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Marine algae have valuable health and dietary benefits. The present study aimed to investigate whether an ethanol extract of
Carpomitra costata (CCE) could inhibit the inflammatory response to LPS. CCE attenuated the production of proinflammatory
mediators, such as prostaglandin E

2
(PGE

2
) and nitric oxide (NO), by inhibiting inducible nitric oxide synthase (iNOS)

and cyclooxygenase-2 (COX-2) expression in LPS-induced RAW264.7 macrophages. CCE also inhibited the expression of
proinflammatory cytokines such as IL-1𝛽, TNF-𝛼, and IL-6. CCE suppressed the LPS-induced DNA-binding activity of (NF-𝜅B)
and activator protein-1 (AP-1). In addition, CCE attenuated the LPS-stimulated phosphorylation of c-Jun N-terminal kinase/stress-
activated protein kinase (JNK) and phosphatidylinositol 3󸀠-kinase/Akt (PI3K/Akt). Functional aspects of the JNK andAkt signaling
pathways were analyzed using specific inhibitors, which attenuated the LPS-induced production of proinflammatory cytokines, and
NO and PGE

2
expression by suppressing AP-1 and NF-𝜅B activity. In particular, the AP-1 signaling pathway is not involved in the

production of inflammatory cytokines, such as IL-6, TNF-𝛼, and IL-1𝛽. These results suggested that CCE might exert its anti-
inflammatory action by downregulating transcriptional factors (NF-𝜅B and AP-1) through JNK and Akt signaling pathways. The
current study suggested that CCE might be a valuable candidate for the treatment of inflammatory disorders.

1. Introduction

Marine algae have long been used as potential medicinal and
dietary sources in Asia. Algae are rich in vitamins, minerals,
dietary fibers, essential fatty acids, enzymes, polysaccharides,
and various functional polyphenols [1]. The brown seaweed
Carpomitra costata (Stackhouse) Batters (Sporochnaceae) has
been part of the traditional diet in Asia. A previous study
reported that C. costata extracts (CCE) have antibacterial,
antifungal, and photoprotective effects [2, 3].

Inflammation is a defensive reaction in response to
different stimuli, such as infection, chemical exposure, tissue
damage, or other foreign substances [4]. However, excessive
or inappropriate inflammatory responses can cause numer-
ous chronic inflammatory disorders, including inflammatory
bowel disease, cancer, atherosclerosis, and diabetes [5, 6].
Inflammation is mediated by inflammatory mediators that
are generated primarily by macrophages that have been over-
activated by various intrinsic or extrinsic stimuli that initiate
and maintain immune responses [7]. Thus, the regulation of
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macrophage activation might have therapeutic potential for
the treatment of many inflammatory disorders. Lipopolysac-
charide (LPS), a major component of Gram-negative bacteria
cell walls, induces a number of cellular responses that act as
extremely strong stimulators of innate or natural immunity
[8]. Therefore, LPS stimulation of macrophages is a powerful
model for the study of inflammation that is mediated by in-
flammatory mediators from activated macrophages.

During the inflammatory process, large amounts of in-
flammatory mediators are produced. Among them, nitric
oxide (NO) and prostaglandin E

2
(PGE
2
) are products of the

inducible isoforms of inducible nitric oxide synthase (iNOS)
enzymes and cyclooxygenase- (COX-) 2, respectively [9, 10].
NO produced by iNOS has been reported to be a primary
biological messenger that is involved in diverse physiological
activities, including neural communication, vasodilation, and
host defense, and also has beneficial antiparasitic, antiviral,
microbiocidal, and antitumoral effects [9]. However, exces-
sive and sustained NO release can damage the host and
has been correlated with the progression of many inflamma-
tory diseases. Prostaglandins (PGs) play a critical role in the
generation of the inflammatory response and its expression
is increased in inflamed tissue. PG, which is synthesized by
COX-2, is another important mediator in the pathogenesis
of inflammation. COX-2 catalyzes the conversion of arachi-
donic acid to prostaglandin H

2
, the precursor of a variety of

biologically active mediators, such as PGE
2
[11, 12]. Addition-

ally, large amounts of inflammatory cytokines [interleukin-1𝛽
(IL-1𝛽), interleukin-6 (IL-6), and tumor necrosis factor alpha
(TNF-𝛼)] are released during the response of tissue to injury,
resulting in systemic responses to the inflammatory process.

