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9,10-Dihydro-2,5-dimethoxyphenanthrene-1,7-diol,
from Eulophia ochreata, inhibits inflammatory
signalling mediated by Toll-like receptorsbph_780 1158..1170

Praneel Datla*,†, Mani Deepthi Kalluri†, Khalander Basha†, Akshaya Bellary†, Rajendra Kshirsagar,
Yogesh Kanekar, Shakti Upadhyay*, Shiva Singh and Vikram Rajagopal

Drug Discovery and Development Group, Reliance Life Sciences Ltd., Dhirubhai Ambani Life Sciences Center, Rabale, Navi
Mumbai, India

Background and purpose: 9,10-Dihydro-2,5-dimethoxyphenanthrene-1,7-diol (RSCL-0520) is a phenanthrene isolated from
Eulophia ochreata, one of the Orchidaceae family, known by local tradition to exhibit medicinal properties. However, no
anti-inflammatory activity or any molecular mechanisms involved have been reported or elucidated. Here, for the first time, we
evaluate the anti-inflammatory properties of RSCL-0520 on responses induced by lipopolysaccharide (LPS) and mediated via
Toll-like receptors (TLRs).
Experimental approach: The in vitro anti-inflammatory activities of RSCL-0520 were investigated in LPS-stimulated monocytic
cells, measuring activation of cytokine and inflammatory genes regulated by nuclear factor-kB (NF-kB). Tumour necrosis factor
(TNF)-a levels in serum following LPS stimulation in mice and carrageenan-induced paw oedema in rats were used as in vivo
models.
Key results: Pretreatment with RSCL-0520 effectively inhibited LPS-induced, TLR4-mediated, NF-kB-activated inflammatory
genes in vitro, and reduced both LPS-induced TNF-a release and carrageenan-induced paw oedema in rats. Treatment with
RSCL-0520 reduced LPS-stimulated mRNA expression of TNF-a, COX-2, intercellular adhesion molecule-1, interleukin (IL)-8
and IL-1b, all regulated through NF-kB activation. RSCL-0520, however, did not interfere with any cellular processes in the
absence of LPS.
Conclusions and implications: RSCL-0520 blocked signals generated by TLR4 activation, as shown by down-regulation of
NF-kB-regulated inflammatory cytokines. The inhibitory effect involved both MyD88-dependent and -independent signalling
cascades. Our data elucidated the molecular mechanisms involved, and support the search for plant-derived TLR antagonists,
as potential anti inflammatory agents.
British Journal of Pharmacology (2010) 160, 1158–1170; doi:10.1111/j.1476-5381.2010.00780.x

Keywords: Eulophia ochreata; monocytes; inflammation; lipopolysaccharide; TLR

Abbreviations: EA, ethyl acetate; IL-1b, interleukin-1b; IL-6, interleukin-6; IRAK, IL-1R-associated kinase-1; MyD88, myeloid
differentiation primary response gene (88); NEMO, NF-kB essential modulator; NF-kB, nuclear factor-kB; PE,
petroleum ether; TAB1 and TAB2, TAK1-binding protein 1 and 2; TAK1, transforming growth factor-b-activated
kinase 1; TIR, Toll/interleukin-1 receptor; TIRAP, Toll receptor IL-1R domain-containing adapter protein; TLRs,
Toll-like receptors; TNF-a, tumour necrosis factor-a; TRAF6, TNF-a receptor-associated factor-6

Introduction

Inflammation is a response of a tissue to injury, frequently
caused by invading organisms such as bacteria. They initiate

inflammation through several interconnecting mechanisms
mainly through specific surface molecules called pathogen-
associated molecular patterns which bind to Toll-like recep-
tors (TLRs; nomenclature follows Alexander and Rietschel,
2001) leading to the release of a wide variety of cytokines.
These secreted cytokines provide signals between immune
cells to coordinate the inflammatory response. Some cytok-
ines like interleukin-1b (IL-1b) and IL-6 act to broadly provoke
the inflammatory response, while others act on specific types
of immune cells. Tumour necrosis factor (TNF)-a, the key
signalling cytokine, mediates inflammatory process both in a
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direct way and an indirect way by inducing signalling of other
inflammatory cytokines and molecules (Aggarwal, 2003).

