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Background and purpose: In this study we examined the effect of the natural product cardamonin, upon lipopolysaccharide
(LPS)-induced inflammatory gene expression in order to attempt to pinpoint the mechanism of action.
Experimental approaches: Cardamonin was isolated from the Greek plant A. absinthium L. Its effects were assessed on LPS-
induced nitrite release and iNOS and COX-2 protein expression in two macrophage cell lines. Western blotting was used to
investigate its effects on phosphorylation of the mitogen activated protein (MAP) kinases, ERK, JNK and p38 MAP kinase, and
activation of the NFkB pathway, at the level of IkBa degradation and phosphorylation of NFkB. Also its effects on NFkB and
GAS/GAF-DNA binding were assessed by EMSA.
Key results: Cardamonin concentration-dependently inhibited both NO release and iNOS expression but had no effect on
COX-2 expression. It did not affect phosphorylation of the MAP kinases, degradation of IkBa or phosphorylation of NFkB.
However, it inhibited NFkB DNA-binding in both LPS-stimulated cells and nuclear extracts of the cells (in vitro). It also inhibited
IFNg-stimulated iNOS induction and GAS/GAF-DNA binding.
Conclusions and implications: These results show that the inhibitory effect of cardamonin on LPS-induced iNOS induction is
not mediated via effects on the initial activation of the NFkB or MAP kinase pathways but is due to a direct effect on
transcription factor binding to DNA. However, although some selectivity in cardamonin’s action is implicated by its inability to
affect COX-2 expression, its exact mechanism(s) of action has yet to be identified.
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Introduction

Chalcones, a group of natural products widely distributed

among plants, exhibit several therapeutic properties such as

anti-cancer (Won et al., 2005), anti-inflammatory (Viana

et al., 2003), antioxidant, antiviral (Uchiumi et al., 2003),

antibiotic (Nielsen et al., 2004), antifungal (Jayasinghe et al.,

2004) and antiallergic activities. The anti-inflammatory

properties of some chalcones are attributed to their ability

to inhibit the expression of the inducible enzymes NOS

(iNOS) and cyclooxygenase-2 (COX-2), and thus the genera-

tion of nitric oxide (NO) and prostaglandin E2. In addition,
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they have been shown to suppress the production of

proinflammatory cytokines such as tumour necrosis factor

(TNFa) in activated macrophages (Herencia et al., 1999).

Cardamonin, a known 20,40-dihydroxy-60-methoxychal-

cone, was isolated for the first time from Artemisia absinthium

L. in this study. Cardamonin is known to have antiplatelet

action in whole human blood (Dong et al., 1998) and an

antimutagenic effect towards 3-amino-1,4-dimethyl-5H-pyr-

ido[4,3-b]indole in Salmonella typhimurium TA98 (Trakoonti-

vakorn et al., 2001; Nakahara et al., 2002). Cardamonin also

possesses appreciable in vitro anti-HIV activity (Tewtrakul

et al., 2003). Furthermore, recent reports have demonstrated

that cardamonin induces endothelium-dependent relaxa-

tion, primarily mediated through endothelial NO (Huang

et al., 2000; Wang et al., 2001).

In order to extend the understanding of the anti-

inflammatory actions of cardamonin, we investigated its

effects in monocyte/macrophage cell lines stimulated with

the Gram-negative bacterial cell wall component lipopoly-

saccharide (LPS). LPS acting via Toll-like receptor-4 is able to

enhance the expression of a number of inflammatory genes

such as iNOS and COX-2, principally through the activation

of a number of transcription factors including activator

protein-1 (AP-1) and cyclic AMP response element (CRE) and

nuclear factor kB (NFkB). These factors are in turn regulated

by members of the mitogen-activated protein (MAP) kinases,

including extracellular signal-regulated kinase-1/-2 (ERK-1/

ERK-2), p38 MAP kinase and c-Jun N-terminal kinase (JNK),

and the inhibitory kappa B kinases (IKKs) which regulate

NFkB translocation to the nucleus. Previously, we and others

have shown the importance of these pathways in the

expression of inflammatory proteins including iNOS and

COX-2 (Paul et al., 1999; Bermejo-Gomez et al., 2005).

In this study, we show that cardamonin possesses potent

anti-inflammatory properties by inhibiting LPS-induced

iNOS expression and TNFa production in both RAW264.7

and a human monocytic cell line THP-1 cells, respectively.

These effects were not owing to direct effects upon

intermediates of either the MAP kinase or NFkB signalling

cascades, but resulted from a nuclear effect involving

inhibition of transcription factor binding to DNA.

