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Anti-inflammatory activity of 3,5,6,7,3' 4'-hexamethoxyflavone
via repression of the NF-kB and MAPK signaling
pathways in LPS-stimulated RAW264.7 cells

EUN SUK SON'?*, JEONG-WOONG PARK?", SE-HEE KIM>, HYE RAN PARK*, WOORIJARANG HAN',
O CHUL KWON!, JAE YOUNG NAM', SUNG HWAN JEONG? and CHANG SOO LEE'

1Department of Biomedical Chemistry, Konkuk University, Chungju, Chungcheongbuk 27478; 2Department of Allergy,

Pulmonary and Critical Care Medicine and 3Gachon Medical Research Institute, Gachon University Gil Medical Center,

Incheon 21565; 4Company Affiliated Research Institute, Seongnam, Gyeonggi 13511, Republic of Korea

Received May 30, 2019; Accepted May 27, 2020

DOI: 10.3892/mmr.2020.11252

Abstract. Citrus peel has been used as a Traditional medi-
cine in Asia to treat coughs, asthma and bronchial disorders.
Therefore, the anti-inflammatory effects of 3,5,6,7,3'4'-hexa-
methoxyflavone (quercetogetin, QUE) isolated from
Citrus unshiu peel were investigated in lipopolysaccharide
(LPS)-induced RAW 264.7 macrophage cells. The results
showed that QUE repressed the production of prostaglandin
E2 and nitric oxide by suppressing LPS-induced expression of
cyclooxygenase-2 and inducible nitric oxide synthase. It also
suppressed the production of interleukin (IL)-6, IL-1p, and
tumor necrosis factor-a cytokines, and decreased the nuclear
translocation of NF-«B by interrupting the phosphorylation of
NF-«B inhibitor a in macrophage cells. Based on the finding
that QUE inhibited the phosphorylation of ERK protein
expression in LPS-induced RAW264.7 cells, it was confirmed
that inhibition of inflammatory responses by QUE was medi-
ated via the ERK pathway. Therefore, this study suggests
that QUE has strong anti-inflammatory effects, making it a
promising compound for use as a therapeutic agent in treating
inflammatory lung diseases, such as emphysema.
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Introduction

Although inflammation is required for a healthy immune
response, it is also responsible for causing a number of diseases,
including arthritis, diabetes, cardiovascular disease and cancer.
The balance between pro- and anti-inflammatory cytokines is
involved in the inflammatory response (1). Acute inflamma-
tion is a short-term response characterized by extravasation
of plasma, erythrocytes and leukocytes into the injured tissue.
On the other hand, chronic inflammation is characterized by
tissue infiltration by macrophages and lymphocytes.

During inflammatory processes, macrophages are critical
mediators of immune and inflammatory responses that are
activated by binding with various stimuli (2). One of the most
potent activators of macrophages is lipopolysaccharide (LPS),
which binds with Toll-like receptor 4, the activation of which
results in the production of proinflammatory cytokines, such
as interleukin (IL)-6, tumor necrosis factor-a. (TNF-a) and
IL-1pB, and inflammatory mediators, such as prostaglandin
(PGE2) and nitric oxide (NO) (3-5). Uncontrolled produc-
tion of these mediators and cytokines can lead to chronic
inflammatory-derived diseases (6). Accordingly, substances
that reduce the production of these mediators have attracted
significant attention in the development of anti-inflammatory
drugs.

The key targets of anti-inflammatory agents include
transcription factors, cytokines and enzymes (7). NF-kB
plays an important role in the expression of inflammatory
mediators containing NF-kB binding motifs (8). It is involved
in the regulation of numerous genes, such as inducible nitric
oxide synthase (iNOS) and cyclooxygenase-2 (COX-2), that
are mediators of acute-phase immune and inflammatory
responses (9). Additionally, activation of the mitogen-activated
protein kinase (MAPK) pathway also plays an essential role
in the initiation and development of inflammatory processes
that are transmitted by sequential phosphorylation events (10).
The three major groups of MAPK cascades are ERK, p38
and c-Jun N-terminal kinase (JNK). Each MAPK is activated
by the upstream activation of MAPK kinase (MKK) and
MAPK kinase kinase. Once activated by kinases, MAPK
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can phosphorylate transcription factors or other downstream
kinases that promote the expression of proinflammatory
mediators of extracellular stimuli (10,11).

