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Abstract

protein kinases (ERK1/2 and JNK).

as a functional food ingredient in the future.

Background: This study is aimed at identifying the anti-inflammatory properties of 70% ethanol extract produced
from an edible brown seaweed Sargassum horneri (SJB-SHE) with industrial-scale production by Seojin Biotech
Co. Ltd. S. horneri is a rich source of nutrient and abundantly growing along the shores of Jeju, South Korea.

Methods: Here, we investigated the effect of SIB-SHE on LPS-activated RAW 264.7 macrophages. The cytotoxicity
and NO production of SJB-SHE were evaluated using MTT and Griess assays, respectively. Additionally, protein
expression and gene expression levels were quantified using ELISA, Western blots, and RT-gPCR.

Results: Our results indicated that pre-treatment of RAW 264.7 macrophages with SJB-SHE significantly inhibited
LPS-induced NO and PGE, production. SIB-SHE downregulated the proteins and genes expression of LPS-induced
iNOS and COX2. Additionally, SIB-SHE downregulated LPS-induced production of pro-inflammatory cytokines
(tumor necrosis factor-a, interleukin (IL)-6, and IL-1{3). Furthermore, SJB-SHE inhibited nuclear factor kappa-B (NF-kB)
activation and translocation to the nucleus. SJB-SHE also suppressed the phosphorylation of mitogen-activated

Conclusions: Collectively, our results demonstrated that SJB-SHE has a potential anti-inflammatory property to use

Keywords: Sargassum horneri, Ethanol extract, RAW 264.7 macrophages, Anti-inflammation, NF-kB, MAPKs

Background

Nuclear factor kappa B (NF-«B) is a protein complex, in-
volved in the transcription of number of genes related to
the production of pro-inflammatory cytokines and has
also been demonstrated to play central role in the
LPS-induced expression of iNOS and cyclooxygenase-2
(COX2) from different cells (Merchant et al. 2017;
Mulgund et al. 2015). Under the normal conditions,
NF-kB exists in the cytoplasm as an inactive dimer protein
complex. However, upon the activation, NF-kB proteins
undergo the phosphorylation and translocation to the
nucleus. The translocated NF-kB heterodimers (p50
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and RelA; p65) then binds to promoter regions re-
sponsible for the transcription of genes that encode
for pro-inflammatory cytokines, chemokines, and
other proteins related to the production of proteins
such as iNOS and COX2 (Pugh et al. 2012). There-
fore, it has been suggested that inhibition of NF-«xB
activity including activation and translocation might
help to reduce inflammation related complications.
Sargassum horneri (Sargassaceae, Fucales, Phaeophyta)
is an edible brown seaweed, abundant worldwide in shal-
low sea-water ecosystems (Herath et al. 2019; Kim et al.
2018). The thallus of S. hornmeri is large, macroscopic,
and brown-colored, and its stem is cylindrical, erect, and
flat. Young seaweeds resemble ferns, with opposite
leaf-like blades, extending from a central axis. The
blades have broad, deeply incised, and ragged tips. As
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the plant grows, it becomes a single frond, loosely
branched, in a zig-zag pattern (Huang et al. 2017; Xie et
al. 2014). Once it matures, the blades become narrower
and the branches develop small, ellipsoidal air bladders
and larger spindle-shaped reproductive receptacles, both
on stalks (Kubo et al. 2017). Apart from the ecological
importance, S. horneri is popular as a nutrient-rich ed-
ible seaweed in the East Asian countries. Side dishes or
soup prepared by mixing S. horneri thallus with meat or
fish are popular in the countries located in the East Asia
region. In Japan, S. horneri is known as “akamoku” and
is harvested at the maturation stage for eating in regions
along the East Sea (Nomura et al. 2012; Ma et al. 2014).

