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Anti-inflammatory effects of Ciwujianoside C3,
extracted from the leaves of Acanthopanax henryi
(Oliv.) Harms, on LPS-stimulated RAW 264.7 cells
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Abstract. The present study aimed to investigate the
unknown mechanisms underlying the anti-inflammatory
activity of Ciwujianoside C3 (CJS C3), extracted from the
leaves of Acanthopanax henryi Harms, on lipopolysaccharide
(LPS)-stimulated RAW 264.7 cells. Cells were treated with
CJS C3 for 1 h prior to the addition of 200 ng/ml LPS. Cell
viability was measured using the MTS assay. Nitric oxide levels
were determined by Griess assay. Proinflammatory cytokine
production was measured by enzyme-linked immunosorbent
assay. The expression levels of cyclooxygenase (COX)-2,
inducible nitric oxide synthase (iNOS), and mitogen-activated
protein kinases (MAPKSs) were investigated by western blot-
ting, reverse transcription (RT)-polymerase chain reaction
(PCR) and RT-quantitative PCR. Nuclear factor (NF)-kB/p65
localization, and interaction of the TLR4 receptor with LPS was
examined by immunofluorescence assay. The results indicated
that CJS C3 exhibited no cytotoxicity at the measured concen-
trations. Treatment with CJS C3 inhibited NO production,
proinflammatory cytokine levels, including interleukin (IL)-6,
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tumor necrosis factor (TNF)-a, and prostaglandin E, (PGE,),
and protein and mRNA expression levels of iNOS and COX-2.
Furthermore, CJS C3 suppressed phosphorylation of extracel-
lular signal-regulated kinases and c-jun N-terminal kinases. It
was also able to suppress activation of NF-xB via inhibition
of the TLR4 signaling pathway. These results suggested that
CJS C3 exerts inhibitory effects on LPS-induced PGE,, NO,
IL-6 and TNF-a production. In addition, iNOS and COX-2
expression was decreased in murine macrophages. These
inhibitory effects may be achieved via suppression of MAPKs
and NF-kB phosphorylation following inhibition of the TLR4
signaling pathway.

Introduction

Acanthopanax henryi (Oliv.) Harms belongs to the Araliaceae
family, and may be used as a traditional Oriental medicine
for the treatment of rheumatism and inflammation (1,2).
Phytochemical studies have identified lignans and other
compounds in the bark of Acanthopanax henryi (Oliv.)
Harms, including syringin, syringaresinol, diglucoside,
octacosanoic acid and beta-sitosterol (3). Pharmacological
studies have reported that the MeOH extract and fraction of
the root bark of Acanthopanax henryi exerts anti-inflam-
matory and anticancer effects (3-5). At present, several
studies have been conducted regarding the pharmacological
effects of Acanthopanax henryi root bark; however, studies
on the leaves of Acanthopanax henryi (Oliv.) Harms are
few (5,6). Therefore, the present study aimed to investigate
the anti-inflammatory effects of Ciwujianoside C3 (CJS C3);
full name, echinocystic acid 3-O-f-D-glucopyranosyl-
(1—-3)-0O-a-L-arabinopyranoside, isolated from the leaves of
Acanthopanax henryi (Oliv.) Harms (Fig. 1).

Inflammation is a physiological response, and asthma,
obesity and diabetes are common inflammatory diseases (7).
Inflammatory responses induced by microbial infections
stimulate the innate immune system against foreign compo-
nents, including lipopolysaccharide (LPS) (8), which is a cell
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wall component of gram-negative bacteria that is detected by
Toll-like receptor 4 (TLR4). Macrophages are able to bind to
LPS to induce the activation of inflammatory signals and the
release of proinflammatory cytokines, chemokines and media-
tors of the inflammatory response (9).

Nitric oxide (NO), also known as nitrogen monoxide,
which is synthesized from L-arginine by nitric oxide synthase
(NOS), regulates several physiological functions (10). The NO
free radical produced by the inducible NOS (iNOS) isoform
is an essential component of host innate immunity and the
inflammatory response to various pathogens (11).

The biosynthesis of prostaglandins (PGs) is initialized by
the cyclooxygenase (COX) isoenzymes, COX-1 and COX-2.
COX-2 is an inducible isoform of COX that is present in
inflammatory cells, which generally produces PGs associated
with inflammation, fever and pain (12).

TLRs have important roles in the molecular mechanisms
underlying inflammation (13), particularly TLR4, a protein
that in humans is encoded by the TLR4 gene. TLR4 is able to
detect LPS, and therefore has an important role in activation
of the innate immune system (14,15). It has previously been
demonstrated that LPS-stimulated inflammation is predomi-
nantly mediated by TLR4 and cluster of differentiation 14 (16).

