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Abstract
Cynanchum wilfordii has been traditionally used in eastern Asia for the treatment of various diseases such as gastrointestinal

diseases and arteriosclerosis. Cynandione A (CA), an acetophenone, is one of major constituents from roots of C. wilfordii. In the

present study, the anti-inflammatory activities of CA were investigated in lipopolysaccharide (LPS)-treated RAW264.7 macro-

phages and LPS-administered C57BL/6 N mice. CA significantly decreased LPS-induced production of nitric oxide and prosta-

glandin E2 in a dose-dependent manner, while CA up to 200 mM did not exhibit cytotoxic activity. Our data also showed that CA

significantly attenuated expression of iNOS and COX-2 in LPS-stimulated macrophages. CA inhibited phosphorylation of IkB-a

and MAP kinases such as ERK and p38. Furthermore, we demonstrated that CA inhibited translocation of NF-kB to the nucleus,

transcription of the NF-kB minimal promoter and NF-kB DNA binding activity. Administration of CA significantly decreased the

plasma levels of pro-inflammatory cytokines such as TNF-a, IL-6, and IL-1b in LPS-injected mice and improved survival of septic

mice with lethal endotoxemia. These results demonstrate that CA has effective inhibitory effects on production of inflammatory

mediators via suppressing activation of NF-kB and MAPK signaling pathways, suggesting that CA may be used as a potential anti-

inflammatory agent for the prevention and treatment of inflammatory diseases.
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Introduction

Inflammation is a protective response of the host against
injuries, irritation, and viral and bacterial pathogens.
However, chronic inflammation is an undesirable phenom-
enon that can lead to development of various diseases such
as cancer, cardiovascular, and autoimmune diseases.1,2

Macrophages play major roles in the response to physical,
chemical stimuli, or invading pathogens and release many
pro-inflammatory mediators, including nitric oxide (NO),
prostaglandin E2 (PGE2), and cytokines such as TNF-a,
IL-1b, and IL-6.3 The progressive production of these inflam-
matory mediators may cause clinical syndrome of sepsis and
septic shock, and life-threatening disorders triggered by sys-
temic infection.4 Thus, effective inhibitors for inflammation
and sepsis are expected to possess a therapeutic potential.

LPS, a major outer membrane component of Gram-
negative bacteria, is the main contributing factor to the

development of inflammation, which activates inflammatory
and immune cells. TLR4 is thought to be the principal LPS
receptor in inflammatory response to LPS.5 Binding of LPS to
TLR4 activates several signaling cascade including the mito-
gen activated protein kinases (MAPKs) such as ERK, p38,
and JNK kinases and NF-kB.6,7 NF-kB is sequestered by
IkB in the cytoplasm under the normal states. NF-kB activa-
tion by external stimuli such as LPS requires a sequential
cascade of reactions such as IkB kinase (IKK-a/b)-dependent
phosphorylation, ubiquitination, and degradation of IkB.8

The liberated NF-kB translocate into nucleus, where it
activates transcription of pro-inflammatory genes.9

A variety of herbs and plants have been traditionally
used in oriental folk medicine for the treatment of various
diseases. Cynanchum wilfordii is widely distributed in far
eastern Asia and has been used in oriental medicines for
the prevention and treatment of various diseases such as
gastrointestinal diseases and arteriosclerosis.10,11 CA, an
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acetophenone from C. wilfordii, has been reported to have
protective activities of rat hepatocytes and cortical neurons
from toxicity by various agents.12,13 However, the molecular
mechanisms that underlie the anti-inflammatory effects of
CA have not been reported. In the present study, we have
demonstrated that CA inhibits production of NO and PGE2

in LPS-induced RAW264.7 cells. Our results showed that
CA suppresses expression of iNOS and COX-2 via inhib-
ition of NF-kB and MAPK signaling pathways. These effects
appear to be due to inhibition of MAPKs activation and
subsequently down-regulating NF-kB. Moreover, we
demonstrated its anti-inflammatory activity in vivo using
LPS-administered mouse models.