To select one of the extraction methods to prepare ex-
tracts containing bioactive compounds from seaweeds is
an important step which has a great impact on the re-
search outcomes. However, the selection of the suitable
extraction method depends on the target compounds
and its applications (da Silva et al. 2016). The industrial
level applications such as functional foods and nutraceu-
ticals require large amount of active substrates at low
production cost (Fleurence 1999). However, isolation of
active compounds for industrial level applications from
seaweeds is limited due to the time-consuming opera-
tions and availability of skilled labors for isolation pro-
cesses. Thus, crude extracts from seaweeds as an active
ingredient are more popular over the pure compounds
industries like functional foods (Kadam and Prabhasan-
kar 2010). Taken together, in the present study,
anti-inflammatory properties of the ethanolic extract ob-
tained from S. horneri, with industrial-scale production
by the company, Seojin Biotech, were evaluated on
LPS-activated RAW 264.7 macrophages.

Material and methods

Regents and antibodies

All reagents used this study were purchased from
Sigma-Aldrich (St. Louis, MO, USA) unless stated other-
wise. Enzyme-linked immunosorbent assay (ELISA) kits
for mouse IL-1pB, IL-6, and TNF-a were purchased from
R&D Systems (Minneapolis, MN, USA). Antibodies
against iNOS, COX2, p50, p-p50, p65, p-p65, P-actin,
nucleolin, ERK 1/2, p-ERK 1/2, JNK, and p-JNK were
purchased from cell signaling Technology (Beverly, MA,
USA). Prime Script™ first-strand cDNA synthesis kit for
cDNA synthesis and ExTaq™ SYBR premix were pur-
chased from TaKaRa, Japan. Dulbecco’s Modified Eagle
Medium (DMEM), fetal bovine serum (FBS), and
penicillin-streptomycin (10,000 U/ml) were purchased
from Life Technologies Corporation, Grand Island, NY,
USA. The primers for amplification against iNOS,
COX2, IL-1B, IL-6, and TNF-a were purchased from
Bioneer, Seoul, South Korea.
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Preparation of the ethanol extracts from S. horneri and
composition analysis

Seventy percent ethanol extract of S. horneri collected
along the shores of Jeju Island were kindly prepared and
provided by Seojin Biotech Co. Ltd., Korea (lot number
SJFC70180625) (SJB-SHE). Briefly, the air-dried (50 °C)
seaweed samples were ground and passed through a
40-50 mesh by Pin-mill. Then, 100g of powdered S.
horneri was extracted with 70% ethanol solution at
65-80°C for 12h. Then, the extractants were concen-
trated and freeze-dried to obtain 70% ethanolic extract of
S. horneri. Then, the resulted powder again dissolved in
the 100% ethanol solution for 2 h with cellulose and then
centrifuged at 12,000 rpm in room temperature to remove
remaining residues and heavy metals. The supernatant
was concentrated and treated with 95% EtOH to increase
purity (Herath et al. 2019). The resultant powder
(SJ)B-SHE) was used to the consequent studies mentioned
in this study. Details procedures of sample preparation,
composition analysis, and composition data of SJB-SHE
were similar to Herath et al. (2019).

Cell culture and cell viability assay

RAW 264.7 murine macrophages were purchased from
the American Type Culture Collection, Manassas, VA,
USA. The macrophages were maintained at 37 °C, 5% CO,
in DMEM media supplemented with 10% heat-inactivated
EBS, and 1% antibiotics. The cells were sub-cultured within
48 h intervals. The LDH activity in the culture mediums
was assessed using LDH cytotoxicity detection kit
(Promega, Madison, WI, USA) by following the vendor’s
instructions. The effect of SJB-SHE on cell viability was
examined by colorimetric MTT assay similar to the
previously described method (Jayawardena et al. 2018).
The LDH release and cell viability were calculated as
shown below using plate reader at 490 nm and 540 nm
respectively.

Determination of NO, PGE,, and cytokine production
(TNF-a, IL-18, and IL-6)

RAW 264.7 macrophages were incubated with various
concentration of SJB-SHE (62.5~250 pg/ml) and LPS
(1 pg/ml) for 24 h. The NO production in the culture
medium was quantified by Griess reagent as following a
previously established method (Jayawardena et al. 2018).
The level of PGE,, TNF-qa, IL-1f, and IL-6 in culture su-
pernatants were evaluated using ELISA kit according to
the manufacturer’s instructions.