Of the 11 TLRs identified in humans (Kawai and Akira,
2006), TLR4, the most studied receptor, recognizes
lipopolysaccharide (LPS), the major component of the outer
membrane of Gram-negative bacteria. Its three structural ele-
ments: a core oligosaccharide, an O-specific chain of repeat-
ing sequences of polysaccharides and a lipid A component,
are responsible for its pro-inflammatory properties (Alexander
and Rietschel, 2001). LPS activates monocytes and macroph-
ages triggering the production of pro-inflammatory media-
tors, which in turn modulate endothelial functions. These
mediators collectively initiate a cascade of events leading to
inflammation and various other clinical manifestations. LPS
signals mainly via TLR4 receptors (Dauphinee and Karsan,
2006), although TLR2 involvement has also been docu-
mented in some Gram-negative bacteria (Darveau et al.,
2004). The LPS-initiated signalling cascade leads to stimula-
tion of both a myeloid differentiation primary response gene
(88) (MyD88)-dependent and an MyD88-independent
pathway (Takeda and Akira, 2004) involving nuclear factor-kB
(NF-kB), mitogen-activated protein kinase and phosphatidyli-
nositol 3-kinase/Akt pathways.

MyD88, an adaptor molecule, is recruited to the TLR4 recep-
tor through its interaction with the Toll/IL-1 receptor (TIR)
domain of TLR4 (O’Neill et al., 2003), which in turn facilitates
the recruitment of subsequent molecules involved in the
cascade: IL-1R-associated kinase-1 (IRAK1), IRAK4 (Wesche
et al., 1997; Li et al., 2002), Toll receptor IL-1R domain-
containing adapter protein (TIRAP) (Fitzgerald et al., 2001) and
TNF-a receptor-associated factor-6 (TRAF6). Subsequently, this
IRAK1–TRAF6 complex dissociates from the receptor to form a
complex with transforming growth factor-b (TGF-b)-activated
kinase 1 (TAK1) and its adaptor molecules, TAK1-binding
protein 1 and 2 (TAB1 and TAB2) (Jiang et al., 2002). TAK1
activation subsequently leads to signalling through NF-kB
essential modulator (NEMO) (Wang et al., 2001), leading to the
oligomerization of TRAF6, and enhances the auto-
ubiquitinating activity of TRAF6, which facilitates the down-
stream activation of members of NF-kB (IkB) family. These are
released, and translocate to the nucleus and activate synthesis
of inflammatory mediators (Guha and Mackman, 2001).

This study reports that a plant-derived molecule, 9,10-
dihydro-2,5-dimethoxyphenanthrene-1,7-diol (referred to as
RSCL-0520) exhibited novel anti-inflammatory activity. It
blocked TLR4-induced signalling via the NF-kB pathway by
inhibiting MyD88-mediated signalling mechanisms. RSCL-
0520, a naturally occurring phenanthrene, was isolated from
a plant species, Eulophia ochreata, belonging to the Orchi-
daceae. It has been classified botanically by Dr Rajendra Kshir-
sagar, with its herbarium deposited at Reliance Life Sciences,
Dhirubhai Ambani Life Sciences Center, Navi Mumbai, India
(herbarium voucher specimen accession no. 157). It is a ter-
restrial herb, with its rhizome tubers, up to 20 in number,
growing in horizontal chains. Very little is known scientifi-
cally about its pharmacological properties, although the
tubers of this plant have been used in local traditional medi-
cine for a variety of diseases. Tuber juice is also applied exter-
nally for curing rheumatism. In the current study, we sought
to assess the anti-inflammatory properties of this phenan-

threne, isolated from E. ochreata, and have attempted to estab-
lish the possible mechanisms involved in its actions.