The extracellular-signal regulated protein kinases (ERK)
pathway is able to phosphorylate various transcription factors
upon activation, as well as two classes of mitogen-activated
protein kinases (MAPKSs): p38 MAPK and c-jun N-terminal
kinases (JNK) (17). LPS stimulation of RAW 264.7 cells
rapidly activates all of these MAPKs (18).

Nuclear factor (NF)-kB is involved in the cellular response
to various stimuli, including stress, cytokines, free radicals,
ultraviolet light, irradiation, oxidized LDL, and bacterial or
viral antigens. NF-kB has a key role in regulating the immune
response to infection, and is responsible for cytokine produc-
tion and cell survival (19-23).

The present study aimed to determine the mechanisms
underlying the anti-inflammatory effects of CJS C3; therefore,
its effects on LPS and TLR4 binding, and on the production of
proinflammatory mediators and cytokines were investigated.
The present study confirmed that the MAPK and NF-«B
signaling pathways were activated in RAW 264.7 macrophages
that had been treated with LPS.

Materials and methods

Plant sample. The leaves of Acanthopanax henryi (Oliv.)
Harms were collected in October 2012 in Xinhua (China).
The plant species was confirmed by Professor Xiang-Qian Liu
(Hunan Key Laboratory of Traditional Chinese Medicine
modernization, Hunan University of Chinese Medicine,
Changsha, China), and the voucher specimen (no. 20121125)
was deposited at the School of Pharmacy, Hunan University of
Chinese Medicine (Changsha, China).

Extraction and isolation. The dried leaves of A. henryi (Oliv.)
Harms (10 kg) were cut into small pieces, were extracted
three times with MeOH (3x100 L) at room temperature, and
were concentrated to obtain a dark-green residue (0.8 kg)
under reduced vacuum. The residue was then suspended in
H,O and partitioned with petroleum ether. The water fraction
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Figure 1. Structure of Ciwujianoside C3.

was fractionated using column chromatography (CC) on
macroporous resin eluted with a gradient of EtOH/H,0O (0,
30, 50, 75 and 95%) into five fractions (1-5). Fraction 4 (75%
EtOH, 14.0 g) was subjected to silica gel CC eluted with
CHCly/MeOH/H,0 (25:1:0/1:1:0.2) to give fifteen fractions
(A-0O). Fraction L (0.67 g) was refractionated on silica gel
CC eluted with CHCl;/MeOH/H,0 (6:1:0.1/2:1:0.1) to give
six sub-fractions (L1-L6). Sub-fraction L3 (106.0 mg) was
subjected to silica gel CC and was finally purified by Sephadex
LH-20 (MeOH; GE Healthcare Life Sciences, Little Chalfont,
UK) to yield 35.0 mg CJS C3 (24).

The compound structures were identified by mass spectros-
copy, 1D-nuclear magnetic resonance (NMR) and 2D-NMR,
and the spectral data were compared with those reported previ-
ously in the literature (24). '"H NMR and "*C NMR spectra were
measured on a Varian INOVA 400M spectrometer (Agilent
Technologies, Inc., Santa Clara, CA, USA) with chemical shifts
reported as ppm (tetramethylsilane as internal standard). Elec-
trospray ionization mass spectra were carried out on a Agilent
6530 Accurate-Mass Q-TOF (Agilent Technologies, Inc.).

High performance liquid chromatography (HPLC). The purity
of CJS C3 was >98%, as determined HPLC, as previously
described (25). Briefly, CJS C3 was dissolved in MeOH to a
concentration of 0.1 mg/ml, for HPLC analysis with Kinetex
XB-C18 analytical column (100 mm x 4.6 mm x 2.6 ym;
Phenomenex, Inc., Torrance, CA, USA) at 30°C. Elution was
conducted using mobile phase A (water) and mobile phase B
(acetonitrile) with a gradient as follows: 0-2 min, 29-31%
B; 2-13 min, 31-35% B; 13-15 min, 35-40% B; 15-23 min,
40-44% B; 23-25 min, 44-46% B; 25-31 min, 46-49% B;
31-38 min, 49-55% B. The flow rate was constant at 1.0 ml/min,
and the effluents were monitored at 210 nm using an Agilent 1200
HPLC system with variable wavelength detector (Agilent Tech-
nologies, Inc.). The purity value was found to be >98% by peak
area normalization method. The value of purity was obtained
by calculating the percentage of its peak area to that of the total
peaks in the HPLC chromatogram.