Western blot analysis

Whole-cell protein lysates and nucleus proteins were
extracted using NE-PER® Nuclear and Cytoplasmic
Extraction Kit (Thermo Scientific, Rockford, USA) fol-
lowing a method described by Sanjeewa et al. (2017).



Sanjeewa et al. Fisheries and Aquatic Sciences (2019) 22:6

Equal amounts (40 pg) of protein were electrophoresed
in 12% SDS-PAGE. After blocking with 05% non-fat
milk for 60 min, the blots were separately incubated
with the following primary antibodies: rabbit polyclonal
antibodies including iNOS, ERK1/2 (extracellular
signal-regulated kinase), p-ERK1/2, JNK, p-JNK, NF-«B
p65, NF-kB p50, ¢-23, COX2, and B-actin (Cell Signaling
Technology, Beverly, MA, USA) overnight. The blots were
washed twice with Tween 20/Tris-buffered saline (TTBS)
and then incubated with HRP-conjugated anti-rabbit IgG
for 30 min. Antibody binding was visualized by using an
enhanced chemiluminescent substrate (Cyanagen Srl, Bol-
ogna, Italy). The basal level of each protein was normal-
ized by analyzing the level of B-actin or c-23. Membranes
were photographed using a FUSION SOLO Vilber Lour-
mat system. The intensities of bands were quantified using
the Image] (version 1.4) program (Sanjeewa et al. 2017).

RNA extraction and quantitative reverse
transcription-polymerase chain reaction (QRT-PCR)

Total RNA was isolated with Trizol reagent according to
the manufacturer’s instruction. Total RNA (1pg) was
reverse-transcribed to produce cDNA using a first-strand
c¢DNA Synthesis Kit according to the manufacturer’s
instructions. The target cDNA was amplified using the
primers as provided in Table 1. All relative gene expres-
sion quantifications were normalized to GAPDH as an in-
ternal control.

Statistical analysis

All the results are expressed as the mean values with the
standard deviation of three independent repetitions.
Statistical significance was determined using ¢ test and
one-way or two-way analysis of variance (ANOVA)
followed by Dunnett’s post hoc test using IBM® SPSS®
statistics (Version 20) software. Significant differences
were assigned to P values < 0.05 and < 0.01 denoted by *
or # and ** or ## respectively.

Results

Proximate composition of seaweed extract (SJB-SHE)
According to the chemical composition results, SJB-SHE
is mainly composed of polyphenols (15.30 +0.01%),

Table 1 Sequence of the primers used in this study

Gene Primer Sequence from 5' — 3'
GAPDH Sense AAGGGTCATCATCTCTGCCC
Antisense GTGATGGCATGGACTGTGGT-
iNOS Sense ATGTCCGAAGCAAACATCAC
Antisense TAATGTCCAGGAAGTAGGTG
COX2 Sense CAGCAAATCCTTGCTGTTCC
Antisense TGGGCAAAGAATGCAAACATC
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carbohydrate (39.99 + 0.54%), and proteins (16.84 + 0.74%).
Additionally, SJB-SHE contains considerable amounts of
ash (28.39 +0.51%) and moisture (14.68 +0.21). The fla-
vonoid and lipid contents observed in the SJB-SHE are less
than 1%.