Materials and methods
Materials and cell culture

Antibodies for iNOS, COX-2, and b-actin were obtained
from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Specific antibodies against phospho-ERK, ERK, phospho-
p38, p38, phospho-IkB-a, IkB-a, p65, and proliferating cell
nuclear antigen (PCNA) were obtained from Cell Signaling
Technology (Beverly, MA, USA). Other chemicals were pur-
chased from Sigma Aldrich co. (St. Louis, MO, USA). CA
was isolated from the roots of C. wilfordii as previously
reported14. RAW264.7 cells (ATCC) were cultured at 37�C
in Dulbecco’s modified Eagle’s medium (DMEM,
WelGENE Inc., Korea) containing 10% fetal bovine serum
(FBS, WelGENE Inc., Korea), 2 mM glutamate, 100 unit/mL
of penicillin, and 100mg/mL of streptomycin in a humidi-
fied incubator with 5% CO2. Cells were incubated with
1mg/mL LPS (Sigma Aldrich Co.), along with various con-
centrations of CA for 2 h to 24 h as indicated.

Measurement of NO production and cell viability assay

RAW264.7 cells (1�104 cells/well) were grown in
serum-free medium for 18 h and then incubated with LPS
(1 mg/mL) in the presence of various concentrations of CA
for 24 h. Nitric oxide (NO) was determined by measuring
the amount of nitrite, a stable oxidized product of NO, in
cell culture supernatant using Griess reagent (Sigma
Aldrich Co.) as previously described.15 The amount
of NO was determined by measuring the absorbance
at 550 nm. The cell viability was determined by the 3-[4,5-
dimetnythiazol-2-yl]-2,5-diphenyl-thetazolium bromide
(MTT)-based colorimetric assay as previously described.15

Reverse transcriptase-polymerase chain reaction
analysis

The total cellular RNA was isolated from RAW264.7 cells
using a Trizol reagent kit (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions. Total RNA
(4 mg) was reverse-transcribed using M-MuLV reverse tran-
scriptase (Fermentas Life Science, Pittsburgh, PA, USA).
The following primers (Bioneer, Daejeon, Korea) were
used for PCR amplification: iNOS, forward 50-TCT TCG
AAA TCC CAC CTG AC-30 and revers 50-CCA TGA TGG
TCA CAT TCT GC-30. COX-2, forward 50-TCT CCA ACC
TCT CCT ACT AC-30 and reverse 50-GCA CGT AGT CTT

CGA TCA CT-30. b-actin mRNA levels were used as internal
controls.

Quantitative real-time polymerase chain reaction

RAW264.7 cells (5� 105 cells/well in six-well plates) were
treated with LPS in presence or absence of CA for indi-
cated concentrations for 18 h. To evaluate the expression
levels of iNOS, COX-2, IL-1b, IL-6, and TNF-a mRNA,
total cellular RNA was extracted with a Trizol reagent
kit (Invitrogen) according to the manufacturer’s instruc-
tions. Real-time PCR was performed by using the ABI
7500 FAST real-time PCR instrument (Applied
Biosystems, Foster City, CA, USA) and a reaction mixture
that consisted of SYBR Green PCR Master Mix, cDNA
template, and forward and reverse primers. The primer
sequences for real-time PCR were as follows: iNOS, for-
ward 50-GGC AGC CTG TGA GAC CTT TG-30 and
reverse 50-GCA TTG GAA GTG AAG CGT TTC-30.
COX-2, forward 50- TGA GTA CCG CAA ACG CTT
CTC-30 and reverse 50-TGG ACG AGG TTT TTC CAC
CAG-30. IL-1b, forward 50- CGC AGC AGC ACA TCA
ACA AGA GC-30 and reverse 50-TGT CCT CAT CCT
GGA AGG TCC ACG-30. IL-6, forward 50-TCC AGT
TGC CTT CTT GGG AC-30 and reverse 50-GTG TAA
TTA AGC CTC CGA CTT G-30. TNF-a, forward 50- TTC
TGT CTA CTG AAC TTC GGG GTG ATC GGT CC-30 and
reverse 50-GTA TGA GAT AGC AAA TCG GCT GAC
GGT GTG GG-30. b-actin, forward 50-AGA GGG AAA
TCG TGC GTG AC-30 and reverse 50-CAA TAG TGA
TGA CCT GGC CGT-30. A negative control without
cDNA template was performed to assess the overall spe-
cificity. The PCR cycle was follows: 95�C for 10 min for
one cycle and 95�C for 15 s and 60�C for 1 min for 40
cycles to allow for extension and amplification of the
target sequence. The fold increase or increase was deter-
mined relative to a blank control after normalized to a
housekeeping b-actin gene using 2 -��CT method.16