Flavonoids are natural compounds with various biological
and pharmacological properties, including anticancer, anti-
microbial, antiviral, anti-inflammatory and antithrombotic
effects (10,11). Specifically, the anti-inflammatory activities
of flavonoids have long been known (12). Some flavonoids
have been reported to attenuate chronic inflammation in
animal models (13). Thus, continued evaluation of the
anti-inflammatory activity of flavonoids may be valuable.
Notably, Citrus-derived flavonoids and their metabolites have
been reported to have important biological activities, including
anti-inflammatory, antiviral, anticancer and anti-athero-
genic properties (14-16). The highest concentration of
polymethoxyflavones (PMFs; 6,7.4',5'-tetramethoxy-5-mono-
hydroxyflavone, 5,6,8,3',6'-pentamethoxyflavone,
5,6,7,3',4',5'-hexamethoxyflavone) is found in the Citrus
peel (17,18). Tangeretin (4',5,6,7,8-pentamethoxyflavone, TAN)
and nobiletin (5,6,7,8,3'4"-hexamethoxyflavone, NOB) are two
PMFs that are relatively common in Citrus peel (19). Previous
research demonstrated that PMFs suppress degranulation in
antigen-stimulated basophilic leukemia cells (20). Likewise,
NOB had inhibitory effects on H,O,-induced apoptosis in
SH-SYSY cells, while a binary mixture of 5-demethylnobi-
letin and TAN attenuated cell growth (21). Furthermore, the
PMF-rich fractions from the peel of Citrus sunki showed
stronger antiproliferative activity than single PMFs in human
leukemia cells (22). Previously, synergistic anti-inflammatory
effects have been reported on RAW?264.7 cells treated with a
binary mixture of sulforaphane and NOB (23,24). However,
pharmacological studies of the biological effects of PMF
compounds have been limited.

In the present study, 3,5,6,7,3',4'-hexamethoxyflavone (quer-
cetogetin, QUE) from extracts of Citrus unshiu peel (CUP)
were isolated and identified. As the anti-inflammatory effects
of QUE have not been studied, the anti-inflammatory effects
and molecular mechanisms regulated by QUE in LPS-induced
RAW264.7 cells were examined. These findings suggested that
QUE may be beneficial in preventing LPS-induced inflamma-
tion and is a promising agent against various inflammatory
diseases.

Materials and methods

Cell culture. Murine macrophage, RAW264.7 cells were
purchased from the American Type Culture Collection. This
cell line was cultured in Dulbecco's modified Eagle's medium
(DMEM; WeGene) with 100 pg/ml streptomycin (Thermo
Fisher Scientific, Inc.), 100 U/ml penicillin (Gibco; Thermo
Fisher Scientific, Inc.) and fetal bovine serum (FBS; Gibco;
Thermo Fisher Scientific, Inc.).

Chemicals and reagents. LPS, Griess reagent, MTT
and dimethyl sulfoxide (DMSO) were purchased from
Sigma-Aldrich; Merck KGaA. The antibodies against COX-2
(cat. no. sc-376861), iNOS (cat. no. sc-7271), B-actin (cat.
no. sc-8432) and horseradish peroxidase (HRP)-conjugated
secondary antibodies [anti-mouse (cat. no. sc-2005), anti-goat
(cat. no. sc-2020) and anti-rabbit (cat. no. sc-2004)] were
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purchased from Santa Cruz Biotechnology, Inc. The antibodies
against histone H3 (cat. no. 9715), NF-kB (p65; cat. no. 8242),
NF-kB inhibitor a (IxkB-a; cat. no. 4812), phosphorylated
(p)-IxB-a (cat. no. 2859), p38 (cat. no. 9212), p-p38 (cat.
no. 9211), ERK (cat. no. 4695), p-ERK (cat. no. 4377), INK
(cat. no. 9258) and p-JNK (cat. no. 4671) were purchased from
Cell Signaling Technology, Inc. The antibody against GAPDH
(cat. no. LF-PA0018) was purchased from AbFrontier Co., Ltd.