Effect of SJB-SHE on cell viability and LPS-induced NO
and PGE, production

A range of concentrations (31.2~2000 pug/ml) was pre-
pared from SJB-SHE to determine the safe concentrations
to treat RAW 264.7 macrophages. As shown in Fig. la
and b, the concentrations between 31.2~250 pg/ml did
not express any cytotoxic effect towards the RAW 264.7
macrophages. Therefore, as the next part of the study, the
protective effect of SJB-SHE was evaluated against
LPS-induced toxicity and NO production in RAW 264.7
macrophages. According to the results, the treatment of
LPS significantly increased the cell death rates and NO
production. However, the treatment of SJB-SHE signifi-
cantly and dose-dependently reduced the LPS-induced
toxicity (Fig. 1c) and NO production (Fig. 1d). In addition
to NO, PGE, was also identified as an inflammatory medi-
ator produced by the macrophages which leads to the acti-
vation of inflammatory reactions. In the present study,
thus, the levels of PGE, in the culture supernatants were
quantified by using the ELISA kit (Fig. 2a). The level of
PGE, was significantly increased with the treatment of LPS.
However, SJB-SHE dose-dependently reduced the LPS-in-
duced PGE, production in the activated macrophages.

Protective effect of SJB-SHE against LPS-induced
pro-inflammatory cytokine production

To evaluate the pro-inflammatory cytokine inhibitory ef-
fect of SJB-SHE (TNF-a, IL-1f, and IL-6), macrophages
were incubated with SJB-SHE (62.5, 125, and 250 pg/ml) in
the presence or absence of LPS (1 pug/ml) for 24 h, and the
pro-inflammatory cytokine levels in the culture superna-
tants were measured by ELISA. It was noted that the treat-
ment of SJB-SHE dose-dependently inhibited the
LPS-activated TNF-a (Fig. 2b), IL-1p (Fig. 2c), and IL-6
(Fig. 2d) secretion from macrophages. Specifically, the
treatment of SJB-SHE strongly suppressed the IL-1( pro-
duction from LPS-activated macrophages, and at the
250 pg/ml concentration, SJB-SHE inhibited more than
90% IL-1p compared to the LPS-treated group.

SJB-SHE attenuate LPS-induced iNOS and COX2 secretion

from LPS-activated macrophages

To identify the mechanism how SJB-SHE reduces
LPS-activated NO and PGE, production, the inhibitory
effect of SJB-SHE (62.5, 125, and 250 ug/ml) against
LPS-activated iNOS and COX2 protein and its gene
expression (Fig. 3) were evaluated.
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As shown in Fig. 3a, the Western blot analysis was
performed to evaluate the effect of SJB-SHE on
COX2 and iNOS protein production. According to
the results, the LPS-treated macrophages (1 pg/ml)
had elevated levels of COX2 and iNOS (Fig. 3a and
Fig. 3b) protein production compared to the un-
treated control. However, with the treatment of SJB-
SHE, the elevated levels of COX2 (Fig. 3c) and iNOS
(Fig. 3d) were significantly reduced. In addition to the
Western blot analysis, the effect of SJB-SHE on the
expression of iNOS and COX2 mRNA level was
quantified using RT-qPCR analysis. According to the
results, mRNA expression levels of COX2 and iNOS
were similar to the Western blot results. These results
strongly suggest the potential of SJB-SHE to more
suppress COX2 than iNOS.

SJB-SHE attenuate LPS-induced NF-kB activation and
translocation

To investigate whether SJB-SHE (62.5~250 pug/ml) could
affect activation and nuclear translocation of NF-kB,
Western blot analysis for NF-kB p65, NF-kB p50, and
their phosphorylated forms was carried out with cyto-
solic and nuclear extracts of LPS-stimulated RAW 264.7
macrophages (Fig. 4). The relative expression of phos-
phorylated forms, NF-kB p50 and p65, in the cytosol
were markedly increased upon the exposure of LPS.
However, SJB-SHE inhibited LPS-mediated NF-kB phos-
phorylation in the cytosol (Fig. 4a and Fig. 4b). Addition-
ally, to determine whether SJB-SHE was associated with
the nucleus translocation of NF-«B, the levels of p50
and p65 in the nucleus were examined. According to the
results, LPS was demonstrated to upregulate the
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Fig. 2 Inhibitory effect of SIB-SHE on the PGE, (a) and pro-inflammatory cytokines including TNF-a (b) IL-1B (c), and IL-6 (d) production in LPS-
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translocation of p50 and p65 from the cytosol to the nu-
cleus after 30 min of LPS stimulation (Fig. 4c), and
SJB-SHE remarkably downregulated them (Fig. 4d).
These results suggest that the treatment of SJB-SHE has
a potential to inhibit the LPS-induced NF-kB activation
and translocation to the nucleus.