Cell culture. The RAW 264.7 murine macrophage cell line
was obtained from the Korea Research Institute of Bioscience
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Table I. Gene-specific primers used for PCR.
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PCR Gene Primer sequence
RT-PCR p-actin® Forward 5'-CATCCGTAAAGACCTCTATGCCAAC-3'
Reverse 5"ATGGAGCCACCGATCCACA-3'
IL-6 Forward 5'-CATGTTCTCTGGGAAATCGTGG-3'
Reverse 5"AACGCACTAGGTTTGCCGAGTA-3'
iNOS Forward 5'-AGCCCAACAATACAAATGACCCTA-3'
Reverse 5"TTCCTGTTGTTTCTATTTCCTTTGT-3'
COX-2 Forward 5'-CACTCAGTTTGTTGAGTCATTC-3'
Reverse 5-GATTAGTACTGTAGGGTTAATG-3'
TNF-a Forward 5'-ACGGCATGGATCTCAAAGAC-3'
Reverse 5-GTGGGTGAGGAGCAGTAGT-3'
RT-qgPCR IL-6 Forward 5-TCTATACCACTTCACAAGTCGGA-3'
Reverse 5-GAATTGCCATTGCACAACTCTTT-3'
iNOS Forward 5'-GCAGAGATTGGAGGCCTTGTG-3'
Reverse 5-GGGTTGTTGCTGAACTTCCAGTC-3'
COX-2 Forward 5'-GCCAGGCTGAACTTCGAAACA-3'
Reverse 5-GCTCACGAGGCCACTGATACCTA-3'
TNF-a Forward 5'-ATGAGCACTGAAAGCATGATCC-3'

Reverse 5'-ATCCGTAAAGACCTCTATGCCAAC-3'

*The same 3-actin primers were used for RT-PCR and RT-qPCR. RT, reverse transcription; q, quantitative; PCR, polymerase chain reaction;
IL-6, interleukin-6; iNOS, inducible nitric oxide synthase; COX-2, cyclooxygenase.

and Biotechnology (Seoul, South Korea). The cells were
cultured in RPMI 1640 medium (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) supplemented with 10%
fetal bovine serum (FBS; Dako UK Ltd., Cambridge, UK) and
100 U/ml penicillin/streptomycin sulfate. Cells were incubated
in a humidified atmosphere containing 5% CO, at 37°C. For
stimulation, the medium was replaced with fresh RPMI 1640,
and the cells were stimulated with LPS (200 ng/ml;
Sigma-Aldrich; Merck Millipore, Darmstadt, Germany) in the
presence or absence of CJS C3 (10, 20 and 40 uM).

Cell viability assay. Cell viability was determined using
a 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethonyphenyl)-2
(4-sulfophenyl)-2H-tetrazolium (MTS) assay. RAW 264.7
cells were plated at a density of 5x10* cells/ml in 96-well plates
(SPL Life Sciences Co., Ltd., Pocheon, Korea). Each experi-
ment included a non-treated group as a control. To determine
a concentration that was non-toxic to cells, various concentra-
tions of CJS C3 (10, 20 and 40 M) were added to the cells
and the plates were incubated for 24 h at 37°C in a 5% CO,
atmosphere. MTS solution (5 mg/ml) was then added to each
well and the cells were cultured for a further 2 h, after which
the optical density was measured at 490 nm.

Measurement of NO production. NO production was assayed
by measuring the nitrite concentration in the supernatant of
cultured RAW 264.7 cells. Cells were seeded at a density of
7x10° cells/ml in 96-well culture plates and were cultured
for 18 h. The cells were stimulated with LPS (200 ng/ml) in
the absence or presence of test reagents for 24 h, after which
they were briefly centrifuged. The supernatant was mixed
with an equal volume of Griess reagent (1% sulfanilamide,

0.1% naphthyl ethylenediamine dihydrochloride and 2.5%
H,PO,) and was incubated at room temperature for 5 min.
Nitrite concentrations were determined by measuring the
absorbance of the supernatant at 570 nm. Sodium nitrite
(NaNO,) was used to generate a standard curve.