Methods

Isolation of cardamonin

Cardamonin (Figure 1) was isolated for the first time from

the flowers of A. absinthium L. obtained from Greece

(voucher number: Hatziieremia 05/1, Royal Botanic Gardens

of Edinburgh). Air-dried flowers (400 g) were ground to a

powder and extracted in a Soxhlet apparatus using hexane,

chloroform and methanol. The solvents were exchanged

after 24 h of extraction, filtered and concentrated by rotary

vacuum-evaporation at 401C. The crude chloroform extract

(29.3 g) was subjected to an initial fractionation by vacuum

liquid chromatography (VLC) eluted with 100% petroleum

ether and increasing the polarity by increments of 5% until

100% chloroform, then 10% methanol in chloroform until

100% methanol. Further fractionation of VLC fraction 20

obtained with 100% chloroform was performed using silica

gel (Kieselgel 60 (0.063–0.020 mm)) open column chromato-

graphy (CC) and eluted isocratically with 9:1 ethyl acetate:

petroleum ether. Preparative thin-layer chromatography

(TLC) (Solvent system: 95:5 (v/v) CHCl3:CH3OH) of com-

bined fractions 35–38 (72 mg) resulted in isolation of

cardamonin. The compound was recrystallized by slow

evaporation from methanol, and crystals were washed either

with acetone or methanol. This process was repeated several

times to yield 4.0 mg of the substance, which had a purity

greater than 98%. The structural identity and purity of

cardamonin was determined spectroscopically (13C and 1H

NMR, MS) in comparison with previously published data

(Itokawa et al., 1981) and redetermined by single-crystal

X-ray diffraction (Synchrotron, Daresbury, UK).

Cell culture conditions

THP-1 human monocytes and RAW264.7 murine macro-

phages were obtained from the European Cell Culture

Collection and were maintained in Rosewell Park Memorial

Institute medium 1640 and Dulbecco’s modified Eagle’s

medium (DMEM), respectively, supplemented with 10%

(vv�1) foetal calf serum (FCS), 2 mM glutamine and

250 IU ml�1 penicillin at 371C in a humidified atmosphere of

air/CO2 (19:1). Human skin epithelial cells NCTC2544 stably

expressing PAR-2 were maintained in complete M199 medium

with Earl’s salt supplement (10% (v v�1) FCS, 100 U of

penicillin ml�1, 100mg of streptomycin ml�1) containing

400mg ml�1 geneticin for selection and passaged using versene.

Enzyme-linked immunosorbent assay

THP-1 cells (1 ml) were seeded in 24-well plates at a

concentration of 3�105 cells well�1 overnight before the

addition of increasing concentrations of test agents or

vehicle. LPS (1mg ml�1) was added 30 min after the addition

of compounds and incubated for a total of 4 h. Supernatants

were removed and stored at �701C until use. TNFa produc-

tion was measured using a double-antibody enzyme-linked

immunosorbent assay following manufacturer’s protocol

(R&D Systems, Oxon, UK). Briefly, a plate was coated with

capture antibody 40 mg ml�1 (100 ml) overnight at 41C. The

plate was washed with 0.05% (v v�1) Tween-20 in phosphate-

buffered saline (PBS). Blocking buffer consisting of 1%

(w v�1) bovine serum albumin (BSA) and 5% (w v�1) sucrose

in PBS was added for 2 h followed by repeated washing.

A standard curve was set up consisting of rhTNFa at

OOH

HO O

Figure 1 Chemical structure of cardamonin.
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concentrations of 0–1000 pg ml�1. Supernatants were added

in duplicate for 2 h at room temperature. Biotinylated

detection antibody 200 ng ml�1 (100ml), diluted in 0.05%

(v v�1) Tween-20 and 0.1% (w v�1) BSA in Tris-buffered saline

was incubated for 2 h, followed by washing and the addition

of streptavidin–horseradish peroxidase (HRP) (1:4000 dilu-

tion) for 20 min. The plate was washed and substrate solution

added for 30 min. The reaction was stopped with 10% (v v�1)

H2SO4 and the plate was read on a microplate reader

(UVSpectramax, Molecular Devices) at 450 nm in comparison

to a standard curve constructed with TNFa (1–1000 nM).

Measurement of NO production

NO production was measured in RAW264.7 macrophages

as nitrite production (NO2
�). Cells were grown until near

confluent in a 12-well plate. Cells were pretreated with

cardamonin alone or cardamonin for 30 min followed by LPS

for 12 h or interferon gamma (IFNg) (100 International unit

(IU) ml�1). Supernatants (50ml) were removed and transferred

onto 96-well plates mixed with equal amounts of Griess

reagent (1:1 mixture (v v�1) of 2% (w v�1) sulphanilamide

and 0.2% (w v�1) naphthylenediamine dihydrochloride in

5% (v v�1) H3PO4) and left for 10 min at room temperature.

The optical density was measured on a microplate reader

(SpectraMax 190, Molecular Devices) at 540 nm.

Western blotting

THP-1 (1 ml) (4�105 ml�1) or RAW264.7 cells were treated

with cardamonin or vehicle for 30 min before treatment with

LPS (1mg ml�1) or IFNg (100 IU ml�1). Cells were washed

twice in ice-cold PBS and lysed by adding 0.5 ml of preheated

(701C) Laemmli sample buffer (63 mM Tris-HCl (pH 6.8),

2 mM Na4P2O7, 5 mM ethylenedinitrilo-N, N, N0, N0-tetra-

acetate (EDTA), 10% (v v�1) glycerol, 2% (w v�1) sodium

dodecyl sulphate and 0.0007% (w v�1) bromophenol blue

and 50 mM dithiothreitol (DTT)). The whole-cell lysates were

boiled for 3 min and stored until use at �201C. For iNOS and

COX-2, 10 mg of total cellular protein was determined by

Bradford reaction, and subjected to 7.5% sodium dodecyl

sulphate–polyacrylamide gel electrophoresis (SDS–PAGE)

and blotted onto nitrocellulose. For phosphorylated MAPKs,

p65 and IkBa cell lysates were subjected to 10% SDS–PAGE.