Western blot analysis

RAW264.7 cells were stimulated with LPS in presence or
absence of CA for indicated times. The cells were harvested
and lysed in RIPA buffer containing proteinase inhibitors.
Protein concentration was determined by using a protein
assay kit (Bio-Rad Laboratories, Hercules, CA, USA).
Proteins (40mg/lane) were resolved with SDS-polyacryla-
mide gel electrophoresis, and Western blot analysis was
performed as described previously.15 The membranes
were developed with an enhanced chemiluminescence
system from Amersham and exposed for 30 s to X-ray
film (FUJI Photo Film Co., Ltd., Japan).

Enzyme linked immunosorbent assay

Levels of prostaglandin E2 were measured by using enzyme
linked immunosorbent assay (ELISA) kits (Invitrogen).
RAW264.7 cells were grown in 48-well plates, treated with
various concentrations of CA for 24 h, and stimulated with
1mg/mL of LPS for 18 h. Supernatants of the cultures were
collected, and PGE2 levels were determined. Levels of
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pro-inflammatory cytokines such as TNF-a, IL-1b, and IL-6
were measured in mouse plasma using ELISA kits (Bender
MedSystems, Inc., San Diego, CA, USA) according to the
manufacturer’s instructions.

Transient transfection and luciferase reporter assay

Transient transfection was performed by the lipofectamine
method according to the manufacturer’s instructions
(Gibco-BRL, Carlsbad, CA, USA). NF-kB promoter
sequence was fused with luciferase gene in pGL3-basic
(Promega, San Luis Obispo, CA, USA), which was desig-
nated as pNF-kB/Luc. RAW264.7 cells were transfected
with pGL3-basic or with pNF-kB/Luc. The transfected
cells were co-treated with LPS (1 mg/mL) and various con-
centrations of CA for 12 h, harvested and lysed in Report
lysis buffer (Promega). Luciferase activities were measured
by using a luciferase assay kit (Promega) and a
luminometer.

Electrophoretic mobility shift assay

RAW264.7 cells were treated with LPS (1 mg/mL) in the
presence or absence of CA for 2 h. Nuclear extracts from
RAW264.7 cells were prepared as previously described.15

Double-stranded NF-kB oligonucleotide (50-AGT TGA
GGG GAC TTT CCC AGG C-30) and a non-specific deox-
yoligomer (50-CGT GGG AAA ATC CAG T-30) were used as
a probe and competitors. Oligomer probe was end-labeled
by kination using [g-32P]-dATP (Bio-Rad Laobratories,
Hercules, CA) and T4 polynucleotide kinase. Nuclear
extracts (5 mg) were mixed with [g-32P]-labelled probe and
incubated at room temperature for 30 min. The reaction
products were separated on 6% polyacrylamide gel. The
gel was dried and subjected to autoradiography.

Animal experiments

Animal experiments were approved by the Institutional
Animal Care and Use Committee (IACUC), Kyung Hee
University (KHUASP(SU) 11-012). Male C57BL/6 N mice
(7–10 weeks) were housed in an environmentally controlled
room with a 12 h light/dark cycle and allowed free access to
food and water. Mice were divided into four groups, and
treated with control (only PBS), LPS (4 mg/kg), or LPS trea-
ted with CA (1, 10 mg/kg). Mice were intraperitoneally (IP)
injected with CA or PBS twice at 24 h intervals. After 12 h of
the second injection, LPS or PBS was IP injected. Twelve
hours later, a whole blood sample was collected by cardiac
puncture and plasma was prepared by centrifugation at
12,000�g for 20 min at 4�C. For evaluation of CA in the
LPS model of endotoxemia, 8-week-old C57BL/6 N mice
were used. CA was intraperitoneally injected at a dose of
10 mg/kg for 24 h before LPS challenge, which was injected
intraperitoneally at a dose of 30 mg/kg. The death of ani-
mals was monitored by vigorous physical examination. The
survival rate was studied in n¼ 14 in each group, and rec-
orded for over the next 14 days.