Enzyme-linked immunosorbent assay (ELISA). Cells were
seeded at a density of 5x10° cells/ml in 24-well tissue culture
plates and were treated with CJS C3 (10, 20, and 40 uM) for
1 h, prior to stimulation with LPS (200 ng/ml). Following
an incubation at 37°C for 24 h, the medium was collected in
a microcentrifuge tube and centrifuged (2,000 x g, 5 min,
4°C). Levels of TNF-a and IL-6 in the culture media were
quantified using ELISA kits (cat. nos. 555240 and 555268,
respectively), according to the manufacturer's protocol
(BD Biosciences, San Jose, CA, USA). ELISA plates (Falcon;
BD Biosciences) were coated overnight at 4°C with anti-mouse
interleukin (IL)-6 antibody (1:1,000; cat. no. 554402) and
TNF-a antibody (1:250; cat. no. 51-26731E) diluted in
coating buffer (0.1 M sodium carbonate; pH 9.5) and were
washed three times with phosphate-buffered saline (PBS)
containing 0.05% Tween-20. Non-specific protein binding
sites were subsequently blocked with assay diluent (PBS
containing 10% FBS; pH 7.0) for =1 h. Immediately following
this incubation, samples and IL-6 standards were added to
the wells, and the plates were incubated for a further 2 h.
Subsequently, detector solution [biotinylated anti-mouse
IL-6 monoclonal antibody (1:1,000; cat. no. 554402),
TNF-a monoclonal antibody (1:500; cat. no. 51-26732E) and
streptavidin-horseradish peroxidase (HRP) reagent (1:1,000;
cat. no. 554066) all from BD Biosciences] was added to
each well and the plates were incubated for an additional
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1 h. Tetramethylbenzidine was added to each well, and the
plates were incubated for 30 min in the dark prior to reaction
termination using stop solution (1M H;PO,). Absorbance
was then measured at 450 nm. All standards and samples
were assayed in duplicate.

Measurement of PGE, production. PGE, concentrations were
determined using a PGE, direct Biotrak assay (cat. no. Amer-
sham; GE Healthcare Life Sciences). Cells were seeded at
a density of 5x10° cells/ml in 24-well tissue culture plates.
CJS C3 (10, 20 and 40 M) and LPS (200 ng/ml) were added
to the culture medium and the plates were incubated at 37°C
for 24 h. The medium was then collected in microcentrifuge
tubes and centrifuged (2,000 x g, 5 min, 4°C). The super-
natants were decanted into fresh microcentrifuge tubes and
the concentration of PGE, was determined using the enzyme
immunoassay kit, according to the manufacturer's protocol.

Western blot analysis. CJS C3-pretreated (10, 20 and 40 M)
RAW 264.7 cells (2x10° cells/ml) were stimulated with LPS
(200 ng/ml) for 24 h and were then washed twice in ice-cold
PBS (pH 7.4). The cell pellets were resuspended in lysis buffer
on ice for 20 min and cell debris was removed by centrifuga-
tion (2,000 x g, 5 min, 4°C). The protein concentration in
each sample was determined using the Bio-Rad protein assay
reagent (Bio-Rad Laboratories, Inc., Hercules, CA, USA)
according to the manufacturer's protocol. Equal amounts
of protein (20 ug) were separated by 8% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and were then
transferred onto a polyvinylidene fluoride membrane (EMD
Millipore, Bedford, MA, USA). The membrane was blocked
with 5% non-fat milk in Tris-buffered saline with Tween 20
(150 mmol/1 NaCl, 20 mmol/l1 Tris-HCI and 0.05% Tween 20;
pH 7.4). After blocking with 3% bovine serum albumin
(Sigma-Aldrich; Merck Millipore), the membranes
were incubated with the following primary antibodies:
Anti-iNOS (1:1,000; cat. no. sc-651), anti-COX-2 (1:1,000;
cat. no. sc-1745), anti-mouse-phosphorylated-ERK 1/2
MAPK (1:1,000; cat. no. sc-7383), anti-phosphorylated-JNK
(1:1,000; cat. no. sc-6254), anti-ERK (1:1,000; cat. no. sc-93)
and JNK (1:1,000; cat. no. sc-571) all obtained from Santa
Cruz Biotechnology, Inc. (Dallas, TX, USA) for 18 h
at 4°C. After washing twice with Tris-buffered saline,
membranes were immunoblotted with HRP-conjugated
anti-immunoglobulin G antibody (1:2,000; cat. no. Z025902;
Dako UK Ltd.) for 1 h at room temperature. Epitopes on
proteins were recognized specifically by the antibodies
and were visualized using an enhanced chemilumines-
cence kit (Amersham; GE Healthcare Life Sciences). The
membrane was also immunoblotted with anti-f-actin
(1:1,000; cat. no. 47778; Santa Cruz Biotechnology, Inc.) to
demonstrate equal protein loading. The bands were evalu-
ated by using ImageQuant LAS 4000 Mini Biomolecular
Imager (GE Healthcare) and the quantitative measurement of
band intensity was performed using ImageJ (version 1.45S;
National Institutes of Health, Bethesda, MA, USA)

RNA isolation and ¢cDNA synthesis. Using the Easy Blue
total RNA Extraction kit (iNtRon Biotechnology, Seongnam,
South Korea) total RNA was extracted from RAW 264.7 cells,
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according to the manufacturer's protocol. Total RNA was then
dissolved in DEPC-treated distilled water. RNA samples used
in the present study had an A260/A280 nm value between
1.6 and 2.0, as determined using a NanoDrop spectrophotom-
eter (Thermo Fisher Scientific, Inc., Pittsburgh, PA, USA). A
Power cDNA synthesis kit (iNtRon Biotechnology) was used
to reverse transcribe each sample to cDNA. Reverse transcrip-
tion (RT) conditions were as follows: 5 min at 75°C, 1 h at 42°C
and 5 min at 70°C.

