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A B S T R A C T

Kobophenol A (KPA) is a biologically active natural compound isolated from the roots of Caragana sinica
(Buc’hoz) Rehder (C. sinica). However, the anti-inflammatory effects of KPA have not been reported. This study
aims to find out whether KPA isolated from roots of C. sinica can act as a potential substance on inflammation
and analyze the molecular mechanism using the lipopolysaccharide (LPS)-stimulated J774 A.1 macrophage cell
line. We showed that KPA treatment significantly suppressed the production of nitric oxide (NO) by inhibiting
inducible nitric oxide synthase (iNOS) expression in a dose-dependent manner without cytotoxicity. In the KPA
also inhibited pro-inflammatory cytokine gene expression and production, such as interleukin-1β (IL-1β) and
interleukin-6 (IL-6) in LPS-stimulated J774 A.1 cells. As continuing study on the mechanisms involved, we
confirmed that these effects of KPA were related to the inhibition of nuclear factor-κB (NF-κB) pathway including
the suppression of IκB kinase α/β (IKKα/β) phosphorylation and translocation of NF-κB into the nucleus. Taken
together, the present study is the first to demonstrate that KPA isolated from C. sinica suppresses the expression
of inflammatory mediators and cytokines by inhibiting NF-κB nuclear translocation in LPS-stimulated J774 A.1
macrophages. KPA may be a potential candidate for the treatment of inflammatory diseases in the future.

1. Introduction

Carana sinica (Buc’hoz) Rehder (C. sinica) belongs to the genus
Caragana in the family Fabaceae. Apoptotic, phytoestrogenic, neuro-
protective, anti-bacterial, and anti-oxidant effects of C. sinica have been
reported in [1,2]. C. sinica contains many oligostilbenes, such as (+)-α
viniferin, caraganaphenol A, miyabenol C and kobophenol A (KPA) [3].
KPA, a tetrameric stilbene, is one of the principal active compounds in
C. sinica [4,5]. Various studies have reported the apoptotic, anti-mi-
crobial and protein kinase C inhibitory activities of KPA [1,6].

Inflammation is a natural biological reaction to infection or injury in
the human body involving activated immune cells such as monocytes
and macrophages [7]. In particular, macrophages are important in the
process of secretion of pro-inflammatory mediators and the host de-
fense system [7,8]. During the inflammatory process, inducible nitric
oxide synthase (iNOS) is an important regulator and induces the release

of nitric oxide (NO). Additionally, lipopolysaccharide (LPS) induces the
secretion of the pro-inflammatory cytokines such as tumor necrosis
factor-α (TNF-α), interleukin-1β (IL-1β) and interleukin-6 (IL-6)
[8–11]. Mitogen-activated protein kinases (MAPKs) play and important
roles in activating the nuclear factor-κB (NF-κB) complex. IκB kinase
(IKK) composed of IκB kinase α (IKKα) and IκB kinase β (IKKβ) is ac-
tivated in response to LPS and pro-inflammatory cytokines. In in-
flammatory responses, the NF-κB complex activated by IKK leads to the
degradation of inhibitory κB (IκB). Then active NF-κB complexes are
phosphorylated, translocated into the nucleus and bind to the promoter
of pro-inflammatory gene expression such as iNOS, TNF-α, IL-1β and IL-
6 [12–16]. Therefore, blocking the action of the NF-κB signaling
pathway and pro-inflammatory cytokines is known to target treatment
for inflammatory diseases.

Recently, there has been a growing interest in physiologically active
substances derived from natural products that have no or fewer side
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effects and toxicity. Previous studies have reported various physiolo-
gically active substances that suppress the production of NO and
Prostaglandin E2 (PGE2) through anti-inflammatory mechanisms
[8,9,17–19]. However, the anti-inflammatory activity of KPA isolated
from the roots of C. sinica has not yet been elucidated. The present
study investigated the anti-inflammatory effects and its molecular me-
chanism of KPA isolated from roots of C. sinica in LPS-stimulated
J774 A.1 macrophage cell line.

2. Materials and methods

2.1. Plant materials

The roots of C.sinica [Caraganasinica(Buc’hoz)Rehder] were iden-
tified by Professor Joa Sub Oh, College of Pharmacy, Dankook
University, Cheonan, South Korea and obtained from Gyeongdong
Oriental Medicine Market, Jegi-dong, Dongdaemun-gu, Seoul, Republic
of Korea in March 2015. A voucher specimen (G59) has been deposited
at the Bio-center, Gyeonggi Institute of Science & Technology
Promotion, Suwon, Republic of Korea.