Isolation of QUE. CUP was harvested along the coast of Jeju
Island, Korea in 2010. The dried CUP (3 kg) was extracted
three times in 95% (v/v) ethyl alcohol overnight at room
temperature. The ethyl alcohol (838 g) extract was evapo-
rated and suspended in distilled water, and then divided into
two fractions using chloroform as the non-aqueous phase.
The chloroform fraction (155.9 g) was separated on a liquid
chromatographic column (15x40 cm) packed with silica
gel column (230-400 mesh) using gradient mixtures of
CHCI;-MeOH (from CHCl;:MeOH=100:1 to 1:1, v/v) as the
mobile phase to obtain nine fractions, FO1 to F09, through
thin-layer chromatography. FO4 (50.2 g) was applied to a
liquid chromatographic column (15x40 cm) packed with
silica gel column (230-400 mesh) using gradient mixtures of
Hexan-EtOAc (from Hexan:EtOAc=80:1 to 1:3, v/v) to obtain
14 sub-fractions (FO4-1 to 14). The active fraction FO4-11
(271 mg) was fractionated through solid-phase extraction
using 100% MeOH as the solvent system to obtain the active
compound 3 (3,5,6,7,3'4'-hexamethoxyhomoflavone, 9.48 mg,
QUE). The structure of the isolated QUE was elucidated
through spectroscopic analysis [proton nuclear magnetic reso-
nance (1H-NMR) and carbon-13 (13C)-NMR] and comparison
with published data (19).

QUE showed the following characteristics: C21H2208,
yellow amorphous powder, electrospray ionization mass
spectrometry (ESI-MS) m/z 402.1187 (M-H)*, IH-NMR (300
MHz, CDCl;) & (ppm): 7.56 (1H, dd, J=8.5,2.0 Hz, H-6"), 7.41
(1H, d, J=2.0 Hz, H-2"), 7.00 (1H, d, J=8.5 Hz, H-5'), 6.61 (1H,
s, H-3), 4.10, 4.02, 3.98, 3.96, 3.95 X2 (each 3H, s, 6 OMe at
C-3,-5,-6, -7, -3, -4); 13C NMR (75 MHz, CDCl;) 8 (ppm):
177.5 (s,C-4),161.2 (s, C-2), 152.1 (5, C-4"), 151.6 (s, C-7), 149.5
(s, C-3"), 148.6 (s, C-8), 1479 (s, C-9), 144.3 (s, C-5), 138.2 (s,
C-6), 124.2 (s, C-1), 119.8 (d, C-6'), 114.6 (s, C-10), 111.4 (d,
C-5,108.7 d, C-2), 107.1 (d, C-3),62.4,62.1,62.0, 61.8, 56.3,
56.2 (6 q, OMe at C-5, -6, -7, -3, -3', -4").

Cell viability assay. Cells were seeded in 96-well plates at
5x10° cells/well and treated with QUE (0, 1, 10 or 100 uM) at
37°C for 24 h. Then, 0.5 mg/ml MTT solution was added to
each well and cells were incubated 37°C for 4 h, 100 ul DMSO
was added. The absorbance was measured at a wavelength of
570 nm (Tecan Group, Ltd.).

Nitric oxide measurements. Cells were seeded in 48-well
plates at 1x10° cells/well and induced with 1 pg/ml LPS and
treated with QUE (0, 1, 10 or 100 uM) at 37°C for 24 h. In
brief, 100 ul of culture medium was mixed with the same
volume of Griess reagent (Sigma-Aldrich; Merck KGaA) and
incubated for 10 min at room temperature. The absorbance
was measured at 550 nm and the concentration of nitrite was
determined using sodium nitrite as a standard.
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Figure 1. Effect of QUE on the viability of LPS-induced RAW264.7 cells.
(A) Chemical structure of QUE. (B) Cells were treated with QUE (1, 10
and 100 M) and 1 ug/ml LPS for 24 h. The data shown represent the
mean = standard deviation of three experiments. “P<0.05 vs. non-treated
group; “P<0.01 vs. LPS-treated group. QUE, quercetogetin; LPS,
lipopolysaccharide.

