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|. Background
Inflammatory bowel disease (IBD) is represented by a
group of inflammatory conditions affecting the mucosa of

Abstract

Background: Anti-inflammatory activities of medicinal plants have largely been attributed to their
content of sesquiterpene lactones (SLs). SLs are predominantly found in the sunflower family
Asteraceae and have been isolated from many plants of this family, particularly Centaurea. The anti-
inflammatory activities of extract of Centaurea ainetensis, a Lebanese endemic plant, and the isolated
active molecule were assessed for their potential ant-inflammatory activities.

Methods: Plant extract from Centaurea ainetensis, and the isolated active ingredient Salograviolide
A (SA), a sesquiterpene lactones guaianolide, were used for the study. Western blotting and
electrophoretic mobility shift assays were used to test the effects of the plant extract and SA on
interleukin-1 (IL-1) induced increase in cyclooxygenase-2 (COX-2) levels and in nuclear factor-xB
(NF-kB) translocation in an intestinal epithelial cell (IEC) of inflammation. Their effects on
inflammation score and cytokine levels were also studied in an iodoacetoamide-induced rat model
of inflammation.

Results: Plant extract and SA were shown to reverse the effects observed by IL-1 on COX-2 levels
and NF-kB translocation in IEC. SA decreased the level of inflammatory cytokines and the level of
inflammation in the animal model.

Conclusion: These findings suggest that SA may be useful in the development of natural therapies
for inflammatory diseases.

the small intestine or colon. Immune activation and the  as prostaglandins and leukotrienes [1].
inflammatory response in the intestine, as in other organs,
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are regulated by cytokines and other mediators of inflam-
mation. These mediators include cytokines such as Inter-
leukin-1 (IL-1),-6, and TNF-a, and others substances such
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IL-1, a pro-inflammatory cytokine, is produced by many
inflammatory cell types in response to a variety of stimuli
[2]. It has been shown to be increased in the intestinal
mucosa of IBD patients and in animal models of intesti-
nal inflammation [3]. We have shown that, in intestinal
epithelial cells (IECs), IL-1 induced the synthesis of the
enzyme cyclooxygenase-2 (COX-2) through the activation
and translocation of the transcription factor, nuclear fac-
tor kappa B (NF-kB) [4]. NF-kB is most frequently com-
posed of a p50 and a p65 subunit and under basal
conditions it is retained in the cytoplasm bound to an
inhibitory subunit IkB. In response to inflammatory stim-
ulators, p65 subunit dissociates from IkB subunit and
translocates from the cytoplasm to the nucleus, where it
dimerizes with the p50 subunit and interacts with specific
target genes, such as COX-2 leading to increased inflam-
matory processes |5,6]. Because of its central role in regu-
lating inflammatory responses, a pharmacological
inhibition of NF-«xB activation could be beneficial in the
treatment of inflammation [7].

Interest in alternatives to modern medicine has never
been higher than it is now, and a large part of this interest
revolves around the use of medicinal plants. Many of the
anti-inflammatory activities of some medicinal plants
were attributed to their contents of sesquiterpene lactones
(SLs) [8-13]. In folk medicine, a diversity of plants, con-
taining SLs, were used orally for the treatment of fever,
hepatitis, bronchitis, malaria, viral infections, and topi-
cally for wounds, hematomas, sprains and rheumatic dis-
eases [8-13]. Several studies investigated how these
natural compounds exert their anti-inflammatory effects.
SLs was shown to decrease inflammatory mediators such
as IL-1f and TNF-o [14], prostaglandin E, (PGE,) [15],
nitric oxide (NO) [16,17], histamine and serotonin
[18,19]; down-regulate the expression of major inflam-
matory enzymes such as cyclooxygenase-2 (COX-2)
[15,20], 5-lipoxygenase (LOX) [21], and inducible nitric
oxide synthase (iNOS) [17]; and decrease the DNA bind-
ing activity of the transcription factor NF-xB [20,22]. The
anti-inflammatory action of SLs was also confirmed in vivo
in acute murine ear [23] and paw edema [24] assays as
well as chronic mouse ear edema models [25]. These activ-
ities were suggested to be mediated chemically through
the action of a,B-unsaturated carbonyl structures, such as
an o-methylene-y-lactone or an ao,B-unsubstituted
cyclopentenone. These structure elements can react with
nucleophiles, especially cysteine sulthydryl groups, via a
Michael-type addition [26,27]. Exposed thiol groups,
such as cysteine residues in proteins, thus appear to be the
primary targets of sesquiterpene lactones. SLs can be
traced to a common biosynthetic pathway that starts with
the cyclization of farnesyl or nerolidyl pyrophosphates.
This is followed by oxidation and formation of the lactone
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leading to the synthesis of germacranolides SL. Following
further ring closure, germacranolides can give rise to san-
tanolides, eudesmanolides or guaianolides which are con-
sequently considered to be the precursors of other classes
of SLs [28].

SLs are found predominantly in the sunflower family
Asteraceae (Compositae) and have been isolated in many
plants of this family and particularly Centaurea, one of the
largest genera [29-32]. Centaurea ainetensis, a Lebanese
endemic plant that grows in stony usually sterile places,
was reported previously by us to possess anti-fungal activ-
ities [33]. The plants was identified to the genus and spe-
cie level by Dr Stephen Jury "Royal Botanic Garden, Kew,
West Sussex, London UK.

A crude decoction plant extract from Centaurea ainetensis
was prepared and was used in studying potential anti-
inflammatory activities. Further bioguided fractionation
procedure [34] allowed the isolation and identification of
the guaianolide, Salograviolide A (SA). SA has been also
isolated from the aerial parts of another Centaurea species,
Centaurea Nicolai, and has been shown to possess anti-
fungal activity confirmed by in-vitro susceptibility assays
[35]. In the present study the anti-inflammatory activities
of the extract of Centaurea ainetensis and the isolated mol-
ecule Salograviolide A were investigated. The effects of the
extract and SA on COX-2 expression and NF-«B transloca-
tion in an intestinal epithelial cell model of inflammation
were studied. Furthermore, SA ability to reverse and/or
prevent inflammation in a rat model of IBD was also eval-
uated.

