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A B S T R A C T

The anti-inflammatory effects of 3‑bromo‑5‑(ethoxymethyl)‑1,2‑benzenediol (BEMB) from Polysiphonia morrowii
were evaluated in lipopolysaccharide (LPS)-induced RAW264.7 cells and zebrafish embryo. BEMB showed anti-
inflammatory effects by inhibiting the production of nitric oxide (NO) and reactive oxygen species (ROS), and
the expression of inducible NO synthase (iNOS) and cyclooxygenase-2 (COX-2) in the LPS-activated RAW264.7
cells and zebrafish embryo without cytotoxicity. Moreover, BEMB suppressed the protein and mRNA expression
levels of nuclear factor (NF)-κB (p65 and inhibitor of NF-κB [IκB]-A) in RAW264.7 cells and zebrafish embryo,
respectively. Collectively, the results of this study indicate that BEMB suppressed the production of pro-in-
flammatory mediators such as NO, iNOS, and COX-2 as well as their regulation in LPS-induced RAW264.7 cells
and zebrafish embryos by inhibiting ROS production and NF-κB expression. Therefore, this study suggests that
BEMB could be a potential anti-inflammatory agent for the treatment of inflammatory diseases.

1. Introduction

Inflammatory reaction, which is typically characterized by redness,
swelling, heat, and pain, is a common physiological response that de-
fends the host from injurious stimuli such as pathogens, toxins, and
local injuries. However, excessive or aberrant inflammation induces
overactivity of the body and is harmful. Indeed, inflammation con-
tributes to the pathogenesis of several diseases that affect a significant
portion of the human population, such as rheumatoid arthritis, ather-
osclerosis, chronic hepatitis, pulmonary fibrosis, and inflammatory
brain diseases [1,2]. Lipopolysaccharide (LPS), the major component of
the cell wall of gram-negative bacteria, increases the production of pro-
inflammatory cytokines, nitric oxide (NO), and prostaglandin E2
(PGE2), which are the main cytotoxic and pro-apoptotic mediators

involved in the innate response in many mammals [3–5]. Therefore,
LPS is associated with a wide variety of inflammatory diseases and has
been widely used to mimic the features of inflammatory diseases [6,7].
Thus, inhibition of the production of these inflammatory cytokines and
mediators is an important target in the development of anti-in-
flammatory agents.

Zebrafish share a high degree of sequence and functional homology
with mammals, including humans [8]. Since the nervous system and
various organogenesis processes of zebrafish are very similar to those of
humans, research is actively being conducted using it as an animal
model of various human diseases [9,10]. In particular, LPS-induced
zebrafish exhibit an inflammatory response similar to that of mammals
[11]. Therefore, zebrafish has been used as an in vivo model of in-
flammation to confirm the anti-inflammatory effects of numerous
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natural products.
Marine algae are currently attracting attention as a material with

multiple pharmacological functions such as whitening, anti-in-
flammatory, anticancer, and anti-obesity effects [12,13]. Polysiphonia
morrowii is a species of red algae native to Korea, Japan, China, and
Russia [14]. A number of studies have been reported on the biological
activities of P. morrowii [15,16]. However, the anti-inflammatory ac-
tivity of 3‑bromo‑5‑(ethoxymethyl)‑1,2‑benzenediol (BEMB) from P.
morrowii has not been studied and, therefore, in this study, we ex-
amined this phenomenon in vitro and in an in vivo zebrafish model, for
the first time.

2. Material and methods

2.1. Reagents

Dulbecco's Modified Eagle's Medium (DMEM), fetal vobine serum
(FBS), penicillin-streptomycin, trypsin-EDTA were purchased from
Gibco. (Grand Island, NY). Dimethyl sulfoxide (DMSO), lipopoly-
saccharide (LPS; from Escherichia coli strain) and phosphate buffered
saline (PBS) were purchased from Sigma Chemical Co. (St. Louis, MO,
USA). The ELISA kits for PGE2, IL-1β, and IL-6 were purchased from R&
D Systems, Inc. (St. Louis, MO, USA) and BD Biosciences (San Diego,
CA, USA). Antibodies were from the following sources: iNOS, COX-2,
IκB-α, P-P65, P-P105 and β-actin were purchased from Cell Signaling
Technology (Beverly, MA, USA). The secondary antibodies were ob-
tained from Cell Signaling Technology. 2,7‑dichlorofluorescein diace-
tate (DCF-DA), diaminofluorophore4‑amino-5‑methylamino‑2′7′‑di-
fluorofluorescein diacetate (DAF-FM DA), acridine orange were
purchased from Sigma (St. Louis, MO, USA). All other reagents were
purchased from Sigma–Aldrich Chemical Co. (St. Louis, MO, USA).