Measurement of PGE2, IL-183, IL-6 and TNF-a. RAW264.7
cells were seeded in 24-well plates at 2x10° cells/well and
then treated with QUE with or without LPS (1 pg/ml) at 37°C
for 24 h. The concentrations of IL-6 (cat. no. R600B), PGE2
(cat. no. KGE004B), IL-1p (cat. no. RLB00) and TNF-a (cat.
no. RTAO0O) in the cell culture supernatant were determined
using ELISA kits (R&D Systems, Inc.).

Preparation of cytosolic and nuclear extracts. Macrophage
cells were plated in 60 mm cell culture plates, pretreated with
QUE or DMSO for 1 h, and then stimulated with LPS for
30 min at 37°C. Cells were washed with PBS, scraped from
the plates into PBS, and centrifuged at 500 x g for 3 min at
room temperature. The pellets were suspended in Cytoplasmic
Extraction Reagent (CER) I (with protease inhibitor), and then,
the samples were added to cold CER II. The mixture was
centrifuged at 16,000 x g for 5 min at 4°C, and the supernatant
(cytosolic extract) was collected. The pellets were resuspended
in Nuclear Extraction Reagent (with protease inhibitor) for
40 min on ice, and then centrifuged at 16,000 x g for 10 min at
4°C. The supernatant (nuclear extract) was collected.

Western blot analysis. Cells were washed with Dulbecco's PBS
(WeGene), and then scraped into 500 ul of 2X RIPA (50 mM
Tris-HCI, pH 7.5, 2 mM EDTA, 0.5% deoxycholate, 150 mM
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NaCl, 1% NP-40, 0.1% SDS and 1X protease inhibitor) buffer.
The protein concentration was determined using BSA reagent
(Bio-Rad Laboratories, Inc.). Then, proteins (20-40 pg) from
each sample were resolved via SDS-PAGE on 10% gel, and
the separated proteins were transferred to PVDF membranes
(EMD Millipore). The membranes were blocked with 5% (w/v)
non-fat milk powder in TBS with Tween-20 (TBST; 50 mM
Trish-HCI, 150 mM NaCl and 0.1% Tween-20) for 1 h at room
temperature, following which they were incubated with primary
antibodies (1:1,000) in blocking solution overnight at 4°C.
After three washes in TBST, the membranes were incubated
with HRP-conjugated secondary antibodies (1:5,000) for 1 h
at room temperature. Each protein was detected using the
Western BLoT Hyper substrate kit (Takara Bio, Inc.). Band
intensity was semi-quantified by densitometry analysis using
Image] software (version 1.52a; National Institutes of Health).

Reverse transcription (RT)-semi-quantitative PCR. After
isolation of total RNA using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.), the reverse transcription of
RNA (1 ug) was performed using oligo-dT18 and the
ImProm-II™ reverse transcription kit (Promega Corporation).
Reactions were incubated at 25°C for 5 min, at 42°C for 60 min,
and then for 10 min at 70°C to inactivate the reverse
transcriptase. The primers used for PCR were as follows:
COX-2 forward, 5'-CACTACATCCTGACCCACTT-3' and
reverse, 5S'-ATGCTCCTGCTTGAGTATGT-3"; iNOS forward,
5'-CCCTTCCGAAGTTTCTGGCAGCAGC-3' and reverse,
5'-GGCTGTCAGAGCCTCGTGGCTTTGG-5", IL-6 forward,
5'-GTACTCCAGAAGACCAGAGG-3' and reverse, 5-TGC
TGGTGACAACCACGGCC-3"; IL-1p forward, 5-CAGGAT
GAGGACATGAGCACC-3' and reverse, 5'-CTCTGCAGACT
CAAACTCCAC-3'; TNF-a forward, 5"-TTGACCTCAGCG
CTGAGTTG-3' and reverse, 5'-CCTGTAGCCCACGTCGT
AGC-3'; GAPDH forward, 5'-GAAGGTGAAGGTCGG
AGTC-3' and reverse, 5'-GAAGATGGTGATGGGATTTC-3'.
The thermocycling conditions were as follows: Initial
denaturation at 95°C for 5 min; 30 cycles of 95°C for 30 sec,
60°C for 30 sec and 72°C for 30 sec; and a final extension at
72°C for 10 min. The amplification was performed on a thermal
cycler (Takara PCR Thermal Cycler model TP600; Takara
Bio, Inc.). The products were visualized using 1.0% agarose
gels stained with EtBr. GAPDH was used as a housekeeping
gene when indicated. Band intensity was semi-quantified by
densitometry analysis using ImagelJ software (National
Institutes of Health).