Statistical analysis

Unless otherwise stated, all experiments were performed
with triplicate samples and repeated at least three times.
The data are presented as means� S.D. and statistical com-
parisons between groups were performed using one-way
ANOVA followed by Student’s t-test. Survival curves
were calculated with Kaplan–Meier survival analysis
using MedCal software (Broekstraat, Mariakerke, Belgium).

Figure 1 Effects of CA on nitric oxide and PGE2 production in murine macro-

phages. (a) Viability in CA-treated cells was evaluated using the MTT assay. Cells

were incubated with 5 to 200mM of CA for 24 h. The results are presented in

percentage of control samples. Each value represents the mean�S.D. and is

representative of results obtained from three independent experiments. *P<0.05

and **P<0.001 compared to medium alone. (b) RAW264.7 cells were co-treated

with indicated concentrations of CA and LPS (1mg/mL) for 24 h. The culture

supernatants were subsequently isolated and analyzed for nitrite levels. The

values for nitrite are mean�S.D. from three independent experiments. *P<0.05

compared to treatment with LPS alone. (c) RAW264.7 cells were treated with

various concentrations of CA for 24 h, and stimulated with 1 mg/mL of LPS for

18 h. PGE2 concentration was measured using a commercial PGE2 ELISA kit.

Data shown are the mean�S.D. (n¼3). *P<0.05 compared to treatment with

LPS alone
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Results
Cynandione A inhibits LPS-induced NO and PGE2

production in RAW264.7 cells

First, we examined the effects of CA on the cell viability by
MTT assay. Cell viability was over 90% up to the concentra-
tion of 200 mM of CA during 24 h treatment (Figure 1a),
thereby indicating that CA is not cytotoxic at the concentra-
tions used in the present study. We next evaluated the
effects of CA on production of NO and PGE2 in LPS-stimu-
lated RAW264.7 cells. RAW264.7 cells released detectable
basal levels of nitrite, a stable metabolite product of NO
(5.21mM/104 cells,� 0.18) and PGE2 (47.25 pg/mL/104

cells,� 1.42). Upon stimulation by LPS, the levels of NO
and PGE2 increased markedly, by up to about five-fold
and six-fold for 24 h, respectively. CA profoundly inhibited
the LPS-induced production of NO and PGE2 in a dose-
dependent manner with IC50 values of 18.5 mM and
8.9mM, respectively (Figure 1(b) and (c)).

In order to determine whether CA inhibits production of
NO and PGE2 at gene expression level, we examined mRNA
expression of iNOS and COX-2 in RAW264.7 cells treated
with LPS, in the presence of CA. Reverse transcriptase-
polymerase chain reaction (RT-PCR) analyses indicated

that the CA resulted in a concentration-dependent reduction
in iNOS and COX-2 mRNA levels in LPS-stimulated cells,
without affecting the mRNA expression of b-actin
(Figure 2a). Real-time qPCR analysis also demonstrated
that iNOS and COX-2 mRNA levels increased markedly in
response to stimulation with LPS, compared to that of basal
level (media alone), which were significantly inhibited by
CA in a dose-dependent manner (Figure 2(b) and (c)).
Western blot analysis showed that the amounts of the
iNOS and COX-2 proteins were significantly increased in
RAW264.7 cells by stimulation with LPS, and these increases
were suppressed in a dose-dependent manner by treatment
of cells with CA (Figure 2d). These results indicate that the
inhibitory effect of CA on LPS-induced NO and PGE2 pro-
duction may be due to the suppression of iNOS and COX-2
gene expression at the transcriptional level.

CA inhibited LPS-induced expression of
pro-inflammatory cytokines in RAW264.7 macrophages

To evaluate the effects of CA on expression of pro-inflam-
matory cytokines in RAW264.7 macrophages, we measured
the mRNA levels of IL-1b, IL-6, and TNF-a in RAW264.7
cells treated with LPS in the presence or absence of CA.