2. Methods

2.1 Materials

All deuterated and non deuterated solvents were pur-
chased from ACROS ORGANICS, Belgium and the prepar-
ative TLC plates, silica cartridges and silica powder were
obtained from Alltech Associates, PA, USA. Fetal Bovine
Serum (FBS), bovine serum albumin, Dulbecco's Modi-
fied Eagle's Medium (DMEM), Non-essential amino
acids, penicillin and streptomycin, trypsin-EDTA were
purchased from Invitrogen (Carlsbad, CA, USA). Human
recombinant Interleukin-la was from U.S. Biological
(Cleveland, OH, USA). Rabbit polyclonal COX-2 anti-
body was from Cayman Chemicals (Michigan, USA). Pol-
yvinylidene difluoride (PVDF) Hi-bond membranes,
poly-dIdC, poly-dN6, Sodium Dodecyl Sulfate (SDS), gly-
cine, Tris, glycerol, 2B-mercaptoethanol and y-32P ATP
were from Amersham Biosciences (San Diego, CA, USA).
Protein Determination kit, Acrylamide and N', N'-bis-
methylene acrylamide were from BioRad (Hercules, CA,
USA). N,N,N',N',tetramethylethylenediamine (TEMED),
ammonium persulfate (APS), ethylenediamine tetraacetic
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acid (EDTA), methanol, acetic acid, isopropanol, and
dithiothreitol were from Sigma (St. Louis, MO, USA). Pro-
tease Inhibitor cocktail was from Biomol (Plymouth
Meeting, PA, USA). Rabbit polyclonal antisera to IkB-a,
NF-«xB consensus oligonucleotide, Western Blotting Lumi-
nol reagents, ECL marker and horse radish peroxidase
(HRP) conjugated secondary antibodies were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USA).

2.2 Methods
For testing the biological activity of Centaurea ainetensis, a
crude decoction plant extract was prepared and was used
in this study.

2.2.1 Isolation of Salograviolide A from Centaurea ainetensis

The method of isolation and purification of Salogravio-
lide A is detailed in Reference 34. Briefly, air-dried plant
material soaked in methanol was filtered and the filtrate
fractionated into different fractions which were bio-
assayed for their anti-inflammatory activities as shown in
the Results Section below. Only one of the fractions was
capable of mimicking the effects observed with the plant
extract and was able to reverse the levels of inflammatory
markers tested. This biologically active fraction was sub-
jected to further fractionation (Figure 1A) and the result-
ing subfractions also bioassayed for their anti-
inflammatory activities as was done above. The only sub-
fraction that retained the biological activity was purified
to give rise to the pure bioactive compound which was
identified as the guaianolide, Salograviolide A (SA) (Fig-
ure 1B).

2.2.2 Cell Culture

Murine intestinal epithelial cell type Mode-K cells were
maintained in Dulbecco's Modified Eagle's Medium
DMEM containing 1 g/I glucose and 10 mM sodium pyru-
vate supplemented with 10% Fetal Bovine Serum FBS, 1%
non-essential amino acids and 0.5% penicillin-streptomy-
cin. At 70-80% confluency, cells were detached by
trypsinization and replated for maintenance or were used
for further experiments.

2.2.3 Trypan Blue Exclusion Assays

Mode-K cells were treated with different concentrations of
the extract or SA for different time points. At the time of
harvesting, cells were washed with phosphate buffered
saline (PBS containing 137 mM NaCl, 10 mM phosphate,
2.7 mM KCI, pH 7.4) and then trypsinized and added to
the supernatants. Cell suspension (50 ul) was added to 50
ul of trypan blue dye, cells were counted as either trypan
positive cells (cells that were able to uptake the dye indi-
cating dead cells) or trypan negative cells (cells that
excluded the dye indicating living cells), and the percent-
age of dead cells was calculated.
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2.2.4 Western Blotting Assays

Cells were washed twice with PBS and scraped in 2x elec-
trophoresis sample buffer (SB containing 0.25 M Tris-HCl
(pH 6.8), 4% w/v SDS, 20% w/w glycerol, 0.1%
bromophenol blue and protease inhibitor cocktail (40 pl/
ml). Samples were then collected in microfuge tubes,
boiled for 5 min, centrifuged and the supernatant repre-
senting total soluble protein extract collected and stored
at-80°.

Total protein extracts were run on a 12% SDS-polyacryla-
mide gel and the gels were transferred to PVDF mem-
branes overnight at 4°C. Following transfer, membranes
were washed once with TPBS wash buffer (PBS containing
0.1% Tween 20) and then blocked in 5% non-fat dry milk
for 2 h at room temperature. Primary antibodies were
then added to the membranes and incubated for 2 h at
room temperature. Unbound antibodies were washed
three times with TPBS. Horse-raddish peroxidase-conju-
gated anti-rabbit IgG were added at 1:5000 dilution for 1
h at room temperature. Membranes were washed and
incubated with Luminol reagents and directly exposed to
autoradiography.

2.2.5 Extraction of Nuclear Proteins

Cells were harvested and collected by centrifugation at
200 g for 10 min and washed once with PBS. Cells were
lysed by rapid freezing in ethanol/dry ice and thawed by
resuspension in a hypotonic ice-cold buffer containing 10
mM KCJ, 1.5 mM MgCl,, 1 mM dithiothreitol (DTT), and
10 mM HEPES. The nuclei were centrifuged at 1250 g for
10 min at 4°C and the nuclear pellets were gently
extracted in a hypertonic solution containing 0.4 mM
NaCl, 1.5 mM MgCl,, 0.2 mM EDTA, 1 mM DTT, 0.5 mM
PMSF, 20 mM HEPES and 25% glycerol, for 30 min at
4°C, and then centrifuged for 20 min at 20,000 g to col-
lect the nuclear proteins in the supernatant. The superna-
tant was diluted with 30 pl of buffer containing 50 mM
KClI, 20% (v/v) glycerol, 0.2 mM EDTA, 1 mM DTT, 0.5
mM PMSF and 20 mM HEPES, and stored at -80°C. Pro-
tein concentrations were determined using the Bio-Rad
assay.

