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Platycodon grandiflorum Extracts Exhibits Anti-inflammatory
Properties by Down-regulating MAPK Signaling Pathways
Lipopolysaccharide-treated RAW264.7 Cells

Hyeon Jin Kim, Seong-Yun Jeong' and Jin-Kyung Kim'

Department of Biomedical Science, Catholic University of Daegu, Gyeongsan-Si 700-712, Korea

Platycodon grandiflorum is a medicinal herb that is used to treat pulmonary and respiratory allergic disorders. The

objective of this study was to investigate the protective effects of ethyl acetate extract of Platycodon grandiflorum

(PGEA) against inflammation and to discern the molecular mechanism of PGEA in lipopolysaccharide (LPS)-induced

signal pathways in RAW264.7 macrophage cells. PGEA suppressed the generation of nitric oxide (NO) and the expression
of inducible NO synthase induced by LPS in RAW264.7 cells, and inhibited the release of pro-inflammatory cytokines
induced by LPS in RAW264.7 cells. Western blot analysis showed that PGEA suppressed LPS-induced phosphorylation
of p38 and c-Jun N-terminal kinase (JNK) but not extracellular signal-regulated kinase and Ik-Ba degradation. Inactivation
of JNK and p38 was effectively alleviated by PGEA, which subsequently affected the activation of c-Jun and c-Fos, which

are the essential components of the activator protein-1 (AP-1) transcription complex. Taken together, the results indicate
PGEA suppress the activation of p38, INK, and AP-1, thereby inhibiting the generation of NO and pro-inflammatory
cytokines, which affect the regulation of inflammation. PGEA may be useful for the treatment of various inflammatory

diseases.
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INTRODUCTION

Many medicinal herbs have been shown to have thera-
peutic prowess in the control of various diseases. Platycodon
grandiflorum A. DC (Campanulaceae) is a well-known
perennial herb. It is also known as balloon flower or bell
flower. The roots of this species have been used as a
traditional Asian medicine for the treatment of pulmonary

and respiratory disorders, such as bronchitis, tonsillitis, and
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asthma (Ozaki, 1995). Pharmacologic studies of P
grandiflorum root have demonstrated several biological
activities, including chemopreventive (Kim et al., 2005; Lee
et al., 2008; Shin et al., 2009), anti-oxidant (Lee et al., 2004),
anti-hyperglycemic (Zheng et al., 2007), hepatoprotective,
(Lee et al., 2008; Khanal et al., 2009), immunomodulatory
(Han et al., 2009; Kim et al., 2011) and anti-obesity effects
(Zheng et al., 2007; Noh et al., 2010). The main chemical
constituents of P. grandiflorum identified to date include
about 40 oleanane-type saponins; they are regarded as being
responsible for these various biological effects.
Inflammation is an obligatory part of a body's reaction
to infection, irritation, or other injury. The key features of
inflammation are redness, warmth, swelling, and pain.
Various mediators are the physiological messengers of the
inflammatory response and some of the principal molecules
involved are tumor necrosis factor-alpha (TNF-o), inter-
leukin (IL)-1, IL-6, and nitric oxide (NO). The main cells
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involved in the inflammatory response are monocytes/
macrophages, polymorphonuclear leucocytes, and endo-
thelial cells. When these cells become activated, they
aggregate and infiltrate tissue where they undergo a
respiratory burst, increasing their oxygen use and production
of cytokines and other mediators of inflammation. Once
the threat has been overcome, the inflammatory responses
must end. If left uncontrolled, the responses can cause
various diseases such as arthritis, asthma, allergies, skin
diseases, and assorted autoimmune diseases. Various efforts
to regulate inflammatory reactions have been explored.
One avenue involves the discovery of medical herbs capable
of suppressing inflammation (Setty and Sigal, 2005; Kaplan
et al., 2006; Wu et al., 2010)

Although P grandiflorum has potent biological and
physiological functions, its' involvement in the regulation of
inflammatory reactions remains unknown. In this study, we
examined the effects of the extracts of P. grandiflorum on
lipopolysaccharide (LPS)-induced inflammatory responses
in murine RAW264.7 macrophages. P. grandiflorum ethyl
acetate extract (PGEA) inhibited LPS-induced phosphory-
lation of p38 and c-Jun N-terminal kinase (JNK) as well as
activator protein-1 (AP-1), thereby inhibiting the expression
of inflammatory mediators such as NO and pro-inflammatory

cytokines.

