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ABSTRACT

The anti-inflammatory effects of 3-bromo-5-(ethoxymethyl)-1,2-benzenediol (BEMB) from
Polysiphonia japonica were evaluated in lipopolysaccharide LPS induced in RAW264.7
macrophages and Zebrafish models. BEMB had anti-inflammatory effects, inhibiting nitric
oxide (NO), prostaglandin E2 (PGE2), inducible nitric oxide synthase (iNOS),
cyclooxygenase-2 (COX-2), interleukin (IL)-1p, and interleukin (IL)-6 productions in LPS-
activated RAW?264.7 cells, without inducing cytotoxicity. Furthermore, BEMB inhibited
LPS-induced NF-xB activation and reactive oxygen species (ROS) production in RAW 264.7
cells. Moreover, in this study investigated the effect of anti-inflammatory through NO and
ROS production in zebrafish embryos. BEMB significantly inhibited LPS-induced NO and
ROS generation similar to the ROS inhibitors, N-acetylcysteine (NAC). BEMB and NAC
also suppressed the expressions of iNOS and COX-2 in LPS-stimulated zebrafish embryos.
Moreover, BEMB suppressed mRNA expression of NF-kB (p65, p100/52 and ikbA) in LPS-
induced zebrafish. Collectively, in this study data indicate that BEMB suppresses the
production of pro-inflammatory mediators such as iINOS and COX-2 as well as their
regulatory in LPS-induced RAW264.7 cells and zebrafish embryos by inhibiting the ROS and
NF-kB. Therefore, this study suggest that BEMB should be utilized as potential anti-

inflammatory agents for the treatment of inflammatory diseases.



1. Introduction

Inflammatory reaction, typically characterized by redness, swelling, heat, and pain, is a
common physiologic response to defend the host from injurious stimuli such as pathogens,
toxins and local injuries (Li, et al, 2011). LPS, the major component of the Gram-negative
bacterial cell wall, can trigger and accelerate an inflammatory cascade. LPS has been linked
to a wide variety of human diseases, including gastro-intestinal illness (Mariana et al, 2010).
Thus, LPS has been widely used to mimic features of inflammatory diseases (Kempe S et al,
2005). LPS can activate mononuclear phagocytes (monocytes and macrophages) and other
types of cells to secrete pro-inflammatory cytokine (IL-6, IL-1p and TNF-a) and pro-
inflamamtory mediators (iNOS and COX-2) (Lanan et al, 2012, Kim et al, 2007). IL-1p is
expelled primarily by monocytes and macrophages as well as by nonimmune cells, such as
fibroblasts, during cell injury, endothelial cells, infection, invasion, and inflammation. IL-6 is
a cytokine produced by a number of normal and transformed cells and known to be an
endogenous mediator of LPS activated fever (Zhang et al, 2007., Bartold et al, 1991). Thus,
inhibition of the production of these inflammatory cytokine and mediators is an important
target in the development of anti-inflammatory agents.

Reactive oxygen species (ROS), particularly generated from NADPH oxidase by immune
cells, such as macrophages, is an important innate immune response to LPS. Reactive oxygen
species (ROS) are key signaling molecules that play an important role in the progression of
inflammatory disorders and excessive ROS has strong pro-inflammatory effects and can
serve as secondary messenger to further amplify LPS-induced inflammatory. (Fan et al, 2014,
Tak et al, 2001).

NF-kB activation is widely involved in inflammatory diseases, and interest in emphasis on
2



the development of anti-inflammatory drugs targeting NF-xB (Karin et al. 2004, Toby et al,
2009). In immune cells NF-kB contain a heteromeric complex of two components, p65 (rel
A) , C-rel, RelB, NF-B1(p50/105), NF-B2 (p52/100). (Lee et al. 2006) The p65 composition
include in the main trans activating domain responsible for NF-xB transcription factor
function. (Mahdad et al. 2008). Many studies have suggested that the expressions of inducible
nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) which are enzymes involved in
the generation of inflammatory mediators can be regulated by several transcription factors,
one of them is nuclear factor-kappa B (NF-xB). (Bubici C etal. 2006).