Preparation of KPA
The dried roots of C. sinica (4.8 kg) were extracted two times with

70% EtOH (90 L×2) at room temperature. The 70% EtOH extracts
were evaporated in vacuum at 40 °C to yield 746 g of extract. The ex-
tract were suspended in H2O (4 L× 2) and solvent partitioned to n-
hexane (8.2 g), CH2Cl2 (14 g), EtOAc (12.8 g) and n-BuOH (34.2 g)
layers, respectively. The fraction of CH2Cl2-soluble layer (14 g) was
subjected to liquid column chromatography [glass column (5× 25 cm)
packed with silica gel (70-230 mesh)] using stepwise gradient mixtures
as eluents (CHCl3/MeOH=1:0 to 0:1). The fractions G59 5-1∼5-13
were obtained through this process. Compound 1 (312.7mg) was iso-
lated from G59-5-9 by using liquid column chromatography [(glass
column (3.0× 76 cm) packed with Sephadex LH-20 gel)] using iso-
cratic elution (CHCl3 : MeOH; 1:1).

2.2. Spectrometric analysis of KPA

KPA is yellow amorphous powder; [α]D22 216.79 (c 0.9, MeOH)]
1H-NMR (700MHz, acetone-d6) δ 7.35 (2H, d, J= 8.4 Hz, H-2a, 6a),
7.08 (2H, d, J= 9.1 Hz, H- 2d, 6d), 6.89 (2H, d, J= 9.1 Hz, H-3a, 5a),
6.78 (2H, d, J= 8.4 Hz, H-3d, 5d), 6.60 (2H, d, J= 8.4 Hz, H-3c, 5c),
6.52 (2H, d, J= 2.1 Hz, H-12b), 6.50 (2H, d, J= 8.4 Hz, H -3b, 5b),
6.42 (1H, d, J= 2.1 Hz, H-14c), 6.41 (2H, d, J= 9.1 Hz, H-2c, 6c), 6.21
(2H, d, J= 8.4 Hz, H-2b, 6b), 6.09 (1H, t, J= 2.1 Hz, H-12d), 6.04 (1H,
t, J= 2.1 Hz H-12a), 6.03 (2H, d, J= 2.1 Hz, H-10a, 14a), 6.01 (1H, d,
J= 2.1 Hz, H-12c), 5.97 (1H, d, J= 2.1 Hz, H-14b), 5.82 (2H, d,
J= 2.1 Hz, H-14d), 5.53 (1H, d, J= 2.1 Hz, H-14c), 5.16 (1H, d,
J= 10.5 Hz, H-7d), 5.05 (1H, d, J= 4.9 Hz, H-7c), 5.01 (1H, d,
J= 4.2 Hz, H-7b), 4.33 (1H, d, J= 2.1 Hz, H-8a), 3.50 (1H, d,
J= 3.5 Hz, H-8b), 3.30 (1H, dd, J= 5.6, 4.9 Hz, H-8c), 3.11 (1H, dd,
J= 10.5, 5.6 Hz, H-8d); 13C-NMR (175MHz, acetone-d6) δ 160.9 (C-
11b), 160.0 (C-11c), 159.8 (C-13b), 158.6 (C-11a, 13a), 157.7 (C-13c),
157.3 (C-11d, 13d), 157.0 (C-4a), 156.7 (C-4d), 156.4 (C-4b), 155.1 (C-
4c), 146.5 (C-9a), 134.7(C-9b), 138.4(C-9d), 135.3 (C-9c), 134.4 (C-
1a), 133.5 (C-1d), 132.6 (C-1b), 130.9 (C-1c), 127.7 (C-2d, 6d), 126.6
(C-2c, 6c), 126.2 (C-2b, 6b), 125.7 (C-2a, 6a), 123.4 (C-10c), 119.0 (C-
10b), 115.5 (C-3a, 5a), 114.9 (C-3d, 5d), 114.9 (3b, 5b), 114.3 (C-3c,
5c), 109.4 (C-14c), 108.3 (C-10d, 14d), 107.4 (C-14b), 105.7 (C-10a,
14a), 102.5 (C-12d), 101.1 (C-12a), 95.2 (C-12b), 94.8 (C-12c), 92.4 (C-
7b), 91.5 (C-7a), 84.2 (C-7d), 83.9 (C-7c), 61.2 (C-8d), 57.2 (C-8a), 51.4
(C-8c), 51.2 (C-8b); ESI-MS (negative) m/z 923 [M – H].

