroinflammatory effects, EECC was found to inhibit the nuclear translocation and
DNA binding of nuclear factor-kappa B (NF-kB) by disrupting the degradation of the kB-a in-
hibitor in the cytoplasm. Moreover, EECC effectively suppressed the enhanced expression of
Toll-like receptor 4 (TLR4) and myeloid differentiation factor 88, as well as the binding of LPS
to TLR4 in LPS-treated BV2 cells. Furthermore, EECC markedly reduced the LPS-induced gen-
eration of reactive oxygen species (ROS), demonstrating a strong antioxidative effect. Collectively,
these results suggest that EECC repressed LPS-mediated inflammatory action in the BV2 microglia
through the inactivation of NF-kB signaling by antagonizing TLR4 and/or preventing ROS
accumulation. While further studies are needed to fully understand the anti-inflammatory effects
associated with the antioxidant activity of EECC, the current findings suggest that EECC has

a potential advantage in inhibiting the onset and treatment of neuroinflammatory diseases.

Keywords : Carpomitra costata, Anti-inflammation, NF-kB, TLR4, ROS

Introduction ous system (CNS) play an important role in the devel-
opment and maintenance of the brain. However, micro-
Microglia that act as macrophages in the central nerv- glia that are hyperactivated in response to inflammatory
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signals damage the brain neurons and cause the onset
and progression of various neurodegenerative diseases
[10,25]. In particular, pathogenic endotoxins bind to
Toll-like receptors (TLRs) and induce excessive activa-
tion of microglial cells [1,9]. Among them, lip-
opolysaccharides (LPS) present in the outer membrane
of gram-negative bacteria specifically bind to TLR4.
This signal induces the transcriptional activation of the
nuclear factor-kappaB (NF-xB) through various intra-
cellular signaling pathways, including phosphatidylino-
sitol 3'-kinase (PI3K)/Akt and mitogen-activated pro-
tein kinases (MAPKS), resulting in the expression of
a series of inflammatory genes that promote neuronal
inflammation and neurodegeneration [16-18]. In addi-
tion, microglial cells that are overactivated by LPS in-
duce oxidative stress through increasing the generation
of reactive oxygen species (ROS), which further ag-
[3,14,26].

Therefore, blocking excessive activation of microglia

gravates the inflammatory response
is an important tool to delay the induction and pro-
gression of many brain diseases.

Seaweeds have long been used by residents of the
Asian coastal regions as sources of medicine and food.
Many studies have shown they have various pharmaco-
logical effects, including anti-inflammatory and anti-
effects  [4,6,23].

(Stackhouse) Batters is a kind of brown algae belonging

oxidant Carpomitra  costata
to the Sporochnaceae family. Pesando and Caram [21]
found it has both antibacterial and antifungal effects.
In addition, C. costata has been shown to protect
against keratinocyte damage due to ultraviolet B (UVB)
rays through an antioxidant mechanism [30]. Recently,
it has also been found that the extract of this alga effi-
ciently inhibits the inflammatory response in LPS-treat-
ed macrophages [28]. However, studies on microglia
have not been performed as of yet; in particular, the
role of TLRs in relation to the anti-inflammatory effects
of C. costata has yet to be clarified. Therefore, this
study examined the anti-inflammatory and antioxidant
potency of ethanol extract of C. costata (EECC) in BV2
microglia stimulated by LPS and investigated the effect

of EECC on the activation of TLR4 signaling pathways
by LPS.

Materials and Methods

Preparation of EECC

EECC wused in this study was provided by the
National Marine Biodiversity Institute of Korea
(Seocheon, Republic of Korea). For the preparation of
the EECC, C. costata was collected offshore from
Ulleung Island, Republic of Korea, in March 2016. The
collected C. costata was identified by Dr. Su-Hyun
Hong of Dongeui University College of Korean
Medicine and washed with tap water to remove the
slats, epiphytes, and sands attached to the surface of
the samples, and then stored at -20°C. The frozen sam-
ples were lyophilized and homogenized, using a grinder
before extraction. The dried powder was extracted with
70% ethanol (1:10 w/v) for 1 h (five times) by soni-
cation, and then the extract (EECC) was evaporated in
vacuo using a rotary evaporator (Rikakikai Co., Ltd.,
Tokyo, Japan). The extract was dissolved in dime-
thylsulfoxide (DMSO, Sigma-Aldrich Chemical Co.,
St. Louis, MO, USA) before use in the experiment.

