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Fructus sophorae attenuates secretion of proinflammatory mediators
and cytokines through the modulation of NF-kB and MAPK signaling
pathways in LPS-stimulated RAW 264.7 macrophages
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Abstract. This study investigated the inhibitory effects and underlying mechanisms of Fructus sophorae,
the dried ripe fruit of Styphnolobium japonicum (L.) Schott, on the production of proinflammatory
molecules in lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophages. The results indicated
that pretreatment with noncytotoxic concentrations of Fructus sophorae extract (FSE) significantly
inhibited the release of the proinflammatory mediators nitric oxide (NO) and prostaglandin E,, which
were associated with the downregulation of both mRNA and protein for inducible NO synthase and
cyclooxygenase-2, respectively, in LPS-challenged RAW 264.7 cells. FSE also blocked the LPS-induced
expression of the proinflammatory cytokines interleukin (IL)-6 and IL-1p. Furthermore, the results
showed that FSE efficiently attenuated the LPS-induced nuclear translocation of nuclear factor-kappa B
(NF-xB) and phosphorylation of the mitogen-activated protein kinases (MAPKs) extracellular
signal-regulated kinase (ERK) and c-Jun N-terminal kinase (JNK) but not p38 MAPK. These results
suggest that FSE exhibits anti-inflammatory activity by inhibiting proinflammatory mediators and
cytokines through the inactivation of NF-«xB, ERK and JNK, and it may offer therapeutic potential

for treating inflammatory diseases accompanied with macrophage activation.
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Introduction

Inflammation is an important host response to infection or
tissue injury. It results in the activation of various immune
cells and leads to the restoration of tissue structure and
function. Many inflammatory diseases, such as arthritis,
inflammatory bowel diseases, and asthma, may occur if the
regulation of the inflammatory response is disrupted (Laveti
et al. 2013; Kotas and Medzhitov 2015).

Among the several types of immune cells, macrophages
are essential in releasing proinflammatory molecules in
response to various harmful stimuli. When macrophages
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are activated by inflammatory stimuli, they release assorted
proinflammatory factors necessary for the progression
of numerous chronic inflammatory diseases. A common
stimulus is lipopolysaccharide (LPS), an endotoxin from
gram-negative bacteria. LPS binds to the toll-like receptor 4
(TLR4) expressed on macrophages (Leon et al. 2008; Drexler
and Foxwell 2010). This complex triggers a serial of signal
transduction events leading to the activation of nuclear
factor-kB (NF-xB) and mitogen-activated protein kinases
(MAPKs) signaling pathways (Verstrepen et al. 2008; Lu-
cas and Maes 2013). The activated macrophages secrete
proinflammatory mediators, such as nitric oxide (NO) and
prostaglandin E, (PGE,), which are synthesized by induc-
ible NO synthase (iNOS) and cyclooxygenase-2 (COX-2),
respectively (Tsatsanis et al. 2006; Kalinski 2012). They also
produce inflammatory cytokines, such as tumor necrosis
factor-a (TNF-a), interleukin (IL)-6, and IL-1p (Keystone
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and Ware 2010; Lane and Lachmann 2011; Lee et al. 2015;
Rossi et al. 2015). Therefore, the inhibition of macrophage
activation has been suggested as a potential therapeutic goal
in relieving the progression of inflammatory diseases.

Under normal conditions, the p50 and p65 subunits
of the NF-kB dimmers are attached to the suppressor
protein inhibitor of NF-kB (IkB) in the cytoplasm. The
activation of NF-kB occurs via phosphorylation through
the activation of MAPKs and the degradation of IxkB bound
to NF-kB. This results in the translocation of NF-«B from
the cytoplasm to the nucleus to promote the expression
of various proinflammatory genes, including iNOS, COX-2,
and cytokines (Lan et al. 2012; Hayden and Ghosh 2014).
The MAPKSs, such as extracellular signal-regulated kinase
(ERK), c-Jun N-terminal kinase (JNK), and p38 MAPK, are
signaling molecules that also play important roles in relay-
ing inflammatory information from the extracellular space
to the cytoplasm and nucleus to modulate inflammatory
responses (Broom et al. 2009; Patterson et al. 2014). The
activation of MAPKs by phosphorylation is a critical step in
the production of proinflammatory molecules in activated
macrophages. Moreover, previous studies have shown that
MAPKSs can be activated by TLR4, leading to the activa-
tion of the nuclear translocation of NF-kB and, finally, the
initiation of proinflammatory responses (Arthur and Ley
2013; Patterson et al. 2014). These observations indicate that
inhibitors of the NF-kB and MAPKs signaling pathways are
potential targets for new therapeutic strategies to reduce
inflammation-mediated diseases.