As an animal model, the zebrafish has been widely used in studies on molecular genetics
and development biology, drug discovery, and toxicology because of their physiological
similarity to mammals (Allan et al. 2014, Craig et al. 2007). The zebrafish has numerous
advantages as a toxicological model species. For example, their comparatively small size,
fecundity, large clutches, low cost, and rapid embryonic development in vivo (Eisen et al.
1996, fishman et al. 1999). In addition, the zebrafish has a very short development, plan of
the basic body is laid out 24 h post- fertilization (hpf), embryos hatch approximately 2-3 days
post- fertilization (dpf) and they complete maturity at about a 3 months. Furthermore, one
female can spawn about 100 eggs per day, which are fertilized by sperm released into the
water by males. (kim ea al. 2014). Furthermore, zebrafish have recently been used in
toxicology and drug discovery studies investigating oxidative stress and inflammation,
because the embryos and juveniles are transparent. This property allows the visualization of
specific cells, tissues, and organs under the microscope (Park et al. 2011, Zhang et al. 2013,
Kang et al. 2014, Ko et al. 2014). However, many studies have anti-inflammatory

experiments in zebrafish, there is not much paper, the experimental in inflammation by



controlling the ROS. N-acetyl-L-cysteine (NAC) is commonly used to identify and test ROS
(reactive oxygen species) inducers, and to inhibit ROS (Halasi et al, 2013). Therefore, in this
study identified regulation of ROS and inhibition of inflammatory by NAC in LPS-induced
zebrafish inflammation model.

Marine algae are attracting attention as a material for multi-functional physiological
regulatory functions in various whitening, anti-inflammatory, anti-cancer, and anti-obesity
effects (EI Gamal et al. 2010, Wijesekara et al. 2011). Marine algae have attracted a range of
uses in the food, cosmetic and pharmaceutical industries and in biotechnology (Briggs et al.
2002). Among the algae, Polysiphonia japonica (Phylum Rhodophyta, Class Florideophyceae,
Order Ceramiales, Family Rhodomelaceae, Fig 1) is found throughout south Coast of the
Korea. (Kudo et al. 1986). Many papers have a lot of Polysiphonia algae in the research,
reported effect of Polysiphonia is antioxidant, anti-fungi anti-inflammatory (Ke et al. 2007,
Gwak et al. 2006 , Heo et al. 2006). But, P. japonica was not much research.

Therefore, in this study for the first time, isolated of 3-bromo-5-(ethoxymethyl)-1,2-
benzenediol (BEMB) from P. japonica and examined for anti-inflammatory activities in in

vitro RAW264.7 cells and in vivo zebrafish model.



2. Material and method

2.1. Materials

The red alga P. japonica was collected from along the coast of Jeju Island, Korea. The
sample was washed thrice with tap water to remove salt, sand, and epiphytes attached to its
surface, followed by careful rinsing with fresh water and freezing in a medical refrigerator at
-20°C. Thereafter, the frozen sample was lyophilized and homogenized with a grinder prior to
extraction. All chemicals and reagents used were of analytical and sourced from trusted
commercial sources. 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), lipopolysaccharide (LPS; from Escherichia coli strain) and
phosphate buffered saline (PBS) were purchased from Sigma Chemical Co(St. Louis, MO,
USA). The ELISA kits for PGE;, TNF-a, IL-1B, 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: iINOS, COX-2, IkB-a, P-P65, P-P105 and -
actin were purchased from Cell Signaling Technology (Beverly, MA, USA). The secondary
antibodies were obtained from Cell Signaling Technology. 2,7-dichlorofluorescein diacetate
(DCF-DA), diaminofluorophore4-amino-5-methylamino-2'7'-difluorofluorescein  diacetate
(DAF-FM DA), acridine orange were purchased from Sigma (St. Louis, MO, USA). High-
performance liquid chromatography (HPLC) grade solvents were purchased from Burdick &
Jackson (Muskegon, MI, USA). The other chemicals and reagents used were of analytical

grade.



2.2. Extraction and isolation

The dried Polysiphonia japonica powder was extracted thrice with 80% aqueous methanol
at the room temperature. The liquid layer was obtained via filtration, and the filtrate was
concentrated by using an evaporator under reduced pressure. The extract was suspended in
water, and the aqueous layer was partitioned with chloroform. Then, the chloroform fraction
was fractionated by silica column chromatography with stepwise elution of chloroform—
methanol mixture (30:1—1:1) to separate active fractions in chloroform extract. A combined
active fraction was further subjected to a Sephadex LH-20 column saturated with 100%
methanol, and then purified by 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 x 4.6 mm, 4 um; YMC Co., Kyoto, Japan) by stepwise elution with methanol-water
gradient (UV range, 290 nm; flow rate, 1 ml/min). Finally, the purified compounds were
identified by comparing its *H and *C NMR data with literature (Mikami et al., 2013). The
compound was dissolved in DMSO and employed in experiments in which the final

concentration of DMSO in culture medium was adjusted to <0.01%.