2.2.6 Electrophoretic Mobility Shift Assay (EMSA)

NF-xB consensus oligonucleotide was end-labeled with y-
32P ATP using T4 polynucleotide kinase. The hybridiza-
tion reaction was performed using 10-20 pg of nuclear
extract, 1 ug of poly(dldC), 1 pg of poly(dN6) as a non-
specific competitor, and 10 pg of bovine serum albumin
in 20 mM HEPES, 50 mM KCI, 1 mM EDTA and 5 mM
DTT. The reaction was diluted with water to a v:v ratio of
1:20 of the labeled probe. The mixture was incubated for
30 min, and then stopped by adding 6 pl of 15% Ficoll
solution containing the indicator dyes bromophenol blue
and xylene cyanol. The reaction mixture (20 pl of each
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sample) was subjected to electrophoresis on a 5% non-
denaturating polyacrylamide gel. The gel was transferred
to Whatman filter paper, dried at 80°C under vacuum for
2 h and processed for autoradiography at -80°C over-
night. The specific NF-xB band was determined by compe-
tition experiments using a mutant oligonucleotide that
has lost its ability to bind to the transcription factor. Sub-
unit specificity was determined using specific antibodies
to the NF-xB components (anti Rel-A and p50) in the
incubation step, which results in a supershift of the spe-
cific band due to the bound antibody [36].

2.2.7 In Vivo Studies

An established rat model of ulcerative colitis induced by
rectal injection of iodoacetoamide was used for in vivo
studies to test the effects of SA in reversing and/or prevent-
ing induced inflammation [37]. In this model, the peak
inflammation is reached at 24 h after iodoacetamide treat-
ment. The in vivo studies were pre-approved by the "The
Animal Care Program and the Institutional Animal Care
and Use Committee" at the American University of Beirut
(approval number 0707057).

Male rats (150-200 g) were randomly selected for treat-
ment and control groups. Each experimental group
included a group of 4-5 rats. Intestinal inflammation was
induced by rectally injecting 0.1 ml of 6% iodoacetamide.
SA was injected intra-peritoneal at 10 mg/kg body weight
6 h before iodoacetoamide treatment. Control rats either
received SA alone as per the treated rats or ethanol (SA sol-
vent) without any SA and/or iodoacetoamide vehicle (1%
methylcellulose); while iodoacetoamide-treated rats
received 10 mg/kg (i.p. injection) of SA twice; the first
given at 6 h prior to iodoacetamide treatment and the sec-
ond at the time of treatment. At the specific times sched-
uled rats were anesthetized with intraperitoneal
pentobarbital (50 mg/kg) and intestinal tissues removed.
Tissues were removed for analysis at 6, 24 and 48 h post-
iodoacetoamide treatment and were examined for the
degree of ulcer and for measurement of the IL-1 levels
(using ELISA). An inflammation score between 0 and 3
was used to grossly evaluate the inflammation level, with
0 indicating the absence of inflammation (normal look-
ing mucosa); 1 indicating the presence of mild inflamma-
tion (slight redness) and 3 indicating severe inflammation
(includes ulceration). The in vivo studies were repeated
three times (n = 3).

2.2.8 Statistical Analysis

Data is expressed as mean + S.D. The effectiveness of plant
treatments was analyzed by one-way analysis of variance
(ANOVA). Statistical probability of P < 0.05 was consid-
ered significant.
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3. Results

3.1. Studies using Plant Extract of Centaurea ainetensis
3.1.1 Cytotoxic effects of the plant extract on Mode-K cells

The plant extract was tested for its cytotoxicity on Mode-K
cells. Trypan blue exclusion assays were performed on
cells treated with different concentrations of the plant
extract (1, 3 and 10%) at different time periods up to 48
h. At 10%, the plant extract was cytotoxic at 8, 12, 24 and
48 h. At 3%, the extract was cytotoxic at 12, 24 and 48 h
while at 1% the extract didn't cause any considerable cell
death up to 12 h. All subsequent experiments were per-
formed using the extract at 1% for 8 and 12 h which rep-
resent the lowest concentration causing the minimal
cytotoxic effects (Figure 1).

3.1.2 Effect of the extract of Centaurea ainetensis on COX-2 protein
levels and NF-kB activation

Treatment of Mode-K cells with IL-1 (10 ng/ml) caused a
peak increase in COX-2 protein levels at 6 h of treatment.
This increase was inhibited by pretreating cells for 2 and
12 h with the 1% plant extract. The extract alone had no
effect on COX-2 protein expression as compared to the
control basal levels (Figure 2A).

We have previously shown that IL-1 causes a concentra-
tion-dependent activation and translocation of NF-xB in

100 7 O No treatment

- 90 : B 1% extract

93 gg | DO3% extract

5 60 | B10% extract
S50
= 40 A
T 30
L 20 =
10 A
0 ¥

lh 2h 4h o6h 8h 12h 24h 48h
Treatment curation
Figure |

Trypan blue exclusion assay on Mode-K cells treated
with different concentrations of plant extract of Cen-
taurea ainetensis at |, 3 and 10% for different time
points up to 48 hr. 1% of the extract didn't cause any con-
siderable cell death up to 12 h where the toxicity reached
only 10%, however, it caused more than 60% cell death when
incubated for 24 and 48 h. At 3%, the extract was not cyto-
toxic up to 6 h, but caused between |5 to 20% cell death in
cells treated for 8 and 12 h; and more than 80% cell death
when cells were treated with plant extract for longer periods
of time. At 10%, the extract was not cytotoxic up to 6 h.
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IL-1 (10 ng/ml) - 6hr - - 6hr 6hr
Centaurea Aintensis (1%) - - 8hr  18hr 2hr 12hr
CoX-2 prp— _—
(72 kDa)
B-Actin  e—— ‘ e smmm .‘
(43 kDa)
IL-1 (10 ng/ml) - Ohr - - Ghr Ohr
Centaurea Aintensis (1%) - - 8hr 18hr 2hr 12hr
NF-kB ’ — -—
e — A
Figure 2

(A) Western Blotting Analysis showing the effect of
the 1% plant extract of Centaurea ainetensis on COX-
2 protein expression in Mode-K cells. Treatment with
IL-1 for 6 h increased COX-2 protein levels (lane 2). This IL-
I-induced increase was significantly inhibited by plant extract
pretreatment for 2 and 12 h (lanes 5 & 6). No effect of the
plant extract alone was observed (lanes 3 & 4). B-Actin was
used to ensure equal protein loading. (B) Electrophoretic
Mobility Shift Assay (EMSA) showing the effect of the 1%
extract of Centaurea ainetensis on NF-kB activation in Mode-
K cells in the presence and absence of IL-1 for 6 h. NF-xB
was significantly activated by IL-| treatment for 6 h (lane 2).
This IL-1-induced activation was abrogated by plant extract
pretreatment for 2 and 12 h (lanes 5 & 6). Centaurea aineten-
sis alone had no effect on NF-kB activation (lanes 3 & 4).