Figure 2 Effects of CA on mRNA and protein expression levels of iNOS and COX-2 in murine macrophages. (a) For the RT-PCR of iNOS and COX-2 gene expression,

total RNA was prepared for RT-PCR from RAW264.7 cells treated with LPS (1 mg/mL) with different concentrations (5, 10, 20, 40mM) of CA for 24 h. iNOS-specific

sequences and COX-2-specific sequences were detected by agarose gel electrophoresis, as described in the Materials and methods section. PCR of b-actin was

performed to verify that the initial cDNA contents of samples were similar. (b and c) mRNA expression levels of iNOS and COX-2 were determined by real-time PCR

analysis. The expression level of b-actin mRNA served as the internal control for the normalization iNOS and COX-2 mRNA expression. Data shown are the average of

three independent experiments and are shown as the mean values�S.D. *P<0.01 versus medium alone. **P< 0.05 versus LPS-induced cell culture medium. (d) For

the Western blotting of iNOS and COX-2 protein, lysates were prepared from control cells, from cells stimulated for 24 h with 1 mg/mL LPS, or from cells treated with LPS

plus CA. Total cellular proteins (40 mg) were resolved by SDS-PAGE, transferred to nitrocellulose membranes, and detected with specific antibodies, as described in the

Materials and methods section
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RT-PCR analysis demonstrated that the LPS-induced
mRNA levels of IL-1b, IL-6, and TNF-a were suppressed
markedly by treatment of macrophages with CA in dose-
dependent manner (Figure 3a). These data were further
confirmed by real-time qPCR, showing that the significant
and dose-dependent decrease of IL-1b, IL-6, and TNF-a
mRNAs upon treatment of cells with CA (Figure 3(b) to (d)).

Cynandione A inhibits LPS-induced activation
of MAPKs in RAW264.7 cells

To elucidate molecular basis of inhibitory effects by CA on
expression of the genes involved in inflammation, we
examined the levels of LPS-induced phosphorylation of
MAP kinases in RAW264.7 cells treated with CA. The
results showed that CA significantly inhibited LPS-induced
phophorylation of ERK1/2 and p38 MAPKs in a dose-
dependent manner (Figure 4a), while it barely affected
phosphorylation of JNK (data not shown). These results
suggest that ERK1/2 and p38 kinase pathways may contrib-
ute to the inhibitory effects of CA on the production of NO
and PGE2 in LPS-stimulated RAW264.7 cells.

In order to further elucidate mechanisms of action by
CA, we investigated the effects of CA on NF-kB activation
by LPS. We measured the protein levels and phosphoryl-
ation of IkB-a protein, an inhibitor protein which is asso-
ciated with NF-kB in the cytoplasm. The results showed

that upon LPS treatment, IkB-a protein was diminished
from the cytosolic fractions, whereas phosphorylated
IkB-a was markedly increased. LPS-induced phosphoryl-
ation and degradation of IkB-a were significantly inhibited
by CA (Figure 4b), indicating that CA inhibits phosphoryl-
ation and degradation of IkB-a. We next measured trans-
location of NF-kB p65 subunit levels following treatment
with LPS in the presence of CA. Basal levels of p65, an
NF-kB subunit, were detected in nuclei of unstimulated
cells, but treatment of cells with LPS for 2 h induced the
nuclear translocation of p65 dramatically. The amount of
p65 in the nucleus was reduced in the cells treated with
CA dose-dependently, compared with those of cells treated
with LPS alone (Figure 4c). Our results suggest that CA may
inhibit the expression of iNOS and COX-2 via inhibition of
phosphorylation and degradation of IkB-a, thereby inhibit-
ing nuclear translocation of NF-kB and the expression of
NF-kB regulated genes.

Cynandione A reduces LPS-induced activation of NF-iB

We next investigated the effects of CA on the LPS-induced
transcriptional activation of NF-kB/Luc reporter gene. CA
dose-dependently inhibited the LPS-induced expression of
the NF-kB/Luc reporter gene construct in LPS-stimulated
macrophages, indicating that CA down-regulates the
expression of NF-kB-regulated genes at the transcriptional

Figure 3 Effect of CA on expression of LPS-induced pro-inflammatory cytokines in RAW264.7 cells. (a) The mRNA levels of IL-1b, IL-6, and TNF-a were determined

by using RT-PCR. (b, c, and d) Cells were pretreated with CA at the indicated concentration for 2 h, and then exposed to CA with LPS (1mg/mL) or LPS alone for 18 h.