2.2. Isolation of BEMB

The red alga P. morrowii was collected along the coast of Jeju Island,
Korea. The sample was washed thrice with tap water to remove the salt,
sand, and epiphytes attached to its surface, followed by careful rinsing
with fresh water and then it was frozen in a medical refrigerator at
−20 °C. The freeze-dried P. morrowii powder was extracted thrice with
80% aqueous methanol at room temperature. The liquid layer was
obtained by filtration, and the filtrate was concentrated using an eva-
porator under reduced pressure. The extract was suspended in water,
and the aqueous layer was partitioned with chloroform. Then, the
chloroform fraction was fractionated using silica column chromato-
graphy with stepwise elution using a chloroform-methanol mixture
(30:1→ 1:1) to separate the active fractions of the chloroform extract.
The combined active fraction was further separated using a Sephadex
LH-20 column saturated with 100% methanol, and then purified using
reversed phase high-performance liquid chromatography (HPLC) using
a Waters HPLC system (Alliance 2690, Waters Corp., Milford, MA, USA)
equipped with a Waters 996 photodiode array detector and C18 column
(J'sphere ODS-H80, 250× 4.6mm, 4 μm; YMC Co., Kyoto, Japan) by
stepwise elution with a methanol-water gradient (UV range, 290 nm;
flow rate, 1 ml/min). Finally, the purified compounds were identified
by comparing their proton (1H) and 13C nuclear magnetic resonance
(NMR) data with those published in the literature [17]. The chemical
structure of the purified compound is shown in Fig. 1A. The compound
was dissolved in dimethylsulfoxide (DMSO) prior to use in the experi-
ments, and the final concentration of DMSO in culture medium was
adjusted to<0.01%.

2.3. Cell culture

Raw 264.7 murine macrophage cells were purchased from the
Korean Cell Line Bank (KCLB; Seoul, Korea). The cells were cultured in
DMEM supplemented with antibiotics (100 U/ml penicillin and 100 μg/

ml streptomycin) and 10% FBS at 37 °C in a 5% CO2 atmosphere.

2.4. Cell viability assay

RAW 264.7 cells (2× 105/well) were plated in 96-well plates and
incubated overnight, and subsequently treated with LPS (1 μg/ml) in
the absence or presence of various concentrations (12.5, 25, and 50 μM)
of BEMB at 37 °C for 24 h. After incubation, MTT solution (5mg/ml)
was added to each well and plates were incubated for 4 h in a CO2

incubator at 37 °C. Subsequently, supernatant was removed and DMSO
was added to dissolve formazan crystals. The absorbance was measured
at 540 nm.

2.5. Measurement of NO production

RAW 264.7 cells (2× 105/well) were plated in 24-well plates and
subsequently treated with LPS (1 μg/ml) in the absence or presence of
various concentrations (12.5, 25, and 50 μM) of BEMB at 37 °C for 24 h.
Culture supernatants were mixed with Criess reagent (1:1 mixture of
1% sulfanilamide and 0.1% naphthylethylenediamine dihydrochloride
in 2.5% phosphoric acid) and incubated at room temperature for
10min. Subsequently, the NO concentration in supernatant was de-
termined by measuring absorbance at 540 nm.

2.6. Measurement of intracellular ROS production

RAW 264.7 cells (2× 105/well) were plated in 96-well plates and
subsequently treated with LPS (1 μg/ml) in the absence or presence of
various concentrations (12.5, 25, and 50 μM) of BEMB at 37 °C for 24 h.
Then, the cells were treated with DCHF-DA (20 μM) for 30min at 37 °C
in the dark. DCHF-DA was detected at an excitation wavelength of
485 nm and an emission wavelength of 535 nm using a spectro-
photometer.

2.7. Measurement of cytokines (IL-1β and IL-6) and PGE2 by ELISA

RAW 264.7 cells (2× 105/well) were plate in 24-well plates and
subsequently treated with LPS (1 μg/ml) in the absence or presence of
various concentrations (12.5, 25, and 50 μM) of BEMB at 37 °C for 24 h.
Culture supernatants were collected for determination of IL-1β, IL-6,
and PGE2 concentrations by ELISA according to the manufacturer's in-
structions.