Methods

Isolation of RSCL-0520
RSCL-0520 (Figure 1A) was isolated from E. ochreata collected
from Satpuda mountain range, Maharashtra, India. Powdered
E. ochreata tubers (1 kg) were subjected to sequential cold
extraction process. The solvents used for the extraction
process were in increasing order of polarity. Petroleum ether
(PE) (60–80) treatment was followed by dichloromethane,
followed by ethyl acetate (EA), methanol and finally water.
Throughout the extraction process, the material-to-solvent
ratio was maintained at 1:6. The final aqueous extract was
prepared using reverse osmosis-purified (removes most of the
toxins, bacteria, viruses, suspended solids and dissolved
chemicals) water in 1:10 ratio. The extraction processes were
carried out by constant stirring for 6–7 h in stainless steel
vessels at room temperature. The extracts obtained from each
process were filtered and lyophilized. This systematic extrac-
tion process was repeated three times, and the extracts (3 ¥
6 L) from each process were concentrated to dryness under
controlled temperature (42–45°C) and reduced pressure using
a rotary evaporator. An aliquot from each extraction process
was checked for antioxidant activity using 1,1-diphenyl-2-
picrylhydrazyl assay. Dichloromethane and EA extracts
(~30 g), which showed significant antioxidant activity, were
dissolved in methanol, adsorbed on 30 g silica gel (60–120
mesh) and chromatographed over 300 g silica gel (60–120
mesh) in glass columns (90 ¥ 5 cm). The flow rate of the
eluent was 50 mL·min-1, and fraction size was 100 mL. The
elution was carried out in the following order, using 1.5 L of
each eluent, shown as % EA in PE: 5, 10, 11, 12, 13, 15, 16, 18,
20, 25, 50 and finally 100% EA. All fractions were monitored
on TLC plates (silica gel 60 F254; solvent system-PE : EA, 45:55,
v/v). Similar fractions were pooled together and concentrated
under reduced pressure. The fraction eluted with 11% EA in
PE yielded ~200 mg RSCL-0520, which was checked for purity
(>95%) by HPLC (Figure 2). Its structure was confirmed with
2D NMR spectroscopy and MS.

Cells
The THP-1 pro-monocytic cell line and RAW264.7 cells,
obtained from ATCC (Manassas, VA, USA), were cultured in
Roswell Park Memorial Institute (RPMI) 1640 containing 10%
heat-inactivated fetal calf serum (FCS) supplemented with 1%
penicillin/streptomycin under standard conditions. Human
peripheral blood mononuclear cells (PBMCs) were isolated
from peripheral blood obtained from healthy human

Figure 1 Structure of RSCL-0520.
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volunteers with informed consent and after review by the
local ethical committee. The PBMCs were prepared by density
gradient centrifugation using HistoPaque-1077 (Sigma-
Aldrich, St Louis, MO, USA) and suspended in RPMI 1640
medium containing 10% heat-inactivated FCS, 100 U·mL-1

penicillin G and 100 mg·mL-1 streptomycin.

TLR ligand-induced production of TNF-a
THP-1 cells (2 ¥ 105 cells per well) in 96-well culture
plates were stimulated with various selective TLR ligands,
used according to the manufacturer’s instruction: TLR1–2
with Pam3CSK4, a synthetic tripalmitoylated lipopeptide
(75 ng·mL-1); TLR3 with poly{I:C} potassium salt, a synthetic
analog of double-stranded RNA (75 mg·mL-1); TLR4 with LPS
from S. minnesota R595 (250 ng·mL-1); TLR5 with flagellin,
the major component of the bacterial flagellar filament
(75 ng·mL-1); TLR6 with the macrophage stimulatory lipopep-
tide MALP-2 (75 ng·mL-1); TLR7–8 with poly{U} potassium
salt, a simple motif single-stranded RNA (7.5 mg·mL-1); and
TLR9 with CpG ODN 2395, synthetic oligonucleotides con-
taining unmethylated CpG dinucleotides (7.5 mg·mL-1), for
24 h in the presence or absence of RSCL-0520. Culture super-
natants were assayed for secreted TNF-a using specific Duo-Set
ELISA development systems (R&D Systems, Minneapolis, MN,
USA) according to the manufacturer’s instructions. For assays
involving PBMCs and RAW264.7 cells, the 96-well plates were
seeded similarly (2 ¥ 105 cells per well). A similar protocol was
followed for assaying TNF-a in these cells. For all the experi-
ments, RSCL-0520 was dissolved in DMSO, diluted with
appropriate medium and added to the cells 1 h prior to any
stimulation.