Recently, interest has increased in the pharmacologi-
cal activity of herbal medicines widely used in traditional
medicines of East Asia, including Korea, China, and Japan.
Numerous studies support the potential clinical benefits
of these medicines against difficult to treat diseases. Among
them, Fructus sophorae (goegak in Korean), the dried ripe
fruit of Styphnolobium japonicum (L.) Schott belonging to
the family Fabaceae has been used as an herbal medicine
for the treatment of hemorrhoids, constipation, hemostasis,
and hyperlipidemia for thousands of years (Liu and Sheu
1989; Gan et al. 2010). Modern pharmacological studies
have shown that Fructus sophorae mainly contains flavo-
noids, isoflavones, and their glycosides as its major active
components (Joo et al. 2004, 2005; Kite et al. 2009; Chang et
al. 2013; Shi etal. 2013; Zhi et al. 2014). Several studies have
revealed that some of Fructus sophorae’s components have
antiosteoporotic (Joo etal. 2004; Shim et al. 2005), antiviral
(Kim et al. 2010), and antioxidant (Joo et al. 2005; Feng et
al. 2015) properties. Despite these encouraging studies, lit-
tle is known about the effects of these components or the
mechanisms responsible for their anti-inflammatory activ-
ity. As a part of an ongoing screening program to evaluate
the anti-inflammatory potentials of new compounds from
traditional medicinal resources, this study investigated

the anti-inflammatory effects of Fructus sophorae extract
(FSE) in RAW 264.7 macrophages activated with LPS and
examined whether FSE inhibited inflammatory responses
via the suppression of the NF-kB and MAPKs signaling
pathways.

Materials and Methods

Preparation of FSE

To prepare FSE, the Fructus sophorae was subjected to
reflux extraction with a 60% ethanol aqueous solution for
2 h. The crude extract was filtered with a 0.45-mM filter to
remove insoluble materials, and then it was concentrated
under reduced pressure in a rotary evaporator to remove
the ethanol. The FSE was dissolved in dimethyl sulfoxide
(DMSO, Sigma-Aldrich Chemical Co., St. Louis, MO, USA)
to create a 100 mg/ml FSE stock solution. The stock solu-
tion was then diluted with culture medium to the desired
concentration prior to use. The final concentration of DMSO
never exceeded 0.1%.

Cell culture and LPS treatment

RAW 264.7 cells, a murine macrophage cell line, were
obtained from the American Type Culture Collection
(Manassas, VA, USA). The cells were grown in Dulbecco’s
modified Eagle’s medium (DMEM, WelGENE Inc., Daegu,
South Korea) containing 10% fetal bovine serum (Wel GENE
Inc.), 100 U/ml penicillin, and 100 mg/ml streptomycin
in an incubator at 37°C, 5% CO,, and 95% humidity. To
stimulate the cells, the medium was exchanged with fresh
DMEM, and LPS (100 ng/ml, Sigma-Aldrich Chemical
Co.) was added in the presence or absence of FSE for the
indicated periods.