Fig. 1. The photography of the alga, Polysiphonia japonica (http://www.lib.kobe-u.ac.jp/)



2.3. Cell culture
RAW 264.7 murine macrophages were obtained from American Type Culture Collection

(ATCC, Rockville, MD, USA). These cells were cultured in DMEM supplemented with 10%

FBS, 100 w/mL penicillin, and 100 ug/mL streptomycin at 37°Cunder 5% CO,-humidified air.

2.4. Determination of NO production and cell viability

After pre-incubation of RAW 264.7 cells (1.5 x 10° cells/ml) with LPS (1 pg/ml) plus

samples at 37 °C for 24 h, the quantity of nitrite accumulated in the culture medium was

measured as an indicator of NO production. Briefly, a 100 pl of cell culture medium was
mixed with 100 pl of Griess reagent (1% sulfanilamide and 0.1% naphthylethylenediamine
dihydro chloride in 2.5% phosphoric acid), the mixture was incubated at room temperature
for 10 min, and the absorbance at 540 nm was measured in a microplate reader (Thermo Max,
CA, USA).

Cytotoxicity was assessed using an MTT assay, which is a test of metabolic competence
predicated upon the assessment of mitochondrial performance. The cells were seeded into 24-
well plates at a concentration of 1.5 x 10° cells/ml. After 70% confluent of cultures, the cells
were treated with isolated BEMB (12.5, 25, 50 uM) from P. japonica. Then, the cells were
incubated for an additional 24 h at 37°C. MTT stock solution (100 pl; 2 mg/ml in DPBS) was
then applied to each of the wells, to a total reaction volume of 500 ul. After 4 h of incubation,
and the supernatants were aspirated. The formazan was dissolved in DMSO and absorbances

was measured via microplate reader at a wavelength of 540 nm.



2.5. Determination of PGE2 and cytokine production.

Serum levels of PGE2, IL-1B, and IL-6 were determined using a commercially available
enzyme linked immunosorbent assay (ELISA) kit (Biosource International Inc,R&D Systems)
according to the manufacturer's instruction. PGE2, IL-1p, and IL-6 were determined from a

standard curve and measured via microplate reader at a wavelength of 450 nm.

2.6. Western blot analysis in RAW?264.7 macrophages

RAW?264.7 cells (1.5 x 10° cells/mL) were pre- treated with BEMB (12.5, 25, 50 uM) and
LPS (1 pg/ml) for 24h. The cells were washed twice PBS, and the cells were resuspended in
RIPA buffer (sigma) for 10 min on ice. Cell lysates were centrifuged at 14,000 x g for 20 min
at 49C. And then protein contents in the supernatant was measured using Bio-Rad protein
assay kit (Bio-Rad, CA, USA) with bovine serum albumin (BSA) as a standard. The lysate
containing 30 ug of protein was subjected to electrophoresis on 10% sodium dodecyl sulfate-
polyacrlyamide gel, and the gel was transferred onto a nitrocellulose membrane (Bio-Rad,
Hercules, CA). The membranes were blocked with 5% milk and 3% BSA in TBS buffer
containing 0.2% Tween 20 (TBST) for 2h at room temperature. Then the membrane was
incubated with specific primary rabbit polyclonal anti-rabbit : iINOS, P-P65, P-P105 and -
actin (1:1000, Cell signaling, Inc.), or mouse monoclonal anti-mouse COX-2 (1:1000, Cell
signaling, Inc.) at 49C for overnight. Membranes were three times washed with TBST and
incubated with goat anti-rabbit or anti-mouse 1gG HRP conjugated secondary antibody
(1:3,000 dilution, Cell signaling, Inc) in TBST that contained 5% skimmilk and 3% BSA
for 2h at room temperature. After three times washing with TBST for 10 min. Following the

addition, signals were developed using ECL western blotting detection kit exposed to Biorad



Chemidac system.

2.7. Detection of NF-kB in RAW264.7 cells by Immunofluorescence and Confocal

Microscopy

Cells cultured confocal chamber slides (5x10* cells/well) for 18h after, pre-treated BEMB
then treated with LPS and incubated for 24h. Cells were fixed with 4% paraformaldehyde for
10 minutes at room temperature, after by incubation in methanol for 10 minutes at 4 <C.
After three times washed PBS and further blocked with 1% BSA for 1h.After three times
washes PBS then primary antibody p65 (1:100, Cell signaling) incubated for overnight at 4
QC. After three times washed PBS, Secondary antibodies were incubated for 1h 30min with
Alexa Fluor488-labeled Rabbit IgG (1:500 dilution, cell signaling). After 3 times washed
PBS then cell nuclei were stained with DAPI using Vectashield mounting medium (Vector,
Burlingame, CA). Fluorescence was analyzed using a Zeiss confocal microscope system and

camera (ZEISS Instruments).