Cell culture and treatment

BV2 microglia were maintained in Dulbecco’s
Modified Eagle’s Medium (DMEM), containing 10%
(v/v) fetal bovine serum (FBS), L-glutamine (2 mM),
penicillin (100 U/ml), and 100 pug/ml streptomycin (100
U/ml, WelGENE Inc., Daegu, Republic of Korea), at
37°C in a humidified atmosphere containing 5% CO,
and 95% air. To verify the efficacy of EECC in BV2
cells, the medium was exchanged with fresh DMEM,
and 100 ng/ml LPS (Sigma-Aldrich Chemical Co.) was
added in the presence or absence of EECC for the in-

dicated periods.

Assessment of cell viability

BV2 cells were cultured in 96-well plates at a density
of 1x10* cells per well. After 24 h incubation, the cells
were treated with various concentrations of EECC for
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24 h or pretreated with different concentrations of
EECC for 1 h prior to LPS (100 ng/ml) treatment for
24 h. Afterward, the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT, 0.5 mg/ml, Sigma-Aldrich Chemical
Co.) was added to each well, and they were further

medium was removed,

incubated at 37°C for 3 h. The supernatant was then
replaced with DMSO to dissolve the blue formazan
crystals for 10 min. The optical density was measured
at a wavelength of 540 nm with an enzyme-linked im-
assay (ELISA) microplate

(Dynatech Laboratories, Chantilly, VA, USA).

munosorbent reader

Measurement of pro-inflammatory mediator and
cytokine production

The levels of nitric oxide (NO) production were in-
directly determined by measuring the stable NO catabo-
lite nitrite in a medium by Griess reaction. To summa-
rize, the conditioned medium was mixed with the same
volume of Griess reagent (Sigma-Aldrich Chemical
Co.) and incubated for 10 min at room temperature.
The optical density at 540 nm was measured with an
ELISA microplate reader, and the concentration of ni-
trite was calculated according to the standard curve
generated from known concentrations of sodium nitrite.
The levels of prostaglandin E, (PGE,, item No.
500141), tumor necrosis factor (TNF)-a (item No.
MTAOOB) and interleukin (IL)-1B8 (item. No.
MLBO00C) in the culture medium were measured by
commercial ELISA kits (Cayman Chemical, Ann
Arbor, MI, USA and R&D Systems, Minneapolis, MN,

USA) according to the manufacturer’s instructions [2].

Protein isolation and Western blot analysis

As described previously [20], the cells were collected
and the cellular proteins were prepared. The cytosolic
and nuclear proteins were separated using an NE-PER
Nuclear and Cytoplasmic Extraction Reagents kit
(Pierce Biotechnology, Rockford, IL, USA), according
to the manufacturer's protocol. For Western blotting,
equal amounts of protein samples were electrophoreti-

cally transferred onto polyvinylidene difluoride mem-

branes (Schleicher and Schuell, Keene, NH, USA) fol-
lowing separation in sodium-dodecyl sulfate (SDS) gel
electrophoresis. Subsequently, the membranes were
blocked with 5% non-fat dry milk/Tris-buffered saline
containing 0.1% Triton X-100 (TBST) for 1 h and then
probed with specific primary antibodies at 4°C
overnight. Antibodies against inducible NO synthase
(INOS, SC-7271,
oxygenase-2 (COX-2, SC-19999, mouse monoclonal),
IL-13 (SC-7884, rabbit polyclonal), NF-xB (SC-109,
rabbit polyclonal), inhibitor of kBa (IxBa, SC-371,
rabbit polyclonal), phospho (p)-IkBa (SC-8404, mouse
monoclonal), TLR4 (SC-13593, mouse monoclonal),
myeloid differentiation factor 88 (Myd88, SC-74532,
mouse monoclonal), and B-actin (SC-1615, goat poly-

mouse  monoclonal), cyclo-

clonal) were purchased from Santa Cruz Biotechnology
Inc. (Santa Cruz, CA, USA). Antibodies against TNF-a
(#37075, rabbit polyclonal) and nucleolin (ab22758,
rabbit polyclonal) were obtained from Cell Signaling
Technology, Inc. (Danvers, MA, USA) and Abcam,
Inc. (Cambridge, UK), respectively. After washing the
primary antibodies with TBST, the membranes were
incubated with the appropriate horseradish-peroxidase
(HRP)-conjugated secondary antibodies (Santa Cruz
Biotechnology Inc.) for 2 h at room temperature. The
protein bands were detected by an enhanced chem-
iluminescence (ECL) kit (Amersham Corp., Arlington
Heights, IL, USA), according to the manufacturer’s

instructions.