MATERIALS AND METHODS
Chemicals and reagents

LPS derived from Escherichia coli (0111:B4) and
dimethylsulfoxide (DMSO) was obtained from Sigma-
Aldrich (St Louis, MO, USA). Dulbecco's modified Eagle's
medium (DMEM), fetal bovine serum (FBS), penicillin,
and streptomycin were obtained from Hyclone (Logan, UT,
USA). The final concentrations of DMSO never exceeded
0.1%, which did not affect the assay systems. Rabbit
polyclonal antibodies to inducible NO synthase (iNOS),
c-Jun, phospho-c-Jun, c-Fos, phospho-c-Fos, JNK, phospho-
IJNK, extracellular signal-regulated kinase (ERK) 1/2,
phospho-ERK1/2, p-38, phospho-p38, and poly-ADP-ribose
polymerase (PARP) were obtained from Cell Signaling
Technology (Danvers, MA, USA). Monoclonal Ab (mAb)

to inhibitor of nuclear factor-kappa B (NF-kB) (IkBa) was
obtained from Cell Signaling Technology. mAb to B-actin
was obtained from Sigma-Aldrich.

Preparation of plant material

P grandiflorum roots were purchased from Sam-Hong
medicinal herb store (Seoul, Korea) in 2011. A voucher
specimen (number PG-11-1) has been deposited at the
Department of Biomedical Science, Catholic University of
Daegu, Gyeongsan, Korea. In order to get water extract
(PGW), the dried roots (100 g) were put into herbal bags
and were extracted with distilled water at 100°C for 6 h.
PGW was filtered through a 0.2 um pore-size filter, freeze-
dried (yield, 44.3 g), and kept at -20C until use. Other dried
roots (100 g) were ground into powder, and extracted with
methanol (2 L) by shaking for 72 h at room temperature.
After the powder particles had settled, the clear yellow
supernatant was filtered with a 0.2 pm pore-size polytetra-
fluoroethylene filter (Millipore, Billerica, MA, USA), and
the methanol extract of P. grandiflorum (PGM) was concen-
trated (21.5 g, dry weight) by a rotary vacuum evaporator
(Eyela, Tokyo, Japan). To localize the active fractions,
PGM was subsequently partitioned using ethyl acetate. The
ethyl acetate solvent was removed from by rotating vacuum
evaporation. The residual P grandiflorum ethyl acetate
(PGEA) layer (724 mg dry weight) was dissolved in
methanol as a stock solution at 10 mg/mL concentration,

and stored in aliquots at -20C until used.
Cells and cell viability assay

RAW264.7 murine macrophages obtained from the
Korean Cell Bank (Seoul, Korea) were cultured in DMEM
containing 10% FBS, 100 U/mL penicillin, and 100 pg/mL
streptomycin at 37°C in a 5% CO, atmosphere. The effects
of various PGEA preparations on cell viability were tested
using the CellTiter 96" AQyeous One Solution Assay of cell
proliferation (Promega, Madison, WI, USA). RAW264.7
cells were plated at a density of 2 < 10 cells in a 96-well
flat-bottom plate, and vehicle (0.01% DMSO) or PGEA
was added to each plate at the indicated concentrations.
After 24 h incubation, the number of viable cells was

counted according to the manufacturer's instructions. This
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assay is based on the reduction of 3-(4,5-dimethylthiazol-
2-y1)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium (MTS) to formazan, which has an optimum
absorption at 490 nm. The quantity of the product in the
cell culture is indicated by the optical density of formazan
at 490 nm, which is directly proportional to the number of

living cells.
Measurement of NO and inflammatory cytokines

The amount of nitrite, [L-6 and TNF-a produced by the
mouse macrophages was measured in RAW264.7 cell
culture supernatant. RAW264.7 cells were plated at a
density of 2.5 X 10’ cells in a 48-well cell culture plate
with 500 pL of culture medium and incubated for 12 h.

They were then treated with the indicated concentrations of

PGEA plus LPS (100 ng/mL) and incubated for another 24 h.

NO secreted from cells is rapidly oxidized to nitrite in the
culture medium, therefore determinations of nitrite concen-
trations were used as a measurement of NO production.