Therefore, controlling inflammatory mediators may have
therapeutic applications for the treatment of various inflam-
matory disorders. In the present study, to evaluate the anti-
inflammatory potential ofCCE,we investigatedwhetherCCE
could attenuate the production of NO, PGE

2
, and proinflam-

matory cytokines that are important targets in the treatment
of inflammatory disorders. In addition, we determined the
intracellular signaling pathways responsible for the regula-
tory actions of CCE in mouse RAW264.7 macrophages that
are stimulated by LPS.

2. Materials and Methods

2.1. Chemicals andMaterials. Wepurchased LPS (Escherichia
coli O111:B4) and U0126 (cat. number U120) from Sigma
Chemical Co. (St. Louis, MO, USA). SP600125 (cat. number
BML-EI305) and SB203580 (cat. number BML-EI286) were
purchased from Enzo Life Sciences, Inc. (Farmingdale, NY,
USA). LY294002 (cat. number 440202) was purchased from
Calbiochem (La Jolla, CA, USA). SR11302 (cat. number SR-
11032) was purchased from R&D Systems (Minneapolis, MN,
USA). BAY 11-7082 and parthenolide were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). Anti-
bodies against c-Jun N-terminal kinase (JNK) (cat. number
9252), phospho- (p-) JNK (cat. number 9251), p-extracellular
signal-related kinase (ERK) (cat. number 9106), Akt (cat.
number 9272), p-Akt (cat. number 4058), and p-p38mitogen-
activated protein kinase (MAPK) (cat. number 9211) were
purchased from Cell Signaling Technology, Inc. (Danvers,

MA, USA). Antibodies against p38 MAPK (cat. number sc-
535), ERK (cat. number sc-94), iNOS (cat. number sc-651),
and COX-2 (cat. number sc-1745) were purchased from Santa
Cruz Biotechnology.

2.2. Preparation of the Ethanol Extract from C. costata. The
brown seaweed,C. costata,was collected near Ulleung Island,
Korea. After collection, C. costata was washed with tap water
to remove slats, epiphytes, and sand attached to the surface
of the samples and then stored at −20∘C. The frozen samples
were lyophilized and homogenized using a grinder before
extraction. The dried powder was extracted with 70% EtOH
(1 : 10 w/v) for 1 h (five times) by sonication, and then the ex-
tract was evaporated in vacuo. The extract was dissolved in
DMSO before use in the experiment.

2.3. Cell Culture. RAW264.7 macrophages obtained from the
American Type Culture Collection (Manassas, VA, USA)
were cultured in DMEM containing 10% fetal bovine serum,
100U/mL of penicillin, and 100 𝜇g/mL of streptomycin at
37∘C in a 5% CO

2
humidified air environment.

2.4. Cell Viability Assay. Cell viability was assessed using the
Cell Counting Kit-8 (CCK-8, Dojindo Laboratories, Kuma-
moto, Japan) method. Briefly, 96 wells containing 8 ×
104 cells/mL were treated with CCE (30–100𝜇g/mL) and the
cell culture plate was incubated for 24 h. CCK-8 was then
added to each well and the plate was again incubated at
37∘C for 1 h. The absorbance of each well was recorded at
450 nm using a microplate reader (SpectraMax M2e, Molec-
ular Devices, Sunnyvale, CA, USA).

2.5.NitricOxideAssay. After cells (5× 105 cells/ml)were treat-
ed with 100 ng/mL LPS alone or with 30, 50, or 100𝜇g/mL
CCE in 24-well plates for 24 h, 100 𝜇L of each culturemedium
was mixed with the same volume of Griess reagent. Nitrite
levels were determined at 540 nm using an enzyme-linked
immunosorbent assay (ELISA) plate reader (SpectraMax
M2e).

2.6. Measurement of PGE2. RAW264.7 cells were cultured in
6-well plates (5 × 105 cells/mL) and incubated with CCE in
the presence or absence of LPS (100 ng/mL) for 24 h. The
culture medium was collected for determination of the PGE

2

concentration by ELISA (Cayman Chemical, Ann Arbor, MI,
USA).

2.7. Western Blot Analysis. The cells (3.2 × 105 cells/60mm
culture dish plate) were washed three times with 50 𝜇L PBS
and lysed with lysis buffer (Mammalian Cell-PE LB�, G-
Biosciences, St. Louis, MO, USA). The proteins were sepa-
rated on polyacrylamide mini-gels and transferred to nitro-
cellulose membranes (GEHealthcare Life Sciences, Chalfont,
UK). Following overnight incubation with the appropriate
primary antibody, the membranes were incubated with a
secondary antibody conjugated to horseradish peroxidase.
The immunoreactive bands were visualized using an ECL
detection system (Pierce Biotechnology, Inc., Rockford, IL,
USA).