RT-polymerase chain reaction (PCR) analysis. Synthesized
cDNA (0.05 pug) from RAW 264.7 cells was amplified using
Sensi 2X PCR premix (Lugen Sci Co., Ltd., Bucheon, Korea)
and specific primers (Table I). The conditions for amplifica-
tion were as follows: Denaturation at 94°C for 3 min for one
cycle, followed by 35 cycles of denaturation at 94°C for 45 sec,
annealing at 56°C for 45 sec (iNOS), 53°C for 45 sec (COX-2)
or 57°C for 45 sec (IL-6), and extension at 72°C for 90 sec.
A final extension step was performed at 72°C for 7 min. The
PCR products were separated by 2% agarose gel electropho-
resis and were stained with Dyne Gel Safe Red kit (II) (Dyne
Bio, Seongnam, South Korea). The expression levels were
confirmed using a UV detector.

RT-quantitative (q)PCR analysis. Synthesized cDNA from
RAW 264.7 cells was amplified using specific primers (Table I)
and the Fast SYBR Green PCR Master Mix (Applied Biosys-
tems; Thermo Fisher Scientific, Inc., Waltham, MA, USA).
PCR products were measured using a StepOnePlus Real-Time
RT-PCR system (Thermo Fisher Scientific, Inc.). Relative gene
expression was calculated based on the comparative quantifi-
cation cycle (Cq) method (26), using StepOne software v2.3
(Applied Biosystems; Thermo Fisher Scientific, Inc.). f-actin
mRNA expression was used as an endogenous control.

Immunofluorescence staining. RAW 264.7 cells were cultured
in Nunc™ chambered coverglass (Thermo Fisher Scientific,
Inc.) for 24 h and were stimulated with LPS in the pres-
ence or absence of CJS C3 (10, 20 and 40 uM). The cells
were fixed in 4% formaldehyde in PBS for 15 min at room
temperature, and were permeabilized with 100% MeOH
for 10 min at -20°C. Specimens were blocked with blocking
buffer (PBS containing 5% FBS and 0.3% Triton X-100)
for 1 h, and were incubated overnight with anti-NF-xB/p65
antibody (1:200; cat. no. sc-8008; Santa Cruz Biotechnology,
Inc.) at 4°C. Fluorochrome-conjugated secondary antibodies
(1:500; cat. no. A11029; Thermo Fisher Scientific, Inc.)
were then applied for 1 h at room temperature in the dark.
After washing with PBS, nuclei were counterstained with
4', 6-diamidino-2-phenylindole, and fluorescence was visual-
ized under a fluorescence microscope (Carl Ziess, Oberkochen,
Germany).

Cells were stimulated with Alexa Fluor (AF)-LPS
(Sigma-Aldrich; Merck Millipore) for 1 h in the presence
or absence of CJS C3 for the LPS/TLR4 complex forma-
tion assay. The cells were fixed and stained with a rabbit
polyclonal anti-TLR4 antibody (1:200; sc-16240; Santa Cruz
Biotechnology, Inc.) overnight at 4°C. Subsequently, the cells
were incubated with AF 488-conjugated secondary antibodies
(1:500; cat. no. A11029; Thermo Fisher Scientific, Inc.) for 1 h.
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Figure 2. Effects of Ciwujianoside C3 (CJS C3) on viability of RAW 264.7
cells. RAW 264.7 cells were pretreated with the indicated concentrations
of CJS C3 for 1 h prior to being incubated with lipopolysaccharide (LPS;
200 ng/ml) for 24 h. Cell viability was assessed using an MTS assay. The
experiment was repeated three times, and similar results were obtained. Data
are presented as the mean + standard deviation of duplicate determinations
from three separate experiments.

The stained cells were observed under a fluorescence micro-
scope.

Statistical analysis. Statistical analysis was performed using
one-way analysis of variance followed by Tukey honest
significant difference test for multiple comparisons. Data are
presented as the mean + standard deviation of duplicate deter-
minations from three separate experiments. SPSS 22 software
(IBM SPSS, Armonk, NY, USA) was used to conduct statis-
tical analysis. P<0.05 was considered to indicate a statistically
significant difference.