SJB-SHE inhibit LPS-induced MAPK phosphorylation

In an attempt to identify whether or not the inhibition
of inflammatory responses demonstrated by SJB-SHE is
mediated via the mitogen-activated protein kinases
(MAPK) pathway, the inhibitory effects of SJB-SHE
were observed on LPS-induced phosphorylation of
growth factor-regulated extracellular signal-related kinases
(ERK)1/2 and c-jun N-terminal kinases (JNK) proteins in
RAW 264.7 macrophages via Western blotting. As
presented in Fig. 5, LPS (1 pg/ml) significantly upregulated
the phosphorylation of ERK1/2 and JNK in RAW
264.7 macrophages. However, SJB-SHE (62.5, 125, and

250 ug/ml) treatments sufficiently reduced the phos-
phorylation of ERK1/2 and JNK in LPS-activated
macrophages.

Discussion

In the present study, we demonstrated the anti-inflamma-
tory potential of 70% ethanol extract obtained from S. /or-
neri against LPS-activated macrophages. The extraction
procedure was carried out in commercial scale by Seojin
Biotech Co. Ltd, Korea. According to the results,
SJB-SHE (62.5~250 pug/ml) inhibited the LPS-induced
(1 pg/ml) NO, PGE,, and pro-inflammatory cytokine pro-
duction via blocking the activation and translocation of
NF-kB proteins as well as inhibiting the MAPKs
phosphorylation.

A large number of phlorotannin substances, particu-
larly those present in brown seaweeds, have been re-
ported to possess a number of bioactive properties
including anti-inflammation, antioxidant, and anticancer
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(Wijesinghe and Jeon 2011). However, the use of pure
compounds for functional foods and other applications
in large quantities are not cost-effective and require
time-consuming operations to isolate bio-active natural
substances. Therefore, in the present study, we at-
tempted to evaluate anti-inflammatory mechanisms of a
commercial scale extract of S. horneri (SJB-SHE) using
LPS-activated RAW 264.7 macrophages. COX2 and
iNOS are important inflammatory mediators which are re-
sponsible for initiating inflammation in cellular environ-
ments. NO and PGE, are produced by two different
proteins namely iNOS and COX2, respectively (Hseu et al.
2005). It has been reported that uncontrolled/irregular
upregulated production of iNOS and COX2 has been asso-
ciated with the pathophysiology of cancers and inflamma-
tory disorders (Surh et al. 2001). Thus, the extracts capable
to inhibit iNOS and COX2 might have the potential to re-
duce inflammatory responses and act as functional mate-
rials. Therefore, in the present study, we attempted to

evaluate iNOS and COX2 inhibitory effect of SJB-SHE
using LPS-activated RAW 264.7 macrophages. According
to the results, treatments of SJB-SHE cause to downregu-
late iNOS and COX2 levels observed in LPS-activated
macrophage cells (protein and mRNA). This result sug-
gests that SJB-SHE has a potential to inhibit NO and PGE,
via downregulating iINOS and COX2 expression in
LPS-activated RAW 264.7 macrophages.

The initiation and development of the inflammation
process involve a series of pro-inflammatory cytokines.
LPS is a well-known immune stimulant used to activate
macrophage and production of cytokine is a major re-
sponse. Based on the previous studies, the inhibition of
pro-inflammatory cytokines (TNF-a, IL-1fB, and IL-6)
provide solid insights to develop functional products
against inflammatory responses (Li et al. 2018).
According to the results we noted, the treatment of
SJB-SHE has a potential to inhibit LPS-activated inflam-
mation in RAW 264.7 macrophages by suppressing
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Fig. 4 Evaluation of SJB-SHE potential to inhibit the NF-kB pathway-associated proteins in LPS stimulated RAW 264.7 macrophages. Cytosolic
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cytokine secretion. In addition to this study, Sanjeewa et
al. (2017) reported that the crude polysaccharide sepa-
rated from S. hornmeri has a potential to inhibit
LPS-activated pro-inflammatory cytokine secretion from
RAW 264.7 macrophages.

