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2,8-Decadiene-1,10-Diol Inhibits Lipopolysaccharide-Induced
Inflammatory Responses Through Inactivation
of Mitogen-Activated Protein Kinase and Nuclear Factor-κB
Signaling Pathway

Mi-Sun Kim,1 Eun-Kyung Ahn,2 Seong Su Hong,2 and Joa Sub Oh1,2,3

Abstract—Amomum tsao-ko (A. tsao-ko) has been used as a traditional medicine for the treatment of
infectious and digestive disorders. In the present study, we report the anti-inflammatory activity and
molecular mechanism of 2,8-decadiene-1,10-diol (DDO) isolated from the extract of A. tsao-ko in
lipopolysaccharide-stimulated RAW 264.7 cells. DDO treatment inhibited the production of nitric oxide
and prostaglandin E2 by downregulating inducible nitric oxide synthase and cyclooxygenase-2 expres-
sion, respectively. Moreover, DDO suppressed the production of pro-inflammatory cytokines such as
interleukin-6 and tumor necrosis factor-α. These inhibitory effects of DDO on the expression of
inflammatory proteins were found to be mediated through the inactivation of mitogen-activated protein
kinases (MAPKs) such as extracellular signal-regulated kinase, c-Jun-N-terminal kinase and p38MAPK,
and inhibition of nuclear factor-κB (NF-κB) pathways including degradation of inhibitor of κB-α and
nuclear localization of NF-κB. Taken together, these findings demonstrate the pharmacological roles and
molecular mechanisms of DDO in regulating inflammatory responses, and suggest further evaluation
and development of DDO as a potent therapeutic agent for the treatment of inflammatory disorders.

KEY WORDS: 2,8-decadiene-1,10-diol; nitric oxide; prostaglandin E2; mitogen-activated protein kinases; nuclear
factor-κB.

INTRODUCTION

Amomum tsao-ko (A. tsao-ko) Crevost et Lemaire
(Zingiberaceae) is a fruit that is widely used as a traditional
medicine for the treatment of a variety of infectious and
digestive disorders such as malaria, throat infection, dys-
pepsia, nausea, abdominal pain, and diarrhea. A. tsao-ko

has lots of bioactive constituents including phenolic com-
pounds, tannins, organic acids, saponins, flavonoids, an-
thraquinones, coumarins, lactones, cardiac glycosides, ste-
roids, terpenoids, volatile oils, and anthocyanins, indicat-
ing the pharmacological roles in mediating anti-oxidant,
anti-proliferative, anti-fungal, and anti-inflammatory activ-
ities [1–4]. Although some advances have been made in
understanding the roles of A. tsao-ko in inflammation, no
effects and action mechanisms of bioactive components
isolated from the extract of A. tsao-ko on inflammatory
responses have been clearly reported to date.

Inflammation is a normal and critical defense mech-
anism against pathological stimuli. A variety of pro-
inflammatory cytokines and enzymes including tumor ne-
crosis factor (TNF)-α, interleukin (IL)-6, inducible nitric
oxide synthase (iNOS), and cyclooxygenase-2 (COX-2)
are produced in the various types of lymphocytes as well
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as macrophages [5, 6]. Nuclear factor-κB (NF-κB), a key
transcription factor for regulation of inflammation, controls
the expression of pro-inflammatory proteins [7–9]. Exces-
sive inflammatory responses by overexpression of pro-
inflammatory proteins have been known to induce the
occurrence and progression of chronic diseases including
asthma, psoriasis, atherosclerosis, obesity, rheumatoid ar-
thritis, inflammatory bowel disease, and cancer [10–15].
Therefore, NF-κB and intracellular signaling path-
ways responsible for production of pro-inflammatory
proteins are widely appreciated as the therapeutic
targets for inflammatory responses. Identification of
molecular mechanisms and targets in regulating in-
flammatory responses may help to develop potential
therapeutic strategies for the treatment and prevention
of inflammation-related diseases.

In the present study, we report for the first time the
regulatory effects and molecular mechanisms of 2,8-
decadiene-1,10-diol, a phytochemical isolated from the
ethanolic extract of A. tsao-ko, on lipopolysaccharide-
induced inflammatory responses in RAW 264.7 cells.