Statistical analysis. All data represent the mean + SD of at least
three independent experiments. One-way ANOVA followed
by Tukey's test was used for data comparison among groups.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Chemical structure and cell viability effects of QUE on
LPS-induced RAW264.7 cells. The activity of the extracts and
fractions obtained from CUP was assessed using the NO assay
in LPS-induced RAW 264.7 cells. Three pure compounds
were isolated and identified as the main components driving
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Figure 2. Effect of QUE on NO and PGE2 production in LPS-induced
RAW264.7 macrophages. Cells were induced with 1 pg/ml LPS and treated
with various concentrations (1, 10 and 100 yM) of QUE for 24 h. (A) NO
production in the cell culture supernatant was measured using the Griess
assay. (B) PGE2 production in the cell cultures supernatant was measured
using an ELISA assay. The (C) mRNA expression levels of iNOS and COX-2
were examined using reverse transcription-semi-quantitative PCR and
western blotting, respectively.
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Figure 2. Continued. (D) The protein expression levels of iNOS and
COX-2 were examined using reverse transcription-semi-quantitative PCR
and western blotting, respectively. $-actin was used as a loading control.
##P<0.001 vs. non-treated group; ‘P<0.05, P<0.01 and *“P<0.001 vs.
LPS-treated group. NS, not significant; QUE, quercetogetin; NO, nitric
oxide; PGE2, prostaglandin E2; LPS, lipopolysaccharide; iNOS, inducible
nitric oxide synthase; COX-2, cyclooxygenase-2.

the inhibition of NO production. The chemical structures of
these compounds were determined through spectroscopic
methods, including mass and NMR spectroscopic analyses
(Figs. S1-S3) (19). To examine the effect of QUE on macro-
phage cell viability, Raw264.7 cells were treated with various
concentrations of QUE (Fig. 1A). The survival curve shown in
Fig. 1B indicates that QUE at 1, 10 and 100 #M did not exhibit
cytotoxicity on Raw264.7 cells.

QUE inhibits production of NO and PGE2 by suppressing
iNOS and COX-2 expression in LPS-induced RAW264.7 cells.
As NO and PGE2 are important inflammatory mediators, the
effects of QUE on NO and PGE2 production in LPS-induced
RAW264.7 cells were examined. QUE (1, 10 or 100 xM)
inhibited NO and PGE2 production in LPS-induced cells in
a dose-dependent manner (Fig. 2A and B). To identify the
molecular mechanism through which QUE inhibited NO and
PGE2 production in response to LPS, expression levels of
COX-2 and iNOS were examined using RT-PCR and western
blot analyses. The results showed that mRNA and protein
expression of iNOS and COX-2 were increased in LPS-induced
RAW264.7 cells. Conversely, QUE inhibited LPS-induced
mRNA and protein expression in a dose-dependent manner
(Fig. 2C and D). These results suggested that decreased NO
and PGE2 production is related to inhibition of iNOS and
COX-2 expression in LPS-induced RAW264.7 cells.

QUE inhibits production and mRNA expression of
proinflammatory cytokines in LPS-induced RAW264.7 cells.
LPS increases the production of proinflammatory cytokines,
such as IL-1pB, IL-6, and TNF-a, which play important roles
in pathogen-induced inflammatory responses. ELISA and
RT-PCR analyses were performed to characterize the effects
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Figure 3. Effect of QUE on IL-1f, IL-6 and TNF-a mRNA expression levels
in LPS-induced RAW264.7 macrophages. Cells were induced with 1 pg/ml
LPS and treated with various concentrations (1, 10 or 100 uM) of QUE for
24 h. The production of (A) IL-1f, (B) IL-6 and (C) TNF-a in the cell culture
supernatants were measured using an ELISA assay.