Electrophoretic mobility assay (EMSA)

EMSA was carried out using the nuclear extracts de-
scribed in a previous study [13]. To summarize, bio-
tinylation of synthetic complementary NF-kB binding
oligonucleotides (Santa Cruz Biotechnology, Inc.) was
performed using a biotin 3'-end DNA labeling kit
(Pierce Biotechnology) according to the manufacturer's
instructions, and annealed at room temperature for 30
min. The mixture was separated by electrophoresis on
a 4% polyacrylamide gel that had been pre-electro-
phoresed in 0.5X Tris-borate buffer for 60 min and then
transferred to a nylon membrane (Hybond™N") for 30
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min. Biotin-labeled DNAs were detected using the
Light Shift chemiluminescence EMSA kit (Pierce
Biotechnology).

Measurement of TLR4 expression on the cell
surface

To investigate the effect of EECC on TLR4 ex-
pression on the cell surface, Alexa Fluor (AF) 488-con-
jugated LPS (100 ng/ml, Invitrogen Life Technologies,
Carlsbad, CA, USA) was treated with BV2 cells that
either were or were not pretreated with EECC for 1
h. After 1 h incubation, the cells were washed twice
with phosphate-buffered saline (PBS), harvested with
0.005% ethylenediaminetetraacetic acid (Sigma-Aldrich
Chemical Co.), and then analyzed by a flow cytometer.
Alexa 488 was excited using 488 argon ion laser lines
and detected on channel FL1 using a 530 nm emission
filter. Fluorescence emission of the samples was re-
corded by a flow cytometer (Becton Dickinson, San
Jose, CA, USA) as previously described [12].

Detection of the intracellular ROS levels

The production of intracellular ROS was monitored
using a cell-permeable fluorogenic probe, 5,6-car-
boxy-2’,7’-dichlorofluorescin diacetate (DCF-DA). To
summarize, the cells were treated with EECC for 1 h
or pretreated with EECC for 1 h and then cultured for
1 h in either the presence or absence of LPS. The cells
were harvested and stained with 10 yM DCF-DA
(Sigma-Aldrich Chemical Co.) in the dark at 37°C for
15 min. The cells were then rinsed twice with PBS,
and immediately analyzed using a flow cytometer with
an excitation wavelength of 480 nm and an emission
wavelength of 525 nm. To observe the degree of ROS
production by fluorescence microscopic observation,
the cells attached to the glass coverslips were stimu-
lated with or without 100 ng/ml LPS after the EECC
treatment for 1 h. The cells were stained with DCF-DA,
washed twice with PBS, and then fixed with 4% paraf-
ormaldehyde (pH 7.4) for 20 min. The fixed cells were
analyzed using a fluorescence microscope (Carl Zeiss,
Oberkochen, Germany).

Statistical analysis

Data values are expressed as the mean = the standard
deviation (SD). All statistical analyses were performed with
GraphPad Prism software 5.0 (GraphPad Software Inc., La
Jolla, CA, USA). Comparisons between groups were per-
formed by Dunnett’s multiple range tests. Differences were
considered statistically significant at p<0.05.

Results

Assessment of EECC on cell viability in BV2
microglial cells

To establish the experimental conditions, BV2 cells
were treated with a wide range of EECC for 24 h, and
cell viability was examined by MTT assay. As shown
in Fig. 1A, the cytotoxic effect was not induced at con-
centrations up to 200 pg/ml, but the cell viability was
significantly reduced in the treatment groups with a
concentration of 300 pg/ml. In addition, no significant
change was found in the EECC concentration up to 200
pg/ml even in the presence of 100 ng/ml LPS (Fig.
1B). Therefore, the maximum concentration of EECC
to 200 pug/ml was chosen to study the anti-inflammatory
effect of EECC in LPS-stimulated BV2 cells.