Results

Effects of CJS C3 on cytotoxicity and NO production in
RAW 264.7 cells. CJS C3 did not affect the viability of
RAW 264.7 cells when used at the following concentra-
tions: 10,20 and 40 uM (Fig. 2). NO production was examined
in LPS-stimulated RAW 264.7 cells in the presence or absence
of CJS C3 for 24 h by Griess assay. Supernatants from
LPS-stimulated cells had significantly increased nitrite levels
compared with the controls. The effects of LPS were inhibited
following treatment with 20 or 40 xM CJS C3(Fig. 3).

Effects of CJS C3 on PGE, production in LPS-stimulated
RAW 264.7 cells. The effects of CJS C3 on LPS-induced secre-
tion of PGE, were examined by ELISA. As presented in Fig. 4,
treatment of RAW 264.7 cells with LPS resulted in a marked
increase in PGE, release compared with in the untreated
control group. However, CJS C3 inhibited LPS-mediated
PGE, production in a concentration-dependent manner.

Effects of CJS C3 on IL-6 and tumor necrosis factor (TNF)-a
production in LPS-stimulated RAW 264.7 cells. The effects
of CJS C3 on secretion of inflammatory cytokines, such as
IL-6 and TNF-a, were evaluated in LPS-treated RAW 264.7
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Figure 3. Effects of Ciwujianoside C3 (CJS C3) on lipopolysaccharide
(LPS)-induced nitric oxide (NO) production in RAW 264.7 cells. RAW 264.7
cells were pretreated with the indicated concentrations of CJS C3 for 1 h
prior to being incubated with LPS (200 ng/ml) for 24 h. NO production was
measured using the Griess reaction. Data are presented as the mean + stan-
dard deviation of duplicate determinations from three separate experiments.
“P<0.05 compared with the LPS-treated group.
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Figure 4. Effects of Ciwujianoside C3 (CJS C3) on lipopolysaccharide
(LPS)-induced prostaglandin E, (PGE,) production in RAW 264.7 cells.
RAW 264.7 cells were pretreated with the indicated concentrations of CJS C3
for 1 h prior to being incubated with LPS (200 ng/ml) for 24 h. PGE, produc-
tion was measured in the culture medium using a commercial enzyme-linked
immunosorbent assay kit. Data are presented as the mean + standard devia-
tion of duplicate determinations from three separate experiments. "P<0.05,
compared with the LPS-treated group.

cells. IL-6 and TNF-a levels were significantly increased
in the culture medium of LPS-stimulated RAW 264.7 cells.
However, pretreatment with CJS C3 significantly decreased
the release of these cytokines in a concentration-dependent
manner (Fig. SA and B). Furthermore, the results of an
RT-PCR indicated that CJS C3 also markedly suppressed the
mRNA expression levels of these cytokines (Fig. 5C and D).

Effects of CJS C3 on LPS-stimulated COX-2 and iNOS
expression in RAW 264.7 cells. To elucidate the mechanism
underlying decreased PGE, levels and NO production in
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Figure 5. Effects of Ciwujianoside C3 (CJS C3) on lipopolysaccharide (LPS)-induced interleukin (IL)-6 and tumor necrosis factor (TNF)-o production in
RAW 264.7 cells. RAW 264.7 cells were pretreated with the indicated concentrations of CJS C3 for 1 h prior to being incubated with LPS (200 ng/ml) for
24 h. (A) IL-6 and (B) TNF-a production were measured in the culture medium using enzyme-linked immunosorbent assay kits. mRNA expression levels of
(C) IL-6 and (D) TNF-a were visualized by reverse transcription-polymerase chain reaction. Data are presented as the mean + standard deviation of duplicate
determinations from three separate experiments. 'P<0.05 compared with the LPS-treated group.
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Figure 6. Inhibition of inducible nitric oxide synthase (iNOS) and cyclooxygenase (COX)-2 expression by Ciwujianoside C3 (CJS C3) in lipopolysaccharide
(LPS)-stimulated RAW 264.7 cells. (A) iNOS and COX-2 mRNA expression was visualized by reverse transcription (RT)-polymerase chain reaction (PCR),
and (B) protein levels were detected by western blotting. (C) RT-quantitative PCR was conducted to quantify mRNA expression levels, and (D) western blot-
ting was semi-quantified against 3-actin using ImageJ software. Data are presented as the mean + standard deviation of duplicate determinations from three
separate experiments. “P<0.01 compared with the LPS-treated group.