2.3. Cell culture conditions

J774 A.1 cells, derived from mouse monocyte-macrophages (TIB-
67) and human embryonic kidney cells (HEK 293 T) were obtained

American Type Culture Collection (ATCC, Manassas, VA, USA). All cell
lines were cultured in Dulbecco's modified Eagle's medium (DMEM;
ATCC) supplemented with 10% (v/v) heat-inactivated fetal bovine
serum (FBS; ATCC, Manassas, VA, USA) and 100 U/ml penicillin and
0.1 mg/ml streptomycin (Invitrogen, Carlsbad, CA, USA) in a humidi-
fied atmosphere of 5% CO2 at 37℃.

2.4. Cell viability assay

3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide
(MTT; Duchefa Biochemie, Haarlem, The Netherlands) assay was per-
formed to determine cell viability. J774 A.1 macrophage cells were
seeded in 96-well plates at a density of 1.25×105 cells/well and in-
cubated for 16 h. Cells were pre-treated with KPA (3.125-100 μM) iso-
lated from root of C. sinica for 1 h and then stimulated 1 μg/ml LPS
(Sigma Aldrich, St. Louis, MO, USA) for 24 h. After incubation, the
medium was removed and 100 μl MTT solution (Duchefa Biochemie,
Haarlem, The Netherlands) was added to each well and the cells were
more incubated for 2 h. After then the supernatant was removed and
dissolved in 100 μl dimethyl sulfoxide (DMSO; Duchefa Biochemie,
Haarlem, The Netherlands) in each well. Absorbance at a wavelength of
540 nm was measured using a SpectraMax 190PC microplate reader
(Molecular Devices, Sunnyvale, CA, USA). The experiment data were
expressed as the means ± standard deviation of triplicate assay.

2.5. Nitric oxide production assay

J774 A.1 macrophage cells were seeded in 96-well plates at a den-
sity of 1.25× 105 cells/well and were pre-treated with KPA (3.125-
100 μM) for 1 h and then stimulated 1 μg/ml LPS for 24 h. The culture
medium was analyzed for the amount of nitric oxide by the Griess re-
action. To analysis nitrite, 50 μl Griess reagent (Sigma Aldrich, St.
Louis, MO, USA) was mixed with the culture medium and incubated
10min at room temperature. To measure NO production, absorbance at
wavelength of 540 nm was measured using a SpectraMax 190PC mi-
croplate reader (Molecular Devices, Sunnyvale, CA, USA). A Standard
was used sodium nitrite.

2.6. Enzyme-linked immunosorbent assay (ELISA)

J774 A.1 macrophage cells were seeded in 6-well plates at a density
of 4× 106 cells/well and pre-treated with KPA (25–100 μM) for 1 h and
then stimulated 1 μg/ml LPS for 16 h. The levels of the pro-in-
flammatory cytokine IL-1β (cat. no. BMS6002) and IL-6 (cat. no.
BMS614/2) were measured by ELISA kits (Invitrogen, Thermo Fisher
Scientific, Inc.) in cell culture supernatants according to the manufac-
turer's recommended instructions.