Inhibition of LPS-induced NO and PGE2
production by EECC in BV2 microglial cells

To determine the inhibitory properties of EECC on
the LPS-induced production of NO and PGE.,, repre-
sentative pro-inflammatory mediators, BV2 cells were
pretreated with different concentrations of EECC for
1 h and then stimulated with or without 100 ng/ml LPS
for another 24 h. The levels of NO and PGE, in the
culture supernatants were determined by Griess reaction
assay and ELISA, respectively. As indicated in Figs.
2A and B, stimulation with LPS alone markedly in-
creased NO and PGE, production in comparison with
no stimulation with LPS. Conversely, EECC sig-
nificantly inhibited LPS-induced secretion of NO and
PGE, in BV2 cells in a concentration-dependent

manner.
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Figure 1. Effects of EECC and LPS on the cell viability of BV2 microglial cells. The cells were treated with various
concentrations of EECC for 24 h (A) or pre-treated with the indicated concentrations of EECC for 1 h prior to 100 ng/ml
LPS treatment for 24 h (B). The cell viability was assessed with an MTT reduction assay, and the results were expressed
as the percentage of surviving cells over control cells. Values represent the means + SD of the three independent experiments
(p < 0.05 compared with the control).
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Figure 2. Suppression of NO and PGE, production, and iNOS and COX-2 expression by EECC in LPS-stimulated BV2
microglial cells. The cells were pre-treated with the indicated concentrations of EECC for 1 h prior to incubation with
100 ng/ml LPS for 24 h. The levels of NO (A) and PGE; (B) in the culture media were measured by Griess assay and
an ELISA kit, respectively. Each value indicates the mean + SD obtained from three independent experiments (‘p < 0.05
compared with the control; p < 0.05 compared with the cells cultured with 100 ng/ml LPS). (C) The total proteins were
isolated and Western blot analyses were performed using the anti-INOS and COX-2 antibodies and an ECL detection system.
The experiments were repeated three times, and similar results were obtained. -actin was used as the internal control.

of LPS-induced iNOS and COX-2
expression by EECC in BV2 microglial cells

This finding indicates that EECC suppresses NO and
PGE; production by reducing the expression of their

Attenuation
Subsequently, we determined whether the inhibitory encoding genes.
effects of EECC on NO and PGE, production had to
do with regulating the expression of their synthesis en- Reduction of the production and expression of
pro-inflammatory by EECC
LPS-stimulated BV2 microglial cells
The effect of EECC on the production of pro-in-

zymes, iINOS and COX-2, respectively. As shown in cytokines in
Fig. 2C, EECC inhibited the expression of the iNOS

and COX-2 proteins in the LPS-stimulated BV2 cells.
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flammatory cytokines, including TNF-a and IL-6, was
in LPS-stimulated BV2
According to our ELISA results, shown in Figs. 3A

next investigated cells.

and B, the production of these cytokines was sig-

nificantly increased in the culture medium of
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LPS-stimulated BV2 cells, which decreased in the pres-
ence of EECC in a concentration-dependent manner.
In addition, inhibition of TNF-a and IL-6 production
by EECC was associated with the suppression of their
expressions (Fig. 3C).
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Figure 3. Inhibition of the LPS-induced production and expression of pro-inflammatory cytokines by EECC in BV2 micro-
glial cells. BV2 cells were pre-treated with various concentrations of EECC for 1 h, followed by 100 ng/ml LPS for
24 h. The levels of TNF-a (A) and IL-18 (B) in the culture media were measured by commercial ELISA kits. Each
value indicates the mean + SD obtained from three independent experiments (‘p < 0.05 compared with the control; “p
< 0.05 compared with the cells cultured with 100 ng/ml LPS). (C) The expression of TNF-a and the IL-1[3 protein
was determined using Western blot analyses. [B-actin was used as the internal control.

Suppression of LPS-induced activation of NF-xB by
EECC in BV2 microglial cells

We next determined whether EECC could attenuate
the LPS-induced activation of NF-kB in BV2 cells.
Immunoblotting data using cytoplasmic and nuclear ex-
tracts showed that EECC pretreatment inhibited the nu-
clear accumulation of NF-kB p65 subunit associated
with the attenuation of IxkBa degradation in LPS-stimu-
lated BV2 cells (Fig. 4A). Consistent with these results,
the DNA binding activity of NF-xB was markedly in-
creased in the LPS-treated cells, whereas the pretreat-
ment with EECC suppressed the LPS-induced DNA
binding activity of NF-kB (Fig. 4B), implying that
EECC attenuated the transcriptional activation of NF-xB.