2.8. Measurement of ROS of intracellular reactive oxygen species in RAW?264.7 cells

Intracellular ROS were measured using the oxidation DCF-DA fluorescent dye. RAW264.7
cells were seeded into 96-well plates at a starting density of 5x10* cell/well and 18h cultured
and pre-incubated with florescence dye DCF-DA for 1 h. Then, cells were pre-treated BEMB
(12.5, 25, 50 uM/ml), N-acetylcysteine (NAC) and treated with LPS (1 ug/ml) at after 2hour.
Fluorescence was measured at 485nm excitation and 555nm emission wavelengths using

Fluostar Optima (BMG Labtechnologies) fluorescent microplate reader. All experiments were

10



performed in at least 6 parallels and repeated three times.

2.9. Maintenance of zebrafish

Zebrafish were maintained in a temperature-controlled room at 28°C with a 13:11 hour
day/night cycle. Zebrafish were fed two times a day. The day before, zebrafish were
randomly selected for interbreeding in the 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 collection of embryos obtained post-spawning were staged, dispensed in embryo
media. Embryo media contained deionized water with 60 mg/liter Instant Ocean red salts

(Spectrum Brands, Mentor, OH).

2.10. Measurement of ROS and NO production in zebrafish by image analysis

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

11



2.11. Western blot analysis in zebrafish

At 3dpf, harvest embryos were washed PBS buffer and treated RIPA buffer. The
homogenates were centrifuged at 12,000 g for 15 min in 4°C, and the supernatants were
collected, after that protein contents in the supernatant was measured. The lysate containing
30 pg of protein was subjected to electrophoresis on 10% sodium dodecyl sulfate-
polyacrlyamide gel, and the gel was transferred onto a nitrocellulose membrane (Bio-Rad,
Hercules, CA). The membranes were blocked with 5% skim milk in TBS buffer containing
0.2% Tween 20 (TTBS) for 3H at room temperature. Then the membrane was three times
washed TTBS buffer, and incubated with specific primary rabbit iNOS, COX- Ab (1:1000,
Cell signaling) at 49C for overnight. After, membranes were washed with TTBS and
incubated with peroxidase-conjugated secondary antibodies in 5% skimmilk in TBST (diluted

1:5000; Cell signaling) for 2 h at room temperature. After three times washing with TBST for

10 min. Following the addition, signals were developed using ECL western blotting detection

kit exposed to Biorad Chemidac system.

2.12. RNA extraction and quantitative RT-PCR (QRT-PCR)

Zebrafish and isolated gonads were homogenized and Invitrogen RNA elution kit. RNA
was isolated according to manufacturer’s instruction. CDNA synthesis was performed using
gScript cDNA synthesis kit (Quanta Biosciences, USA). Primers were designed for listed

genes (Table. 1). SYBR Green (Takara) was used to determine the expression levels of all
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genes. Takara PCR conditions for SYBR Green consisted of a denaturation step for 5 minutes

at 95°C followed by 40 cycles of 95°C for 2 seconds and 60°C for 30 seconds. Data analysis

was performed using standard curve method and AACt method .

2.13. Statistical analysis
All data in this study are expressed as means + S.D. Significant differences among the
groups were determined using the unpaired Student’s t-test. A value of *p < 0.05 was

considered to be statistically significant.
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Table. 1 Quantitative PCR primer sequences used for the analysis of genes involved in

zebrafish NF-kB

Annealing Amolificati
Gene Symbol Oligo Primer Sequence Temperature | AMPlification
Q) product (bp)
65 Forward | tccctggagagaagagcaac 60 200
P Reverse | cagtcttttcccaccagcetce 60
Forward | gagccctttgtgcaagagac 60
p100/p52 Reverse | tgtgtgtgtcaccagctgaa 60 216
iKbA Forward | tttcggaggagatggagaga 60 184
Reverse | ctgttcaggtacgggtcgtt 60
. Forwar
-actin ward | ggttttgctggagatgatgce 60 171
Reverse | cacaataccgtgctcaatgg 60
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3. Result

3.1. Extraction and isolation of BEMB from Polysiphonia japonica

The isolation of the BEMB compounds from P. japonica was carried out as Fig. 2. The dried
P. japonica (1 kg) was extracted twice with 80% aqueous methanol at room temperature. The
methanol extract was filtered and concentrated under reduced pressure. The residue was
subjected to successive extraction with organic solvents of n- hexane, chloroform, ethyl
acetate and n-buthanol. The chloroform layer was concentrated under vacuum and the crude
residue (3.89 g) was applied to a silica gel column and eluted with CHCI3; and CHCI3-MeOH
mixture (100:1-1:1) with increasing proportion of methanol. The HPLC and NMR data of

the compound in fraction were reference to reported by Heo et al. (2008). (Fig. 3, 4)
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Polysiphonia japonica (1kg)
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(105.5g)