MATERIALS AND METHODS

Reagents

The following chemicals and antibodies were pur-
chased from commercial sources: dimethyl sulfoxide and
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bro-
mide (Duchefa Biochemie, Haarlem, The Netherlands);
N-(1-naphthyl) ethylenediamine dihydrochloride and sul-
fanilamide (Merck Millipore, Billerica, MA, USA); lipo-
polysaccharide from Escherichia coli serotype 0111:B4,
bovine serum albumin, RIPA buffer, protease inhibitor, and
NG-methyl-L-arginine acetate salt (Sigma-Aldrich, St.
Louis, MO, USA); anti-phosphor-JNK (T183/Y185), an-
ti-JNK, anti-phosphor-ERK (T202/Y204), anti-ERK, anti-
phosphor-p38MAPK (T180/Y182), anti-p38MAPK, anti-NF-
κB p65, anti-NF-κB p50, anti-phosphor-IκB-α (S32/36),
and anti-IκB-α (Cell Signaling, Beverly, MA, USA); anti-
iNOS (Abcam, Cambridge, UK); anti-COX-2, anti-Lamin
B, and anti-actin antibodies (Santa Cruz Biotechnology,
Santa Cruz, CA, USA).

Preparation of A. Tsao-ko Extract and Isolation
of 2,8-Decadiene-1,10-Diol

The dried fruits of A. tsao-ko were identified by
Professor Joa Sub Oh (College of Pharmacy, Dankook
University), purchased from the Gyeongdong Oriental

Medicine Market (Seoul, Republic of Korea) in February
2012, and deposited at the herbarium of Bio-center,
Gyeonggi Institute of Science & Technology Promotion
(Suwon, Republic of Korea). Nine thousand five hundred
grams of A. tsao-ko were extracted two times with 80 %
ethanol at room temperature for 72 h. The extract was
concentrated, suspended in water, and then partitioned with
methylene chloride. The methylene chloride extract
(146 g) was suspended in n-hexane and partitioned
with 50 % methanol. The 50 % methanol layer was
subjected to silica gel column chromatography (230–
400 mesh, 13×15 cm) using n-hexane/acetone (1:0,
10:1, 7:1, 5:1, 3:1, 2:1, 1:1, 1:2) and methylene
chloride/methanol (5:1, 2:1, 1:1) gradient elution sys-
tem. Among thirteen fractions eluted column chroma-
tography, the ninth fraction was further separated by
liquid column chromatography (Sephadex LH-20,
5.0×155 cm) eluting with chloroform/MeOH (19:1,
9:1, 1:1) and subsequent chromatography (ODS-A,
2 × 30 cm) eluting with water/methanol (70:30,
60:40) gradient mode to yield 2,8-decadiene-1,10-diol
(12 mg). 1H-, and 13C-NMR spectra were recorded on
the Bruker Ascend 700 MHz NMR spectrometer
(Bruker, Billerica, MA, USA).

Spectrometric Analysis of 2,8-Decadiene-1,10-Diol

Pale yellow oil; 1H-NMR (CDCl3, 700 MHz): δ 5.69
(2H, m, H-3 and 8), 5.66 (2H, m, H-2 and 9), 4.10 (4H, d,
J=5.6 Hz, H-1 and 10), 2.07 (4H, d, J=5.6 Hz, H-4 and 7),
1.41 (4H, s, H-5 and 6); 13C-NMR (CDCl3, 175 MHz): δ
133.2 (C-3 and 8), 129.0 (C-2 and 9), 63.8 (C-1 and 10),
32.0 (C-4 and 7), 28.6 (C-5 and 6). The structure of 2,8-
decadiene-1,10-diol is presented in Fig. 1a.

Cell Culture Conditions

The murine macrophage cell line RAW 264.7 (TIB-
71) was purchased from the American Type Culture Col-
lection (Manassas, VA, USA), and maintained in
Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with 10 % fetal bovine serum (FBS) and 1 %
penicillin (100 U/ml)-streptomycin (100 μg/ml)
(Invitrogen, Carlsbad, CA, USA).