2.8. Enzyme-Linked Immunosorbent Assay (ELISA). The cy-
tokine levels in the cell culture medium were assessed using
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Figure 1: Effect of CCE on LPS-induced NO and PGE
2
production in RAW264.7 macrophages. (a) RAW264.7 cells were pretreated with the

indicated concentrations of CCE (30–100𝜇g/mL) for 24 h. Cell viability was assessed using the CCK-8 assay and the results are expressed as
the percentage of surviving cells relative to control cells (DMSO-treated). (b and c) The cells were pretreated with CCE (30–100 𝜇g/mL) for
1 h and stimulated with LPS (100 ng/mL) for 24 h. Levels of NO and PGE

2
in the supernatant were detected using the Griess reaction assay

(b) and ELISA (c). Each value indicates the mean ± SEM and is representative of the results obtained from three independent experiments.
###
𝑃 < 0.001 versus control group; ∗∗∗𝑃 < 0.001 versus LPS-stimulated group. DEX: dexamethasone.

ELISA. ELISA kits purchased from BioLegend (San Diego,
CA,USA)were used tomeasure the levels of IL-6 andTNF-𝛼,
anda kit obtained fromR&DSystems (Minneapolis,MN)was
used to measure the IL-1𝛽 levels. The absorbance was mea-
sured at 450 nmusing amicroplate reader (SpectraMaxM2e).

2.9. Electrophoretic Mobility Shift Assay (EMSA). Nuclear
extract was prepared using the NE-PER nuclear extraction
reagent (Pierce Biotechnology, Inc.). An oligonucleotide con-
taining the immunoglobulin 𝜅-chain binding site (𝜅B, 5󸀠-
GATCTCAGAGGGGACTTTCCGAGAGA-3󸀠) and activa-
tor protein-1 (AP-1) DNA-binding site (5󸀠-CGCTTGATG-
ACTCAGCCGGAA-3󸀠) was synthesized as a probe for the
DNA-protein binding assay. The 3󸀠 end of the probe was
labeled with biotin using the biotin 3󸀠-end DNA labeling kit
(Pierce Biotechnology, Inc.).The binding reactions contained
5 𝜇g nuclear extract protein, buffer, 50 ng poly (dI-dC),
and 20 fM biotin-labeled DNA. The reaction mixture was
incubated for 20min at room temperature. The competition
reactions were performed by the addition of 100-fold excess
of unlabeled NF-𝜅B p65 and AP-1 to the reaction mixture.

The mixture was then separated using electrophoresis on a
5% polyacrylamide gel in 0.5x Tris-borate buffer and trans-
ferred to nylon membranes. The biotin-labeled DNA was
detected using a LightShift Chemiluminescent EMSA kit
(Pierce Biotechnology, Inc.).

2.10. Statistical Analysis. Data values are presented as the
mean ± SEM 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.

3. Results

3.1. Effects of CCE on the Viability of RAW264.7 Macrophages.
We first evaluated the cytotoxicity of CCE using CCK-8
assays. CCK-8 assays were performed in cells incubated with
CCE for 24 h. At concentrations of ≤100 𝜇g/mL, CCE did
not affect cell viability (Figure 1(a)). Based on these results,
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Figure 2: Effect of CCE on LPS-induced iNOS and COX-2 expression in RAW264.7 macrophages. RAW264.7 cells were pretreated with
CCE (30–100 𝜇g/mL) for 1 h and stimulated with LPS (100 ng/mL). iNOS ((a), for 24 h) and COX-2 ((b), for 7 h) protein levels were analyzed
in whole cell lysates using western blotting. GAPDH expression was used as an internal control. Each value indicates the mean ± SEM and
is representative of results obtained from three independent experiments. #𝑃 < 0.05 versus control group; ∗∗𝑃 < 0.01, ∗∗∗𝑃 < 0.001 versus
LPS-stimulated group. DEX: dexamethasone.

a CCE concentration range of 30–100𝜇g/mL was chosen for
subsequent experiments.