Fifty microliters of culture supernatant were mixed with 50

uL of Greiss reagent (Promega) in triplicate in 96-well plates.

After incubation for 10 min at room temperature, absorbance
was read at 550 nm and the level of NO was calculated
using a standard curve with known sodium nitrite concen-
trations. IL-6 and TNF-a were measured using an enzyme-
linked immunosorbent assay (ELISA) kit (eBioscience,
San Diego, CA, USA) according to the manufacturer's

instructions.
Western blotting analysis

Whole cell lysates were extracted by Pro-prep protein
extraction solution (iNtRON Biotechnology, Seongnam-Si,
Korea) according to the manufacturer's instructions. Mean-
while, each nuclear and cytosol extract was isolated using a
NE-PER nuclear and cytoplasmic extraction reagent kit
(Pierce, Rockford, IL, USA). Whole cell lysates and nuclear
fractions were estimated with a dye reagent concentrate
(Bio-Rad Laboratories, Hercules, CA, USA), then resolved
by 10% sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE). The separated proteins were

electrophoretically transferred to nitrocellulose membranes.

Immunoreactive bands were detected by incubating the

Table 1. Effect of Platycodon grandiflorum extracts on NO
release in LPS-stimulated RAW264.7 cells!

Platycodon grandiflorum Concentration Inhibition of
extracts (ug/mL) NO release (%)
50 7.15 £ 0.99
Water
500 494 + 424
50 843 £ 420
Methanol
500 7.15 £ 0.99
50 4681 £ 1.59™
Ethyl acetate .
500 82.68 £ 0.04

'LPS-stimulated RAW264.7 cells were cultured with indicated
concentration of PG extracts for 24 h and NO production was
measure. Statistical significance is based on the difference when

okok

compared with LPS-stimulated cells (P < 0.001).

samples with horseradish peroxidase (HRP)-conjugated
secondary antibodies and visualized using a WEST-ZOL
plus Western Blot Detection System (iNtRON Biotechn-
ology). Since PARP is found in the cell nucleus it was used

as a loading control for nuclear protein.
Statistical analysis

The data are depicted as the mean = SEM. Student #-test
was performed using the GraphPad Prism 4.0 software
(GraphPad Software, San Diego, CA, USA) and P < 0.05

was considered as statistically significant.

RESULTS

Effects of PGEA on the release of NO and expression
of iNOS

Murine RAW?264.7 macrophages were chosen for use in
an investigation of the anti-inflammatory effects of the
extracts of P grandiflorum. Three different extracts of P
grandiflorum were prepared: water (PGW), methanol (PGM),
and ethyl acetate (PGEA). The extracts were screened for
their inhibition of NO release in LPS-stimulated RAW264.7
cells. As shown in Table 1, PGEA strongly inhibited LPS-
induced NO production among extracts at 50 and 500 pg/
mL. In contrast, PGW and PGM did not inhibit LPS-
induced NO production.

Since PGEA blocked NO secretion in LPS-simulated
RAW264.7 cells, the next set of experiments investigated
the anti-inflammatory effect of PGEA. The first experiment
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Fig. 1. Effects of PGEA on murine macrophage viability.
RAW264.7 cells were treated with the indicated concentrations of
PGEA for 24 h, and cell proliferation was determined. The results
are reported as mean = SEM of three independent experiments in
triplicate.

examined whether PGEA was cytotoxic to RAW264.7 cells.
No notable cytotoxicity was observed when RAW?264.7
macrophages were exposed to up to 100 pg/mL of PGEA
for 24 h (Fig. 1). Thereafter, 100 pg/mL PGEA was used.
We first sought to determine the effect of PGEA on the
LPS-induced release of NO by RAW264.7 cells. As shown
in Fig. 2A, PGEA inhibited LPS-induced NO release in a
dose-dependent manner. The nitrite concentrations in LPS-
stimulated cells and cells exposed to 100 pg/mL of PGEA
were 35.06 & 2.02 uM and 0.61 £ 0.16 pM, respectively.
To determine the mechanism by which PGEA reduced
LPS-induced NO, the effect of PGEA on iNOS protein
expression in RAW264.7 cells was studied using Western
blot analysis, since those enzymes catalyze the reaction for
NO. Consistent with the findings related to NO production,
the protein expression of iNOS induced by LPS in RAW-
264.7 cells was also reduced by PGEA treatment (Fig. 2B).