The blots were blocked for nonspecific binding for 2 h in

50 mM Tris-HCl buffer (pH 7.4), 150 mM NaCl, 0.2% (v v�1)

Tween-20, (NaTT), containing 2% (w v�1) BSA. Blots were

then incubated overnight in 0.2% (w v�1) BSA/NaTT with

either 1 mg ml1 MAP kinase, IkBa, phosphorylated-p65, iNOS

or COX-2 antibodies. Blots were washed in NaTT for 90 min

before being incubated for 2 h in 0.2% (w v�1) BSA/NaTT

with either HRP-conjugated anti-rabbit or anti-mouse IgG

antibody. Following further washing (90 min), blots were

developed using enhanced chemiluminescence reagents.

Electrophoretic mobility shift assay preparation of nuclear extracts

and assay of NFkB-DNA-binding activity

RAW264.7 cells were grown on six-well plates and exposed to

cardamonin and vehicle (0.3% (v v�1) dimethyl sulphoxide)

for 30 min before stimulation with LPS (2 h) or IFNg (2 h). All

procedures for nuclear protein extraction were conducted

on ice. Cells were washed twice and scrapped into 1 ml of

PBS and pelleted at 13 000 r.p.m. for 1 min. The pellet was

resuspended in 400ml of Buffer A (10 mM N-2-hydroxyethyl-

piperazine-N0-2-ethanesulfonic acid (HEPES), 10 mM KCl,

0.1 mM EDTA, 0.1 mM EGTA, 1 mM DTT, 0.5 mM phenyl-

methylsulphonylfluoride (PMSF) and 10 mg ml�1 of aproti-

nin, leupeptin and pepstatin) and incubated on ice for

15 min. NP-40 (25 ml) (10% w v�1) was added to each sample

and vortexed for 10 s before centrifugation for 1 min at

13 000 r.p.m. The pellet was resuspended in 20 ml Buffer B

(20 mM HEPES, 25% (v v�1) glycerol, 0.4 mM NaCl, 1 mM

EDTA, 1 mM EGTA, 1 mM DTT, 0.5 mM PMSF and 10 mg ml�1

of aprotinin, leupeptin and pepstatin), vortexed and shaken

at 41C for 30 min. The samples were then sonicated (2�30 s).

Supernatants were collected following centrifugation at

13 000 r.p.m. for 30 min and protein contents were deter-

mined by Bradford assay. The samples were stored at �801C

until used for electrophoretic mobility shift assay (EMSA).

The oligonucleotide probes used for EMSA contained the

NFkB consensus sequence: 50-AGTTGAGGGGACTTTCC

CAGGC-30, or the g-activated site (GAS)/g-activating factor

(GAF) consensus sequence: 50-AGCCTGATTTCCCCGAAAT

GACGGC-30. 32P-g-ATP was used to label the oligonucleotide

at its 50-end by incubation with T4 polynucleotide kinase

at 371C for 30 min. The reaction was terminated by the

addition of 0.5 M EDTA and the labelled oligonucleotide

diluted in TE buffer (10 mM Tris base (pH 8.0), 1 mM EDTA).

The efficiency of 32P-phosphate incorporation into the

oligonucleotide was determined by scillintation counting.

Nuclear protein (5mg), a total volume of 9ml binding buffer

containing 10 mM Tris-HCl (pH 7.5), 4% (v v�1) glycerol,

1 mM MgCl2, 0.5 mM EDTA, 0.5 mM DTT, 50 mM NaCl,

50 mg ml�1 poly-[dI–dC.dI–dC] was incubated for 30 min

before the addition of 1ml (50 000 c.p.m.) of 32P-labelled

oligonucleotide probe for 30 min. Following incubation, 1ml

of 10� loading buffer (250 mM Tris-HCl (pH 7.5), 0.2%

(w v�1) bromophenol blue, 40% (v v�1) glycerol) was added

to the samples and DNA–protein complexes were separated

from the unbound probe by non-denaturing electrophoresis

on 5% (w v�1) polyacrylamide gels in 0.5�TBE running

buffer at 100 V. After electrophoresis, the gels were dried and

visualized by autoradiography. The specificity of the binding

reaction was examined by competitive analysis with a

25-fold molar excess of unlabelled oligonucleotide probe

in the binding reaction.

Luciferase gene reporter assay

NCTC2544 cells stably expressing PAR-2 (Clone G) (Kanke

et al., 2001) were stably co-transfected with either NFkB, AP-1

or CRE luciferase constructs and cells grown in 96-well plates

until near confluent and rendered quiescent for 18 h in

serum-free medium. Cells were treated with increasing

concentrations of cardamonin for 30 min before the addition

of appropriate concentrations of trypsin and phorbol

myristate (PMA) for 6 h. Stimulation was terminated by

aspiration of the medium, washing with ice-cold PBS and

addition of luciferase solution (50 ml of 1 mg luciferase
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powder in 5 ml of lysis buffer (25 mM Tris phosphate (pH

7.90), 8 mM MgCl2, 1 mM DTT, 1% (v v�1) Triton X-100, 15%

(v v�1) glycerol) in each well and the plate was read on

a Wallac Trilux 1450 microbeta counter.