3.2. CCE Inhibits NO and PGE2 Production in LPS-Induced
RAW264.7 Macrophages. To evaluate the effects of CCE on
NO production in LPS-stimulated RAW264.7 cells, we mea-
sured nitrite levels using the Griess reagent. Cells were pre-
treated with CCE (30, 50, or 100 𝜇g/mL) for 1 h before adding
LPS (100 ng/mL). Stimulation for 24 h with LPS resulted
in a marked increase in NO levels. However, this increase
was attenuated by CCE pretreatment in a concentration-
dependent manner (Figure 1(b)). Additionally, we investi-
gated the effect of CCE on the production of PGE

2
using

an ELISA in LPS-stimulated RAW264.7 cells. Cells were
pretreated with CCE for 1 h and then stimulated with LPS
(100 ng/mL) for 24 h. Pretreatment with the indicated con-
centrations of CCE resulted in a significant reduction in PGE

2

production (Figure 1(c)).

3.3. CCE Attenuates the Expression of iNOS and COX-2
in LPS-Induced RAW264.7 Macrophages. The levels of NO
and PGE

2
are related to the activities of iNOS and COX-2,

respectively; therefore, we evaluated the effects of CCE on the
production of iNOS or COX-2 in LPS-induced RAW264.7
cells. Cells were treated with CCE (30, 50, or 100𝜇g/mL)
for 1 h before adding LPS (100 ng/mL). LPS stimulation for
24 h and 7 h markedly increased the expression of iNOS
and COX-2, respectively. However, this high expression was
significantly inhibited in cells pretreated with CCE in a
concentration-dependent manner (Figure 2).

3.4. CCE Attenuates TNF-𝛼, IL-6, and IL-1𝛽 Production in
LPS-Induced RAW264.7 Macrophages. We investigated the
effects of CCE on the expression of the proinflammatory
cytokines TNF-𝛼, IL-6, and IL-1𝛽 in LPS-induced RAW264.7
cells. RAW264.7 cells were incubated with the indicated
concentrations of CCE (30, 50, or 100 𝜇g/mL) for 1 h in
the presence or absence of LPS (100 ng/mL) for 24 h and
TNF-𝛼, IL-6, and IL-1𝛽 levels were measured in the culture
medium. Stimulation of cells with LPS increased the levels
of these cytokine. However, pretreatment with CCE signifi-
cantly attenuated their expression in a concentration-depen-
dent manner (Figure 3).

3.5. CCE Inhibits LPS-Stimulated Phosphorylation of MAPKs
and Akt in RAW264.7 Macrophages. Experiments were
designed to investigate the signaling cascades that induce
the expression of inflammatory mediators in RAW264.7
cells in response to stimulation by LPS. To investigate the
mechanisms underlying the effects of CCE on the expression
of inflammatory mediators, we examined the effect of CCE
on the LPS-induced phosphorylation of MAPKs and Akt
in RAW264.7 cells using western blotting. RAW264.7 cells
were incubatedwith the indicated concentrations of CCE (30,
50, or 100 𝜇g/mL) for 1 h in the presence or absence of LPS
(100 ng/mL). These proteins are phosphorylated following
stimulation with LPS. Thus, we examined the effects of
CCE on the LPS-induced activation of MAPKs and Akt.
CCE markedly inhibited JNK and Akt activation but did
not inhibit the activation of p38 and ERK (Figure 4(a)).
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Figure 3: Effect of CCE on proinflammatory cytokine production in LPS-induced RAW264.7 macrophages. RAW264.7 cells were pretreated
with CCE (30–100 𝜇g/mL) for 1 h and stimulated with LPS (100 ng/mL) for 24 h. Levels of TNF-𝛼 (a), IL-6 (b), and IL-1𝛽 (c) that were present
in the supernatants were quantified using ELISA. Each value indicates the mean ± SEM and is representative of results obtained from three
independent experiments. #𝑃 < 0.05 versus control group; ∗∗∗𝑃 < 0.001 versus LPS-stimulated group. DEX: dexamethasone.

Next, to verify whether the JNK and Akt signaling pathways
are involved in the expression of inflammatory mediators,
RAW264.7 cells were treated with LPS with or without JNK
and Akt inhibitors. The upregulated expression of inflam-
matory mediators (NO, PGE

2
, IL-6, TNF-𝛼, and IL-1𝛽) was

significantly inhibited by SP600125 (an inhibitor of JNK) and
LY294002 (an inhibitor of Akt) (Figures 4(b), 4(c), and 4(d)).