Assessment of cell viability

The effects of FSE on cell viability were evaluated using
a colorimetric 3-[4,5-dimethylthiazol-2-yl]-2,5-diphe-
nyltetrazolium bromide (MTT, Sigma-Aldrich Chemical
Co.) assay. The RAW 264.7 cells were seeded at a density
of 1 x 10 cells/well into a 96-well plate, incubated at 37°C
for 24 h, and then treated with various concentrations
of FSE alone or with LPS (500 ng/ml). After 24 h incuba-
tion, MTT solution was added to each well and the plate
was incubated for an additional 4 h at 37°C. After the
MTT incubation, the medium was discarded and DMSO
was added to dissolve the formazan dye. Then the optical
density was read at 450 nm with an enzyme-linked im-
munosorbent assay (ELISA) reader (Molecular Devices,
Sunnyvale, CA, USA).
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Measurement of NO production

The NO,™ concentrations in the culture supernatants was
measured to assess NO production with the Griess reagent
(1% sulfanilamide, 0.1% naphthylethylenediamine dihy-
drochloride, and 2.5% phosphoric acid, Sigma-Aldrich
Chemical Co.). The cells were pretreated with various
concentrations of FSE for 1 h and stimulated with LPS
for 24 h. Then 100 pl of the Griess reagent was mixed
with an equal volume of cell supernatant and incubated
at room temperature in the dark for 5 min. The optical
density at 540 nm was measured and the concentration
of nitrite was calculated according to the standard curve
generated from known concentrations of sodium nitrite
(Lee et al. 2014).

PGE,, IL-6, and IL-1 immunoassay

The amounts of PGE; and proinflammatory cytokines re-
leased in the culture medium were measured with mouse
PGE,, IL-6, and IL-1p ELISA kits (R&D Systems, Min-
neapolis, MN, USA) based on the quantitative sandwich
enzyme immunosorbent technique. FSE was pretreated for
1 h before LPS stimulation, and then the cells were incubated
with LPS for 24 h. The levels of PGE,, IL-6, and IL-1p in the
culture media were quantified using ELISA kits according
to the manufacturer’s instructions. The absorbance was read
at a wavelength of 450 nm with a microplate reader (Hwang
etal. 2014).

RNA isolation and reverse transcriptase-polymerase chain
reaction (RT-PCR)

Total RNA was isolated using the TRIzol reagent (Invitrogen
Life Technologies, Carlsbad, CA, USA) according to the
manufacturer’s instructions and reverse transcribed using
MMLYV reverse transcriptase (Promega, Madison, WI, USA)
to produce cDNAs. RT-generated cDNAs encoding iNOS,
COX-2, IL-6, and IL-1f3 genes were amplified by PCR with
selective primers (Bioneer, Seoul, South Korea). The PCR
primers were as follows: mouse iNOS (5-ATG TCC GAA
GCA AAC ATC AC-3’ and 5-TAA TGT CCA GGA AGT
AGG TG-3’), COX-2 (5-CAG CAA ATC CTT GCT GTT
CC-3" and 5-TGG GCA AAG AAT GCA AAC ATC-3),
IL-6 (5- GGA GGC TTA ATT ACA CAT GTT-3’ and
5-TGA TTT CAA GAT GAA TTG GAT-3’), and IL-1f
(5-ATG GCA ACT GTT CCT GAA CTC AAC T-3’ and
5-TTT CCT TTC TTA GAT ATG GAC AGG AC-3’). After
amplification, the PCR products were electrophoresed in 1%
agarose gels and visualized by ethidium bromide (Sigma-
Aldrich Chemical Co.) staining. In a parallel experiment,
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
used as an internal control.

Western blot analysis

After treatment with FSE in the presence or absence
of LPS, the cell pellets were resuspended in lysis buffer
(20 mM sucrose, 1 mM ethylenediaminetetraacetic acid,
20 uM Tris-HCI, pH 7.2, 1 mM dithiothreitol, 10 mM
KCl, 1.5 mM MgCl,, and 5 pg/ml aprotinin). The cell
debris was discarded following centrifugation at 13,000
x g for 15 min. Then the protein concentration was de-
termined using the Bio-Rad kit (Bio-Rad Laboratories,
Hercules, CA, USA). In a parallel experiment, nuclear and
cytosolic proteins were prepared with nuclear extraction
reagents (Pierce Biotechnology, Rockford, IL, USA) ac-
cording to the manufacturer’s protocol. Equal amounts
of protein (20~30 pg) from each sample were separated
by 10% sodium dodecyl sulfate (SDS)-polyacrylamide
gel electrophoresis and transferred onto nitrocellulose
membranes (Schleicher & Schuell, Keene, NH, USA). The
nonspecific sites were blocked by incubating the mem-
branes in 5% (w/v) nonfat milk powder in Tris-buffered
saline containing 0.05% (v/v) Tween-20 (TBS-T) for
1 h at room temperature. Then the reactive bands were
visualized with horseradish peroxidase-coupled second-
ary antibody via an enhanced chemiluminescence (ECL)
detection system (Amersham Co., Arlington Heights, IL,
USA) according to the manufacturer’s procedures. Vari-
ous primary and secondary antibodies for Western blot
analysis were purchased from Cell Signaling Technology,
Inc. (Boston, MA, USA) and Santa Cruz Biotechnology
(Santa Cruz, CA, USA).