Cell viability assay
Cell viability was assessed by morphology and by reduction
of the tetrazolium salt 3-[4,5-dimethylthiazol-2-yl]-2,5-

diphenyltetrazolium bromide (MTT) by mitochondrial dehy-
drogenases, according to the manufacturer’s instruction
(Sigma). THP-1 cells (2 ¥ 105 cells) were treated with RSCL-
0520 (1–100 mM), and the plates were incubated for 24 h. The
cells were then washed once before adding 50 mL of FCS-free
medium containing MTT (5 mg·mL-1). After 4 h of incubation
at 37°C, the medium was discarded and the formazan blue
that formed in the cells was dissolved in DMSO. The optical
density was measured at 570 nm.

Western blot analysis
THP-1 cells (1 ¥ 106cells·mL-1) in serum-free RPMI 1640
medium were incubated with RSCL-0520 for 60 min before
LPS treatment. As control, the cells were treated with LPS
alone. Following incubation at indicated times, the medium
was aspirated, and cells lysed in RIPA buffer [1 ¥ PBS, 1%
Nonidet P-40, 0.5% sodium deoxycholate, 0.1% sodium
dodecyl sulphate (SDS), 1 mM sodium orthovanadate,
10 mg·mL-1 PMSF and 1 mL·mL-1 protease inhibitor cocktail].
The concentration of protein in each sample was quantified
by the Bradford method (Bio-Rad, Hercules, CA, USA). Then,
25 mg of cytoplasmic proteins was size fractionated in 10%
SDS–PAGE gel and transferred to nitrocellulose membrane
BioTraceNT (Pall Corporation, Port Washington, NY, USA). To
determine the levels of MyD88, TIRAP, NEMO and total IkBa,
the blots were probed with rabbit polyclonal antibodies
against respective proteins (Stressgen, Assay Designs Inc, Ann
Arbor, MI, USA). Horseradish peroxidase-conjugated second-
ary antibodies were used to develop the membrane, and visu-
alization of bands was performed using Chemiluminescent
substrate (ECL, Amersham, Arlington Heights, IL, USA). Blots
were stripped and reprobed using a 1/1000 dilution of anti-
body against ERK-1/2 to normalize the protein loading. The
bands obtained were quantitated using ImageJ software
version 1.42.

Figure 2 HPLC profile of isolated RCSL 0520. Extracts of Eulophia ochreata were purified, using activity-guided chromatographic fractionation
on silica gel. On subsequent HPLC, the most active fraction showed a single peak (fraction 5) with a retention time of 17.3 min, exhibiting
>98% of the absorbance eluted and was RSCL-0520 (~99% pure).
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Preparation of nuclear extracts
Nuclear extracts were prepared from THP-1 cells according to
the modified procedure of Dignam et al. (1983). Briefly, 3 ¥
106 cells were pretreated with RSCL-0520 for 1 h followed by
LPS treatment for 30, 60 and 120 min. Cells were lysed in
400 mL of lysis buffer [10 mM HEPES (pH 7.9), 100 mM KCl,
1.5 mM MgCl2, 0.1 mM EGTA, 0.5 mM DTT, 0.5 mM PMSF,
0.5% Nonidet P-40 and 1 mL·mL-1 protease inhibitor cocktail
(Calbiochem, La Jolla, CA, USA)] on ice for 30 min, followed
by vigorous vortex mixing for 5–10 s. The homogenate was
centrifuged in a microfuge at 10 000¥ g for 30 s. The super-
natant was discarded, and the nuclear pellet was resuspended
in 50 mL of nuclear extraction buffer [10 mM HEPES (pH 7.9),
1.5 mM MgCl2, 420 mM NaCl, 0.1 mM EGTA, 0.5 mM DTT,
5% glycerol, 0.5 mM PMSF and 1 mL·mL-1 protease inhibitor
cocktail]. The tube was mixed intermittently for 60 min. The
nuclear extract was obtained by centrifuging at 10 000¥ g for
10 min at 4°C. The concentration of protein in each sample
was then quantified by the Bradford method. Nuclear extracts
were resolved on 10% SDS–polyacrylamide gels. After electro-
phoresis, the proteins were electrotransferred to nitrocellulose
filters, probed with anti-p65 antibody (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA, USA) and detected by chemilumines-
cence. The bands obtained were quantitated using ImageJ
software version 1.42.