3.6. CCE Inhibits LPS-Stimulated NF-𝜅B and AP-1 Activation
in RAW264.7Macrophages. Theproduction of inflammatory
mediators is regulated by nuclear factor-kappa B (NF-𝜅B)
and activator protein-1 (AP-1) transcription factors in the
inflammatory process [13–15]. Therefore, to assess the mech-
anism by which CCE affects the expression of inflammatory
mediators, we examined the effects of CCE on the DNA-
binding activity of NF-𝜅B and AP-1 using EMSA. We found
that LPS stimulation significantly increased theDNA-binding
activity of AP-1 and NF-𝜅B, whereas pretreatment with
CCE significantly suppressed the LPS-induced DNA-binding
activity of NF-𝜅B and AP-1 (Figure 5(a)). Next, to confirm
whether the transcription factor signaling pathways for AP-1

and NF-𝜅B are involved in the expression of inflammatory
mediators, RAW264.7 cells were treated with LPS with or
without NF-𝜅B inhibitors (BAY 11-7082 and parthenolide)
and an AP-1 inhibitor (SR 11032). Based on the results shown
in Figures 5(b) and 5(c), we found that NF-𝜅B inhibitors and
the AP-1 inhibitor suppressed the LPS-stimulated expression
of NO and PGE

2
. However, the upregulated production

of proinflammatory cytokines (TNF-𝛼, IL-6, and IL-1𝛽) by
LPS stimulation was not inhibited by the AP-1 inhibitor
(Figure 5(d)). To elucidate what upstream pathways control
AP-1 and NF-𝜅B activation, we treated the cells with JNK
and Akt inhibitors and used EMSA to assess AP-1 and
NF-𝜅B activation. As shown in Figure 5(e), treatment with
SP600125 or LY294002 markedly reduced the LPS-induced
DNA-binding activities of AP-1 and NF-𝜅B.

4. Discussion

Marine algae represent a resource that may provide a large
number of therapeutic agents with the potential to atten-
uate the production of inflammatory mediators in various
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Figure 4: Effects of CCE on LPS-induced phosphorylation of MAPKs and Akt in RAW264.7 macrophages. RAW264.7 cells were pretreated
with either the vehicle or the indicated concentration of CCE (30–100𝜇g/mL) for 30min, prior to stimulation with LPS (100 ng/mL). (a) Cell
extracts were then prepared and subjected to western blotting with antibodies specific for the total and phosphorylated forms of MAPKs
(p38, ERK1/2, JNK) (for 15min) and Akt (for 4 h). The results are representative of three independent experiments. Levels of NO and PGE

2

in the supernatant were detected using the Griess reaction assay (b) and ELISA (c). (d)The expression levels of TNF-𝛼, IL-6, and IL-1𝛽 in the
culture medium were determined using ELISA. Cells were treated with SP600125 (a JNK inhibitor) and LY294002 (an Akt inhibitor) 30min
prior to LPS stimulation for 24 h. Each value indicates the mean ± SEM and is representative of the results obtained from three independent
experiments. #𝑃 < 0.05 versus control group; ∗∗∗𝑃 < 0.001 versus LPS-stimulated group. SP: SP600125 and LY: LY294002.

inflammatory diseases [16]. Therefore, the present study was
undertaken to evaluate the pharmacological activity of CCE
on the production of proinflammatorymediators such asNO,
PGE
2
, IL-1𝛽, IL-6, and TNF-𝛼 by investigating inhibitory

effects in LPS-stimulated murine macrophage RAW264.7
cells. To further understand the molecular mechanisms
of CCE activity, we examined the effects of CCE on the
phosphorylation ofMAPKs and Akt and the activation of the
transcription factor NF-𝜅B and AP-1.The results of this study
show that CCE effectively attenuates LPS-induced produc-
tion of inflammatorymediators through blockade of the JNK,
Akt, NF-𝜅B, and AP-1 pathways in RAW264.7 macrophages.
The inhibitory activity of CCE suggests one of the regulatory
mechanisms responsible for its anti-inflammatory action and
its potential utility to treat LPS-stimulated inflammatory
diseases.

The overactivation of macrophages by inflammatory sti-
mulants leads to the overproduction of proinflammatoryme-
diators, including PGE

2
and NO, and inflammatory cytok-

ines, resulting in various chronic inflammatory diseases [17].
Thus, the elimination of the excessive expression of proin-
flammatory mediators is an effective therapeutic strategy to
control chronic inflammation. In this study, we observed that
CCE significantly attenuated the LPS-induced increase in
proinflammatorymediators (NO, PGE

2
, TNF-𝛼, IL-6, and IL-

1𝛽) without cytotoxicity in RAW264.7 macrophages (Figures
2 and 3). Thus, the results suggest that CCE is a promising
agent for inhibiting inflammatory disorders.