Cell Viability Assay

RAW 264.7 cells, plated on 96-well plates (4×104

cells/well), were treated with 2,8-decadiene-1,10-diol (2,8-
decadiene-1,10-diol (DDO), 6.25–200 μM) for 1 h prior to
lipopolysaccharide (LPS, 1 μg/ml) stimulation for 24 h.
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Following culture for 24 h, 10 μl of MTT solution
(5 mg/ml in phosphate-buffered saline (PBS), pH 7.4)
was added to each well, and the cells were further incubat-
ed for 2 h. Cell viability was determined using a
SpectraMax 190PC microplate reader (Molecular Devices,
Sunnyvale, CA, USA). The results from triplicate determi-
nations (mean±standard deviation) are presented as the
percentage of LPS-treated cell viability.

Nitric Oxide Production Assay

RAW 264.7 cells, plated on 96-well plates (4×104

cells/well), were treated with DDO (6.25–200 μM) for 1 h
prior to LPS (1μg/ml) stimulation for 24 h. The production
of nitric oxide (NO) was determined by measuring the
concentration of nitrite in the culture medium using the
Griess reagent (Sigma-Aldrich), according to the manufac-
turer’s instructions.

Enzyme-Linked Immunosorbent Assay (ELISA)

RAW 264.7 cells, plated on 6-well plates (1×106

cells/well), were treated with DDO (50–200 μM) for 1 h
prior to LPS (1 μg/ml) stimulation for 24 h. The
concentration of prostaglandin E2 (PGE2), IL-6, or TNF-
α in the cell culture supernatant was measured by using
ELISA kits (R&D Systems, Minneapolis, MN, USA;
eBioscience, Vienna, Austria), according to the manufac-
turer’s instructions.

Reverse Transcription-Polymerase Chain Reaction
(RT-PCR)

RAW 264.7 cells, plated on 6-well plates (1×106

cells/well), were treated with DDO (50–200 μM) for
1 h prior to LPS (1 μg/ml) stimulation for different
time points, as indicated. Total RNA was isolated
using Trizol reagent (Invitrogen). One microgram of
RNA was used as a template for each RT-PCR reac-
tion using a SuperScript®III First-Strand Synthesis
System and Taq DNA polymerase (Invitrogen).
Primers for PCR were synthesized by Bioneer Corpo-
ration (Daejeon, Republic of Korea). Primer sequences
a r e a s f o l l o w s : I L - 6 , f o r w a r d 5 ′ -
CACTTCACAAGTCGGAGGCTT-3′ and reverse 5′-
GCAAGTGCATCATCGTTGTTC-3′; TNF-α, forward
5′-CTGAGACAATG AACGCTACA-3′ and reverse
5′-TTCTTCCACATCTATGCCAC-3′; iNOS, forward
5′-GAGTTCGAGACTTCTGTGA-3′ and reverse 5′-
GGCGATCTGGTAGTAGTAG-3′; COX-2, forward
5′-GTCAAAGACACTCAGGTAGA-3′ and reverse 5′-
C TGTACTCCT GGTCTTCAAT - 3 ′ ; a n d
glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
forward 5′-CAGGTAAACTCAGGAGAGTG-3′ and
reverse 5′-GTAGACTCCACGACATACT C-3′. Bands
of interest were integrated and quantified by the use
of ChemiDoc XRS system and Quantity One software
(Bio-Rad Laboratories, Hercules, CA, USA).

Fig. 1. DDO inhibits NO production in LPS-stimulated RAW 264.7 cells.
a The chemical structure of DDO. b Cells were pretreated with DDO
(6.25–200 μM) for 1 h, followed by LPS (1 μg/ml) stimulation for 24 h.
NO production was determined by measuring the concentration of NO2

−

and NO3
− in the cell culture supernatant. L-NMMA (100 μM)was used as

a positive control. Values represent the mean±SD of three independent
experiments. Statistical significance is indicated (*P<0.05; **P<0.01,
compared with LPS-treated cells). c Cells were treated as in panel (b).
The results from three independent experiments (mean±SD) are presented
as the percentage of cell viability by LPS in the absence of DDO.
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Western Blot Analysis

RAW 264.7 cells, plated on 6-well plates (1×106

cells/well), were treated with DDO (50–200 μM) for 1 h
prior to LPS (1μg/ml) stimulation for different time points,
as indicated. Cells were rinsed twice with ice-cold PBS and
lysed by RIPA buffer containing protease inhibitors. Cell
lysates were clarified at 13,000×g for 10 min at 4 °C, and
the supernatants were subjected to Western blot analysis as
described previously [16, 17]. All Western blots are repre-
sentative of at least three independent experiments.