Real-time quantitative PCR analysis of TNF-a expression
RSCL-0520 (50 mM)-treated THP-1 cells (3 ¥ 106 cells per well)
in six-well plates were stimulated with 250 ng·mL-1 LPS for
1 h. Total RNA was isolated from these cells and cDNA was
synthesized. LPS-treated cells acted as positive control. All
quantitative real-time PCR (TaqMan) primers and probes were
obtained from Applied Biosystems (Foster City, CA, USA). For
detection of TNF-a, pre-developed assay reagents were used.
The PCR was performed utilizing 1 mL cDNA per reaction in
triplicates of 25 mL volume on an ABI 7500 Realtime PCR
machine using a two-step PCR protocol after the initial dena-
turing of the cDNA (10 min at 95°C) with 40 cycles of 95°C for
15 s and 60°C for 1 min. Universal master mix obtained from
Applied Biosystems included Taq-polymerase and all other
reaction reagents excluding specific primers and probes. All
amplification batches included no template controls (NTC).
Quantitation of mRNA was performed using the comparative
threshold cycle method. The highest control level attained by
the stimulation (without RSCL-0520) was regarded as 100%,
and the levels of control group at other time-points and
RSCL-0520-added group were expressed as the percentage of
the highest control level. Data were analysed using standard
software.

RT-PCR analysis
THP-1 cells (3 ¥ 106 cells) were treated with RSCL-0520
(50 mM) for 1 h followed by incubation with or without
250 ng·mL-1 of LPS. After two washes with ice-cold PBS, the
cells were harvested and total cellular RNA was isolated using
TRIZOL Reagent (Invitrogen, Carlsbad, CA, USA) according to
the manufacturer’s instructions. cDNA was synthesized using
high-capacity cDNA reverse transcription kits (ABI systems,

Foster City, CA, USA). Amplification of ICAM-1, COX-2, IL-1b
and IL-8 genes from the cDNA was carried out using the
respective gene specific primers:

• ICAM-1 5′-CTGATGGGCAGTCAACAGCTAAAA-3′ (S)
5′-TCCAGTTCAGTGCGGCACGAGAA-3′ (AS)

• COX-2, 5′-ATGAGATTGTGGGAAAATTGCT-3′ (S)
5′-GGTAGATCATCTCTGCCTGAGTATC-3′ (AS)

• IL-1b 5′-GACACATGGGATAACGAGGCT-3′ (S)
5′-TTAGGAAGACACAAATTGCAT-3′ (AS)

• IL- 8, 5′-GCCAAGGAGTGCTAAAGAACTTAG-3′ (S)
5′-GAATTCTCAGCCCTCTTCAAAAAC-3′ (AS)

b-Actin, an internal control, was also amplified using
the following primers: 5′-TCCTCCCTGGAGAAGAGC TA-3′
(sense) and 5′-AGTACTTGCGCTCAGGAGGAC-3′ (antisense).

Further, TLR-related genes (TIRAP, MyD88, TRIF, IRAK-1,
IRAK-4, IRAK-6 and TRAF6) were amplified from the cDNA
extracted from a similar experimental set using the respective
gene-specific primers (Nishimura and Naito, 2005).

The amplified PCR products were then analysed on a 2%
agarose gel electrophoresis. The bands obtained were quanti-
tated using ImageJ software version 1.42.