of LPS-induced TLT4 and Myd88
expressions by EECC in BV2 microglial cells

Prevention

To determine whether the anti-inflammatory effect of
EECC was related to the blocking of the TLR signaling
pathway, the effect of LPS and EECC on the expression
of TLT4 and Myd88 was investigated. According to
the results of immunoblotting (Fig. 5A), the levels of
the TLT4 and Myd88 proteins markedly increased in
an LPS treatment in a time-dependent manner, similar
to the results of previous studies [29]. However, when
EECC was pretreated, LPS-induced expression of these
proteins was inhibited in a concentration-dependent
manner (Fig. 5B), suggesting that EECC may inhibit
the LPS-activated TLR4 signaling pathway in BV2

cells.
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Figure 4. Inhibition of the LPS-induced NF-kB activation by EECC in BV2 microglial cells. (A) The cells were pre-treated
with the indicated concentrations of EECC for 1 h before 100 ng/ml LPS treatment for 1 h. The nuclear and cytosolic
proteins were prepared for Western blot analysis using anti-NF-kB p65 and anti-IxBa antibodies. Nucleolin and [B-actin
were used as the internal controls for the nuclear and cytosolic fractions, respectively. (B) Nuclear protein extracts were
prepared from the cells cultured under the same conditions and assayed for the DNA binding activity of NF-kB by an
EMSA.
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Figure 5. Attenuation of the LPS-induced expression of TLR4 and Myd88, and interaction between LPS and TLR4 by
EECC in BV2 microglial cells. The cells were treated with 100 ng/ml LPS for the indicated times (A) or pretreated with
the indicated concentrations of EECC for 1 h prior to LPS treatment for 6 h (B). The total proteins were prepared for
Western blot analysis using anti-TLR4 and anti-Myd88 antibodies. (C) Following treatment with 100 ng/ml AF-LPS for
30 min in the absence or presence of 200 ug/ml EECC, the LPS binding on the surface of the BV2 cells was measured.
Each value indicates the mean + SD obtained from three independent experiments (‘p < 0.05 compared with the control;
*» < 0.05 compared with the cells cultured with 100 ng/ml LPS).

Suppression of LPS-mediated interaction between
LPS and TLR4 by EECC in BV2 microglial cells
We further assessed whether EECC inhibits the inter-
action between LPS and TLR4 on LPS-treated BV2 cell
surfaces. As shown in Fig. 5C, the fluorescence in-
tensity of LPS adhered to the outside of the cell mem-
brane was greatly increased in the cells treated with
LPS alone, but significantly attenuated in the cells treat-
ed with LPS in the presence of EECC. This indicates

that the binding of LPS to TLR4 was suppressed in
the presence of EECC.

Protection of LPS-induced ROS generation by
EECC in BV2 microglial cells

To investigate the antioxidant potential of EECC, the
effect of EECC on LPS-induced ROS production was
examined. Our flow cytometry results using the fluo-
rescent probe DCF-DA showed that the level of ROS
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gradually increased with the treatment of LPS, peaked
at 1 h, and decreased thereafter (data not shown).
However, the treatment with EECC alone did not in-
duce ROS generation, and the pretreatment with EECC
effectively attenuated the level of ROS released by LPS
(Fig. 6A). The inhibitory effect of EECC on ROS pro-
duction was similarly observed in experiments using
fluorescence microscopy (Fig. 6B). In addition, in the
N-acetyl cysteine (NAC)-pretreated cells used as a pos-
itive control, the production of ROS by LPS was com-
pletely blocked, indicating that EECC had a strong ROS
scavenging effect.
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Figure 6. Inhibition of LPS-induced ROS generation by
EECC in BV2 microglial cells. Cells were pretreated with
200 pg/ml EECC or 10 mM NAC for 1 h and then stimulated
with or without 100 ng/ml LPS for 1 h. (A) The DCF fluo-
rescence was measured by flow cytometry. Each value in-
dicates the mean + SD obtained from three independent ex-
periments (‘p < 0.05 compared with the control; p < 0.05
compared with the cells cultured with 100 ng/ml LPS). (B)
After staining with DCF-DA, images were obtained using a
fluorescence microscope (original magnification, 200x).