2.7. Reverse transcription-polymerase chain reaction (RT-PCR)

J774 A.1 macrophage cells were seeded in 6-well plates at a density
of 4× 106 cells/well and pre-treated with KPA (25–100 μM) for 1 h and
then stimulated 1 μg/ml LPS for 24 h. Total RNA was extracted by
Trizol reagent (Invitrogen, Thermo Fisher Scientific, Inc.) according to
the manufacturer's recommended instructions. 4 μg of total RNA was
reverse transcribed to single stranded cDNA with random primers using
the Taq DNA polymerase and SuperScript®III First-Strand Synthesis
System (Invitrogen, Thermo Fisher Scientific, Inc.). The cDNA was
amplified using specific primers and AccuPower® Pfu PCR premix
(Bioneer Corporation, Daejeon, Republic of Korea) in MyGene™Series
Peltier Thermal Cycler Model MG96 G (LongGene Scientific
Instruments, Hangzhou, China). PCR cycling conditions were 5min at
95 °C followed by 25 cycles of 30 sec at 95 °C, 40 sec at between 50 and
60 °C, 1min at 72 °C and final extension for 10min at 72 °C. After
amplification, PCR products were electrophoresed on 1% agarose gel
containing ethidium bromide. The following primers (Bioneer
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Corporation, Daejeon, Republic of Korea) were used for PCR amplifi-
cation: IL-1β, 5’-CTTTGAAGAAGAGCCCATCC-3’ (sense) and 5’-TTTGT
CGTTGCTTGGTTCTC-3’ (antisense); IL-6, 5’-CACTTCACAAGTCGGAG
GCTT-3’ (sense) and 5’-GCAAGTGCATCATCGTTGTTC-3’ (antisense);
iNOS, 5’-GAGTTCGAGACTTCTGTGA-3’ (sense) and 5’-GGCGATCTGG
TAGTAGTAG-3’ (antisense); GAPDH, 5'-CAGGTAAACTCAGGAGAGTG-
3' (sense) and 5'-GTAGACTCCACGACATACT C-3' (antisense).

2.8. Western blot analysis

J774 A.1 macrophage cells were seeded in 6-well plates at a density
of 4×106 cells/well and pre-treated with KPA (25–100 μM) for 1 h and
then stimulated 1 μg/ml LPS for 30min and 24 h. After incubation, cells
were washed 2 times with cold PBS and harvested using RIPA buffer
(Sigma Aldrich) including protease inhibitor and phosphatase inhibitors
(Sigma Aldrich). Total protein was extracted from the cells. Total pro-
tein was separated on 8% to 12% Sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) under denaturing condition
and transferred to nitrocellulose (NC) membranes (Whatman, Dassel,
Germany). The membranes were blocked with 5% BSA dissolved in Tris
buffered saline (TBS) with 0.1% Tween-20 (TBST) for 1 h at room
temperature and incubated with primary antibodies at 1:1000 (v/v)
dilution in TBST against iNOS (cat. no. ab3523, 1:500 dilution; Abcam,
Cambridge, UK), p-IKK α /β (cat. no. 2697), IKKα (cat. no. 2682), NF-
κB p65 (cat. no. 8242), NF-κB p50 (cat. no. 12540), β-actin (cat. no.
5125, 1:1,000 dilution; Cell Signaling Technology, Danvers, MA, USA)
and Lamin B (cat. no. sc-6216, 1:1,000 dilution; Santa Cruz
Biotechnology, Dallas, TX, USA) using gentle shaking overnight at 4 °C.
And then, membranes were washed 4 times for 20min with TBST and
incubated with Horesradish peroxidase (HRP)-conjugated secondary
antibodies (cat. no. sc-2354, 1:5,000 dilution; Santa Cruz
Biotechnology, Dallas, TX, USA) using shaker for 1 h at room tem-
perature. Membranes were washed 3 times with TBST and detected by
SuperSignal® West Pico Chemiluminescent Substrate (Thermo
Scientific, Rockford, IL, USA).

2.9. NF-κB luciferase reporter assay

HEK 293 T cells were seeded in 24-well plates at a density of
1× 105 cells/well. After overnight, the recombinant vector obtained by
inserting the NF-κB gene into the pGL3-basic luciferase expression
vector contained a coding region for Firefly luciferase and the pRL-SV-
40 plasmid contained the cDNA encoding Renilla luciferase as a control
reporter was co-transfected in DMEM, serum free media using lipo-
fectamine (cat. no. 1857477, Invitrogen, Thermo Fisher Scientific, Inc.)
for 24 h. After KPA (25–100 μM) treatment for 24 h, the cells were
washed with PBS and lysed with 100 μl 1X Passive Lysis Buffer and NF-
κB luciferase reporter activity was measured by a Dual Luciferase Kit
(cat. no. E1910, Promega, Madison, WI, USA).