The MAPKs (ERK-1/2, p38, and JNK) are members of
proinflammatory signal transduction pathways that appear to

play important roles in the inflammatory processes of LPS-
activated macrophages [17]. Phosphatidylinositol 3-kinase/
Akt (PI3K/Akt) also contributes to the induction of proin-
flammatory factors [18]. Therefore, application of anti-
inflammatory agents that effectively modulate MAPK and
Akt pathways are good approaches to treat various inflam-
matory disorders. To understand the signaling mechanisms
associated with CCE-mediated regulation of proinflamma-
tory mediator expression, the effect of CCE on the phos-
phorylation of MAPKs and Akt was evaluated (Figure 4).
As expected, when macrophages were stimulated with LPS,
MAPKs and Akt were phosphorylated; however, pretreat-
ment with CCE significantly attenuated LPS-induced phos-
phorylation of JNK and Akt, but not p38 and ERK. CCE
showed a preference for p-JNK, without affecting p-ERK
or p-p38 in the MAPK signaling pathway. In other words,
CCE targeted only p-JNK. To confirm the above results, we
investigated the effects of JNK and Akt inhibitors (SP600125
and LY294002, resp.) on the LPS-induced production of
proinflammatorymediators bymacrophages. Results showed
that CCE inhibits the production of NO, PGE

2
, TNF-𝛼, IL-

6, and IL-1𝛽 in LPS-stimulated macrophages by suppressing
the activation of JNK and Akt, consequently attenuating
the expression of proinflammatory mediators. These results
suggested that CCE could inhibit LPS-induced inflammatory
responses that are mediated by the JNK and Akt signaling
pathways.

Previous studies reported that the transcription factors
NF-𝜅B and AP-1 regulate the production of many inflamma-
tory mediators [13, 14]. Therefore, in this study, we evaluated
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Figure 5: Continued.
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Figure 5: Effect of CCE on NF-𝜅B and AP-1 activation in LPS-induced RAW264.7 macrophages. (a) RAW264.7 cells were pretreated with
CCE (30, 50, or 100 𝜇g/mL) for 1 h and then stimulated with LPS for 2 h. Nuclear extracts were prepared and evaluated for NF-𝜅B and AP-
1 using EMSA. (b, c, and d) Cells were pretreated with NF-𝜅B inhibitors (BAY 11-7082 and parthenolide) and AP-1 inhibitor (SR-11032)
for 30min and were then stimulated with LPS (100 ng/mL) for 24 h. Levels of NO and PGE

2
in the supernatant were detected using the

Griess reaction assay (b) and ELISA (c). (d) The expression levels of TNF-𝛼, IL-6, and IL-1𝛽 in the culture medium were determined using
ELISA. Each value indicates the mean ± SEM and is representative of results obtained from three independent experiments. #𝑃 < 0.05 versus
control group; ∗∗∗𝑃 < 0.001 versus LPS-stimulated group. (e) Cells were pretreated with SP600125 (a JNK inhibitor) and LY294002 (an
Akt inhibitor) 30min prior to LPS stimulation for 2 h. Nuclear extracts were prepared and evaluated for NF-𝜅B and AP-1 using EMSA. All
experiments were repeated three times and representative results are shown. CP: cold (unlabeled) probe, PT: parthenolide, BAY: BAY 11-7082,
SR: SR-11032, SP: SP600125, and LY: LY294002.

the effects of CCE on the LPS-stimulated activation of NF-
𝜅B and AP-1 in macrophages. Activated transcription factors
enter the nucleus and induce inflammatorymediator produc-
tion; therefore, we examined theDNA-binding activity ofNF-
𝜅B and AP-1. Studies using EMSA revealed that stimulation
with LPS increased the DNA-binding activities of NF-𝜅B and
AP-1 in the nuclear compartment. However, pretreatment
with CCE attenuated the induced DNA-binding activities
of the transcription factors in a concentration-dependent
manner (Figure 5(a)). To confirm the anti-inflammatory
activity of CCE via regulation of the binding activities of

transcription factors, we examined the effects of BAY 11-
7082, parthenolide (NF-𝜅B inhibitors) and SR11302 (an AP-
1 inhibitor) on the production of inflammatory mediators in
LPS-stimulatedmacrophages. As shown in Figures 5(b)–5(d),
we found that the NF-𝜅B inhibitors attenuated LPS-induced
production of NO, PGE