Effects of PGEA on the release of pro-inflammatory
cytokines

We next examined if PGEA reduced the release of pro-
inflammatory cytokines in LPS-stimulated RAW264.7 cells.
Although the concentrations of IL-6 and TNF-o were not
detected in vehicle-treated RAW?264.7 cells, LPS treatment
elevated the levels of IL-6 (11.04 + 0.80 ng/mL) and
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Fig. 2. Effects of PGEA on LPS-induced NO release and
iNOS expression. (A) RAW264.7 cells were treated with the
indicated concentrations of PGEA in the presence of 100 ng/mL
of LPS or with LPS alone for 24 h, and NO release was determined.
The results are reported as mean + SEM of three independent
experiments in triplicate. Statistical significance is based on the
difference when compared with LPS-stimulated cells ("P < 0.05,
P < 0.001). (B) Thirty micrograms of protein obtained from
each cell lysate was resolved by 10% SDS-PAGE for iNOS
determination. B-actin expression is shown as a loading control.
The bands were quantified using NIH image analysis software
and their relative intensity was expressed as fold-change against
the image of the LPS-stimulated RAW264.7 cells.

TNF-o (18.85 = 0.90 ng/mL) in LPS-treated RAW264.7
cells. PGEA induced a marked suppression of increases
induced by LPS in these cytokines (Fig. 3). LPS-treated
RAW264.7 cells exposed to PGEA at concentrations of 1,
25, and 100 pg/mL displayed a dose-dependent inhibited
production of 1L-6 (9.82 + 0.89 ng/mL, 8.06 £ 0.07 ng/
mL, and 1.02 8.06 £ 0.09 ng/mL, respectively) and TNF-a
production (17.70 £ 1.28 ng/mL, 15.63 £ 2.05 ng/mL,
and 12.92 + 0.66 ng/mL, respectively).
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Fig. 3. Effects of PGEA on LPS-induced inflammatory cytokine production in murine macrophages. RAW264.7 cells were treated
with the indicated concentrations of PGEA in the presence of 100 ng/mL LPS or with LPS alone for 24 h. The cell culture media were
then collected, and the amount of (A) IL-6 and (B) TNF-a. released was measured. The results are reported as mean = SEM of three
independent experiments in triplicate. Statistical significance is based on the difference when compared with LPS-stimulated cells (P <

0.05, "™ P<0.01, ™ P<0.001).

Effect of PGEA on mitogen-activated protein kinases
(MAPKS) and AP-1 activation

Since NF-kB signals regulate the transcription of various
genes, including inflammatory mediators, RAW264.7
macrophages were treated with LPS in the presence or
absence of PGEA and the degradation of Ix-Ba, an
important biochemical event for the nuclear translocation
of NF-«B, was determined. We initially determined the time
of LPS treatment that cause Ik-B degradation. Since Ik-B
degradation was induced at 20~30 min after LPS treatment,
we treated LPS for 20 min (data not shown). As shown in
Fig. 4A, PGEA treatment had no effect of the degradation
of Ix-Ba induced by LPS stimulation. In addition to NF-kB,
MAPK pathways are also involved in the regulation of
pro-inflammatory mediator expression (Kaminska et al.,
2005; Ashwell et al., 2006). Treatment with LPS for 20
min resulted in a significant increase in the phosphorylation
of p38, JNK, and ERK compared to the vehicle-treated
group (Fig. 4A). PGEA markedly prevented LPS-induced
increase of p38 and JNK phosphorylation in a concentration-
dependent manner, but not phosphorylation of ERK (Fig.
4A).

Since AP-1, a heterodimeric protein that comprises c-Jun
and c-Fos, regulates several genes involved in inflammation
and is mainly activated through MAPKs (Kaminska et al.,

2005), we determined the nuclear translocation of c-Jun
and c-Fos. The nuclear levels of c-Jun and c-Fos were
significantly increased after LPS stimulation (Fig. 4B).
PGEA treatment reduced the amount of c-Fos, but not
c-Jun, in a dose-dependent manner. These results indicated
that the inhibitory effect of PGEA on LPS-activated macro-
phages may occur through both the AP-1 signaling pathways.
Consistent with the findings related to Ix-Bo degradation,
the nuclear levels of p65 was not changed by PGEA in
LPS-stimulated RAW264.7 cells (Fig. 4B), indicating anti-
inflammatory effects of PGEA may not involved in NF-«B

activation.