IECs with a peak increase at 6 h, and with the predomi-
nant subunit activated being p65. To establish whether
the extract has any effect on the activation and transloca-
tion of NF-kB transcription factor, electrophoretic mobil-
ity shift assay (EMSA) was performed on Mode-K cells
treated with 1% of the extract, at 8 and 18 h, in the pres-
ence and absence of IL-1 (10 ng/ml). When Mode-K cells
were treated with IL-1 for 6 h, a significant activation of
NF-xB was detected which was abrogated upon pretreat-
ing cells for 2 and 12 h with 1% of the extract. No signifi-
cant effect of the extract when used alone was observed
(Figure 2B).

These results show that pretreatment of Mode-K cells with
1% of the plant extract for 2 h caused significant inhibi-
tion obtained on COX-2 protein levels as well as on NF-
kB activation levels. Accordingly, further bio-guided frac-
tionation of the extract was performed where a pure mol-
ecule, SA, was obtained and tested for its anti-
inflammatory effects.

3.2 Studies using Salograviolide A (SA)

3.2.1 Purification of SA

The plant extract was fractionated into different fractions
and each was bioassayed for its effects on IL-1-induced
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COX-2 and NF-«B translocation as described in the
Results Section 3.1 above. Only one of the fractions was
capable of mimicking the effects observed with the plant
extract and was able to reverse the levels of inflammatory
markers tested. This fraction was subjected to further frac-
tionation (Figure 3A) and the resulting subfractions were
also bioassayed for their anti-inflammatory activities. The
only subfraction that retained the biological activity was
purified to give rise to the pure bioactive compound
which was identified as the guaianolide, Salograviolide A
(SA) (Figure 3B).

3.2.1 Cytotoxic Effects of Salograviolide A on Mode-K cells

In order to assess the cytotoxicity of SA on Mode-K cells,
Trypan blue exclusion assays were performed on cells
treated with different concentrations of SA (2, 4 and 8 ng/
ml) at different time periods up to 24 h. At low concentra-
tions, SA didn't cause any significant cell death at all time
periods tested. However when used at high concentra-
tions (4 and 8 pg/ml), it caused significant cell death
(above 50%) at 12 and 24 h. SA at a concentration of 2, 4
and 8 ug/ml were used for further experiments for treat-
ment periods not exceeding 8 h (Figure 4).

3.3.2 Effect of SA on COX-2 protein expression in Mode-K cells

To study the effect of SA on IL-1-induced COX-2 levels,
western blotting assays were performed on total protein
extracts from Mode-K cells treated with 2, 4 and 8 pg/ml

A.
Centaurea Ainetensis
Crude Extract

Methanol Extract I

Hot Water Extract IT

1.1 1.2 1.3 14 IL1 I1.2 IL.3 IL4

Salograviolide A

Figure 3

(A) Modality used for bioguided chemical purification
of Salograviolide A from Centaurea ainetensis. (B)
Chemical structure of Salograviolide A.
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Figure 4

Trypan blue exclusion assay on Mode-K cells treated
with different concentrations of SA for different time
periods. SA at a concentration of 2 ug/ml only caused
around 20% cell death when used at 24 h. SA at a concentra-
tion of 4 pg/ml was not cytotoxic when cells were incubated
with SA for up to 8 h, but caused more than 50% cell toxicity
at 16 and 24 h. At a concentration of 8 pg/ml, SA also didn't
cause any significant cell death up to 8 h but caused high tox-
icity when cell were treated for 16 or 24 h.

of SA in the absence or presence of 10 ng/ml of IL-1 for 8
h. Treating cells with 4 pg/ml of SA for 2 h and subsequent
stimulation with IL-1 for 6 h caused a significant decrease
in IL-1-induced COX-2 protein levels. SA alone didn't
have any effect on COX-2 protein expression as compared
to the control basal levels (Figure 5). Based on these
results, all further experiments were performed on cells
treated with 4 pg/ml of SA for 8 h.

IL-1 (10 ng/ml) - 6hr .
SA (ug/ml) - . 2

COX-2

(72 kDa)
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3.3.3 Effect of SA on NF-xB activation

To establish whether SA caused any effect on the activa-
tion and translocation of NF-xB transcription factor, elec-
trophoretic mobility shift assay (EMSA) was performed
on nuclear extracts of Mode-K cells treated with 4 pg/ml of
SA in the presence and absence of IL-1 (10 ng/ml). IL-1
treatment for 6 h caused significant activation of NF-xB
transcription factor. This activation was significantly
inhibited by 4 pg/ml of SA pretreatment for 2 h. SA alone
didn't show any effect on NF-«B levels (Figure 6A).

In an attempt to find the part of the NF-kB activation cas-
cade that is influenced by SA, the effect of SA on IkB pro-
tein levels was assessed. The IL-1 induced degradation of
IkB-a was found to be inhibited by SA pretreatment for 2
h at a concentration of 4 pug/ml (Figure 6B).

3.3.4 Effect of SA on colonic inflammation in a rat model of IBD
SA treatment did not cause any inflammation or change in
inflammatory cytokines similar to what is usually
observed in control untreated, or vehicle-treated rats. Rats
treated twice with SA prior to iodoacetamide showed sig-
nificantly lower inflammation scores than rats treated
with iodoacetamide alone at 6 and 24 h post-treatment
(Table 1).

Levels of IL-1 in colonic tissue were shown to be signifi-
cantly lower in rats treated with SA prior to iodoacetamide
treatment (Table 2). These results suggest that SA may act
as preventive means to reduce inflammation in an in vivo
model.