NF-kB comprises a family (Rel) of transcriptional fac-
tors, upon activation form heterodimers and homodi-
mers, binds to target DNA promoter sequences, and
then triggers gene expression. Under the normal condi-
tions, NF-«B proteins (p50 and p65) bind with an inhibi-
tor, namely IkBa, and remain in the cytoplasm in an
inactive state. However, when cells exposed to the in-
flammatory stimuli such as LPS, IkBa degrades and
NEF-kB translocates to the nucleus and lead to transcrip-
tion of inflammation-related genes (Lund 2010). More-
over, regulation of inflammatory mediators such as
iNOS, COX2, and pro-inflammatory cytokines is known
to occur primarily on the transcriptional level, whereby

activate the levels of transcription factor NF-kB (Kiemer
et al. 2003). Other than iNOS and COX2, Zielinski and
Krueger (2012) reported the activation of NF-kB also
causes to activate pro-inflammatory cytokine (IL-1p and
TNEF-a) expression and inhibits anti-inflammatory
cytokines (IL-4 and IL-10) (Zielinski and Krueger 2012).
Previously, a number of studies reported that organic ex-
tracts obtained from brown seaweeds have the potential to
inhibit LPS-induced NF-kB activation and translocation
them to the nucleus in macrophages (Kim et al. 2009; Jung
et al. 2013). Similarly, we also noted the treatment of dif-
ferent concentrations of SJB-SHE causes to downregulate
the LPS-activated NF-«B activation and translocation.
MAPKSs, the serine-threonine protein kinases, regulate
cellular activities by mediating the signal transduction from
cell surface to nucleus to initiate gene expression, mitosis,
differentiation, survival, and apoptosis (Salter 2015). A
number of studies reported that MAPKs play an important
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MAPK phosphorylation evaluated using Western blot (a) and obtained quantitative data (b). 3-actin was used as the internal standard. ImageJ
(V' 1.4) was used to analyze the band intensities and quantify the data. Results are expressed as the mean + SD of three separate experiments.

role during inflammation by activating gene expressions of
pro-inflammatory cytokines and chemokines (Akira 2001).
According to the previous studies, MAPKs such as ERK1/2
and JNK are activated by LPS stimulation (Akira 2001).
Taken together, the inhibition of MAPKs phosphorylation
is a feasible approach to treat inflammatory diseases (Li et
al. 2018). In order to identify the effect of SJB-SHE on
MAPK inhibition, the phosphorylation levels of ERK1/2
and JNK were evaluated using Western blot analysis. In
the present study, we also demonstrated the treatment of
LPS (1 pg/ml) causes to upregulate the MAPKs phosphor-
ylation significantly compared to the control. However, the

upregulated phosphorylation levels of ERK1/2 and JNK
were downregulated by SJB-SHE at the tested concentra-
tions (62.5~250 pug/ml). The inhibitory effect of SJB-SHE
against LPS-activated MAPKs phosphorylation might be
associated with its anti-inflammatory activity.

Conclusions

According to the results, SJB-SHE abate the LPS-acti-
vated NO, PGE,, and pro-inflammatory cytokine pro-
duction from RAW 264.7 macrophages. Subsequent
studies demonstrated the inhibitory effect of SJB-SHE
against LPS-activated NF-«B activation and translocation
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to the nucleus as well as its inhibitory effect of MAPKs
phosphorylation. Taken together, our findings provided a
clear insight into the molecular mechanisms by which
SJB-SHE inhibited the inflammation through suppress-
ing NF-kB and MAPK signaling pathways in RAW 264.7
macrophages. Therefore, this study might be useful to
develop functional material from S. horneri in the future
at a low cost.
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