of QUE on the production of proinflammatory cytokines.
As presented in Fig. 3A-C, treatment with 100 uM QUE
significantly inhibited LPS-induced IL-1{, IL-6 and TNF-a
cytokine levels. To determine whether QUE modulated the
production of cytokines at the level of transcription RT-PCR
was performed. The mRNA expression levels of cytokines
were elevated in LPS-induced cells, but treatment with
100 uM QUE decreased this induction (Fig. 3D). Accordingly,
these results suggested that QUE prevents the secretion of
proinflammatory cytokines by suppressing gene expression.
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Figure 3. Continued. (D) The mRNA expression levels of IL-1p, IL-6 and
TNF-a were determined through reverse transcription-semi-quantitative
PCR. GAPDH was used as a loading control. The data shown represent the
mean = SD of three experiments. “P<0.05 and "#P<0.001 vs. non-treated
group; "P<0.05, “P<0.01 and "“P<0.001 vs. LPS-treated group. NS, not
significant; QUE, quercetogetin; LPS, lipopolysaccharide; TNF-a, tumor
necrosis factor-a; IL-6, interleukin-6; IL-1p, interleukin-1f3.

QUE inhibits phosphorylation of IxB-a and NF-kB binding
activity in LPS-induced RAW264.7 cells. NF-xB is an impor-
tant transcription factor complex that controls the expression
of proinflammatory mediators (25). To determine whether
QUE regulates the NF-xB pathway, the phosphorylation level
of IkB-a was determined using western blot analysis. The
results showed that 100 M QUE inhibited the phosphoryla-
tion of IkB-a in LPS-induced RAW264.7 cells (Fig. 4A). As
p65 is the major subunit of the NF-xB complex, the nuclear
translocation of p65 after its release from IxkB-a was investi-
gated. As shown in Fig. 4B, QUE significantly decreased the
LPS-induced translocation of p65 to the nucleus. Overall, these
results suggested that the NF-«xB signaling pathway might be
involved in the regulation of inflammatory factors by QUE in
RAW264.7 cells.

QUE inhibits phosphorylation of ERK in LPS-induced
RAW264.7 cells. MAPK regulates inflammatory media-
tors, including proinflammatory cytokines and NO (26).
LPS activates the MAPK signaling pathway in RAW264.7
cells (27). To determine whether the inhibition of inflamma-
tion by QUE was mediated via MAPK signaling, the effects
of QUE on the phosphorylation of ERK, p38, and JNK were
observed in LPS-induced cells. Fig. 5 shows that LPS signifi-
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Figure 4. Effect of QUE on the phosphorylation of IxB-a and the nuclear translocation of NF-kB in LPS-induced RAW264.7 macrophages. Cells were
pre-treated for 2 h with various concentrations (1, 10 or 100 M) of QUE, and induced for 30 min with 1 gg/ml of LPS. (A) Whole-cell lysates were prepared
and subjected to western blot analysis with anti-IxB-a and anti-p-IxB-a antibodies. $-actin was used as a loading control. (B) Cytosolic and nuclear extracts
were prepared and subjected to western blot analysis with anti-NF-kB p65 antibody. Histone H3 and GAPDH were used as loading controls. ##P<0.001 vs.
non-treated group; “P<0.01 and ""P<0.001 vs. LPS-treated group. NS, not significant; QUE, quercetogetin; LPS, lipopolysaccharide; nuclear, nuclear extracts;
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Figure 5. Effect of QUE on the phosphorylation of MAPK in LPS-induced RAW264.7 macrophages. Cells were pre-treated for 2 h with various concentrations
(1, 10 or 100 #M) of QUE and then induced for 30 min with 1 yg/ml of LPS. Total proteins from the cells were subjected to detection of the phosphorylated
and total forms of three MAPK molecules, ERK, p38 and JNK. "P<0.05, ”P<0.01 and *#P<0.001 vs. non-treated group; "P<0.05 vs. LPS-treated group. NS,
not significant; QUE, quercetogetin; LPS, lipopolysaccharide; MAPK, mitogen-activated protein kinase; JNK, Jun N-terminalkinase; p-, phosphorylated.

cantly increased the activation of all three MAPK molecules. in a dose-dependent manner, whereas the phosphorylation
However, the phosphorylation of ERK was decreased by QUE  levels of p38 and JNK were not changed. Collectively, these
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results indicated that QUE has inhibitory effects on the ERK
pathway in LPS-induced macrophage cells.