2.10. Cytosolic and nuclear proteins fraction

J774 A.1 macrophage cells were seeded in 6-well plates at a density
of 1×106 cells/well and pre-treated with KPA (25–100 μM) for 1 h and
then stimulated 1 μg/ml LPS for 30min. The cells were washed 2 times
with PBS and harvested. For isolation of cytosolic fractions, harvested
cells were centrifuged at 12,000 × g at 4 °C for 5min and incubated on
ice for 10min in Buffer A (10mM HEPES pH7.9, 10mM KCl, 0.1mM
EDTA, 0.5mM PMSF, 1mM DTT) with 10% NP-40. The supernatant,
cytosolic extract was collected by centrifugation at 12,000 × g for
2min at 4 °C. For isolation of nuclear fractions, the remaining cell
pellets were resuspended and incubated on ice for 10min in Buffer B
(20mM HEPES, 0.4 M NaCl, 1 mM EDTA, amM PMSF, amM DTT, 1%
Nonidet P-40). The pellets were hardly shaked for 10min and cen-
trifuged at 17,000 × g at 4 °C for 15min to collect the supernatant,
nuclear protein extract.

2.11. Statistical analysis

All experiments were performed in triplicate wells and triplicate
experiments. Statistical analysis was determined by one-way analysis of
variance (ANOVA) followed by Dunnett's test and Student’s t-test be-
tween control and treated groups. All data were expressed as the
means ± standard deviation (SD). Values of P < 0.05 were indicated
to be statistically significant (*P < 0.05).

Fig. 1. Effects of KPA on cytotoxicity and NO production in LPS-stimulated
J774 A.1 cells. Cells were treated with KPA (3.125-100 μM) for 1 h prior to LPS
(1 μg/ml) stimulation for 24 h. (A) The structure of kobophenol A. (B)
Cytotoxicity of KPA was determined by MTT assay. (C) The NO production was
analyzed by measuring the amount of nitric oxide using Griess reagent. 1400W
dihydrochloride was used as a positive control. Values represent the
mean ± SD of three independent experiments and statistical significant values
are indicated (*p< 0.05, compared with LPS-stimulated group).
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3. Results

3.1. Effects of KPA on cell viability and NO production in LPS-stimulated
J774 A.1 cells

The chemical structure of KPA isolated from the roots of C. sinica is
shown in Fig. 1A. To determine the effect of KPA on cell viability in
LPS-stimulated J774 A.1 cells by MTT assay, cells were treated with
different concentrations of KPA (3.125–100 μM) for 1 h prior to 1 μg/ml
LPS stimulation for 24 h. KPA did not change cell viability at all con-
centrations up to 100 μM KPA. Therefore, these results suggest that KPA
has no effect on the viability of J774 A.1 cells (Fig. 1B). We examined
the inhibitory effect of KPA on NO production in LPS-stimulated
J774 A.1 cells by using Griess reagent. Cells were treated with different
concentrations of KPA (3.125–100 μM) for 1 h prior to 1 μg/ml LPS
stimulation for 24 h. As shown in Fig. 1C, KPA dramatically inhibited
NO production in a dose-dependent manner in LPS-stimulated in-
flammatory response in J774 A.1 cells. In particular, 50 and 100 μM
KPA treatment reduced LPS-stimulated NO production by 65% and
78%, respectively. The results observed following treatment with 100
μM KPA were similar to those after treatment with 100 μM 1400W
dihydrochloride, an inhibitor of NO synthase [20]. Therefore, these
results indicate that KPA has an anti-inflammatory effect through the
suppression of NO production without cytotoxicity in LPS-stimulated
J774 A.1 cells.

3.2. Effect of KPA on the expression of iNOS in LPS-stimulated J774 A.1
cells

NO production in LPS-stimulated J774 A.1 cells is mediated by iNOS
[21]. We examined the effect of KPA on iNOS activity by RT-PCR and
western blotting at the gene and protein level. As shown in Fig. 2A, KPA
treatment (25-100 μM) significantly inhibited iNOS expression in a

dose-dependent manner at mRNA level in LPS-stimulated J774 A.1
cells. We also showed that iNOS protein production was significantly
inhibited by treatment with 25, 50, and 100 μM KPA (Fig. 2B). This
effect of KPA on the protein expression of iNOS was similar to that of its
inhibition of the mRNA expression of iNOS (Fig. 2A and B). This finding
suggests that KPA inhibits LPS-stimulated NO production by down-
regulating iNOS expression in J774 A.1 cells.