4. Discussion
In the present study the effects of the Centaurea ainetensis
extract and SA on COX-2 expression and NF-kB transloca-

- - 6hr 6hr 6hr
4 8 2 4 8
2hr 2hr 2hr

—— e —

B-ACtin '.-m_-*- R e———————

Figure 5

Effect of SA on COX-2 protein expression in Mode-K cells. Cells were pretreated with SA for 2 h prior to IL-1 6 h
treatment. Total inhibition of COX-2 protein expression was observed with 4 pig/ml of SA (lane 7) as compared to cells stim-
ulated with IL-1 alone for 6 h (lane 2). In the absence of IL-1, SA had no effect on COX-2 levels (lanes 3, 4 and 5). 3-Actin was

used to ensure equal protein loading.
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A

IL-1(10 ng/ml) - 6hr - 6hr
SA (4 pg/ml) - 5 8hr  2hr

o

B

IL-1 (10 ng/ml) - 6hr - 6hr
SA (4 ng/ml) - - 8hr 2hr
IKB-(I - A ——
BrACtin “— —
Figure 6

(A) Electrophoretic Mobility Shift Assay showing the
effect of SA on NF-kB activation in the presence and
absence of IL-1 in Mode-K cells. IL-| treatment for 6 h
caused activation of NF-kB (lane 2). This IL-1-induced activa-
tion was significantly inhibited by pretreating Mode-K cells
with 4 ug/ml SA for 2 h (lane 4). (B) Western blotting assay
showing the effect of SA on IkB-a protein expression in the
presence and absence of IL-1 in Mode-K cells. IL-1 treatment
for 6 h caused degradation of lkB-a. protein resulting in
decreased protein levels (lane 2). This IL-1-induced decrease
was blocked by SA pretreament for 2 h (lane 4). No effect of
SA on IkB-a protein levels was observed (lane 3). B-Actin
was used to ensure equal protein loading.

tion in an intestinal epithelial cell model (Mode-K cells)
of inflammation and SA's ability to reverse and/or prevent
inflammation in a rat model of IBD were studied. COX-2,
a 72 kDa protein, which is not usually present in IECs
under normal conditions, is significantly induced by IL-1
treatment [38] with peak expression reached 6 h post
treatment [39]. SA caused significant inhibition on IL-1-
induced COX-2 protein levels as well as on NF-kB activa-
tion levels. Under basal conditions, NF-«B, a transcription
factor, is maintained in an inactive form by IkB inhibitory
proteins. Many inflammatory stimuli lead to the proteo-
lytic degradation of IxB proteins [40] thus freeing NF- B
to translocate to the nucleus. The effect caused by SA on
NF-xB was found to be at least partially due to inhibition
of IL-1 induced degradation of IkB-a. In addition to the
SA anti-inflammatory effects observed in the in vitro stud-
ies, SA was found to significantly reduce inflammation in
an in vivo model of IBD.

Many of the anti-inflammatory activities of some medici-
nal plants have been attributed to their contents of ses-

http://www.biomedcentral.com/1472-6882/9/36

quiterpene lactones (SLs). The isolated active compound
from Centaurea ainetensis Salograviolide A was identified
as a guaianolide belonging to the sesquiterpene lactone
family. The mechanism of action of SLs against inflamma-
tion has been extensively investigated and, based on these
studies as well as the efficacy of SLs in modulating inflam-
mation in response to a variety of stimuli [20,41-45],
there are strong indications that all SLs act through a com-
mon step beyond the point of integration of different sig-
nals. This general mechanism of action can be seen as a
dual mechanism that eventually leads to the same end-
point: a decrease in NF-xB DNA binding activity. Previous
reports have suggested that the main mode of action of
SLs is through inhibiting the induced degradation of IxB
proteins o and f [43,46] by possibly inhibiting IkB Kinase
(IKK), a kinase that phosphorylates and tags IkB proteins
for destruction [47]. However, other studies have shown
that a direct interaction between SLs and p65 (Rel A) in
NF-«B resulting in a direct inhibition of DNA binding is
the main mechanism of action of SLs [44,48]. Our results
confirm this dual mechanism of action: we have shown
that SA inhibited IL-1-induced IkB-a degradation leading
to a decreased NF-«B activity. SA also caused a decrease in
NF-xB activity when cells were treated after IL-1 treatment;
that is after the induced degradation of IxB proteins, sug-
gesting that SA may be acting directly on the translocated
NF-«xB preventing it from binding to DNA. In both cases,
given the importance of NF-«B in promoting the expres-
sion of numerous pro-inflammatory genes including
those encoding the enzymes COX-2 and iNOS [49], caus-
ing decreases in their products PGE, [15] and NO [17],
and providing a possible mechanism for the observed
decrease caused by SA on IL-1-induced COX-2 protein
expression.

The biological activity of SA could be due to the presence
of o,B-unsaturated carbonyl structures mainly the o-
methylene-y-lactone. These structures have the ability to
react with nucleophiles by a Michael-type addition [50]
which consequently can react irreversibly with sulthydryl
groups in the cell including those found on cysteine [27].
Specifically, in NF-xB/p65, cysteine 38 that participates in
DNA binding by forming a hydrogen bond with the
sugar/phosphate backbone of the kB-DNA could be the
site of alkylation by SA and consequent direct inhibition
of NF-«xB DNA binding [48,51]. Moreover, the activation
loop of the catalytic site of IkB Kinase (IKK) contains a
critical cysteine, cysteine-179 [52,53], that can react with
Michael donors explaining how SA can cause inhibition
of IkB protein degradation [48]. The number of o,p-
unsaturated carbonyl structures capable of undergoing a
Michael addition, has been recognized as a major factor in
determining the potency of SLs [51]. Despite having only
one alkylating center, SA has a very high potency when
compared to the ability of other bifunctional SLs in inhib-
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Table I: Effect of SA on reversing inflammation in the in-vivo IBD model

Treatment

Tissues Removed at 6 h After Treatment?

Tissues Removed at 24 h After Treatment?

Control (no treatment) 0

Treatment with SA 0

(12 mglkg, i.p. injection)

Rats treated with ethanol 0

Rats treated with methyl cellulose 0

Rats treated with iodoacetoamide 3b

(representing inflamed tissue)

Rats treated twice with SA prior to 1.0¢

iodoacetoamide

2 Inflammation score

bP < 0.005, b represents the comparison of iodoacetoamide treatment on inflammation score as compared to untreated control. Data are means of 3 separate

experiments.

¢P < 0.005, < represents the comparison of SA pretreatment on iodoacetoamide treated rats as compared to iodoacetoamide treated rats. Data are means of 3

separate experiments.

iting the transcription factor NF-xB. The lower inhibitory
concentration of SA may be due to the presence of a
hydroxyl group capable of forming a hydrogen bond near
the alkylating structure and consequently stabilize the
covalent binding. However, SA has another hydroxyl
group and, quantitative structure-activity relationship
studies specific to guaianolides correlate an increasing
number of hydroxyl groups with a decrease in NF-«B inhi-
bition activity [54], an effect which could be offset by
enhancing the rate of cysteine addition in the presence of
an O-acyl group.