The mRNA expression levels of IL-1b, IL-6, and TNF-a were determined by real-time qPCR analysis. The expression level of b-actin mRNA served as the internal control

for the normalization of IL-1b, IL-6, and TNF-a mRNAs using 2 -��CT method. Data shown are the average of three independent experiments and are shown as the

mean values�S.D. *P<0.01 versus medium alone. **P<0.05 versus LPS-induced cell culture medium
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levels (Figure 5a). We further examined the effects of CA on
the DNA binding activity of NF-kB to its consensus
sequence by electrophoretic mobility shift assay (EMSA).
Our data demonstrated that nuclear extract from LPS-
stimulated cells formed strong NF-kB-DNA complex band
and that DNA binding activities of NF-kB in nuclear
extracts obtained from LPS-stimulated cells in the pres-
ence of CA were reduced in a dose-dependent manner
(Figure 5b). These results indicate that CA down-regulates
the NF-kB target genes due to reduced binding of NF-kB to
the binding sites of the target gene promoters.

Cynandione A inhibits production of pro-inflammatory
cytokines and mediators in vivo

In order to demonstrate anti-inflammatory activity of CA
in vivo, we examined the effects of CA on expression of
iNOS and COX-2 in spleen as well as production of

inflammatory cytokines in mice administered with LPS.
First, we performed Western blotting to determine whether
administration of CA inhibits expressions of iNOS and
COX-2 in spleen. LPS (4 mg/kg) markedly increased the
protein levels of iNOS and COX-2 in spleen, and CA sig-
nificantly inhibited the LPS-induced iNOS and COX-2 pro-
tein levels (Figure 6b). We next examined the effect of CA on
in vivo pro-inflammatory cytokine production in LPS-trea-
ted mice. LPS-administered mice exhibited high levels
of serum TNF-a, IL-1b and IL-6, which were about 4.3 -,
5.4- and 6.7-fold, respectively, compared to saline control.
Pretreatment of the animals with CA at 10 mg/kg signifi-
cantly reduced the LPS-induced cytokine release by 89.1%,
55.3% and 74.3%, respectively (Figure 6c). These results
suggest that CA inhibits the production of inflammatory
mediators in septic animal models.

Figure 4 Inhibitory effects of CA on LPS-induced phosphorylation of MAPKs,

IkB-a and nuclear translocation of NF-kB in RAW264.7 cells. (a) RAW264.7 cells

were starved for 6 h and then co-treated LPS (1mg/mL) indicated doses of CA for

45 min. Whole-cell lysates were analyzed by Western blot analysis using specific

phospho-ERK1/2, p38 antibodies. (b) RAW264.7 cells were co-treated with

different concentrations (5, 10, 20, 40 mM) of CA and LPS (1 mg/mL) for 3 h. The

expression levels of phospho-IkB-a and IkB-a were determined by Western blot

analysis. (C) RAW264.7 cells were starved for 6 h and then co-treated LPS

(1mg/mL) indicated doses of CA for 2 h. Nuclear protein extracts were prepared

as described in the Materials and methods section. The translocation levels of

NF-kB p65 subunit were determined by Western blot analysis

Figure 5 Inhibitory effect of CA on LPS-induced activation of luciferase

reporter genes and NF-kB DNA binding in RAW264.7 cells. (a) RAW264.7 cells

were transiently transfected with an NF-kB dependent reporter gene, grown

for 24 h, and treated for 12 h with the indicated concentrations of CA along with

1mg/mL LPS. Data shown are the mean values�S.D. (n¼3). *P<0.05 compared

to treatment with LPS alone. (b) Nuclear extracts were prepared from controls or

co-treated with the indicated doses of CA and LPS (1 mg/mL) of 2 h and analyzed

for NF-kB binding by EMSA. The arrow indicates the position of the NF-kB band.