LPS-treated RAW 264.7 cells, the effects of CJS C3 on  determined by RT-PCR and western blot analysis. The mRNA
COX-2 and iNOS mRNA and protein expression levels were  and protein expression levels of COX-2 and iNOS were
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undetectable in unstimulated murine macrophages. However,
the mRNA and protein expression levels of COX-2 and iNOS
were markedly increased in response to LPS stimulation. In
the CJS C3 treatment group IL-6 and COX-2 expression
exhibited a significant concentration-dependent inhibition
(Fig. 6). These results indicate that decreased COX-2 and iNOS
expression may contribute to the inhibitory effects of CJS C3
on LPS-stimulated NO and PGE, production.

Effects of CJS C3 on the phosphorylation of MAPKs in
LPS-stimulated RAW 264.7 cells. Since MAPK signaling
molecules have a crucial role in regulating the LPS-induced
inflammatory process, the present study analyzed the phos-
phorylation levels of MAPKSs in LPS-stimulated RAW 264.7
cells by western blotting. In addition, the effects of CJS C3
on phosphorylation of ERK and JNK MAPKSs were deter-
mined in LPS-treated cells. As presented in Fig. 7, ERK and
JNK phosphorylation was effectively suppressed by CIS C3
treatment. These results suggest that activation of ERK and
JNK may be blocked by CJS C3 treatment.

Effects of CJS C3 on LPS-induced nuclear translocation of
NF-kB in RAW 264. 7 macrophages. NF-xB is an important
transcription factor that regulates the expression of iNOS,
COX-2 and proinflammatory cytokines. Therefore, using
immunofluorescence staining, the present study investigated
whether CJS C3 could suppress the NF-«B signaling pathway.
The immunofluorescence images revealed that NF-kB/p65
was normally sequestered in the cytoplasm, and that nuclear
accumulation of NF-kB/p65 was strongly induced following
stimulation of RAW 264.7 cells with LPS. LPS-induced
translocation of NF-kB/p65 was completely inhibited after
pretreating the cells with CJS C3 (Fig. 8, Merge panel).

Effects of CJS C3 on LPS binding and TLR4 expression. The
present study also investigated the effects of CJS C3 on the
LPS-activated TLR4 signaling pathway, in order to further
determine the mechanisms underlying its anti-inflammatory
effects. AF-LPS was used to determine whether CJS C3 was
able to inhibit the interaction between LPS and TLR4 in murine
macrophages. When the cells were treated with AF-LPS alone,
the fluorescence intensities of LPS and TLR4 were observed
outside the cell membrane by immunofluorescence assay.
However, treatment with AF-LPS and CJS C3 significantly
inhibited the fluorescence intensity of TLR4 (Fig. 9A and B).
These results suggest that LPS-stimulated activation of the
TLR4 signaling pathway was potently suppressed by CJS C3.

Discussion

The Acanthopanax spp. belongs to the Araliaceae family, the
stem barks and roots of which have been used as a tonic and
as a prophylactic treatment in Oriental medicine according to
ancient use (26). Acanthopanax henryi Harms is a member of
the Acanthopanax spp., the stem bark of which was originally
used to treat arthritis, rheumatism, edema and traumatic injuries
in China (27). Recently, Acanthopanax henryi Harms leaves
have started to garner the attention of researchers. The present
study demonstrated that CJS C3, extracted from the leaves of
Acanthopanax henryi Harms, indicated anti-inflammatory
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Figure 7. Effects of Ciwujianoside C3 (CJS C3) on the phosphorylation of
mitogen-activated protein kinases in lipopolysaccharide (LPS)-stimulated
RAW 264.7 cells, as determined by western blot analysis. RAW 264.7 cells
were pretreated with the indicated concentrations of CJS C3 for 1 h prior to
being incubated with LPS (200 ng/ml) for 1 h. The experiment was repeated
three times, and similar results were obtained. P-, phosphorylated; INK,
c-jun N-terminal kinases; ERK, extracellular signal-regulated kinases.

activity in LPS-stimulated RAW 264.7 cells The reported
pharmacological effects of active components extracted
from the leaves of Acanthopanax henryi Harms include
inhibition of tryrosinase and acetylcholinesterase (6,28).
To the best of our knowledge, no other studies have been
conducted regarding Acanthopanax henryi Harms leaves.
CJS C3, which was extracted from Acanthopanax henryi
Harms leaves in the present study, has also been isolated from
Acanthopanax senticosus (29). The present study aimed to
determine the anti-inflammatory effects of CJS C3, extracted
from Acanthopanax henryi Harms leaves, on LPS-stimulated
RAW 264.7 cells.