Hexane fraction Water fraction
(15.63g) ‘

|
CHCI3 fraction
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(3.89g) | |
\l/ EtOAc fraction Water fraction

CHCI3 fraction (1.82g)
(3.892) |
Buon Eractmn Water fraction
<— silica c.c. (F1~F6) (11.55g)
C3(55.9mg)

<« LH20(F1~F4)
C3.1L2(29.1mg)

<—— Prep (P1~P3)

P3(12.3mg)

Fig. 2. Isolation scheme of BEMB from the alga Polysiphonia japonica.
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3.2. Effect of BEMB on production of NO and PGE2 in LPS-stimulated RAW 264.7 cells

To identify the potential anti-inflammatory activity of BEMB on LPS-induced the
production of NO and PGE2 were measured by griess reagents and ELISA assays,
respectively. BEMB significantly inhibited (49% and 30%) LPS-induced NO and PGE,
production at 50 uM respectively (Fig 5 A and B). Moreover, BEMB markedly reduced
LPS-induced NO and PGE productions in a dose-dependent manner (Fig. 5 A and B). BEMB
did not have any cytotoxic effect on RAW264.7 cells at the employed concentrations (12.5,
25, and 50 puM, Fig 5 C). Therefore, the anti-inflammatory effect of BEMB were deemed not

to be attributable to cytotoxic effect.
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Fig. 5. Effect of BEMB on production of NO and PGE; production in LPS-stimulated
RAW 264.7 cells. RAW?264.7 cells were simultaneously stimulated with LPS (1 pg/ml) and
BEMB (12.5, 25, 50 uM) for 24 h. Supernatants were collected, and (A) NO and (B) PGE;
production in the supernatants were determined by Griess reagent and ELISA Kit,
respectively. (C) Cell viability was indicated by MTT assay. All the results were expressed

as means * S.E. of over three individual experiments; *P < 0.05.
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3.3. Effects of BEMB on expression of iNOS and COX-2 protein in LPS-stimulated
RAW?264.7 cells

Western blot analysis was carried out to investigate to whether the inhibitory effect of
BEMB on LPS-induced NO and PGE; production were related to modulation of iNOS and
COX-2 expression. In these experiments, treatment with LPS stimulated significantly iNOS
and COX-2 protein expression. However, BEMB was inhibited iNOS and COX-2 in a dose-
dependent manner. (Fig. 6.). Therefore, inhibition of NO and PGE, production in LPS-

induced RAW 264.7 cells is related to the inhibition of the INOS and COX-2 protein.
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Fig. 6. Effects of BEMB on LPS-induced iNOS and COX-2 protein expressions in
RAW 264.7 cells. Cells stimulated with LPS (1 pg/ml) in the presence of BEMB (12.5, 25,
and 50 uM) for 24 h at 37°C. iNOS and COX-2 protein level were determined via Western

blotting.
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3.4. Effects of BEMB on pro-inflammatory cytokines production in LPS-stimulated

RAW 264.7 cells

In this study, then further, evaluated the inhibitory activity of BEMB against pro-
inflammatory cytokine (IL-1p, and IL-6) production in LPS-stimulated RAW 264.7 cells.
The production of these cytokines was significantly increased by LPS than that seen. In
contrast, pre-treatment with BEMB decreased the LPS-induced IL-1p and IL-6 production

in a concentration-dependent manner. (Fig. 7.)
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Fig. 7. Inhibitory effects of BEMB on the pro-inflammatory cytokine production in
LPS-stimulated RAW?264.7 cells. The production of (A) IL-1B, and (B) IL-6 were assayed
in the culture medium of cells stimulated with LPS (1 pg/ml) for 24 h in the presence of
BEMB (12.5, 25, and 50 uM). Supernatants were collected, and the IL-1B, and IL-6
concentration in the supernatants were determined by ELISA kit. All the results were

expressed as means * S.E. of over three individual experiments; *P < 0.05.
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3.5. Effect of BEMB on LPS-induced NF-kB activity in RAW264.7 cells