The specificity of binding was examined by competition with the 10 - and 50-fold

unlabeled NF-kB oligonucleotide. F.P: free probe; comp.: cold probe competi-

tors; Ab: antibodies; p50: NF-kB p50 subunit antibody; p65: NF-kB p65 subunit

antibody
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LPS administration resulted in the increase in weights
and sizes of lymph nodes and spleen due to proliferation
of various immune cells in these organs. Our results
showed that treatment with CA reduced the size of lymph
node and spleens compared to those of the control
(Figure 7a). To test the protective effect of CA from LPS-
induced septic shock in mice, we monitored its effect on
the mortality in mice with lethal endotoxemia. We found
that the LPS-injected mice without a CA treatment were all
dead in the first 78 h after LPS injection, while those admin-
istered with CA (10 mg/kg) had a 74% survival rate com-
pared with only LPS-injected group for 14 days (Figure 7b).
These results suggest that CA has a protective effect related
to septic shock in mice.

Discussion

In the present study, we demonstrated that CA isolated
from the roots of C. wilfordii has effective anti-inflammatory
activities by inhibiting the production of pro-inflammatory
mediators in LPS-stimulated macrophages and in LPS-
administered septic animals. We showed that it suppressed
expression of iNOS and COX-2 at mRNA as well as protein
levels. CA inhibited NF-kB activation and LPS-induced
nuclear translocation of NF-kB through the inhibition of
LPS-induced phosphorylation and degradation of IkBa.
CA had inhibitory effects on LPS-induced activation
of MAP kinases ERK1/2, and p38, which may account for
its anti-inflammatory activity by suppressing NF-kB
activation.

LPS is one of the pro-inflammatory factors in bacterial
infection, leading to inflammatory reaction in vivo.
Macrophages play a key role in the specific or nonspecific
immune responses during inflammation processes. The
addition of bacterial LPS to RAW264.7 cells or to animals
greatly increases the production of inflammatory mediators
such as NO, TNF-a, IL-1b, and IL-6.9 NO has been shown to
perform a pivotal function as a neurotransmitter, vasodila-
tor, and immune regulator in a variety of tissues at physio-
logical concentrations.17 High levels of NO generated by
iNOS, however, has been defined as cytotoxic in studies
of inflammation and endotoxemia.18 Excessive production
of theses mediators such as NO, TNF-a, IL-6, and IL-1b may
play a critical role in septic hypotension and other chronic
inflammatory diseases such as atherosclerosis and neuro-
degenerative disorders.19,20 In this study, high levels of
TNF-a, IL-6, and IL-1b in RAW264.7 supernatant suggest
that macrophages have been activated by LPS via TLR
receptors and released numerous pro-inflammatory cyto-
kines. It has been reported that TNF-a plays an important
role in regulating inflammation, mostly through the induc-
tion of other inflammatory cytokines such as IL-1b and
IL-6.21 Our results showed that CA dose-dependently
reduced expression of inflammatory mediators such as
iNOS, COX-2, and pro-inflammatory cytokines TNF-a,
IL-6, and IL-1b, suggesting that CA may have an anti-
inflammatory effect through inhibiting the expression of
inflammatory mediators in macrophages. In septic animal
models, the increased levels of TNF-a, IL-1b, and IL-6 by
LPS were significantly inhibited by co-injection with CA.

Figure 6 Effect of CA on expression of iNOS, COX-2, and pro-inflammatory cytokine in vivo. (a) Time line for injections. Mice were IP injected twice with CA or PBS

with a 24 h interval. At 12 h following the second injection, LPS or PBS was IP injected. After 12 h, spleen and blood were collected. (b) For the Western blotting of iNOS

and COX-2 protein levels, mouse spleen was grinded on the cell strainer. Total spleen proteins were resolved by SDS-PAGE, transferred to nitrocellulose membranes,

and detected with specific iNOS and COX-2 antibodies, as described in the Materials and methods section. (c) The plasma levels of TNF-a, IL-1b, and IL-6 were

measured using ELISA kits. Data are mean�S.D. from the data of five animals per group. *P< 0.05 compared to treatment with LPS alone
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Our results also demonstrated that CA improved survival
of animal models with lethal endotoxemia, suggesting that
CA has very effective anti-inflammatory activity in vitro as
well as in vivo, and could relieve LPS-induced systemic
inflammation.