Inflammation implies an irregularity in cytokine levels.
Proinflammatory cytokines, such as IL-6 and TNF-a, have
important roles in several inflammatory processes, and recruit
other immune cells involved in the pathogenesis of various
inflammatory conditions. Accordingly, overproduction of
IL-6 and TNF-a is associated with the development of chronic
inflammatory conditions, including septic shock, cachexia,
psoriasis, rheumatoid arthritis and cytotoxicity (30-33). There-
fore, the present study investigated the effects of CJS C3 on the
synthesis of proinflammatory cytokines. The results demon-
strated that CJS C3 effectively suppressed the overproduction
of IL-6 and TNF-a in a concentration-dependent manner
(Fig. 5A and B). The suppressing effect extended to the inhibi-
tion of TNF-a and IL-6 transcription (Fig. 5C and D).

Production of IL-6 and TNF-a is associated with syner-
gistic activation of NO and PGE, production in LPS-activated
RAW 264.7 macrophages (32-34). NO is generated by phago-
cytes, such as monocytes, macrophages and neutrophils.
Phagocytes contain iNOS, which is activated by interferon-y
or TNF. In this manner, the immune system regulates phago-
cytes, which have a key role in inflammation and immune
responses (35-39).

Among the PGs, PGE, is the most prominent mediator in
inflammation, fever and pain; it also has physiological func-
tions in the gastrointestinal tract, kidney, and the immune and
central nervous systems. Increased PGE, formation during
inflammation predominantly depends on the concomitant
induction of COX-2 (40).
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Figure 8. Effects of Ciwujianoside C3 (CJS C3) on lipopolysaccharide (LPS)-induced nuclear translocation of nuclear factor (NF)-kB in RAW 264.7 mac-
rophages. Cells were pretreated with 10, 20 or 40 xM CJS C3 for 1 h prior to stimulation with LPS for 1 h. Localization of NF-kB/p65 was visualized with
a fluorescence microscope after immunofluorescence staining with anti-NF-kB/p65 and fluorescein isothiocyanate-labeled anti-rabbit immunoglobulin G
antibodies (green). Nuclei of the corresponding cells were visualized with 4,6-diamidino-2-phenylindole (blue). The experiment was repeated three times, and
similar results were obtained. x200 magnification.
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Figure 9. Effects of Ciwujianoside C3 (CJS C3) on the binding of lipopolysaccharide (LPS) and expression of Toll-like receptor (TLR) 4. (A) Cells were pre-
treated with 10, 20 or 40 xM CJS C3 for 1 h prior to stimulation with 200 ng/ml Alexa Fluor (AF)-LPS for 30 min. (B) TLR4 was then detected by fluorescence
microscopy using a rabbit polyclonal anti-TLR4 antibody. Nuclei of the corresponding cells were visualized with 4,6-diamidino-2-phenylindole (blue). The
experiment was repeated three times, and similar results were obtained. x200 magnification.
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According to the results of the present study, CJS C3
significantly inhibited LPS-induced NO and PGE, produc-
tion in RAW 264.7 cells (Figs. 3 and 4). This suppression was
possibly caused by inhibition of iNOS and COX-2 expression
at the transcriptional level in LPS-stimulated RAW 264.7 cells
(Fig. 6).

MAPKSs are involved in directing cellular responses to a
diverse array of stimuli, including mitogens, osmotic stress,
heat shock and proinflammatory cytokines. They regulate
cell functions, including proliferation, gene expression,
differentiation, mitosis, cell survival and apoptosis (41). The
MAPK family consists of serine/threonine kinases, such as
ERK, p38 MAPK and JNK (42), which control cellular signal
transduction from the cell surface to the nucleus. Furthermore,
phosphorylation and activation of MAPKs has previously been
implicated in signaling pathways relevant to LPS-induced
inflammation, thus suggesting that MAPKs are important
targets for anti-inflammatory molecules (43,44).

NF-«B is a protein complex that controls transcription of
DNA (19,20). NF-«B regulates the expression of several genes
that code for mediators involved in immune and inflammatory
responses, including iNOS, COX-2, TNF-a and IL-6. There-
fore, NF-kB is considered a rational target for novel types of
anti-inflammatory treatment (45,46). The present data indi-
cated that the effects of CJS C3 appear to involve inhibition of
NF-kB activation by blocking the MAPK signaling pathway
(Fig. 7 and 8).

LPS-activated macrophages, which bind to TLR4,
induce the activation of specific intracellular pathways
through receptor dimerization and recruitment of various
adapter molecules, such as myeloid differentiation primary
response 88 (47). These LPS-initiated signaling cascades lead
to activation of the MAPK and NF-«B signaling pathways (48).
The results of the present study demonstrated that treatment of
LPS-stimulated macrophages with CJS C3 significantly inhib-
ited the fluorescence intensity of TLR4 (Fig. 9). The results of
the present study suggest that the anti-inflammatory properties
of CJS C3 may result from inhibition of pro-inflammatory
mediators by suppressing the initiation of the inflammatory
response and inhibiting the MAPK-NF-«B signaling pathways.
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