2
, IL-6, TNF-𝛼, and IL-1𝛽 in the

macrophages. Additionally, the AP-1 inhibitor blocked LPS-
induced NO and PGE

2
production. However, interestingly,

we found that proinflammatory cytokines (IL-6, TNF-𝛼, and
IL-1𝛽) were not inhibited by treatmentwith theAP-1 inhibitor
(Figure 5(e)). This result showed that the production of
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proinflammatory cytokines, such as IL-6, TNF-𝛼, and IL-1𝛽,
is not directly related to the AP-1 signaling pathway. Previous
reports showed that the expression of inflammatory cytoki-
nes is regulated by activation of the AP-1 transcription factor
[19–21]. However, since these previous studies did not con-
firm this finding using an AP-1 inhibitor, the results that
we obtained would not have been observed in the previous
studies. To the best of our knowledge, our AP-1 inhibitor
results demonstrated, for the first time, that LPS directly
stimulates the production of inflammatory mediators in
RAW264.7macrophages. In addition, using inhibitors of JNK
and Akt, we showed that LPS stimulation attenuates the
activation of NF-𝜅B and AP-1. It has been shown that the
JNK and Akt signaling pathways can be upstream activators
of the NF-𝜅B and AP-1 signaling cascade. Based on the above
results, we demonstrated that LPS induced NF-𝜅B and AP-1
activation in RAW264.7 macrophages via upstream signaling
molecules that are involved in the JNK and Akt pathways.

The present study demonstrated that CCE exerts inhibi-
tory effects on NO and PGE

2
production in the LPS-induced

RAW264.7macrophages. Furthermore, CCEmarkedly atten-
uated the expression of proinflammatory cytokines, includ-
ing IL-1𝛽, IL-6, and TNF-𝛼. These effects of CCE are associ-
atedwith the inactivation of LPS-inducedNF-𝜅BandAP-1 via
inhibition of JNK and Akt phosphorylation. In particular, we
have found, for the first time, that the production of proin-
flammatory cytokines, such as IL-6, TNF-𝛼, and IL-1𝛽, is
not directly related to the AP-1 signaling pathway. Thus, we
concluded that CCE possesses potential anti-inflammatory
activities and may have therapeutic benefits in the treat-
ment of various inflammatory disorders. Further studies are
needed to investigate the components of CCE that may have
beneficial and physiologically active effects.

Disclosure

Part of this study was presented in the Korean Society of Fish-
eries and Aquatic Science (KOSFAS) in 2017.

Conflicts of Interest

The authors have no conflicts of interest.

Authors’ Contributions

Mi-Jin Yim and Jeong Min Lee contributed equally to this
work.

Acknowledgments

Thiswork was supported by theNationalMarine Biodiversity
Institute of Korea Research Program (2018M00700).

References

[1] D.-S. Lee, W. S. Park, S.-J. Heo et al., “Polyopes affinis alleviates
airway inflammation in a murine model of allergic asthma,”
Journal of Biosciences, vol. 36, no. 5, pp. 869–877, 2011.

[2] D. Pesando and B. Caram, “Screening of Marine Algae from the
French Mediterranean Coast for Antibacterial and Antifungal
Activity,” Botanica Marina, vol. 27, no. 8, pp. 381–386, 1984.

[3] J. Zheng, S. R. K. Madduma Hewage, M. J. Piao et al., “Photo-
protective effect of carpomitra costata extract against ultraviolet
B-induced oxidative damage in human keratinocytes,” Journal
of Environmental Pathology, Toxicology and Oncology, vol. 35,
no. 1, pp. 11–28, 2016.

[4] S. Kalaiselvan and M. K. Rasool, “Triphala herbal extract sup-
presses inflammatory responses in LPS-stimulated RAW 264.7
macrophages and adjuvant-induced arthritic rats via inhibition
of NF-𝜅B pathway,” Journal of Immunotoxicology, vol. 13, no. 4,
pp. 509–525, 2016.

[5] J. Liu, J. Tang, Y. Zuo et al., “Stauntoside B inhibits macrophage
activation by inhibiting NF-𝜅B and ERK MAPK signalling,”
Pharmacological Research, vol. 111, pp. 303–315, 2016.