2.8. Western blot analysis

RAW 264.7 macrophages were cultured at 2× 105 cells per 35mm
dish and incubated at 37 °C for 24 h. The cells were then treated with
different concentrations of BEMB and incubated for 24 h or 15min. The
cells were lysed using RIPA lysis buffer. Protein concentrations were
determined using a Bio-Rad protein assay kit; bovine serum albumin
(BSA) was used as the calibration standard. Cell lysates were electro-
phoresed on SDS polyacrylamide gels (8–12%) and the separated pro-
teins were transferred to PVDF membranes. The membranes were in-
cubated in the blocking solution (Tris-buffer/Tween 20, TBST)
containing 3% BSA (w/v) for 2 h under gentle shaking at room tem-
perature. Subsequently, the membranes were incubated with primary
antibodies (iNOS, COX-2, p-p65, and p-p105 diluted 1:1000 in 3% BSA
in TBST) for 24 h at 4 °C. After incubation, the membranes were washed
three times with TBST buffer at room temperature, and then incubated
with secondary antibodies (1:3000) in 3% BSA in TBST for 2 h at room
temperature. Signals were developed using ECL western blotting de-
tection kit and visualized on a Bio-Rad ChemiDoc system.

2.9. Confocal microscopy analysis

Cells were fixed in 4% formaldehyde for 15min at room
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temperature and permeated with methanol at −20 °C for 10min. Cells
were then blocked for 1 h with 1% BSA in PBS and permeabilized by
incubation with 0.4% Triton X-100 for 30min. Subsequently, cells were
washed with PBS and incubated with anti-p65 primary antibody
(1:100) at 4 °C overnight. After washing with PBS, cells were incubated
with a secondary antibody (1:100) at 4 °C for 1.5 h. Cells were then
washed with PBS and incubated with Alexa Fluor 488 goat anti-rabbit
antibody (1:800) for 1.5 h at RT in the dark. After washing with PBS,
slides were mounted and counter-stained using vectashield mounting
medium containing DAPI (Vector Laboratories, Burlingame, CA, USA).
Slides were visualized under a laser scanning microscope (LSM 700;
ZEISS, Jena, Germany).

2.10. Maintenance of zebrafish

Zebrafish were maintained in a temperature-controlled room at
28 °C with a 13:11 h day/night cycle. Zebrafish were fed two times per
day. The day before the experiment began, zebrafish were randomly
selected for interbreeding in a male-to-female ratio of 2:1. The embryos
were collected from the breeding case and washed to remove any debris
lying at the bottom of the tank. The embryos obtained post-spawning
were staged and dispensed into embryo media, which contained deio-
nized water with 60mg/l Instant Ocean red salts (Spectrum Brands,
Mentor, OH, USA). All animal experiments were approved by the Jeju
National University Animal Care and Use Committee (2016-0052).

Fig. 1. (A) Chemical structure of 3‑bromo‑5‑(ethoxymethyl)‑1,2‑benzenediol (BEMB) and its effects on cell (B) viability and. Inhibition of (C) nitric oxide (NO), (D)
Prostaglandin E2 (PGE2) and (E) reactive oxygen species (ROS) production in lipopolysaccharide (LPS)-induced RAW264.7 cells. Cells were pretreated for 1 h with
different concentration (12.5, 25, and 50 μM) of BEMB and then LPS (1 μg/ml) was added and incubated for 24 h. Cell viability was determined using the MTT assay.
Values are expressed as means ± standard deviation (S.D.) of triplicate experiments. *P < 0.05 indicate significant differences compared with the LPS-stimulated
group. (F) The cells were sampled and lysed following a 24 h treatment, and equal amounts of protein were separated by on SDS–polyacrylamide gel electrophoresis.
Western blotting was performed using anti-iNOS and anti-COX-2 antibodies.
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2.11. Measurement of the toxicity of BEMB

Sample toxicity was determined by means of survival rate of zeb-
rafish embryos. The embryos were transferred to individual wells of 12-
well plates containing 950 μL embryo media from approximately 7 to
8 h post-fertilization (7–8 hpf), BEMB was exposed to the embryos up to
7 day post-fertilization (dpf). The survival rate was measured every day.