Nuclear factor-kB (NF-kB) is important transcriptional factors that may regulate a variety of
inflammatory and immune responses. (Jiang XH et al, 2001) Accordingly, we were
performed western blot to assay the effect of BEMB on the phosphorylation of NF-xB on in
LPS-indcued RAW264.7 cell. BEMB was significantly blocked the phosphorylation P65 and
pl05 NF-kB activation induced by LPS. (Fig. 8A). In addition, the analysis of NF-kB
translocation on RAW264.7 the nucleus induced by 30 minutes of LPS treatment was
performed by confocal microscopy. Consequently, show in Fig. 8 B untreated cells
expressing low levels of p65, cytoplasmically located p65 fluorescence were observed and
LPS-induced cells showed the accumulation of p65 mainly in nuclear. Nuclear translocation
of NF-kB p65 by LPS was markedly reduce in cultures treated with BEMB. (Fig. 8B) Thus,
the result proved that anti-inflammatory effect of BEMB with LPS-induced RAW 264.7 cells

involves the NF-xB pathway.

25



LPS - 50 - 50
Sample
0 -p105 (120 kDa)
p-p65 (65 kDa)
(43 kDa)

26



DAPI NF-kB P65 Merge
. - h
. . -
. . -

LPS+
SO0 nM

Fig. 8. Inhibitory effects of BEMB on LPS-induced phosphorylation of NF-kB. (A)Cells
were treated for 30 min with LPS (1 pg/ml) alone or with LPS (1 pg/ml) coupled with
different concentrations (12.5, 25, and 50 uM) of BEMB. Cell lysates were extracted, and
protein levels of p-p65, p-p105 were analyzed by Western blot. (B) The analysis of NF-kB
translocation on RAW264.7 the nucleus induced by 30 minutes of LPS treatment was

performed by confocal microscopy (x 1000).
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3.6. Effect of BEMB on LPS-induced ROS generation in RAW264.7 cells

LPS induces ROS production in RAW264.7cells, important underlying LPS-elicited
inflammatory responses. LPS-induced ROS production can be explained by several
inflammatory mechanisms, for example iNOS, COX-2.(Dilshara MG et al, 2014) Therefore,
we determined the effect of BEMB on ROS production with LPS-induced RAW macrophages
using an oxidation sensitive fluorescent dye DCF-DA. BEMB inhibited LPS induced ROS
production in a concentration-dependent manner and similar to the activity of antioxidants
such as NAC. (Fig. 9). In addition, in this study investigated the roles of ROS in LPS-induced
INOS and COX-2 protein expression level by western blot. The result, showed in Fig. 10 A
and B, decreased production of NO, and PGE; and expression of iNOS and COX-2 protein,
in the existence of the ROS inhibitors NAC. Accordingly, these results suggest that the
inhibitory effects of BEMB on LPS-induced NO, PGE,, iNOS and COX-2 production are at

least partially correlated with a decrease in ROS generation.
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Fig. 9. Effect of BEMB and NAC on the generation of ROS in LPS-stimulated
RAW?264.7cells. RAW264.7 cells were seeded into 96-well plates at a starting density of
5x104 cell/well and 18h cultured and pre-incubated with florescence dye DCF-DA for 1 h.
Then, cells were pre-treated PSC14 (12.5, 25, 50 uM/ml), N-acetylcysteine (NAC) and
treated with LPS (1 ug/ml) at after 2hour. Fluorescence was measured at 485nm excitation
and 555nm emission wavelengths using fluorescent microplate reader. All the results were

expressed as means + S.E. of over three individual experiments; *P < 0.05.
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Fig. 10. Effect of BEMB and NAC on the production of NO, expression of iNOS and
COX-2 in LPS-stimulated RAW264.7cells. Cells were pretreated with BEMB (12.5 25 and
50 uM) and NAC (2 mM) for 2 h and then incubated with stimulation with 1 ug/ml LPS. (A)
Supernatants were collected, (A) NO production in the supernatants were determined by
Griess reagent. (B) iINOS and COX-2 protein level were determined via Western blotting. All

the results were expressed as means = S.E. of over three individual experiments; *P < 0.05.
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3.7. Effect of BEMB against LPS-induced NO production and expression of iNOS and
COX-2 protein in zebrafish

In the study, we demonstrated BEMB inhibit LPS-induced inflammation by ROS and NF-
kB of macrophages in vitro. Therefore, next, we investigated the in vivo anti-inflammatory
effect of BEMB using the LPS-induced zebrafish model. The production of NO in the LPS-
induced inflammatory zebrafish model was analyzed using DAF-FM DA. Fig. 11A illustrates
the NO levels in zebrafish with or without LPS and or BEMB. These data show that, the NO
level in LPS-stimulated zebrafish increased to 143.2% compared with the negative control
group. However, the NO productions in zebrafish treated with different concentrations of
BEMB (12.5, 25, and 50 uM) were reduced, and a significant reduction was observed at 50
uM.