5. Conclusion

This is the first report of the anti-inflammatory activity of
Salograviolide A isolated from Centaurea ainetensis in both
in vitro and in vivo models of inflammation. In addition to
disclosing the mechanism of action of this SL in vitro, our
study highlights once again the important role played by

Table 2: Effect of SA on IL-1 Levels in Intestinal Tissue in an in-vivo

NF-xB in intestinal inflammation. Optimizing the
number of hydroxyl group in this molecule might make
SA a valuable molecule for the development of natural
therapies for inflammatory diseases through enhancing its
potency and at the same time reducing the risk of
unwanted side effects.

6. List of Abbreviations

APS: Ammonium Persulfate; BSA: Bovine Serum Albu-
min; COX-2: Cyclooxygenase-2; DMEM: Dulbecco's Mod-
ified Eagle's Medium; EMSA: Electrophoretic Mobility
Shift Assay; EDTA: Ethylenediamine Tetraacetic Acid; FBS:
Fetal Bovine Serum: HRP: Horse Radish Peroxidase; IBD:
Inflammatory Bowel Disease; IKK: Inhibiting IxB Kinase;
IkB: Inhibitory Subunit; IL-1: Interleukin; IEC: Intestinal
Epithelial Cell; LOX: 5-Lipoxygenase; NO: Nitric Oxide;
NF-kB: Nuclear Factor-xB; PVDF: Polyvinylidene Difluo-
ride; PGE,: Prostaglandin E,; SA: Salograviolide A; SLs:

Treatment

Levels of IL-1 (ng/ml) in Colonic Tissues
Removed 6 h After Treatment

Levels of IL-1 (ng/ml) in Colonic Tissues
Removed 24 h After Treatment

Rats treated with SA alone 89+19 12.1 £0.3
(control, n = 3)

Rats treated with iodoacetoamide 27.32+ 3.0 18.6 £ 0.6
(representing inflamed tissue, n = 3)

Rats treated with SA prior to 16.60+ 0.2 114+14

iodoacetoamide treatment
(represents recovered tissue, n = 3)

2P < 0.005, 2P value represents the comparison of IL-1 levels in iodoacetoamide treated tissue as compared to untreated control. Data are means

+ SE of 3 separate experiments.

bP < 0.05, b P value represents the comparison of SA pretreatment on IL-1 levels in iodoacetoamide treated rats as compared to iodoacetoamide

treated rats. Data are means + SE of 3 separate experiments.
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Sesquiterpene lactones; SDS: Sodium Dodecyl Sulfate;
TEMED: N,N,N',N',Tetramethylethylenediamine; TNF-a.:
Tumor Necrosis factor-Alpha.

7. Competing interests
The authors declare that they have no competing interests.

8. Authors' Contributions

JAS and RAA made substantial contributions to data
acquisition, NAS, RST and FRH made substantial contri-
butions to analysis and interpretation to conception and
design, RS, JAS and RAA made contributions in data anal-
ysis and drafting the manuscript and revising it critically
for important intellectual content; and FRH have given
final approval of the version to be published. All authors
read and approved the final manuscript

9. Acknowledgements

The study was supported by funds received from Unisantis, UAE to the
Center of Biodiversity at AUB for the program: "Bioprospecting in the Mid-
dle East".

References

2.

Neuman MG: Signaling for inflammation and repair in inflam-
matory bowel disease. Rom | Gastroenterol 2004, 13:309-316.
Auron PE, Webb AC, Rosenwasser L], Mucci SF, Rich A, Wolff SM,
Dinarello CA: Nucleotide sequence of human monocyte inter-
leukin | precursor cDNA. Proc Natl Acad Sci USA 1984,
81:7907-7911.

Dinarello CA: Biologic basis for interleukin-1 in disease. Blood
1996, 87:2095-2147.

Al-Ashy R, Chakroun |, El-Sabban ME, Homaidan FR: The role of
NF-kappaB in mediating the anti-inflammatory effects of IL-
10 in intestinal epithelial cells. Cytokine 2006, 36:1-8.

Baeuerle PA, Baltimore D: NF-kappa B: ten years after. Cell 1996,
87:13-20.

Beg AA, Sha WC, Bronson RT, Baltimore D: Constitutive NF-
kappa B activation, enhanced granulopoiesis, and neonatal
lethality in | kappa B alpha-deficient mice. Genes Dev 1995,
9:2736-2746.

Barnes PJ: Nuclear factor-kappa B. Int | Biochem Cell Biol 1997,
29:867-70.

Hall IH, Lee KH, Starnes CO, Sumida Y, Wu RY, Waddell TG,
Cochran JW, Gerhart KG: Anti-inflammatory activity of ses-
quiterpene lactones and related compounds. | Pharm Sci 1979,
68:537-542.

Helal AM, Nakamura N, Meselhy MH, EI-Fishawy A, Hattori M, Mah-
ran GH: Guaianolides from Centaurea scoparia. Phytochemistry
1997, 45:551-554.

Lin CC, Tsai CC, Yen MH: The evaluation of hepatoprotective
effects of Taiwan folk medicine "teng-khia-u'. | Ethnopharmacol
1995, 45:113-123.

Morton J: Atlas of Medicinal Plants of Middle America, Baha-
mas to Yucatan. C. Thomas Publishing Co., Springfield, IL; 1981.
Poli A, Nicolau M, Simoes CM, Nicolau RM, Zanin M: Preliminary
pharmacologic evaluation of crude whole plant extracts of
Elephantopus scaber. Part I: In vivo studies. | Ethnopharmacol
1992, 37:71-76.

Tsai CC, Lin CC: Anti-inflammatory effects of Taiwan folk
medicine 'Teng-Khia-U' on carrageenan- and adjuvant-
induced paw edema in rats. | Ethnopharmacol 1999, 64:85-89.
Valério DA, Cunha TM, Arakawa NS, Lemos HP, Da Costa FB, Parada
CA, Ferreira SH, Cunha FQ, Verri WA |r: Anti-inflammatory and
analgesic effects of the sesquiterpene lactone budlein A in
mice: inhibition of cytokine production-dependent mecha-
nism. Eur Pharmacol 2007, 562:155-163.

Cavin C, Delannoy M, Malnoe A, Debefve E, Touche A, Courtois D,
Schilter B: Inhibition of the expression and activity of cycloox-

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31

32.

33.

34.

35.

36.

37.

http://www.biomedcentral.com/1472-6882/9/36

ygenase-2 by chicory extract. Biochem Biophys Res Commun 2004,
327:742-749.