Discussion

CUP is used as a traditional medicine in Asia to treat coughs,
asthma and bronchial disorders. It is a rich source of a number
of flavanones and PMFs, which are also found in smaller
quantities in other plants (28). PMFs are usually flavone
aglycones with =4 methoxy substituents. NOB and TAN
belong to this class of flavonoids and are commonly found in
CUP (19). Also, these compounds are of commercial interest
due to their diverse applications in the pharmaceutical and
food industries. Previously, several studies have reported that
some PMFs possess anti-inflammatory and anticancer proper-
ties (29-31). However, the human health-related activities of
the QUE, including its anti-inflammatory effects, are relatively
unknown. Therefore, the anti-inflammatory mechanism of this
compound was investigated.

In the present study, compounds from extracts of CUP
that inhibited NO production and had anti-inflammatory
effects were isolated and characterized, and the molecular
mechanisms underlying these effects in LPS-stimulated
RAW 264.7 cells were identified. Based on the screening of
NO production from CUP extracts, PMF compounds were
isolated from the chloroform phase, including NOB, TAN
and QUE. These compounds inhibited NO production in
LPS-induced cells in a dose-dependent manner. Recently, we
reported that QUE suppresses cigarette smoke extract-induced
mitochondrial dysfunction and mitophagy in two human
bronchial epithelial cell lines, Beas-2B and NHBE (32).
Inflammation is regulated by numerous inflammatory media-
tors, such as NO, PGE2 and cytokines. Excessive production
of iNOS-derived NO and COX-2-derived PGE2 can cause
chronic diseases involving inflammatory and autoim-
mune disorders (33). These mediators regulate a variety of
pathological and physiological processes related to immune
responses and inflammation (34). The regulation of inflam-
matory mediators is therefore important for the development
of novel anti-inflammatory drugs. In the present study, it was
observed that QUE (10-100 #M) inhibited iNOS and COX-2
expression, thereby suppressing iNOS-induced NO produc-
tion and COX-2-induced PGE2 production. Moreover, QUE
reduced TNF-a, IL-6 and IL-1p expression in LPS-induced
macrophage cells. These results suggested that QUE has
anti-inflammatory effects that are mediated via the suppres-
sion of proinflammatory cytokines and inflammatory
mediators.

In the NF-«kB signaling pathway, the p50/p65 heterodimer
is the most common dimer found (35). In general, NF-xB
is inactivated by an interaction with IkB, which sequesters
it in the cytoplasm. However, when IkB is phosphorylated,
NF-kB is released and translocated to the nucleus (36). The
present results indicated that the nuclear translocation of p65
and LPS-induced phosphorylation of IkB-a are significantly
reduced after pretreatment with QUE. These results suggested
that QUE regulates inflammatory events via suppression of the
NF-«B pathway.

MAPKSs play a pivotal role in the regulation of cellular
stress responses and activation of NF-kB (37). They
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regulate cellular response to extracellular stimulation and
various cellular activities, such as apoptosis, differentiation,
inflammation and gene expression (38,39). The MAPK
signaling pathway is known to be involved in the
regulation of iNOS and COX-2, as well as the production
of proinflammatory cytokines by LPS (40). The inhibition
of the ERK, p38 and JNK pathways is able to suppress the
induction of proinflammatory mediators by LPS (41). The
ERK pathway plays a critical role in mediating pain and
inflammation in joints (42). Goodrige et al (43) suggested
that ERK might be associated with the production of
proinflammatory cytokines by macrophages. p38 is a
potential therapeutic target among MAPKSs for inflammatory
diseases because it is involved in the regulation of a
number of inflammatory processes (44). JNK is activated
by proinflammatory cytokines and mediators, and plays a
crucial role in immune system signaling (45). To examine
whether the inhibition of inflammation by QUE was
regulated via MAPK signaling, the effect of QUE on the
phosphorylation of ERK, p38 and JNK in LPS-stimulated
RAW?264.7 cells was investigated. It significantly suppressed
the phosphorylation of ERK in a dose-dependent manner,
but did not affect the phosphorylation of p38 and JNK.

In the present study, QUE was isolated from CUP and its
anti-inflammatory effects via the inhibition of NF-xB and
ERK signaling pathways were demonstrated in RAW264.7
macrophage cells. These findings suggested that QUE may
be a potential anti-inflammatory agent for the treatment of
inflammatory diseases.
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