INOS and COX-2 are major inflammatory mediators. To determine the mechanism by which
BEMB reduces LPS-induced NO production, we investigated the ability of BEMB (12.5, 25,
and 50 uM) to influence the LPS-induced production of iNOS and COX-2. Fig. 11B shows
the effect of BEMB on iNOS and COX-2 protein expression in zebrafish embryos by western
blot analysis. The INOS and COX-2 protein expressions were significantly increased in LPS-
treated (10 pg/mL). However, BEMB significantly suppressed the protein expression of
INOS in a concentration-dependent manner and slightly inhibited COX-2 expression at 50

uM.
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Fig. 11. Effect of BEMB on LPS-induced NO production and iNOS and COX-2 protein
expressions in zebrafish. Zebrafish embryos stimulated with LPS (10 ug/ml) in the presence
of BEMB 3 dpf. (A) NO levels were measured by image analysis and fluorescence
microscope. The fluorescence intensity was quantified using image J program. (B) iNOS and

COX-2 protein level were determined via Western blotting.  All the results were expressed

Rl .

as means * S.E. of over three individual experiments; *P < 0.05.
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3.8. Effects of BEMB and NAC against LPS-induced ROS production in zebrafish
embryos

The production of ROS in the LPS-induced inflammatory zebrafish model was analyzed
using DCF-DA. In this study assessed the inhibitory activity of BEMB on LPS-stimulated
ROS production in zebrafish. The level of ROS production in the positive group (only LPS
treated) reached to 153% of that observed in controls. However, zebrafish treated with 50 uM
BEMB had significantly reduced ROS levels. Also, BEMB inhibited LPS induced ROS
production in a concentration-dependent manner and similar to the activity of antioxidants
such as NAC. (Fig. 12 A,B). In order to identify of ROS involved in inflammatory that
treated NAC in zebrafish induced by LPS. The result, NAC inhibited NO production and
INOS, COX-2 protein expression in LPS-stimulated zebrafish embryos. (Fig. 12 C,D). These
data indicate that the inhibition of LPS-induced iNOS and COX-2 expression through the
modulation of ROS generation in zebrafish embryos. In this study first identified in ROS role

in inducing pro-inflammatory mediator (NO, iNOS and COX-2) by LPS in zebrafish embryos.
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Fig. 12. Effects of BEMB and NAC on LPS-induced ROS and NO Production in
Zebrafish. Zebrafish embryos stimulated with LPS (10 pg/ml) in the presence of BEMB and
NAC (250 uM) 3 dpf. (A), BEMB ROS level (B) NAC ROS level (C) NAC NO level.
Assessments were measured by image analysis and fluorescence microscope. The
fluorescence intensity was quantified using image J program. (D) iNOS and COX-2 protein
level were determined via Western blotting. All the results were expressed as means + S.E. of

over three individual experiments; *P < 0.05.
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3.9. Effect of BEMB on LPS-induced NF-kB activity in zebrafish.

In this study performed realtime-PCR to assay the effect of BEMB of NF-xB on induced
LPS in zebrafish (3 dpf). After 3dpf exposure in vivo, p65, p100/p52 mRNA level in zebrafish
was detected by Quantitative RT-PCR. As shown in Fig. 13, the relative content of p65 was
highest at LPS, and the level of p65 and p100/p52 at this exposure concentration was 8-fold
of its level in the control. However, zebrafish treated with BEMB dependence on
concentration had reduced p65 and p100/p52 NF-kB gene expression. The inhibitory effect of
ikbaA levels was slightly but not significantly reduced by BEMB in LPS-induced zebrafish
models. As a result, BEMB can be seen that there are anti-inflammatory effects by controlling

the NF-kb in in vivo model zebrafish.
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4. Discussion

In this study, we first demonstrated the anti-inflammatory activity of BEMB from P.
japonica in LPS-induced in in vitro RAW264.7 cells and in vitro zebrafish embryos. The
LPS-induced expression of iINOS and COX-2 in microphages plays a key role in the
pathogenesis of inflammatory conditions (Jung et al. 2013). Especially, the regulation between
INOS and COX-2 is involved in inflammatory diseases such as sepsis and arthritis
(Gehrmann et al. 1995). Overproduction of NO by iNOS can connect to cytotoxicity,
inflammation, and the development of autoimmune disorders (Liu ea al. 1995, Shin et al
2008). PGE2 is strongest inflammatory mediators in inflammatory response. And, it was
transformed from COX2 (Chun et al. 2006). Therefore, we examined the inhibitory activity
of BEMB on NO and PGE; production in RAW264.7 cells via the suppression of iNOS and
COX-2 expression. We found that BEMB significantly inhibits the NO and PGE, production
and iINOS and COX-2 expression in LPS-induced RAW264.7 cells.