Cell viability assay

Toxicity of cardamonin in RAW264.7 and THP-1 cells was

assessed using an Alamar Bluet Reduction assay. Cells

(100 ml) (2�105cells well�1) were seeded in 96-well plates in

appropriate medium containing 10% (v v�1) FCS. Next day,

medium was aspirated and replaced with medium contain-

ing serial dilutions of cardamonin and 10% (v v�1) Alamar

Bluet. Cells in medium alone, medium plus vehicle and

water were used as negative controls. After incubation with

the test agents for 24 h, the medium was replaced in all wells

with fresh medium containing 10% (v v�1) Alamar Bluet.

Half of the negative control wells were replaced with water

and Alamar Bluet. Measurements of reduction of Alamar

Bluet were taken as absorbances at 570 and 595 nm, both

at 24 and 48 h after initial addition of cardamonin, using

a microplate reader (UVSpectramax, Molecular Devices).

Results were verified using a Trypan Blue dye exclusion assay.

Statistical analysis

Data are presented as means7s.e.mean of the indicated

number of experiments. Statistical comparisons between

groups were performed using one-way ANOVA, followed

by the Dunnett’s post hoc test or the Student’s t-test as

appropriate. Differences between means were considered

significant when Po0.05.

Materials

All materials used were of the highest grade available and

were purchased from Sigma-Aldrich Co. Ltd (Poole, Dorset,

UK) or VWR International Ltd (Poole, UK), unless otherwise

stated. DMEM was purchased from Gibco (Paisley, UK).

Monoclonal anti-human TNFa antibody and streptavidin

HRP were purchased from R&D Systems (Oxon, UK). HRP-

conjugated sheep anti-mouse IgG and HRP-conjugated

donkey anti-rabbit IgG were purchased from Amersham

Pharmacia Biotech Inc. (Piscataway, NJ, USA). Antibodies

against p38, IkBa, iNOS, COX-2 and phosphospecific anti-

bodies p38, ERK1–ERK2, JNK and p65 were obtained from

Insight Biotechnology (London, UK). Oligonucleotides were

purchased from Promega Co. (Southampton, UK) and Sigma-

Genosys Ltd (Cambridge, UK).

Results

Cardamonin inhibits LPS-induced TNFa production in THP-1

human monocytes

To investigate the potential anti-inflammatory effects of

cardamonin, we examined first its effects on LPS-induced

TNFa production in a human monocytic cell line THP-1.

Exposure of THP-1 cells to LPS (1 mg ml�1) for 4 h produced a

12- to 18-fold increase in TNFa production when compared

to basal levels in the absence of LPS. The addition of

cardamonin 30 min before LPS stimulation markedly inhib-

ited TNFa production in a concentration-dependent manner

(IC50¼9.1271.12 mg ml�1, n¼4) (Figure 2a), Cardamonin

pretreatment alone did not have any effect on basal TNFa
production from THP-1 cells, although over a similar

concentration range cardamonin was found to have little

effect on THP-1 cellular viability and metabolism (Figure 2b).

Cardamonin inhibits LPS-induced iNOS protein expression and

NO production with no effect on COX-2 protein in RAW264.7

murine macrophages

To examine whether cardamonin affected the release of

other inflammatory chemical mediators, the effects of

cardamonin on NO production, iNOS and COX-2 protein

expression were investigated (Figure 3). The time-dependent

effect of LPS (1 mg ml�1) on NO production, measured as

nitrite production, was investigated over the period of 36 h

(data not shown). Significant NO production was observed

at 12 h (5.672.2 fold increase) after stimulation, with

maximal production at 24 h (16.871.0 fold increase) and

maintained at 36 h (data not shown). NO production from
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Figure 2 Effect of cardamonin on LPS-stimulated TNFa production
in THP-1 monocytes and on cell viability of the human monocytes
THP-1 and murine macrophages RAW264.7. In (a), THP-1 mono-
cytes were pretreated with vehicle (V) or increasing concentrations
(10–50mg ml�1) of cardamonin for 30 min before stimulation with
LPS (1mg ml�1) for 4 h. TNFa production was then measured as
described in Materials and methods. Each value is the % mean7%
s.e.mean of three experiments, *Po0.05 from LPS. (con-
trolþ cardamonin alone¼8.1871.8 pg ml�1). In (b), cells were
treated with 50, 30 and 10mg ml�1 of cardamonin for 24 h. Cell
viability was measured as outlined in Materials and methods. Results
are expressed as the mean7s.e.mean for three independent
experiments; *Po0.05, significantly different from control (C).
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LPS-stimulated RAW264.7 cells (12 h) was inhibited in

a concentration-dependent manner by cardamonin

(IC50¼9.3970.56 mg ml�1, n¼3), with the highest concen-

trations of 10–50 mg ml�1 abolishing the effect of LPS

(Figure 3a).

The inhibitory effects of cardamonin on NO release

correlated with effects on iNOS expression, assessed by

Western blotting (Figure 3b). Pretreatment with increasing

concentrations of cardamonin before LPS stimulation

inhibited LPS-induced iNOS induction (IC50¼13.2971.88mM,

n¼3) over a similar concentration range to nitrite production

(Figure 3b). These data demonstrate that the inhibitory

capacity of cardamonin against NO production is probably

the result of inhibition of iNOS protein expression in LPS-

treated RAW264.7 macrophages.