Immunofluorescent staining for NF-kB p65

The RAW 264.7 cells were seeded onto glass coverslips
in 6-well plates for 24 h. The cells were pretreated with
or without FSE for 1 h and then treated with LPS for
30 min. After the treatment, the cells were rinsed twice
with phosphate-buffered saline (PBS) and fixed with 3.7%
paraformaldehyde in PBS for 10 min at 4°C. Then the cells
were incubated with 0.4% Triton X-100 for 10 min followed
by blocking with 5% bovine serum albumin for 1 h. After
the blocking, the cells were probed with rabbit anti-p65
NF-«xB antibody (Santa Cruz Biotechnology) overnight
at 4°C. Then the cells were incubated with fluorescein
isothiocyanate-conjugated donkey anti-rabbit IgG (Jackson
ImmunoResearch Laboratories Inc., West Grove, PA, USA)
for 2 h at room temperature (Kim et al. 2014). After the
incubation, the cells were washed with PBS, and the cell
nuclei were counterstained with 1 mg/ml 4,6-diamidino-
2-phenylindole (DAPI) solution for 15 min in the dark
and then mounted with mounting medium. The NF-kB
P65 subunit was observed with a fluorescence microscope
(Carl Zeiss, Oberkochen, Germany).



326

Choi and Kang

Statistical analysis

Data from at least three independent experiments were
expressed as the mean + standard deviation. Statistical
comparisons between different groups were performed us-
ing one-way ANOVA followed by the Student’s t-test after
comparing each treated group to the negative control. Values
of p less than 0.01 were considered statistically significant.

Results

FSE inhibits LPS-induced production of NO and PGE; in
RAW 264.7 macrophages

The presence of NO and PGE, is widely used as indica-
tors of microphage activation among many inflammatory
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Figure 1. Fructus sophorae extract (FSE) inhibition of NO and prostag-
landin E; (PGE;) production in lipopolysaccharide (LPS)-stimulated
RAW 264.7 macrophages. RAW 264.7 cells were pretreated with
various concentrations of FSE for 1 h prior to incubation with 100
ng/ml LPS for 24 h. A. Nitrite content was measured with the Griess
reaction. B. PGE, concentration was measured in culture media with
a commercial ELISA kit. Each value indicates the mean + S.D. and is
representative of the results obtained from three independent experi-
ments. Statistical significance was determined by one-way ANOVA
(* p < 0.05 vs. untreated control; * p < 0.05 vs. LPS-treated group).

mediators (Joubert and Malan 2011; Norberg et al. 2013).
iNOS and COX-2 were expressed in activated macrophages,
mediating the synthesis of NO and PGE, released into the
culture medium. Therefore, the RAW 264.7 cells were chal-
lenged with LPS in the presence or absence of FSE, and the
levels of NO and PGE; were measured by Griess reagent and
ELISA, respectively. As presented in Figure 1, pretreatment
with FSE concentration-dependently suppressed NO and
PGE, secretion with statistical significance. The inhibitory
effect of FSE on NO and PGE, production was also inves-
tigated in relation to the modulation of iNOS and COX-2
enzyme levels. Figure 2A demonstrates that FSE strongly
suppressed the protein expression of iNOS and COX-2 com-
pared with the LPS alone-treated group. Furthermore, FSE
markedly repressed iNOS and COX-2 mRNA expression in
LPS-stimulated RAW 264.7 cells (Fig. 2B), suggesting that
the FSE-mediated inhibition of NO and PGE,; production
is associated with the transcriptional downregulation of the
iNOS and COX-2 genes.
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Figure 2. FSE inhibition of inducible NO synthase (iNOS) and
cyclooxygenase-2 (COX-2) expression in LPS-stimulated RAW
264.7 macrophages. RAW 264.7 cells were pretreated with the
indicated concentrations of FSE for 1 h prior to incubation with
100 ng/ml LPS. A. After treatment for 24 h, cell lysates were then
prepared and Western blotting was performed using antibodies
specific for murine iNOS and COX-2. B. Following 6 h treatment,
total RNA was isolated, and RT-PCR was performed using iNOS
and COX-2 primers. Actin and GAPDH were used as the internal
controls for the Western blot assay and RT-PCR, respectively. The
relative ratios of expression in the results of the Western blotting
and RT-PCR were presented at the bottom of each of the results as
relative values of the B-actin and GAPDH expression, respectively.
For more abbreviations see Fig. 1.
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FSE inhibits the release of IL-6 and IL-1f3 in LPS-stimulated
RAW 264.7 cells