2.12. Measurement of ROS and NO production by image analysis

Generation of NO in the zebrafish embryos was estimated using a
fluorescent probe dye, DAF-FMDA, and production of intracellular ROS
was detected using an oxidation-sensitive fluorescent probe dye, DCF-
DA. Embryos were treated with 12.5, 25, and 50 μM BEMB, then, 2 h
later, 10 μg/ml LPS was added to the plate. Embryos were selected at 3
dpf, transferred into a 24-well plate and treated with embryo medium
containing 10 μM DAF-FMDA or 20 μg/ml DCF-DA. They were in-
cubated for 1 h for ROS and for 2 h for NO, both in the dark at 28 °C.
After incubation, the embryos were washed with embryo media and
anesthetized before visualization. The images of stained embryos were
observed using a fluorescent microscope equipped with a CoolSNAP-
Pro color digital camera (Olympus, Japan).

2.13. RNA extraction and quantitative RT-PCR (qRT-PCR)

Zebrafish and isolated gonads were homogenized and RNA was
isolated using an Invitrogen RNA elution kit according to the manu-
facturer's instructions (Invitrogen, Carlsbad, CA, USA). cDNA synthesis
was performed using a qScript cDNA synthesis kit (Quantabio, Beverly,
MA, USA). Primers were designed for genes listed in Table 1. SYBR
Green (Takara Bio Inc., Japan) was used to determine the expression
levels of all genes. PCR conditions for SYBR Green consisted of a de-
naturation step for 5min at 95 °C followed by 40 cycles of 95 °C for 2 s
and 60 °C for 30 s. Data analysis was performed using the standard
curve and ΔΔCt methods.

2.14. Statistical analysis

All data in this study are expressed as means ± S.D. Significant
differences among the groups were determined using unpaired
Student's t-tests. A value of P < 0.05 was considered to be statistically
significant.

3. Results

3.1. Effect of BEMB on production of NO, PGE2, and ROS in LPS-
stimulated RAW 264.7 cells

To identify the potential anti-inflammatory activity of BEMB, its
effects on LPS-induced production of NO and PGE2 were measured
using Griess reagent and ELISA, respectively. BEMB markedly reduced
LPS-induced NO, PGE, and ROS production in a dose-dependent

manner (Fig. 1C, D, and E). BEMB did not have any cytotoxic effect on
RAW264.7 cells at the concentrations tested (12.5, 25, and 50 μM,
Fig. 1B). Therefore, the anti-inflammatory effect of BEMB was deemed
to not be attributable to cytotoxicity.

3.2. Effects of BEMB on expression of iNOS and COX-2 protein in LPS-
stimulated RAW264.7 cells

Western blot analysis was carried out to investigate whether the
inhibitory effects of BEMB on LPS-induced NO and PGE2 production
were related to modulation of iNOS and COX-2 expression. In these
experiments, LPS stimulation significantly increased iNOS and COX-2
protein expression; however, BEMB inhibited the increase in a dose-
dependent manner. (Fig. 1F). Therefore, inhibition of NO and PGE2
production in LPS-induced RAW 264.7 cells was related to the inhibi-
tion of iNOS and COX-2 protein expression.

3.3. Effects of BEMB on pro-inflammatory cytokines production in LPS-
stimulated RAW 264.7 cells

In this study, we further evaluated the inhibitory activity of BEMB
against pro-inflammatory cytokine (IL-1β and IL-6) production in LPS-
stimulated RAW 264.7 cells. The production of these cytokines was
significantly increased by LPS. In contrast, pre-treatment with BEMB
decreased the LPS-induced IL-1β and IL-6 production in a concentra-
tion-dependent manner (Fig. 2).

3.4. Effect of BEMB on LPS-induced NF-kB activity in RAW264.7 cells

NF-κB is an important transcriptional factor that regulates a variety
of inflammatory and immune responses [18]. Accordingly, we per-
formed western blot analysis to determine the effect of BEMB on the
phosphorylation of NF-κB in LPS-induced RAW264.7 cells. BEMB sig-
nificantly blocked the phosphorylation of P65 and p105 NF-κB activa-
tion induced by LPS. (Fig. 3A). In addition, confocal microscopy ana-
lysis revealed the induction of NF-kB translocation in RAW264.7 nuclei
following a 30-min LPS treatment. Consequently, as shown in Fig. 4B,
untreated cells expressed low levels of p65 and exhibited fluorescence
and LPS-induced cells mainly showed nuclear accumulation of p65.
Nuclear translocation of NF-κB p65 induced by LPS was markedly re-
duced in cultures treated with BEMB. (Fig. 3B). Thus, these results
proved that the anti-inflammatory effect of BEMB on LPS-induced RAW
264.7 cells involved the NF-κB pathway.