In contrast, cardamonin had no effect on LPS-induced

COX-2 protein expression measured after 12 h of exposure

to LPS (Figure 3c). Over the concentration range of

10–50 mg ml�1 cardamonin, no significant changes were

observed in the level of protein expression. In addition,

in non-stimulated cells, the presence of cardamonin alone

increased COX-2 protein levels by approximately two-fold.

Cardamonin does not affect LPS-induced MAPK phosphorylation

in THP-1 monocytes and RAW264.7 macrophages

The effect of increasing concentrations of cardamonin on

maximal LPS stimulation of the MAP kinases, ERK, p38 MAP

kinase and JNK were examined in both THP-1 cells and

RAW264.7 macrophages. Pretreatment with cardamonin had

no effect on the phosphorylation of either p38, ERK1/2 or

JNK (Figure 4I–II). However, in unstimulated cells, treatment

with cardamonin resulted in an increase in two-fold of the

phosphorylation of p38 in both THP-1 monocytes and

RAW264.7 macrophages (Figure 4Ia and IIe).

Cardamonin does not affect LPS-induced IkBa degradation and

phosphorylation of p65 in THP-1 monocytes and RAW264.7

macrophages

Exposure of both RAW264.7 macrophages and THP-1

monocytes to 1 mg ml�1 LPS led to substantial loss of IkBa
and increase in phosphorylated levels of NFkB subunit, p65

in a time-dependent manner (data not shown). In both cells,

LPS-stimulated IkBa degradation was maximal after 30 min

of exposure to LPS and returned to basal levels after 90 min,

whereas an increase in phosphorylated levels of p65 was

observed 10 min after exposure and sustained up to 90 min

(results not shown). However, again pretreatment of cells

with cardamonin in the presence of LPS was without effect

on either IkBa (Figure 5Ia and b) or phosphorylated p65

levels (Figure 5a and b) in RAW 264.7 macrophages and THP-

1 monocytes. In contrast to results observed for p38 MAP

kinase, cardamonin had no effect on either parameter alone.

Cardamonin interferes with LPS-induced binding of NFkB to DNA

without inhibiting its nuclear translocation in RAW264.7 cells

Cardamonin was then examined to see if it would inhibit the

binding of NFkB to DNA by EMSA. As shown in Figure 6a,

LPS (1 mg ml�1) treatment for 2 h significantly increased

NFkB-DNA-binding activity. This is consistent with data

from our previous studies (Paul et al., 1999). Treatment with

cardamonin for 30 min before the addition of LPS markedly

inhibited the DNA-binding of p65 NFkB. As we have already

shown that the inhibitory effect of cardamonin on DNA-

binding activity of NFkB is not owing to NFkB inactivation,

we hypothesized that cardamonin might inhibit NFkB-DNA

binding by inhibiting nuclear translocation of NFkB. Wes-

tern blot analysis of the nuclear extracts (Figure 6b) showed

that cardamonin had no effect upon the LPS-induced

increased levels of p65 into the nucleus, thus revealing that

cardamonin is acting at the level of DNA binding rather than
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Figure 3 Effect of cardamonin on LPS-induced COX-2 and iNOS
protein levels and NO production in RAW264.7 macrophages.
RAW264.7 macrophages were pretreated with vehicle (V) or
increasing concentrations (1–50mg ml�1) of cardamonin for 30 min
before stimulation with LPS (1 mg ml�1) for 12 h. (a) Nitrite
production was analysed in the cell supernatants using a modified
Griess reaction. (b and c) Whole-cell extracts were assayed for iNOS
and COX-2 expression as described in Materials and methods.
Quantification of Western blot was performed by scanning densito-
metry. Each blot is representative of three others. Each value is
the mean7s.e.mean of three experiments, *Po0.05 from LPS
control (C).
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preventing p65 nuclear translocation. Further work con-

firmed that adding cardamonin for 30 min to the EMSA

mixture before the addition of oligonucleotide was capable

of attenuating the NFkB-DNA binding over a similar range to

that observed in whole-cell studies (Figure 6c). Hence, it was

confirmed that cardamonin disrupts the interaction of this

transcription factor with its consensus binding sites.

Cardamonin inhibits trypsin- and PMA-induced NFkB, AP-1 and

CRE transcriptional activities in Clone G cells

To investigate whether the inhibitory effect of cardamonin

upon NFkB-DNA binding was also observed at the level of

transcriptional activity and to test whether its effects were

cell type and/or gene specific, we employed a luciferase

reporter assay using human skin epithelial-derived Clone G

cells stably expressing both the proteinase-activated recep-

tor, PAR-2, and either NFkB, AP-1 or CRE (MacFarlane et al.,

2005). Treatment with PMA (10 nM) and trypsin (30 nM) for

6 h stimulated NFkB transcription by 26.870.7- and

6.7770.5-fold over the baseline levels (Figure 7a). Pretreat-

ment of cells with cardamonin inhibited both PMA and

trypsin-induced NFkB transcription with IC50 values of

5.670.2 mM and 12.1771.2mg ml�1. Treatment with PMA

(30 nM) and trypsin (50 nM) for 6 h stimulated AP-1 tran-

scription by 4.270.6- and 6.870.7-fold over baseline,

respectively. Furthermore, pretreatment of cells with carda-

monin inhibited both the PMA and trypsin-induced AP-1

transcription with IC50 values of 1.670.7 and

13.473.6mg ml�1, respectively (Figure 7b). Treatment with

PMA (100 nM) and trypsin (100 nM) for 6 h stimulated CRE

transcription by 19.672.8- and 6.870.4-fold over baseline.