Immunofluorescence Microscopy

RAW 264.7 cells on glass cover-slips in 12-well
plates (1 × 105 cells/well) were treated with DDO
(200 μM) for 1 h prior to LPS (1 μg/ml) stimulation for
24 h, washed with PBS for 5 min, fixed with 3.7 %
formaldehyde for 5 min, permeabilized with 0.1 % Triton
X-100 for 10min, washedwith PBS for 5min, and blocked
with PBS containing 5 % bovine serum albumin for 1 h.
Primary antibodies were incubated for 2 h, washed with
PBS, and followed by fluorescein isothiocynate-labeled
secondary antibodies (Invitrogen). Images were obtained
with a Nikon Digital Sight DS-U1 microscope (Nikon,
Tokyo, Japan).

Subcellular Fractionation

Following treatments as indicated, cells were washed
three times with ice-cold PBS; lysed in buffer containing
10 mM Tris–HCl (pH 7.5), 150 mM NaCl, 1 % Nonidet
P-40, and 1 mM phenylmethylsulfonyl fluoride (PMSF);
and followed by centrifugation at 3000×g for 10 min at
4 °C. The supernatants were collected as cytosolic extracts.
The pellets were resuspended in buffer containing 20 mM
HEPES (pH 7.9), 10 mM KCl, 1.5 mM MgCl2, 0.2 mM
EDTA, 0.5 mM DTT, 25 % (v/v) glycerol, and 0.5 mM
PMSF, and centrifuged at 15,000×g for 15min at 4 °C. The
supernatants were collected as nuclear extracts.

Statistical Analysis

Statistical analysis was performed using one-way
analysis of variance (ANOVA) with Dunnett’s test and
Student t test, and was based on at least three different
experiments. The results were considered to be statistically
significant when P<0.05.

Fig. 2. DDO suppresses iNOS mRNA and protein levels in LPS-
stimulated RAW 264.7 cells. Cells were pretreated with DDO (50–
200 μM) for 1 h, followed by LPS (1 μg/ml) stimulation for 24 h. a The
expression of iNOS mRNAwas determined by RT-PCR analysis. GAPDH
served as an internal control. b The expression of iNOS protein was
determined by Western blot analysis. Actin served as an internal control.
Values represent the mean±SD of three independent experiments. Statisti-
cal significance is indicated (**P<0.01, compared with LPS-treated cells).
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RESULTS

DDO Inhibits LPS-Induced NO Production
by Downregulation of iNOS Expression

To investigate the effects and molecular mechanisms
of DDO on LPS-induced inflammatory responses, we first
examined the ability of DDO to regulate NO production in
response to LPS stimulation. DDO treatment inhibited
LPS-induced NO production in a dose-dependent manner
(6.25–200 μM), with an IC50 value of approximately
136.66 μM (Fig. 1b). We next examined cell viability to
determine whether the inhibitory effect of DDO on NO

production was attributable to nonspecific cytotoxicity. As
shown in Fig. 1c, DDO treatment did not significantly
affect cell viability at concentrations up to 300 μM (data
not shown), indicating the safety and therapeutic potential
of DDO in the regulation of inflammatory responses. In
addition, NG-methyl-L-arginine (L-NMMA, 100 μM), an
inhibitor of NOS, mimicked the suppressive effect of DDO
on LPS-induced NO production in RAW 264.7 cells
(Fig. 1b). These observations led us to investigate whether
DDO regulates the expression of iNOS in LPS-treated
cells. As shown in Fig. 2, RT-PCR and Western blot
analyses showed that DDO treatment dose-dependently
suppressed LPS-induced expression of iNOS in RAW