In addition, BEMB also significantly inhibited the LPS-induced production of IL-6 and IL-1
B. IL-1P can stimulate the production of a host of other cytokine, they have earned a position
of prominence at the head of the inflammatory cytokine cascade (Jian Wang et al. 2015).
Moreover, IL-1 increases the expression of adhesion factors on endothelial cells to enable
transmigration of leukocytes (Huo M et al. 2013).

NF-kB-mediated regulation of pro-inflammatory gene expression is controlled by
interactions with the 1kB family (Kempe et al. 2005). NF-kB is a transcription factor that
regulates the expression of pro-inflammatory mediators, including COX-2, iNOS, IL-1f and
IL-6 showed that degradation and phosphorylation of 1kB, a cytoplasmic inhibitor of NF-xB

was induced by inflammatory stimuli, resulting in the translocation of the activated p65 the
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cytoplasm to the nucleus (Parul.R et 2005). Our data indicated that BEMB suppression by
LPS induced IkB-a phosphorylation and degradation, and the activation of NF-xkB p105.
(Kim et al. 2010, Rhee et al. 2007. Henkel et al. 1993). In this study, we found that BEMB
inhibited LPS-induced NF-«xB activation and nuclear translocation of NF-kB p65. These
results revealed that the effects of BEMB on inflammatory mediator and cytokine production
are mediated via NF-kB pathway inhibition.

ROS production is central to the progression of many inflammatory diseases. Many studies
have shown that the ROS is dual role a signaling molecule and a mediator of inflammation.
(Zhang et al. 2014). Increased ROS generation can damage biological molecules and lead to
cells or tissue injury (Rezaie et al. 2007, Ziegler et al. 2011) as well as induces inflammation
by increasing the level of cytokines such as IL-1p, IL-6, and TNF-a (Geronikaki et al. 2006).
BEMB inhibited LPS induced ROS production in a concentration-dependent manner.
Therefore, the BEMB has an effect in anti-inflammation regulate as both a NF-kB signaling
and ROS production.

Recently, zebrafish model have been use to rapidly and simply assess anti-inflammatory
activity on LPS-stimulated inflammation in vivo (Park et al. 2011). The advantages of
zebrafish xenotransplantation have been demonstrate in several studies in which in vivo
fluorescent imaging was used to evaluate tumorigenesis, inflammatory, and metastatic
phenotype. (Lee et al. 2015) Transformation of DCF-DA by ROS in the presence of dioxygen
generates highly fluorescent triazole derivatives (Itoh et al. 2000, Bolck et al. 2014).
Production of intracellular ROS can be detection using the oxidation sensitive fluorescent dye,
DCF-DA, emits fluoresce upon interaction with ROS (Handa et al. 2006). We assessed the

inhibitory activity of BEMB on LPS-stimulated NO production in zebrafish using a
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fluorescent probe dye, DAF-FM DA. Transformation of DAF-FM DA by NO in the presence
of dioxygen generates highly fluorescent triazole derivatives (Itoh et al. 2000, Bélck et al.
2014). Accordingly, ROS and NO generation were assessed in LPS-induced inflammation
zebrafish model. In the present study, ROS and NO production in zebrafish were increased
with the LPS treatment. However, BEMB pre- treatment significantly reduced the LPS-
induced ROS and NO production to the same extent as the anti-oxidant NAC, which alone
inhibited the LPS-induced expression of iNOS and COX-2 in the zebrafish embryos.
Moreover, BEMB attenuated the LPS-induced NF-xB p65 and p100/p52 in the zebrafish
embryos.

In conclusion, our results demonstrate that BEMB significantly inhibited the levels of pro-
inflammatory mediators, including NO, PGE2, iNOS, COX-2, IL-6, and IL-1p in LPS-
induced RAW264.7 cells. Also, BEMB suppressed the production of NO and the expression
of INOS and COX-2 in LPS-stimulated zebrafish embryos. Moreover, BEMB reduced ROS
generation and NF-«xB activation in LPS-induced RAW 264.7 cells and zebrafish embryos.
Taken together, these results indicate that BEMB exert its anti-inflammatory action in vitro
and in vivo through attenuation of ROS and NF-«xB signaling pathways. Therefore, we
suggest that BEMB should be utilized as potential anti-inflammatory agents for the treatment

of inflammatory diseases.
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