Jin HZ, Lee JH, Lee D, Hong YS, Kim YH, Lee JJ: Inhibitors of the
LPS-induced NF-kappaB activation from Artemisia sylvat-
ica. Phytochemistry 2004, 65:2247-2253.

Kim EJ, Jin HK, Kim YK, Lee HY, Lee SY, Lee KR, Zee OP, Han JW,
Lee HW: Suppression by a sesquiterpene lactone from Carpe-
sium divaricatum of inducible nitric oxide synthase by inhib-
iting nuclear factor-kappaB activation. Biochem Pharmacol 2001,
61:903-910.

Hall IH, Lee KH, Starnes CO, Muraoka O, Sumida Y, Waddell TG:
Antihyperlipidemic activity of sesquiterpene lactones and
related compounds. | Pharm Sci 1980, 69:694-697.

Schréder H, Lésche W, Strobach H, Leven W, Willuhn G, Till U,
Schrér K: Helenalin and 11 alpha,l3-dihydrohelenalin, two
constituents from Arnica montana L., inhibit human platelet
function via thiol-dependent pathways. Thromb Res 1990,
57:839-845.

Riingeler P, Lyss G, Castro V, Mora G, Pahl HL, Merfort I: Study of
three sesquiterpene lactones from Tithonia diversifolia on
their anti-inflammatory activity using the transcription fac-
tor NF-kappa B and enzymes of the arachidonic acid path-
way as targets. Planta Med 1998, 64:588-593.

Tornhamre S, Schmidt TJ, Nasman-Glaser B, Ericsson |, Lindgren JA:
Inhibitory effects of helenalin and related compounds on 5-
lipoxygenase and leukotriene C(4) synthase in human blood
cells. Biochem Pharmacol 2001, 62:903-911.

Lyss G, Schmidt TJ, Merfort I, Pahl HL: Helenalin, an anti-inflam-
matory sesquiterpene lactone from Arnica, selectively inhib-
its transcription factor NF-kappaB. Biol Chem 1997,
378:951-961.

Schinella GR, Giner RM, Recio MC, Mordujovich de Buschiazzo P,
Rios JL, Mafiez S: Anti-inflammatory effects of South American
Tanacetum vulgare. | Pharm Pharmacol 1998, 50:1069-1074.
Abad MJ, Bermejo P, Valverde S, Villar A: Anti-inflammatory
activity of hydroxyachillin, a sesquiterpene lactone from
Tanacetum microphyllum. Planta Med 1994, 60:228-231.

Recio MC, Giner RM, Uriburu L, Méfez S, Cerda M, De la Fuente JR,
Rios JL: In vivo activity of pseudoguaianolide sesquiterpene
lactones in acute and chronic inflammation. Life Sci 2000,
66:2509-2518.

Picman AK, Rodriguez E, Towers GH: Formation of adducts of
parthenin and related sesquiterpene lactones with cysteine
and glutathione. Chem Biol Interact 1979, 28:83-89.

Schmidt TJ: Helenanolide-type sesquiterpene lactones--lll.
Rates and stereochemistry in the reaction of helenalin and
related helenanolides with sulfhydryl containing biomole-
cules. Biorg Med Chem 1997, 5:645-653.

Heywood VH, Harborne |B, Turner BL: The Biology and Chemistry of
the Compositae London: Academic Press; 1977.

Aslan U, Oksiiz S: Chemical constituents of Centaurea cuneifo-
lia. Turkish | Chem 1999, 23:15-20.

Bruno M, Paternostro M, Gedris TE, Herz W: Sesquiterpene lac-
tones and other constituents of Centaurea Nicaensis. Phyto-
chemistry 1996, 41:335-336.

Bruno M, Maggio A, Rosseli S, Gedris T, Herz W: Sesquiterpene
lactones and other constituents of Centaurea paniculata sp.
Castellana. Biochemical Systematics and Ecology 2002, 30:379-381.
Medjroubi K, Benayache F, Benayache S, Akkal S, Khalfallah N, Aclinou
P: Guaianolides from Centaurea musimomum. Phytochemistry
1997, 45:1449-1451.

Barbour EK, Al Sharif M, Sagherian VK, Habre AN, Talhouk RS, Tal-
houk SN: Screening of selected indigenous plants of Lebanon
for antimicrobial activity. | Ethnopharmacol 2004, 93:1-7.

Saliba NA, Dakdouki S, Homeidan FR, Kogan |, Bouhadir K, Talhouk
S, Talhouk R: Bio-guided identification of an anti-inflammatory
guaianolide from Centaurea Ainetensis. Pharmaceutical Biology
in press.

Vajs V, Todorovi¢ N, Risti¢ M, Tesevi¢ V, Todorovi¢ B, Janackovi¢ P,
Marin P, Milosavljevi¢ S: Guaianolides from Centaurea nicolai:
antifungal activity. Phytochemistry 1999, 52:383-386.

Homaidan FR, Chakroun |, El-Sabban ME: Regulation of nuclear
factor-kappaB in intestinal epithelial cells in a cell model of
inflammation. Mediators Inflamm 2003, 12:277-283.

Barada KA, Kafrouni MI, Khoury CI, Saade NE, Mourad FH, Szabo SS,
Nassar CF: Experimental colitis decreases rat jejunal amino

Page 9 of 10

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15624029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15624029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6083565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6083565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8630372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17161612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17161612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17161612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8858144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7590249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7590249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7590249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9304801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=311831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=311831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7776660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7776660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1453704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1453704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1453704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10075126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10075126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10075126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17320857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17320857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17320857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15587709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15587709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15587709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11274976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11274976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11274976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7205585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7205585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7205585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2116680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2116680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2116680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9810261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9810261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9810261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11543725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11543725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11543725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9348104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9348104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9348104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9811170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9811170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8073088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8073088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8073088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10883729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10883729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=498366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=498366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=498366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15182897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15182897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10501024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10501024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14760934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14760934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14760934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11758837

BMC Complementary and Alternative Medicine 2009, 9:36

acid absorption: role of capsaicin sensitive primary afferents.
Life Sci 2001, 69:3121-3131.

38. Homaidan FR, Chakroun |, Dbaibo GS, El-Assaad WV, El-Sabban ME:
IL-1 activates two phospholipid signaling pathways in intesti-
nal epithelial cells. Inflamm Res 2001, 50:375-381.

39. Homaidan FR, Zhao L, Chakroun |, Martin CA, Burakoff R: The
mechanisms of action of interleukin-1 on rabbit intestinal
epithelial cells. Mediators Inflamm 1999, 87:189-197.