LPS induces iNOS, COX-2, and pro-inflammatory cyto-
kines such as TNF-a, IL-1b, and IL-6 by activating mitogen-
activated proteins kinases (MAPKs) superfamily, and the
transcription factors NF-kB.5,22 NF-kB plays essential roles
in inflammatory responses to external stimuli including
bacterial infection. The genes for inflammatory mediators
contain different combinations of transcription factor bind-
ing elements including NF-kB, which are known to be acti-
vated by LPS.23,24 To further characterize the nature of the
inhibitory effect of CA on production of inflammatory
mediators, MAPKs and NF-kB were examined. Our data
indicated that CA inhibited phosphorylation of ERK1/2
and p38 MAPKs in a dose-dependent manner (Figure 4)
but not JNK MAPK (data not shown). Previous studies
report that NF-kB activation is regulated by several cellular
signaling pathways including ERK1/2 and p38 MAPKs.25

Our study showed that CA dose-dependently inhibited
nuclear translocation of NF-kB and the LPS-induced
expression of the NF-kB/Luc reporter gene in

macrophages, indicating that CA down-regulates the
expression of NF-kB-regulated genes at the transcriptional
levels. Thus, the anti-inflammatory activity of CA appears
to be mediated via inhibition of NF-kB activity, although we
cannot exclude a possibility that the compound might sup-
press activation of other transcription factors activated by
other signaling pathways such as JAK/STAT. Our results
showed that CA inhibited expression of the inflammatory
mediators via blocking phophorlyation of IkB-a and sup-
pressing p38 and ERK MAP kinases activation in LPS-
stimulated RAW264.7 cells. These results suggest that CA
function as an inhibitor of upstream mediators including
IkB kinase (IKK-a/b) in NF-kB pathway as well as inhibi-
tors of upstream molecules including MAPKs.

It will be valuable to identify natural compounds from
edible and medicinal plants that possess effective anti-
inflammatory activities. Most natural compounds that
have anti-inflammatory and antioxidant activities are phen-
olics, such as epigallocatechin gallate (EGCG) and curcu-
min.26–28 CA was isolated from the roots of medicinal plants
Cynanchum species, which belongs to plant-derived aceto-
phenones. The previous studies report that CA has various
biological activities, including protective effects of rat hep-
atocytes and protection of ischemic injuries in rats.12,29 It is
known that hypoxia or ischemia is most likely related to
generation of a burst of reactive oxygen species, which
could activate NF-kB.30 Given that many anti-inflammatory
drugs interfere with NF-kB signaling pathway, inhibition of
NF-kB activation by CA may provide a highly attractive
agent for the therapeutic development. There are large
numbers of natural compounds that inhibit upstream of
NF-kB, including MAP kinases and IKK, and ameliorate
inflammatory diseases.31

In conclusion, our results reported that CA from
C. wilfordii significantly inhibited LPS-induced expression
of TNF-a, IL-1b, and IL-6 as well as iNOS and COX-2, which
reduced release of pro-inflammatory cytokines, NO and
PGE2 production in macrophages. Furthermore, CA inhib-
ited the activation of NF-kB via blocking the phosphoryl-
ation of IkB-a, and suppressing p38 and ERK MAP kinases.
The anti-inflammatory activity was demonstrated in animal
models with lethal endotoxemia. These results provide a
possibility that CA may be utilized for developing a new
therapeutic or chemopreventive agent against chronic and
acute inflammatory disorders.
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Figure 7 Effect of CA on LPS-induced septic shock mouse model. (a) Spleen

and lymph nodes were collected after sacrifice of the mice after 14 days. The

sizes of the organs were compared by photo-image. The weights of these organs

and whole body were measured and the organ weight/body weight ratios were

presented. *P< 0.05 compared to treatment with LPS alone. (b) Kaplan–Meier

survival curves were used for the comparison of survival of septic mice between

the groups (black dots) treated with LPS (30 mg/kg) alone and the group (white

dots) treated with LPS (30 mg/kg) along with CA (10 mg/kg) (n¼14). (A color

version of this figure is available in the online journal.)
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