Discussion

Current studies have shown that EECC inhibits
LPS-induced inflammatory signaling in a BV2 micro-
glial cell model. Similar to previous studies using a

macrophage model [28], our results indicated that

EECC significantly inhibited the production of NO and
PGE; by LPS stimulation in the absence of cytotoxicity,
which was associated with the suppression of iNOS and
COX-2 expression, respectively. We also found that
EECC reduced the release of TNF-a and IL-6 by block-
ing their expression in LPS-stimulated cells. Therefore,
these results suggest that EECC may block the in-
flammatory response by inhibiting the expression of
genes that regulate the production of pro-inflammatory
factors.

NF-kB is a key transcription factor that enhances the
expression of pro-inflammatory enzymes and cytokines,
but only when it has migrated to the nucleus. NF-xB
is usually located in the cytoplasm in association with
IkBa. When IxBa is phosphorylated and degraded, NF-
kB is isolated and translocated to the nucleus [16-18].
Our results indicated that EECC reduced the expression
and production of pro-inflammatory mediators and cy-
tokines by inhibiting the NF-kB pathway in LPS-stimu-
lated BV2 microglia. This is also in line with the pre-
vious results observed in LPS-stimulated macrophages
[28].

Immune cells, including microglia, recognize patho-
gen-associated molecular patterns through TLRs, pat-
tern recognition receptors expressed on the cell surface.
Among the TLRs, TLR4 recruits adapter molecules, in-
cluding MyD88, an LPS-binding protein and differ-
entiation cluster co-receptor, when activated by LPS
[10,25]. Upon activation of TLR4 by LPS, the TLR4-
MyD88-mediated signal can induce activation of the in-
tracellular signal transduction including
PI3K/Akt and MAPKSs. These eventually promote the
activation of NF-kB signaling and ultimately produce

systems,

pro-inflammatory mediators and cytokines [1,9]. In this
study, we found that EECC can attenuate the onset of
the LPS-mediated intracellular signaling pathway by
suppressing the activation of NF-kB and inhibiting the
binding of LPS to TLR4 in microglial cells. According
to the results of Yim et al. [28], C. costata significantly
inhibited the LPS-mediated activation of PI3K/Akt and
c-Jun N-terminal kinase, but not p38 MAPK and ERK,
in the macrophage model. Thus, EECC is expected to
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inhibit the NF-kB as well as PI3K/Akt and MAPKs
signaling pathways by showing antagonistic effects on
the binding of LPS to TLR4 in immune cells such as
macrophages and microglia.

Along with inflammatory insults, oxidative stress is
another major cause of CNS damage. Low levels of
ROS play an important role as signaling molecules to
regulate the immune response to pathogens, but over-
production of ROS
[7,19,26]. In many previous studies, it has been reported

contributes to neurotoxicity

that neuroinflammatory response by LPS in microglia
was directly related to increased ROS production, and
inhibition of inflammatory response was associated
with blocking of ROS production [5,8,11,15,22].
Moreover, the TLR4 signaling-mediated generation of
ROS by LPS accelerates the inflammatory response by
activating downstream signaling cascades containing
NF-kB [24,27]; thus, inhibition of ROS production is
an important target for suppression of inflammatory re-
sponses as well as oxidative stress. Recently, Zheng et
al. [30] reported that C. costata extract has protective
effects against UVB-induced oxidative damage in hu-
blocking ROS
production. This antioxidant effect is in line with the

man keratinocytes involved in
current results of EECC, which effectively prevents ex-
cessive ROS production. Although the inhibitory effect
of EECC on inflammatory response-associated ROS
production has been reported for the first time in this
study, further studies are needed on the direct link be-
tween anti-inflammatory and antioxidant efficacy and

the role of intracellular antioxidant systems.

Conclusion

In conclusion, the results obtained in this study dem-
EECC had a potent
inflammatory effect on BV2 microglial cells. In
LPS-stimulated cells, EECC was able to reduce the pro-

duction of pro-inflammatory mediators and cytokines,

onstrated that anti-neuro-

which is associated with the decreased expression of
their regulatory genes by suppressing NF-kB activity.
Furthermore, EECC could block early intracellular sig-

naling cascades by antagonizing against TLR4 or by
suppressing ROS accumulation. Although current re-
sults may provide a partial understanding of the anti-in-
flammatory effect of EECC, further studies are needed
to assess the major active components of EECC and
the mechanical role of EECC in various oxidative

stress- and inflammation-mediated diseases.
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