The PMA and trypsin-induced CRE transcriptional activity

was also inhibited by pretreatment of cells with cardamonin

with IC50 values of 0.772.4 and 8.370.8 mg ml�1, respec-

tively (Figure 7c).

Cardamonin inhibits IFNg-induced iNOS protein expression and

NO production by inhibiting the GAS/GAF-DNA-binding activity

in RAW264.7 murine macrophages

In addition, we measured the effect of cardamonin on iNOS

expression and NO production induced by IFNg, a cytokine

that induces inflammatory gene expression but via a

different pathway than that for LPS. RAW264.7 cells were

treated over the same time period with IFNg (100 IU ml�1) as

with LPS. Pretreatment of cells with cardamonin for 30 min

Figure 4 Effect of cardamonin on LPS-induced MAP kinases in (I) THP-1 monocytes and (II) RAW264.7 macrophages. Cells were pretreated
with either vehicle (V) or increasing concentrations of cardamonin (10–50mg ml�1) alone or before stimulation with LPS (1mg ml�1) for 30 min.
Cell lysates were prepared and assayed for phospho-p38 (a and e) and total p-38 (d and h), phospho-ERK1/2 (c and g) and phospho-JNK
(b and f). These blots are representative of three others.

C V 50 30 C V 50 30 10    Cardamonin (µµg ml-1) 
    LPS 

C V 50 30 C V 50 30 10

    LPS 
   Cardamonin (µg ml-1) 

IκBα

IκBα

 

Phospho-p65 

Phospho-p65 

a

b

a

b

I 

II 

Figure 5 Effect of cardamonin on LPS-induced loss of IkBa and
phosphorylation of p65 in THP-1 monocytes and RAW264.7
macrophages. THP-1 monocytes (I and II, a) and RAW264.7
macrophages (I and II, b) were pretreated with either vehicle (V)
or increasing concentrations of cardamonin (10–50 mg ml�1) alone
before stimulation with LPS (1mg ml�1) for 30 min. Cell lysates were
prepared and assayed for IkBa (I, a and b) and phosphorylated-p65
(II, a and b) using the specific antibodies as described in Materials
and methods. These blots are representative of three others.

Effects of cardamonin on gene expression
S Hatziieremia et al 193

British Journal of Pharmacology (2006) 149 188–198



before the addition of inhibited the iNOS expression

(IC50¼11.371.1 mg ml�1, n¼3) (Figure 8a) and NO produc-

tion (IC50¼15.671.8mg ml�1, n¼3) (Figure 8b) with similar

potencies than that observed with LPS stimulation.

An important transcription factor mediating the rapid

response to IFNg is known to be the GAF, and its association

with the g-activated site (GAS) leads to transcriptional

activation of the interferon regulatory factor-1 (IRF-1) (Liu

et al., 2001). The role of IRF-1 in the induction of iNOS gene

is well established (Upreti et al., 2004). As cardamonin was

shown to affect the transcriptional activation of iNOS gene

induced by LPS, we hypothesized that its action might be

similar in the IFNg pathway. Therefore, we tested the effect of

cardamonin on IFNg-induced GAS/GAF-DNA-binding activ-

ity. As shown in Figure 8c, IFNg (100 IU ml�1) treatment for

2 h significantly increased GAS/GAF-DNA-binding activity.

Treatment with cardamonin for 30 min before the addition

of IFNg inhibited markedly the DNA binding of GAS/GAF

over the same concentration range observed for effects upon

NFkB-DNA binding.

Discussion

The present study provides evidence that cardamonin, a

known chalcone isolated for the first time from the dried

flowers of A. absinthium L., possesses anti-inflammatory
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Figure 6 Effect of cardamonin on the nuclear translocation of
NFkB and DNA-NFkB binding activity in RAW264.7 macrophages
following exposure to LPS. Cells were stimulated with 1 mg ml�1

of LPS for 1 h after pretreatment with either vehicle (V) or increasing
concentrations of cardamonin. Nuclear extracts were prepared as
described in Materials and methods. (a) Effect of cardamonin on
DNA-NFkB binding activity as measured by EMSA and presented the
relative amounts of binding as fold induction of the density of the
bands quantified by scanning densitometry. (b) Effect of cardamonin
on LPS-induced levels of p65/NFkB in the nucleus as measured by
Western blotting. (c) Effect of addition of cardamonin to previously
prepared nuclear extracts on NFkB-DNA-binding activity. Results are
expressed as the mean7s.e.mean for three independent experi-
ments; *Po0.05 vs control (C).
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Figure 7 Concentration-dependent inhibition by cardamonin on
PMA and trypsin-induced stimulation of NFkB (a), AP-1 (b) and CRE
(c) transcriptional activity in Clone G cells. Cells were grown to near
confluency and rendered quiescent for 18 h. Cells were treated with
appropriate concentrations of agonists in the presence of increasing
concentrations of cardamonin. Cells were assayed as described in
Methods and materials. Each value represents the mean7s.e.mean
of three experiments, *Po0.05 from PMA- or trypsin-control.
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properties by inhibiting TNFa production in THP-1 mono-