Fig. 3. DDO inhibits COX-2 expression and PGE2 production in LPS-stimulated RAW 264.7 cells. Cells were pretreated with DDO (50–200 μM) for 1 h,
followed by LPS (1 μg/ml) stimulation for 24 h. a PGE2 production analysis was carried out by using cell culture supernatant as described in BMATERIALS
AND METHODS.^ The expression of COX-2 mRNA and protein was determined by RT-PCR (b) and Western blot (c) analyses, respectively. Values
represent the mean±SD of three independent experiments. Statistical significance is indicated (**P<0.01, compared with LPS-treated cells). d The cellular
expression of COX-2 was detected by immunofluorescence microscopy analysis. DNAwas stained with 4,6-diamidino-2-phenylindole (DAPI).
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264.7 cells. Collectively, these results demonstrate that
DDO inhibits LPS-induced NO production by downregu-
lating iNOS expression.

DDO Inhibits LPS-Induced PGE2 Production
by Downregulation of COX-2 Expression

We next examined the effects of DDO on the levels of
PGE2 and COX-2 in LPS-stimulated RAW 264.7 cells. As
shown in Fig. 3a, DDO treatment significantly inhibited
the production of PGE2 at the highest concentration. In

addition, DDO inhibited the expression of COX-2
messenger RNA (mRNA) and protein in LPS-stimulated
RAW 264.7 cells, demonstrating that DDO-mediated inhi-
bition of PGE2 production was mediated through down-
regulation of COX-2 expression (Fig. 3b, c, d). Although
the potency of DDO in regulating the levels of inflamma-
tory enzymes and their products was slightly different
(Figs. 1b, 2, and 3), these findings indicate that DDO
effectively inhibits the expression of pro-inflammatory
enzymes such as iNOS and COX-2 in LPS-stimulated
RAW 264.7 cells.

Fig. 4. DDO inhibits the expression of IL-6 and TNF-α in LPS-stimulated RAW264.7 cells. Cells were pretreatedwith DDO (50–200μM) for 1 h, followed
by LPS (1 μg/ml) stimulation for 1 h (a, left panel) or 24 h (a, right panel). a The expression of IL-6 and TNF-αmRNAwas determined by RT-PCR analysis.
Cells were treated as in panel (a, right panel), and the cell culture supernatant was subjected to IL-6 (b) and TNF-α (c) cytokine ELISA as described in
BMATERIALS AND METHODS.^ Values represent the mean±SD of three independent experiments. Statistical significance is indicated (**P<0.01,
compared with LPS-treated cells).
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DDO Suppresses LPS-Induced Expression of IL-6
and TNF-α in RAW 264.7 Cells

Based on inhibitory effect of DDO on iNOS and
COX-2 expression, we next examined the changes in
pro-inflammatory cytokines such as IL-6 and TNF-α in
DDO-treated RAW 264.7 cells. As shown in Fig. 4, LPS
stimulation markedly induced the expression of IL-6 and
TNF-α mRNA in RAW 264.7 cells. In contrast, DDO
treatment inhibited LPS-induced expression of IL-6 and
TNF-α mRNA in a dose-dependent manner. This inhibi-
tory effect of DDO on IL-6 and TNF-α expression was
sustained up to 24 h in LPS-stimulated cells (Fig. 4, right
panel). In addition, the release of cytokines was also sig-
nificantly suppressed by DDO treatment. These inhibitory
effect and potency of DDO on IL-6 and TNF-α production
were very similar to the patterns of COX-2 as previously
observed (Fig. 3).

DDO Inhibits LPS-Induced Nuclear Localization
of NF-κB in RAW 264.7 Cells

NF-κB functions as a key transcription factor that
regulates the expression of a variety of genes such as iNOS,
COX-2, IL-6, and TNF-α in response to inflammatory
stimuli [6, 7]. NF-κB must be present in the cell nucleus
to activate inflammation-related target genes. Nuclear lo-
calization of NF-κB is controlled by phosphorylation and
degradation of IκB-α, a cognate regulatory subunit of NF-
κB [18]. Therefore, we examined the effects of DDO on
NF-κB pathways including phosphorylation and degrada-
tion of IκB-α as well as nuclear translocation of NF-κB in
LPS-stimulated RAW 264.7 cells. As expected, LPS stim-
ulation for 1 h dramatically induced the phosphorylation
and degradation of IκB-α in the cytosolic compartments,
and subsequent localization of NF-κB in the nuclear com-
partments (Fig. 5). However, DDO treatment inhibited
LPS-induced phosphorylation and degradation of IκB-α,
and nuclear localization of NF-κB in a dose-dependent
manner, indicating that DDOmight regulate the expression
of pro-inflammatory proteins through inhibition of NF-κB
signaling pathways.