3.5. Effect of BEMB on LPS-induced NO and ROS production in zebrafish
embryos

First, to determine the toxicity of BEMB, we examined the survival
rate of treated zebrafish embryos. The results showed no significant
change in the survival rate of the control compared to that of the
treated group, indicating there was no toxicity at the tested con-
centrations (data not shown).

The production of NO and ROS in the LPS-induced inflammatory
zebrafish model was analyzed using 4‑amino‑5‑methylamino‑2′,7′‑di-
chlorofluorescein diacetate (DAF-FM DA) and dichloro-dihydro-fluor-
escein diacetate (DCFH-DA), respectively. The NO and ROS levels in
LPS-stimulated zebrafish increased to 143% and 153%, respectively,
compared with the levels in the control group (Fig. 4A and B, respec-
tively). However, the NO and ROS production in zebrafish treated with
BEMB decreased in a concentration-dependent manner Fig. 4. In par-
ticular, treatment of LPS-induced zebrafish embryos with 50 μM BEMB
led to the generation of NO (108%) and ROS (102%) at levels similar to
those of the control group without LPS treatment.

Table 1
Quantitative PCR primer sequences used for the analysis of genes involved in
zebrafish NF-κB.

Gene symbol Oligo Primer sequence Annealing
temperature
(°C)

Amplification
product (bp)

p65 Forward tccctggagagaagagcaac 60 200
Reverse cagtcttttcccaccagctc 60

ikbA Forward tttcggaggagatggagaga 60 184
Reverse ctgttcaggtacgggtcgtt 60

b-Actin Forward ggttttgctggagatgatgc 60 171
Reverse cacaataccgtgctcaatgg 60
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3.6. Effect of BEMB on LPS-induced iNOS and COX-2 expression in
zebrafish embryos

To determine the mechanism by which BEMB reduced LPS-induced

NO production, we investigated the effect of BEMB on the LPS-induced
expression of iNOS and COX-2 using western blot analysis. As shown
Fig. 5A, the protein expression levels of iNOS and COX-2 more sig-
nificantly increased in LPS-treated zebrafish embryos than in the

Fig. 2. Effect of BEMB on the pro-inflammatory cytokine production in LPS-induced RAW264.7 cells. The production of (A) IL-6 and (B) IL-1β were assayed in the
culture medium of cells stimulated with LPS (1 μg/ml) for 24 h in the presence of BEMB (12.5, 25, and 50 μM). Supernatants were collected, and the IL-1β and IL-6
concentration in the supernatants were determined by ELISA. Values are expressed as means ± S.D. of triplicate experiments. *P < 0.05.

Fig. 3. Inhibitory effect of BEMB on NF-κB activation in LPS-induced RAW264.7 cells. Cells were treated for 15min with LPS (1 μg/ml) alone or with LPS (1 μg/ml)
coupled with 50 μM BEMB. The expression levels of (A) NF-κB protein were determined viaWestern blotting. (B) The p65 protein localization in cells was determined
with an anti-p65 antibody and Alexa Fluor 488 goat anti-rabbit antibody by laser confocal scanning microscopy.
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control group. However, BEMB significantly suppressed the protein
expression of iNOS and COX-2 in a concentration-dependent manner.

3.7. Effect of BEMB on LPS-induced NF-κB activation in zebrafish embryos

NF-κB is known to play an important role in the induction of in-
flammation and, therefore, the mRNA expression of NF-κB in LPS-sti-
mulated zebrafish embryos was investigated using quantitative reverse
transcription-polymerase chain reaction (qRT-PCR). As shown in
Fig. 5B, p65NF-κB expression level of LPS-treated zebrafish embryos
increased 9-fold compared to that of the unstimulated control group.
However, LPS-stimulated zebrafish embryos treated with BEMB showed
a significant reduction in p65NF-κB gene expression levels. The in-
hibitory effect of IκB-A levels was slightly but not significantly reduced
by BEMB in LPS-induced zebrafish models.

4. Discussions

ROS and NF-κB are known to be important inflammatory regulators,
and we also confirmed their critical role in controlling inflammatory
factors in LPS-stimulated zebrafish embryos [11]. Discovering sub-
stances that modulate ROS and NF-κB in LPS-induced zebrafish em-
bryos could be an important strategy for identifying anti-inflammatory

agents. Therefore, in this study, we demonstrated that BEMB isolated
from P. morrowii inhibited pro-inflammatory mediators by regulating
ROS and NF-κB.