3.3. Effect of KPA on expression of pro-inflammatory cytokines in LPS-
stimulated J774 A.1 cells

Pro-inflammatory cytokines such as IL-1β and IL-6 are released
through LPS stimulation in macrophage cells [22,23]. To examine the
effect of KPA on pro-inflammatory cytokine expression, we investigated
the effect of KPA on IL-1β and IL-6 at the mRNA and protein levels in
LPS-stimulated J774 A.1 cells. As shown in Fig. 3A, treatment with
100 μM KPA inhibited the expression of IL-1β and IL-6 at the mRNA
level. Furthermore, we confirmed the effect of KPA on their protein
releases by using ELISA. The production of IL-1β and IL-6 significantly
reduced after treatment with KPA (25–100 μM) (Fig. 3B). These find-
ings also indicate that KPA has an anti-inflammatory effect by in-
hibiting pro-inflammatory cytokines expression.

3.4. Effect of KPA on NF-κB transcriptional activity in HEK 293 T cells

NF-κB is known to play a crucial role in regulating cell growth,
differentiation and the expression of inflammatory factors such as IL-
1β, IL-6 and iNOS [24,25]. To determine the pharmacological roles and
molecular mechanism of KPA on LPS-stimulated inflammatory re-
sponse, we performed a reporter assay of NF-κB transcriptional activity
after KPA treatment in HEK 293 T cells. We examined the reduction of
NF-κB activity using 293 T cells which are sensitive to lentivirus in-
fection [26]. Cells exposed to KPA treatment significantly decreased

Fig. 2. Effects of KPA on expression of iNOS in
LPS-stimulated J774 A.1 cells. Cells were
treated with KPA (25-100 μM) for 1 h prior to
LPS (1 μg/ml) stimulation for 24 h. (A) The
expression of iNOS at the mRNA was de-
termined by RT-PCR and the representation of
iNOS mRNA was analyzed by densitometry
protocol. (B) The expression of iNOS at the
protein levels was determined by western
blotting and the representation of iNOS protein
was analyzed by densitometry protocol. Values
represent the mean ± SD of three in-
dependent experiments and statistical sig-
nificant values are indicated (*p< 0.05, com-
pared with LPS-stimulated group).
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NF-κB transcriptional activity in a dose-dependent manner in HEK
293 T cells (Fig. 4).

3.5. Effect of KPA on nuclear localization of NF-κB in LPS-stimulated
J774 A.1 cells

We examined the effect of KPA on NF-κB phosphorylation and nu-
clear translocation in LPS-stimulated J774 A.1 cells. The IKK complex

Fig. 3. Effect of KPA on expression of pro-in-
flammatory cytokine in LPS-stimulated
J774 A.1 cells. Cells were treated with KPA
(25-100 μM) for 1 h prior to LPS (1 μg/ml) sti-
mulation for 16 h. (A) The expressions of IL-1β,
and IL-6 at mRNA level were determined by
RT-PCR. (B) IL-1β and IL-6 in culture super-
natants with 1 μg/ml LPS stimulation were
measured by ELISA. Values represent the
mean ± SD of three independent experiments
and statistical significant values are indicated
(*p< 0.05, compared with LPS-stimulated
group).

Fig. 4. Effect of KPA on NF-κB transcriptional activity. Effect of KPA on NF-κB
luciferase reporter assay in HEK 293 T cells. Cells were co-transfected with pRL-
SV-40 plasmid and NF-κB luciferase reporter plasmid for 24 h. And then, cells
were treated various concentration of KPA (25-100 μM). Luciferase activities
was measured by firefly and Renilla luciferase reporter. Values represent the
mean ± SD of three independent experiments and statistical significant values
are indicated (*p<0.05, compared with LPS-stimulated group).