The proinflammatory cytokines IL-6 and IL-1p are pro-
duced in response to inflammatory stimuli and, in turn,
can contribute to inflammation (McCarty and Frishman
2014; Rath et al. 2015); thus, they are regarded as targets for
inhibiting inflammatory processes. To confirm the effect
of FSE on the production of proinflammatory cytokines,
the concentrations of IL-6 and IL-1f in the culture medium
were measured by ELISA. Consistent with the NO and PGE,
results, FSE inhibited IL-6 and IL-1p cytokine production
concentration-dependently (Fig. 3). Moreover, FSE treat-
ment clearly inhibited the LPS-induced expression of IL-6
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Figure 3. FSE inhibition of IL-6 and IL-1{ production in LPS-stim-
ulated RAW 264.7 macrophages. RAW 264.7 cells were pretreated
with various concentrations of FSE for 1 h prior to 100 ng/ml LPS
treatment. After incubation for 24 h, levels of IL-6 (A) and IL-1p (B)
present in the supernatants were measured using commercial ELISA
kits. Each value indicates the mean + S.D. and is representative of the
results obtained from three independent experiments. Statistical
significance was determined by one-way ANOVA (* p < 0.05 vs.
untreated control; * p < 0.05 vs. LPS-treated group). For abbrevia-
tions see Fig. 1.

and IL-1p protein and mRNA compared with the LPS
alone-treated group (Fig. 4). These results showed that FSE
was able to inhibit the expression of IL-6 and IL-1f at the
transcriptional levels, thus, reducing the production of IL-6
and IL-1p in LPS-stimulated RAW 264.7 cells.

FSE inhibits NF-xB pathway activation in RAW 264.7
macrophages after LPS stimulation

NF-xB plays a pivotal role in the regulation of iNOS,
COX-2, and inflammatory cytokine expression. As such,
NF-kB is a good target for treating inflammatory diseases
(Ivashkiv 2011; Gasparini and Feldmann 2012). Therefore,
this study investigated whether FSE suppressed the nuclear
translocation of NF-«kB by Western blotting analysis after
the cells were pretreated with the indicated concentrations
of FSE for 1 h and stimulated with LPS for 30 min. After
treatment with LPS alone, the levels of p65, a component
of the NF-«B heterodimer, were markedly increased, and
FSE effectively blocked the LPS-induced accumulation
of NF-kB p65 in the nucleus (Fig. 5A). These results were
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Figure 4. FSE inhibition of IL-6 and IL-1f expression in LPS-stim-
ulated RAW 264.7 macrophages. RAW 264.7 cells were pretreated
with the indicated concentrations of FSE for 1 h prior to incubation
with 100 ng/ml LPS. A. After treatment for 24 h, cell lysates were
then prepared and Western blotting was performed using anti-
bodies specific for murine IL-6 and IL-1f. B. After 6 h treatment,
total RNA was isolated, and RT-PCR was performed using IL-6
and IL-1P primers. Actin and GAPDH were used as the internal
controls for the Western blot assay and RT-PCR, respectively. The
relative ratios of expression in the results of the Western blotting
and RT-PCR were presented at the bottom of each of the results as
relative values of the B-actin and GAPDH expression, respectively.
For abbreviations see Fig. 1.