cytes and synthesis of NO in RAW264.7 macrophages, both

factors that contribute to the onset of inflammatory

pathophysiological diseases such as septic shock, infection

and cancer. Furthermore, the inhibitory effect of cardamo-

nin on NO synthesis is correlated to its inhibitory effect

on iNOS, the enzyme responsible for the conversion of

L-arginine to NO in macrophages. Several studies have

shown that synthesized hydroxylated chalcones are capable

of inhibiting LPS/IFNg-induced NO production in a concen-

tration-dependent manner in murine RAW264.7 macro-

phages (Ko et al., 2003; Won et al., 2005). Recent studies

though have revealed that hydroxychalcones such as the

naturally occurring broussochalcone A and butein as well as

the synthetic derivative 30,40,50,3,4,5-hexamethoxy-chalcone

abrogate LPS-induced iNOS and COX-2 expression as well as

TNF-a release in RAW264.7 macrophages by inhibiting the

LPS-induced degradation of the inhibitory protein IkBa and

thus the translocation of the transcription factor NF-kB to

the nucleus (Cheng et al., 2001; Lee et al., 2004; Alcaraz et al.,

2004). These data suggest that chalcones may have a

common site and mechanism of action.

LPS induced iNOS induction has previously been shown to

be dependent on the activation of NFkB (Lowenstein et al.,

1993; Peng et al., 1995) and more recently activation of the

IKKs (Ghosh and Karin, 2002; Bermejo-Gomez et al., 2005).

Nevertheless, our studies showed that cardamonin has a

different site and mechanism of action than the reported

anti-inflammatory hydrochalcones. We found that carda-

monin has little effect on IkBa degradation, suggesting that

the effect of this chalcone is unlikely to be at the level of

IKKb activation and subsequent phosphorylation, ubiquina-

tion and degradation of IkBa (Ghosh and Karin, 2002). We

also measured the effect of cardamonin on another para-

meter, the phosphorylation of p65 NFkB, an event that is

also known to be regulated, in part, by IKK (Mattioli et al.,

2004; Wang and Baldwin, 1998). Our results therefore

contrast with the actions of a number of chalcones and

other natural products that have, as a site of action, the IKKs.

This includes the widely distributed flavonoids quercetin

and luteolin (Kim and Jobin, 2005; Chen et al., 2005), which

represent novel anti-inflammatory compounds and may

have increased potency relative to the current commercial

inhibitors such as SC514 (Bermejo-Gomez et al., 2005).

However, the results in this study also contradict the recently

published findings of Lee et al. (2006), which show that

cardamonin, at a concentration as low as 30 mM

(B8 mg ml�1), completely inhibits IkBa degradation and

phosphorylation of p65/NFkB in RAW264.7 macrophages,

an effect mediated via inhibition of IKK. We observed no

such effect on either IkBa degradation or phosphorylation of

p65 NFkB at these concentrations. A much higher concen-

tration of 50 mg ml�1 (B185 mM) was required for the nuclear-

derived effects. Purity is essential in testing natural products

and minor impurities can either potentiate the pharmacolo-

gical behaviour of a compound in a synergistic manner

or alter its profile. In the work of Lee et al. (2006), no

information on the purification of the chalcone was

presented.

Several reports have shown that the LPS signalling cascade

leading to TNFa production in macrophages and monocytes

is dependent on the activation of the members of the MAP

kinase family: p38, ERK1/2 and JNK (Bruggen et al., 1999;
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Figure 8 Effect of cardamonin on IFNg-induced iNOS protein levels
and GAS/GAF-DNA-binding activity in RAW264.7 macrophages.
(a and b) RAW264.7 macrophages were pretreated with vehicle (V)
or increasing concentrations (1–50mg ml�1) of cardamonin for
30 min before stimulation with IFNg (100 IU ml�1) for 12 h. Whole-
cell extracts were assayed for iNOS expression (a) and nitrite
production (b) as described in Materials and methods. (c) RAW264.7
macrophages were pretreated with vehicle or increasing concentra-
tions (1–50mg ml�1) of cardamonin for 30 min before stimulation
with IFNg (100 IU ml�1) for 2 h. Nuclear cell extracts were assayed for
GAS/GAF-DNA binding as described in Materials and methods.
Quantification of Western blot and EMSA was performed by
scanning densitometry. Each blot is representative of three others.
Each value is the mean7s.e.mean of three experiments, *Po0.05
from IFNg control (C).

Effects of cardamonin on gene expression
S Hatziieremia et al 195

British Journal of Pharmacology (2006) 149 188–198



Swantek et al., 1997; Anderson and Sundler, 2000). For

example, ERK1/2 and p38 activation upregulates LPS-

induced COX-2 expression, but not iNOS in murine

RAW264.7 cells (Paul et al., 1999), whereas in J744 murine

macrophages, it has been shown that these MAP kinases are

also involved in both LPS- and LPS/IFNg-induced iNOS

expression (Chen et al., 1999; Lahti et al., 2000; Chan and

Riches, 2001). Again, cardamonin pretreatment of both THP-

1 and RAW264.7 cells had no effect on the LPS activation of

the members of MAPK family. In fact, there was a small but

consistent increase in the activation of p38 MAP kinase that

was reflected in the increase in COX-2 induction. This

finding is in accordance with previous reports demonstrating

the link between p38 activation and COX-2 induction as a

result of the partial blockade of COX-2 expression by the p38

pharmacological inhibitor SB203580 in murine RAW264.7

macrophages (Hwang et al., 1997; Paul et al., 1999). Several

natural products have been shown to inhibit the expression

of these genes by modulating the phosphorylation of MAPK

pathways. For example, luteolin inhibits LPS-induced TNFa
production in RAW264.7 cells by simultaneous inhibition

of the ERK1/2 and p38 pathways (Xaragori et al., 2002).