40. Gilmore TD, Morin P): The | kappa B proteins: members of a
multifunctional family. Trends Genet 1993, 9:427-433.

41. Bork PM, Schmitz ML, Kuhnt M, Escher C, Heinrich M: Sesquiter-
pene lactone containing Mexican Indian medicinal plants and
pure sesquiterpene lactones as potent inhibitors of tran-
scription factor NF-kappa B. FEBS Lett 1997, 402:85-90.

42. Castro V, Murillo R, Klaas CA, Meunier C, Mora G, Pahl HL, Merfort
I: Inhibition of the transcription factor NF-kappa B by ses-
quiterpene lactones from Podachaenium eminens. Planta
Med 2000, 66:591-595.

43. Hehner SP, Heinrich M, Bork PM, Vogt M, Ratter F, Lehmann V,
Schulze-Osthoff K, Droge W, Schmitz ML: Sesquiterpene lactones
specifically inhibit activation of NF-kappa B by preventing
the degradation of | kappa B-alpha and | kappa B-beta. | Biol
Chem 1998, 273:1288-1297.

44. Lyss G, Knorre A, Schmidt TJ, Pahl HL, Merfort I: The anti-inflam-
matory sesquiterpene lactone helenalin inhibits the tran-
scription factor NF-kappaB by directly targeting p65. | Biol
Chem 1998, 273:33508-33516.

45. Zidorn C, Dirsch VM, Riingeler P, Sosa S, Della Loggia R, Merfort |,
Pahl HL, Vollmar AM, Stuppner H: Anti-inflammatory activities
of hypocretenolides from Leontodon hispidus. Planta Med
1999, 65:704-708.

46. Ichikawa H, Nair MS, Takada Y, Sheeja DB, Kumar MA, Oommen OV,
Aggarwal BB: Isodeoxyelephantopin, a novel sesquiterpene
lactone, potentiates apoptosis, inhibits invasion, and abol-
ishes osteoclastogenesis through suppression of nuclear fac-
tor-kappaB (nf-kappaB) activation and NF-kappaB-
regulated gene expression. Clin Cancer Res 2006, 12:5910-5918.

47. DiDonato JA, Hayakawa M, Rothwarf DM, Zandi E, Karin M: A
cytokine-responsive lkappaB kinase that activates the tran-
scription factor NF-kappaB. Nature 1997, 388:548-554.

48. Garcia-Pifieres A, Castro V, Mora G, Schmidt TJ, Strunck E, Pahl HL,
Merfort I: Cysteine 38 in p65/NF-kappaB plays a crucial role in
DNA binding inhibition by sesquiterpene lactones. | Biol Chem
2001, 276:39713-39720.

49. Baeuerle PA, Henkel T: Function and activation of NF-kappa B
in the immune system. Annu Rev Immunol 1994, 12:141-179.

50. Kupchan SM, Fessler DC, Eakin MA, Giacobbe TJ: Reactions of
alpha methylene lactone tumor inhibitors with model bio-
logical nucleophiles. Science 1970, 168:376-378.

51. Riingeler P, Castro V, Mora G, Goéren N, Vichnewski W, Pahl HL,
Merfort I, Schmidt TJ: Inhibition of transcription factor NF-kap-
paB by sesquiterpene lactones: a proposed molecular mech-
anism of action. Biorg Med Chem 1999, 7:2343-2352.

52. Kwok BH, Koh B, Ndubuisi Ml, Elofsson M, Crews CM: The anti-
inflammatory natural product parthenolide from the medic-
inal herb Feverfew directly binds to and inhibits IkappaB
kinase. Chem Biol 2001, 8:759-766.

53. Kapahi P, Takahashi T, Natoli G, Adams SR, Chen Y, Tsien RY, Karin
M: Inhibition of NF-kappa B activation by arsenite through
reaction with a critical cysteine in the activation loop of lka-
ppa B kinase. | Biol Chem 2000, 275:36062-36066.

54. Siedle B, Garcia-Pifieres AJ, Murillo R, Schulte-Ménting |, Castro V,
Riingeler P, Klaas CA, Da Costa FB, Kisiel W, Merfort I: Quantita-
tive structure-activity relationship of sesquiterpene lactones
as inhibitors of the transcription factor NF-kappaB. | Med
Chem 2004, 47:6042-6054.

Pre-publication history
The pre-publication history for this paper can be accessed

here:

http://www.biomedcentral.com/1472-6882/9/36/prepub

http://www.biomedcentral.com/1472-6882/9/36

Publish with Bio Med Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and published immediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 10 of 10

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11758837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11506393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11506393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11506393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8122310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8122310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9013864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9013864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9013864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11105560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11105560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9430659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9430659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9430659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9837931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9837931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9837931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10630109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10630109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17021000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17021000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17021000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9252186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9252186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9252186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11500489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11500489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8011280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8011280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5435896
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5435896
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5435896
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11514225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11514225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11514225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10967126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10967126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10967126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15537359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15537359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15537359
http://www.biomedcentral.com/1472-6882/9/36/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	1. Background
	2. Methods
	2.1 Materials
	2.2 Methods
	2.2.1 Isolation of Salograviolide A from Centaurea ainetensis
	2.2.2 Cell Culture
	2.2.3 Trypan Blue Exclusion Assays
	2.2.4 Western Blotting Assays
	2.2.5 Extraction of Nuclear Proteins
	2.2.6 Electrophoretic Mobility Shift Assay (EMSA)
	2.2.7 In Vivo Studies
	2.2.8 Statistical Analysis


	3. Results
	3.1. Studies using Plant Extract of Centaurea ainetensis
	3.1.1 Cytotoxic effects of the plant extract on Mode-K cells
	3.1.2 Effect of the extract of Centaurea ainetensis on COX-2 protein levels and NF-kB activation

	3.2 Studies using Salograviolide A (SA)
	3.2.1 Purification of SA
	3.2.1 Cytotoxic Effects of Salograviolide A on Mode-K cells
	3.3.2 Effect of SA on COX-2 protein expression in Mode-K cells
	3.3.3 Effect of SA on NF-kB activation
	3.3.4 Effect of SA on colonic inflammation in a rat model of IBD


	4. Discussion
	5. Conclusion
	6. List of Abbreviations
	7. Competing interests
	8. Authors' Contributions
	9. Acknowledgements
	References
	Pre-publication history