[6] Q. Yu, K. Zeng, X. Ma et al., “Resokaempferol-mediated anti-
inflammatory effects on activated macrophages via the inhi-
bition of JAK2/STAT3, NF-𝜅B and JNK/p38 MAPK signaling
pathways,” International Immunopharmacology, vol. 38, pp.
104–114, 2016.

[7] J.-Y. Lee, M.-S. Lee, J.-W. Choi, T. S. Shin, H.-C. Woo, and
H.-R. Kim, “Dichloromethane fraction of laminaria japonica
ethanolic extract inhibits lipopolysaccharide-induced nitric
oxide synthase and cyclooxygenase-2 expression in RAW 264.7
cells via NF-kB pathway,” Inflammation, vol. 35, no. 5, pp. 1650–
1658, 2012.

[8] C. Alexander and E. T. Rietschel, “Bacterial lipopolysaccharides
and innate immunity,” Journal of Endotoxin Research, vol. 7, no.
3, pp. 167–202, 2001.

[9] D. Laveti, M. Kumar, and R. Hemalatha, “Anti-inflammatory
treatments for chronic diseases: a review,” Inflammation &
Allergy—Drug Targets, vol. 12, no. 5, pp. 349–361, 2013.

[10] J. N. Sharma, A. Al-Omran, and S. S. Parvathy, “Role of nitric
oxide in inflammatory diseases,” Inflammopharmacology, vol.
15, no. 6, pp. 252–259, 2007.

[11] C. D. Funk, “Prostaglandins and leukotrienes: advances in ei-
cosanoid biology,” Science, vol. 294, pp. 1871–1875, 2001.

[12] E. Ricciotti and G. A. Fitzgerald, “Prostaglandins and inflam-
mation,” Arteriosclerosis, Thrombosis, and Vascular Biology, vol.
31, no. 5, pp. 986–1000, 2011.

[13] M. Guha and N. Mackman, “LPS induction of gene expression
in human monocytes,” Cellular Signalling, vol. 13, no. 2, pp. 85–
94, 2001.

[14] W. Hu, X. Wang, L. Wu et al., “Apigenin-7-O-𝛽-d-glucuronide
inhibits LPS-induced inflammation through the inactiva-
tion of AP-1 and MAPK signaling pathways in RAW 264.7
macrophages and protects mice against endotoxin shock,” Food
& Function, vol. 7, no. 2, pp. 1002–1013, 2016.

[15] X. Li, J. Shen, Y. Jiang et al., “Anti-inflammatory effects of
chloranthalactone B in LPS-stimulated RAW264.7 cells,” Inter-
national Journal of Molecular Sciences, vol. 17, no. 11, article no.
1938, 2016.

[16] I. P. S. Fernando, J.-W. Nah, and Y.-J. Jeon, “Potential anti-
inflammatory natural products from marine algae,” Environ-
mental Toxicology and Pharmacology, vol. 48, pp. 22–30, 2016.

[17] B. Kaminska, “MAPK signalling pathways as molecular targets
for anti-inflammatory therapy—from molecular mechanisms
to therapeutic benefits,”Biochimica et Biophysica Acta—Proteins
and Proteomics, vol. 1754, no. 1-2, pp. 253–262, 2005.



Evidence-Based Complementary and Alternative Medicine 11

[18] D. L.Williams, C. Li, T.Ha et al., “Modulation of the phosphoin-
ositide 3-kinase pathway alters innate resistance to polymicro-
bial sepsis,”The Journal of Immunology, vol. 172, no. 1, pp. 449–
456, 2004.

[19] Y. Gao, Y. Huang, Y. Zhao et al., “LL202 protects against dex-
tran sulfate sodium-induced experimental colitis in mice by
inhibitingMAPK/AP-1 signaling,”Oncotarget , vol. 7, no. 39, pp.
63981–63994, 2016.

[20] P. Intayoung, P. Limtrakul, and S. Yodkeeree, “Antiinflamma-
tory activities of crebanine by inhibition of NF-𝜅B and AP-1
activation through suppressing MAPKs and Akt signaling in
LPS-induced RAW264.7 macrophages,” Biological & Pharma-
ceutical Bulletin, vol. 39, no. 1, pp. 54–61, 2016.

[21] P. Sittisart, B. Chitsomboon, and N. E. Kaminski, “Pseuder-
anthemum palatiferum leaf extract inhibits the proinflamma-
tory cytokines, TNF-𝛼 and IL-6 expression in LPS-activated
macrophages,” Food and Chemical Toxicology, vol. 97, pp. 11–22,
2016.



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