NF-κB is a nuclear protein that is critical in controlling the expres-
sion of inflammation-associated factors [19]. Under normal conditions,
it exists as a heterodimer of the p65 and p50 subunits in the cytoplasm
by binding to the inhibitory subunit, IκB. Activation of NF-κB by sti-
mulants such as LPS results in a series of events that lead to the phos-
phorylation and degradation of IκB-α and, then, the NF-κB subunit
freely translocates to the nucleus where it acts as a transcription factor
in the synthesis of iNOS and COX-2 [20].

Increased expression of iNOS produces large amounts of NO, which
in excess induces tissue damage, gene mutation, nerve damage, and
increases vascular permeability to promote inflammatory responses
such as edema [21]. In addition, COX-2 is involved in the production of
PGE2, an inflammatory mediator [22]. Therefore, the anti-in-
flammatory effect of BEMB was confirmed by evaluating its potential
inhibition of the production of iNOS, COX-2, and NF-κB in the LPS-
stimulated RAW264.7 cells and zebrafish inflammatory reaction. The
results revealed that iNOS, COX-2, and NF-κB expression levels were
increased by LPS compared with levels of the control groups, but sig-
nificantly decreased following treatment with BEMB. Additionally, we
observed that BEMB inhibited the production of NO in LPS-stimulated

Fig. 4. Effects of 3‑bromo‑5‑(ethoxymethyl)‑1,2‑benzenediol (BEMB) on production of (A) nitric oxide (NO) and (B) reactive oxygen species (ROS) in lipopoly-
saccharide (LPS)-stimulated zebrafish embryos. Zebrafish embryos were stimulated with LPS (10 μg/ml) in the presence of BEMB (12.5, 25, and 50 μM) for 3 days
post fertilization (dpf). NO and ROS levels were measured using image analysis and fluorescence microscopy. Fluorescence intensity was quantified using the ImageJ
software program. Results are means ± standard error (S.E.) of three individual experiments. *P < 0.05 indicates significant differences compared with LPS-
stimulated group.

E.-Y. Ko et al. International Immunopharmacology 67 (2019) 98–105

103



RAW264.7 cells and zebrafish embryos and BEMB also inhibited the
production of PGE2 in LPS-stimulated RAW264.7 cells.

ROS are products of normal cellular metabolism and play vital roles
in stimulating signaling pathways in animal cells in response to changes
in intra- and extracellular environmental conditions [23]. High ROS
levels have been implicated in a variety of pathological conditions in-
cluding cardiovascular disease, cancer, and aging [24–27]. In addition,
ROS are known to be crucial inflammatory mediators, and excessive
levels lead to the upregulation of iNOS and COX-2 expression, as well as
the induction of pro-inflammatory cytokines [28–30].

ROS can activate NF-κB both directly [31] and via other stimuli such
as tumor necrosis factor (TNF)-α, interleukin (IL)-6, and IL-1β [32,33].
TNF-α is an endogenous pyrogen that can cause fever and stimulate
endotheliocytes and leukocytes to release a series of inflammatory
mediators (such as NO and oxyradicals) that may further promote TNF-
α production [34]. IL-6 is a multifunctional cytokine with pro-/anti-
inflammatory properties and plays a major role in immune and in-
flammatory responses. In addition, over-expression of IL-6 is involved
in pathological conditions such as rheumatoid arthritis and fever [35].
IL-β is an important component in the initiation and enhancement of

inflammatory response to microbial infection [36]. In this study, we
confirmed the effect of BEMB on the generation of ROS in LPS-stimu-
lated RAW264.7 cells and zebrafish embryos. LPS induced the genera-
tion of ROS in RAW264.7 cells and zebrafish embryos; however, BEMB
markedly inhibited this production. Taken together, these results de-
monstrate the anti-inflammatory effects of BEMB, which were mediated
by the regulation of NF-kB expression and ROS production in LPS-sti-
mulated RAW264.7 cells and zebrafish embryos.

In conclusion, our results demonstrate that treatment with BEMB
decreased the production of NO and expression of iNOS and COX-2 in
LPS-induced RAW264.7 cells and zebrafish embryos. In addition, BEMB
significantly inhibited the production of ROS and attenuated protein
and mRNA expression levels of NF-κB in RAW264.7 cells and zebrafish
embryos, respectively. Taken together, these results suggest that BEMB
inhibited pro-inflammatory mediators by regulating ROS and NF-κB in
LPS-induced RAW264.7 cells and a zebrafish model.
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