Similarly, the LPS-increased iNOS expression was signifi-

cantly diminished by pretreatment with the chalcone butein

in RAW264.7 cells and this was partly explained by the

reduction in phosphorylation of ERK1/2 (Lee et al., 2004).

However, a recent study of the inhibitory actions of

20-hydroxychalcones on agonist-stimulated iNOS and TNFa
expression in RAW264.7 macrophages demonstrated a role

for JNK (Ban et al., 2004).

Transcriptional control of the murine iNOS gene has been

well characterized and contains several binding sites for

transcriptional factors such as NFkB, AP-1 and various

members of the CCAAT/enhancer-binding protein family

(Lowenstein et al., 1993; Xie et al., 1994). Several previous

studies have implicated NFkB as a critical factor for the

transcriptional response of iNOS gene to LPS in macrophages

(Xie et al., 1994). The transcriptional activation of the

human TNFa gene seems rather more complex, containing

binding sites for NF-kB, AP-1, CREB, Ets, Sp1 and Elk-1 (Tsai

et al., 2000; Vallejo et al., 2000). As none of the common

pathways involved in the regulation of TNFa and iNOS was

found to be affected by pretreatment with cardamonin,

a number of other parameters were assessed. Cardamonin

was found to inhibit NFkB-DNA binding in LPS challenged

macrophages. This effect was found to be within the range

observed for the inhibitory effect upon iNOS induction by

LPS. From these results in combination with those obtained

by Western blotting of the nuclear extracts that showed that

NFkB translocation to the nucleus was not affected, it was

assumed that the site was within the nucleus itself. This

assumption was verified by immunofluorescent studies,

which demonstrated no change in the levels of p65 NFkB

for cardamonin-treated RAW264.7 macrophages compared

to those only challenged with LPS (data not shown).

Furthermore, preincubation of nuclear extracts with carda-

monin also showed that the effect upon NFkB-DNA-binding

and on other transcription factors is direct. Previous

unpublished work has shown that in RAW264.7 macro-

phages, the NFkB complex consists of p65 and Rel-C (results

not shown). As cardamonin pretreatment abolished NFkB-

DNA binding, this suggests that there is no selectivity in the

effect of cardamonin on these isoforms.

Furthermore, these findings were consistent with the

observed inhibitory effects of cardamonin on the reporter

activity for NFkB, AP-1 and CRE DNA-binding and transcrip-

tional activation, suggesting that the effect of cardamonin

inhibits transcription factor binding to consensus binding

sites within numerous genes. Although this is the first report

that cardamonin might disrupt the binding of transcription

factors to DNA, several studies have depicted a similar

behaviour from molecules characterized as binders to the

major and minor grooves of DNA. For example, the

antibiotic distamycin A, a minor groove binder that can

inhibit transcription factor binding to AT-rich regions of

DNA, was recently reported to selectively inhibit only the

interaction of IRF-1 with the interferon-stimulated response

element binding site with the murine NOS2 promoter (Baron

et al., 2004).

We further extended our studies on the effect of cardamo-

nin on the IFNg-induced signalling pathway. IFNg challenge

in macrophages leading to iNOS expression has been

demonstrated to lead to the activation of the Janus kinase

(JAK1/2), phosphorylation of the cytoplasmic transcription

factor STAT1a and formation of homodimers that eventually

translocate into the nucleus to bind to the distinct IFNg-
responsive promoter region known as g-activating sequences

(GAS) (Stark et al., 1998). Cardamonin also inhibited the

IFNg-induced iNOS expression and NO production in

RAW264.7 macrophages; this was reflected in an inhibition

of GAS/GAF–DNA complex formation. Again these results

suggest that the selectivity of the effects of cardamonin is not

at the level of transcription factors but is within the DNA.

Currently, we have not identified the exact mechanism of

action of cardamonin. The compound is clearly not a general

inhibitor of gene induction as it failed to inhibit the

expression of COX-2 protein. The inhibitory property on

multiple transcription factor binding to DNA might arise from

the fact that cardamonin might act as a minor groove binder

with selective behaviour against certain genes or might

inhibit the attachment of certain transcription factors to the

double helix by selective direct binding onto amino-acid

residues of the transcription factors. Sesquiterpene lactones

(SLs) are a group of natural products that exhibit the latter

behaviour; their anti-inflammatory activity is associated with

the modulation of the p65/NFkB DNA complex (Lyss et al.,

1997, 1998; Rungeler et al., 1998; Kwok et al., 2001).

Moreover, the SLs helenalin and parthenolide were shown

to alkylate p65/NFkB at Cys38 when the Cys38-Ser mutant

was unaffected compared to the wild-type p65/p65 DNA

complex (Garcia-Pineres et al., 2001). Further studies using

labelled cardamonin or capillary gel electrophoresis may help

to elucidate the mechanism of action of this compound at the

level of DNA binding and transactivation.
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