DISCUSSION

PGEA inhibits the oxidative stress-induced death of
human hepatic HepG2 cells and the levels of superoxide
dismutase, catalase, glucose-6-phosphate dehydrogenase,
and metallothionein messenger RNA are increased in
PGEA-treated HepG2 cells (Kim et al., 2008). In addition,
a recent study demonstrated the beneficial effects of PGEA
on hyperlipidemia in high-fat diet-induced obese mice via
the up-regulation of anti-oxidant proteins (Chung et al.,
2012). These previous results prompted the present exami-
nation of the anti-inflammatory effect of PGEA, since

various natural products that have anti-oxidant effects also
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Fig. 4. Effect of PGEA on LPS-induced MAPK and AP-1 activation. RAW264.7 cells were plated in 100 mm-diameter dishes.
After 12 h of seeding, cells were treated with different doses of PGEA for 1 h, followed by stimulation with 100 ng/mL of LPS for 20 min.
(A) Whole cell extracts and (B) nuclear proteins were immunoblotted with the indicated Abs. B-actin and poly ADP ribose polymerase
were used as a control. The bands were quantified using NIH image analysis software and their relative intensity was expressed as fold-

change against the image of the LPS-stimulated RAW264.7 cells.

possess anti-inflammatory activity.

The main aim of the present study was to evaluate the
therapeutic potential of P. grandiflorum for the regulation
of inflammation. First, we tested three different extracts
isolated from P. grandiflorum on LPS-induced NO release
in RAW264.7 cells. The increase in NO release caused by
LPS was significantly reduced with PGEA treatment at
concentrations of 50 and 500 pg/mL, but not by PGW and
PGM. Additionally, experiments explored possible mech-
anisms involved in the cellular action of PGEA on anti-
inflammatory efficacy. The effect of PGEA on the phos-
phorylation of MAPKSs as well as degradation of Ik-B in
LPS-stmulated RAW264.7 cells were examined using
Western blotting. PGEA did not affect the degradation of
Ix-B, but suppressed the phosphorylation of p38 and JNK,

as well as nuclear translocation of c-Fos, which were

induced by LPS stimulation. Concerning the signaling
generated by LPS in macrophages, the activation of
transcription factors results in the production of both pro-
and anti-inflammatory mediators. The binding of LPS to
TLR-4 leads to activation of transcription factor NF-xB and
AP-1, which regulates innate immune responses (Zhong et
al., 2006). Activation of NF-xB and AP-1 induces the
expression of several inflammatory mediators such as
iNOS, cyclooxygenase-2, IL-1p, and IL-6, along with many
other genes (Guha and Mackman, 2001; Ono, 2008). The
degradation and phosphorylation of Ix-B are necessary to
release NF-kB from the cytoplasmic NF-kB/Ik-B complex
and allow its subsequent translocation to the cell nucleus.
AP-1 is composed of proteins belonging to the Jun and Fos
families, and c-Jun and c-Fos are immediate-early genes

(Vesely et al., 2009). MAPK signaling pathways regulate
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AP-1 activity by increasing transcription and by the
phosphorylation of AP-1 proteins. These results suggest
that the inhibition of NO and pro-inflammatory cytokines
in PGEA treated RAW264.7 cells is indeed caused by the
down-regulation of AP-1 transcription factors through the
inhibition of the MAPK signaling pathway.

Due to their effectiveness and relatively low toxicity,
herbal medicines have drawn increasing attention during
the past decades. With the growing use of herbal products,

quality and safety become especially important to guarantee

the safety and efficacy of the utilization of herbal medicines.

Unlike synthetic drugs, herbal medicines have complex
compositions. The effectiveness of herbal medicines may
be attributed to the overall effect of all the components
rather than a single component.

Two limitations of this study are that we used PGEA
extracts that included several compounds and the use of an
in vitro model. Further studies that focus on the purifi-
cation and structural identification of the individual anti-
inflammatory compounds in the PGEA extract are needed.
In addition, a further challenge is to delineate in vivo actions
of PGEA to provide a better understanding of the health-
promoting effects of PGEA that is widely consumed
globally.
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