328

Choi and Kang

confirmed by NF-kB and DAPI costaining in LPS-treated
RAW 264.7 cells and FSE markedly preventing the nuclear
translocation of p65 (Fig. 5B). The findings indicate that the
inactivation of the NF-«B signaling pathway was involved
in the anti-inflammatory effect of FSE in LPS-stimulated
RAW 264.7 cells.
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Figure 5. FSE suppression of LPS-induced NF-kB nuclear trans-
location in RAW 264.7 macrophages. Cells were treated with the
indicated concentrations of FSE for 1 h before 100 ng/ml LPS
treatment for 30 min. A. Nuclear and cytosolic proteins were sub-
jected to 10% SDS-polyacrylamide gel electrophoresis followed by
Western blotting with the anti-NF-«B p65 antibody. Lamin B and
actin were used as the internal controls for the nuclear and cytosolic
fractions, respectively. The relative ratios of expression in the results
of the Western blotting were presented at the bottom of each of the
results as relative values of the lamin B and P-actin expression,
respectively. B. Cells were pretreated with 500 ug/ml of FSE for
1 h prior to stimulation with 100 ng/ml LPS for 30 min. Localiza-
tion of NF-kB p65 was visualized with a fluorescence microscope
after immunofluorescence staining with anti-NF-«B p65 antibody
(green). Cells were also stained with DAPI for visualization of the
nuclei (blue). For abbreviations see Fig. 1.

FSE suppresses LPS-induced phosphorylation of MAPKs in
RAW 264.7 macrophages

The activation of the MAPKSs pathways is also crucial for
LPS-stimulated NF-xB activation and the subsequent
activation of inflammatory mediators (Broom et al. 2009;
Arthur and Ley 2013). To investigate whether the sup-
pression of inflammatory reactions by FSE was mediated
through the MAPKSs pathway, the effect of FSE on the LPS-
induced phosphorylation of ERK, JNK, and p38 MAPK was
assessed. As shown in Fig. 6, ERK, JNK, and p38 MAPK
phosphorylation was increased after treatment with LPS
for 30 min. However, pretreatment with FSE significantly
suppressed the LPS-induced phosphorylation of ERK and
JNK but not p38 MAPK. These results indicate that the
anti-inflammatory effect of FSE might be mediated via the
blockage of ERK and JNK phosphorylation but independ-
ent of the activation of p38 MAPK.

Effects of FSE on cell viability in LPS-stimulated RAW 264.7
macrophages

The effects of FSE on the viability of RAW 264.7 cells
were determined by a colorimetric MTT assay after in-
cubation with or without 100 ng/ml LPS in the presence
or absence of FSE for 24 h. The data were expressed as
the percentage of cell viability compared to those of the

g - + + + + LPS
- 500 - 100 300 500 SF (ng/ml)
. P a— " «— p'ERK

10.2 3.4 1.0 0.8

|<— ERK

’ -_— o Q_I <«— p-JNK

1 05 199 09 11 01
|---—-|<— JNK

<+— p-p38 MAPK

I'*? L — p w— —
1 0.9 97 94 93 82
|—--m|<— p38 MAPK

Figure 6. Effects of FSE on LPS-induced phosphorylation
of MAPKs in RAW 264.7 macrophages. RAW 264.7 cells were
pretreated with various concentrations of FSE for 1 h prior to
exposure to 100 ng/ml LPS for 30 min, and total proteins were
isolated. The proteins were subjected to SDS-polyacrylamide gels
followed by Western blot analysis with the indicated antibodies
and an ECL detection system. The numbers represent the average
densitometric analyses of phosphor-MAPKs as compared with
total MAPKSs expression. For abbreviations see Fig. 1.
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control. The concentrations (100 to 500 ug/ml) of FSE
used for the inhibition of proinflammatory mediators
and cytokines did not show any cytotoxicity (Fig. 7),
confirming that the anti-inflammatory potential of FSE
in LPS-stimulated RAW 264.7 cells was not due to a cy-
totoxic action of FSE.