DDO Inhibits LPS-Induced Phosphorylation
of MAPKs in RAW 264.7 Cells

LPS-stimulated NF-κB activation and inflammatory
responses are mediated by a variety of signaling pathways
including IκB kinase (IKK), NF-κB-inducing kinase, and
mitogen-activated protein kinases (MAPKs) [8, 19–21].
Since DDO inhibited the phosphorylation of IκB-α on

residues Ser 32 and Ser 36, sites specific for IKK phos-
phorylation (Fig. 5) [18, 22, 23], we next investigated the
ability of DDO to regulateMAPK signaling pathways such
as ERK, JNK, and p38MAPK in LPS-stimulated RAW
264.7 cells [24–26]. As shown in Fig. 6, DDO treatment
do s e - d e p enden t l y s upp r e s s e d LPS - i nduc e d
phosphorylation/activation of ERK, JNK, and p38MAPK,
suggesting that DDO exerts anti-inflammatory activity
through inhibition of MAPKs as well as NF-κB signaling
pathways.

DISCUSSION

The transcription factor NF-κB, which regulates the
expression of inflammation-related proteins involved in

Fig. 5. DDO inhibits NF-κB nuclear localization in LPS-stimulated RAW
264.7 cells. Cells were pretreated with DDO (50–200 μM) for 1 h,
followed by LPS (1 μg/ml) stimulation for 1 h, and then subjected to
subcellular fractionation into cytosolic and nuclear extracts as described in
BMATERIALS AND METHODS.^ The fractions were Western-blotted
with anti-phospho-IκB-α, anti-IκB-α, anti-NF-κB p65, anti-NF-κB p50,
anti-actin, or anti-Lamin B antibodies. Actin served as a marker for the
cytosol and Lamin B for the nucleus. Results shown are representative of
at least three independent experiments.
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pathological inflammatory responses as well as physiolog-
ical immunity, has widely been considered as an important
target for the development of anti-inflammatory drugs [6–
8, 12]. However, many investigations indicate that the
roles and molecular mechanisms of NF-κB in modu-
lating inflammatory responses are very complex.
Therefore, further understanding of signaling path-
ways and key molecular targets of NF-κB in inflam-
mation is required for the development of potent
therapeut ic s t ra tegies to t rea t a var ie ty of
inflammation-related diseases including cancer [12,
27].

In the present study, we report that 2,8-decadiene-
1,10-diol (DDO) isolated from the extract of A. tsao-ko
negatively regulates inflammatory responses to LPS stim-
ulation. DDO treatment significantly inhibits the expres-
sion of pro-inflammatory proteins such as iNOS, COX-2,
IL-6, and TNF-α, and subsequent production of NO and
PGE2 in LPS-stimulated RAW 264.7 cells. Blockade of
MAPKs including ERK, JNK, and p38MAPK as well as the
NF-κB signaling pathway mediates the anti-inflammatory

activities of DDO in LPS-stimulated RAW 264.7 cells,
indicating that DDO acts simultaneously on multiple mo-
lecular targets in mediating inhibition of inflammatory
responses. These findings also suggest the possibility that
DDO may regulate the expression and activity of pharma-
cologically important targets in a variety of pathological
conditions as well as inflammation. Furthermore, DDO
showed little or no change in cell morphology and
viability at higher concentration than used in this
study (300 μM, data not shown), demonstrating the
safety and therapeutic efficacy of DDO in the regu-
lation of inflammation.

In conclusion, this is the first report to demonstrate the
pharmacological roles and therapeutic efficacy of DDO in
the regulation of inflammatory responses, and warrants
further investigation and development of DDO as a potent
therapeutic agent for the treatment and prevention of
inflammation-related diseases.
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