Fig. 5. Effect of KPA on NF-κB translocation. (A) Effect of KPA on IKK activa-
tion in LPS-stimulated J774 A.1 cells. Cells were treated with KPA (25-100 μM)
for 1 h prior to LPS (1 μg/ml) stimulation for 30min. (B) Effect of KPA on nu-
clear translocation of NF-κB p65 and p50 in LPS-induced J774 A.1 cells. Cells
were treated with KPA (25-100 μM) for 1 h prior to LPS (1 μg/ml) stimulation
for 30min. The data are representative of western blotting and the results were
performed 3 independent experiments.
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(consisting of IKKα and IKKβ) is known to be related to IκB phos-
phorylation and signal transduction to NF-κB [27]. As shown in Fig. 5A,
LPS stimulation for 30min dramatically induced the phosphorylation of
IKKα/β in the cytosolic compartments. However, KPA treatment dose-
dependently inhibited LPS-stimulated phosphorylation of IKKα/β in
J774 A.1 cells. We investigated whether KPA regulates the translocation
of NF-κB into the nucleus in LPS-stimulated J774 A.1 cells. LPS stimu-
lation for 30min induced the nuclear localization of NF-κB in the nu-
clear compartments, and KPA treatment inhibited LPS-induced nuclear
localization of NF-κB p65 and p50 in a dose-dependent manner
(Fig. 5B). These results demonstrate that KPA can modulate the LPS-
stimulated inflammatory response by suppressing the NF-κB signaling
pathway in J774 A.1 cells.

4. Discussion

In inflammation processes, macrophages and monocytes play a
crucial role in maintaining homeostasis and the host defense system.
The expression of pro-inflammatory mediators and cytokines is directly
related to the inordinate inflammation response and pathogenesis of
chronic diseases [28]. Nonsteroidal anti-inflammatory drugs (NSAIDs)
are the generally used anti-inflammatory drugs; however, they have
been known to induce side effects and lead to various other diseases
[29]. Recently, there has been an increased interest in the development
of new medicines from natural products with few side effects.

Inflammatory responses are regulated by pro-inflammatory med-
iator, NO, which is a useful target for inhibition of inflammatory
symptoms. NO production in macrophages is primary regulated by
iNOS in the inflammatory response [30,31]. In our previous study, we
observed that the ethanol extract of C. sinica inhibits NO production in
LPS-stimulated J774 A.1 cells (data not shown). Therefore, in the pre-
sent study, we isolated KPA from the ethanol extract of C. sinica and
examined its effect on inflammatory response by using J774 A.1 mac-
rophages. We showed that KPA treatment inhibits NO production and
iNOS expression without cytotoxicity (Fig. 1 and 2). To evaluate NO
response, we used 1400W dihydrochloride, which is a positive control
for the inhibition of NO synthase, and its inhibitory effect was very
similar to the effect of KPA treatment (100 μM). These results provide
evidence that KPA suppresses LPS-stimulated NO production via down-
regulating iNOS expression in macrophages.

We also showed that KPA inhibits the release of pro-inflammatory
cytokines such as IL-1β and IL-6 in LPS-stimulated J774 A.1 cells
(Fig. 3). Previous studies reported that LPS-stimulated macrophages
and monocytes were able to activate and generate IL-1β and IL-6 [32].
These pro-inflammatory cytokines have critical roles in regulating in-
flammation response via activation of NF-κB and MAPKs [33,34].

NF-κB is a major transcription factor in intercellular signaling
pathways, regulates inflammatory gene expression, and is induced by
LPS stimulation. NF-κB is composed of the subunits p65 and p50, which
are bound to IκB in the cytoplasm in the un-stimulated condition. In
condition of LPS stimulation, IκB is phosphorylated by IKK [27,35]. In
this study, we observed that KPA suppresses NF-κB transcriptional ac-
tivity in HEK 293 T cells (Fig. 4). Moreover, KPA inhibited the phos-
phorylation of IκB kinase α/β (IKKα/β) and NF-κB translocation from
the cytoplasm into the nucleus (Fig. 5). These findings indicate that
KPA suppressed pro-inflammatory mediators by blocking the nuclear
translocation of NF-κB in LPS-stimulated J774 A.1 cells.

NF-κB can be activated by the LPS-stimulated activation of the
MAPKs signaling pathway [36,37] and MAPKs are important regulators
in the innate and adaptive immune response [38]. In addition, in-
flammation related studies have been reported through animal experi-
ments [39–41]. Therefore, further research should investigate the in-
hibitory effect of KPA on MAPKs related to other molecular mechanisms
in animal experiments and LPS-stimulated response.

5. Conclusion

Taken together, these findings demonstrated that KPA isolated from
the roots of C. sinica shows anti-inflammatory activity by inhibiting the
expression of inflammatory mediators through the down-regulation the
of NF-κB signaling pathway in LPS-stimulated J774 A.1 cells. This is the
first report to show that KPA might have potential as a therapeutic
agent for the regulation of inflammatory responses.
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