Discussion

The overproduction of proinflammatory mediators and
cytokines by activated macrophages causes various inflam-
matory diseases (Tsatsanis et al. 2006; Keystone and Ware
2010; Lane and Lachmann 2011; Kalinski 2012; Rossi et al.
2015). Therefore, identifying new agents capable of lowering
proinflammatory reactions are essential for the alleviation
of anumber of inflammation-related disorders attributed to
macrophage activation. In the present study, the production
of NO and PGE, in response to LPS was markedly increased;
however, the application of FSE inhibited the LPS-induced
production of NO and PGE, in a concentration-dependent
manner (Fig. 1). The results from the RT-PCR and Western
blot analysis showed that pretreatment with FSE reduced the
iNOS and COX-2 mRNA levels with correlated reductions
in the corresponding proteins levels in a concentration-
dependent manner (Fig. 2). In addition, FSE was highly
effective at IL-6 and IL-1 production inhibition, which was
associated with the reduction of IL-6 and IL-13 mRNA and
protein expression in LPS-treated RAW 264.7 cells (Figs. 3
and 4). The data indicates that FSE reduces the mRNA lev-
els of iNOS, COX-2, IL-6, and IL-1p, leading to decreased
protein levels and, consequently, reduced quantities of NO,
PGE,, IL-6, and IL-1p.

The accumulated data demonstrated that the transcrip-
tion of a variety of proinflammatory mediators and cy-
tokines from activated macrophages are mainly regulated
by certain transcription factors. Among these factors, the
NF-kB transcription factor family is the critical mediator
of inflammatory processes; thus, the inactivation of NF-«kB

100 200 300 400 500

Figure 7. Effects of FSE and LPS on cell viability
of RAW 264.7 macrophages. Cells were treated with
the indicated concentrations of FSE alone or pre-
treated with FSE for 1 h before 100 ng/ml LPS treat-
ment for 24 h. Cell viability was assessed using the
MTT reduction assay, and the results are expressed
as the percentage of surviving cells over control cells
(no addition of FSE or LPS). Each value indicates
the mean * S.D. and is representative of the results
obtained from three independent experiments. For
abbreviations see Fig. 1.
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in the immune system is a major therapeutic target for the
downregulation of inflammatory responses (Ivashkiv 2011;
Gasparini and Feldmann 2012). In addition to the NF-«xB
signaling pathway, the MAPKs appear to play key roles
in inflammatory processes because the phosphorylation
of MAPKs can stimulate the activation of NF-xB (Broom
et al. 2009; Arthur and Ley 2013; Patterson et al. 2014).
Therefore, the MAPKs signaling cascade is also an attrac-
tive therapeutic target for the development of treatments
for inflammatory disorders.

In this study, Western blotting revealed that FSE
was able to inhibit the LPS-evoked nuclear transloca-
tion of NF-kB p65 (Fig. 5). To investigate whether the
inhibition of NF-kB activation by FSE is associated with
the MAPKs pathways, the LPS-induced phosphoryla-
tion of ERK, JNK, and p38 MAPK was assessed in RAW
264.7 cells. The immunoblotting results revealed that the
phosphorylation of ERK and JNK in response to LPS is
abolished by FSE pretreatment (Fig. 6). However, FSE
failed to inhibit LPS-induced p38 MAPK phosphoryla-
tion, indicating that the anti-inflammatory responses
by FSE may be independent of the p38 MAPK signaling
pathway. These results suggest that FSE blocked the acti-
vation of NF-«B through changes in the phosphorylation
of ERK and JNK. Thus, deficiencies in the phosphoryla-
tion of these kinases could decrease the expression levels
of inflammation-related genes.

In summary, our findings show that FSE effectively
inhibits the LPS-induced production of proinflammatory
mediators and cytokines in RAW 264.7 macrophages with-
out causing cytotoxicity. A possible mechanism for this
effect involves FSE’s ability to activate a signaling cascade
resulting in the repression of NF-kB, ERK, and JNK acti-
vation in LPS-challenged macrophages. Although further
investigation is needed to clarify the precise mechanisms
by which FSE inhibits NF-«B activation and to identify the
responsible biologically active compounds, FSE should be
considered a potential therapeutic agent for the treatment
of inflammation-related disease.
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