Fluorescence-activated cell sorting (FACS)
For the detection of intracellular location of NF-kB phospho-
p65 subunits, RSCL-0520-treated THP-1 (5 ¥ 105 cells) were
stimulated with LPS for 1 h. Post-LPS treatment, the cells were
fixed with 4% paraformaldehyde in PBS for 30 min and
washed with FACS buffer (2% in 1¥ PBS). The cells were then
permeabilized with 90% methanol for 30 min at 4°C, fol-
lowed by washes with FACS buffer. The permeabilized cells
were then treated with phospho-p65 monoclonal antibody
tagged with Alexa Fluor 488 (Cell Signaling Technology, Inc,
Danvers, MA, USA) for 1 h at 37°C, followed by washing with
FACS buffer. The cells were then resuspended in PBS and
acquired in BD FACS Calibur (BD Biosciences, San Jose, CA,
USA).

In vivo experiments

LPS-induced TNF-a release in Balb/c mice
All animal care and experimental protocols were approved by
the local animal research board committee: Committee for
the Purpose of Control and Supervision of Experiments on
Animals and the Institutional Animal Ethics Committee. Spe-
cific pathogen-free female Balb/c mice (6–8 weeks old) were
treated with two doses of RSCL-520 (10 and 20 mg·kg-1) given
i.p., 30 min before LPS (225 mg per mouse). Mice receiving
RSCL-0520 without LPS served as negative control. Blood
collection was done retro-orbitally under anaesthesia (ether)
1 h after LPS injection. The serum collected was analysed for
TNF-a using a Duo-Set ELISA (R&D Systems, Minneapolis, MN,
USA) according to the manufacturers’ instructions.

Carrageenan-induced paw oedema in rats
The carrageenan-induced rat paw oedema model was set up
according to the general procedure of Winter et al. (1962). The
anti-inflammatory activity was determined as the percent

RSCL-0520 inhibits TLR signalling
P Datla et al 1161

British Journal of Pharmacology (2010) 160 1158–1170



inhibition of oedema formation in the hind paw of male
Wistar rats (weighing 180–200 g, n = 5) in response to a
sub-plantar injection of carrageenan. The carrageenan was
injected as a freshly prepared 1% solution in PBS (0.1 mL),
30 min after injection (i.p.) of 10 and 20 mg·kg-1 of RSCL-
0520. Oedema formation was then assessed after the carrag-
eenan injection by measuring the volume (in mL) of the
injected paw at 0, 2, 4 and 6 h time intervals using a plethys-
mometer (Ugo Basile model 7140, Cornerio, Varese, Italy).
The increase in volume in the subsequent hours after carrag-
eenan injection constitutes the individual response. The non-
treated hind paw of the same rat was used as the control.
Swelling (in mL) was then calculated in untreated, vehicle-
and drug-treated animals. Inhibition was then derived
through comparison with the vehicle control group.

Statistical analysis
Statistical analysis of the responses obtained from control and
LPS-treated THP-1 cells, and from the in vivo experiments was
conducted by one-way ANOVA using Instat 2 software program
(GraphPad, La Jolla, CA, USA). The Newman–Keuls test was
used for multiple comparisons. Values of P < 0.05 were con-
sidered as significant.

Materials
LPS (from Escherichia coli serotype O55:B5) was from Sigma-
Aldrich; penicillin, streptomycin, RPMI 1640 medium,
sodium pyruvate and FBS were obtained from Gibco (Invitro-
gen). Tris, glycine, b-mercaptoethanol, glucose, sodium bicar-
bonate, sodium chloride (NaCl), SDS, BSA and MTT were
obtained from Sigma-Aldrich. Polyclonal antibodies: anti-
p65, ERK-1/2 and IkB-a were obtained from Cell Signaling
Technology, Inc (Beverly, MA, USA). Antibodies for MyD88
and NEMO were obtained from Stressgen. COX-2 antibody
was from BD Biosciences (San Jose, CA, USA). Anti-rabbit
secondary HRP was obtained from Jackson Immuno research
(West Grove, PA, USA). Trizol was obtained from Invitrogen.
Chemiluminescence ECL was purchased from Amersham.
TNF-a, IL-1b and IL-8 Duoset ELISA detection Kits (R&D
Systems), TLR ligands (1–9) were purchased from Apotech,
Geneva, Switzerland. RT-PCR kits were from Abgene (Epsom,
Surrey, UK). cDNA synthesis kit was from ABI systems.
Carrageenan was procured from Sigma. All other reagents
and chemicals were purchased from Sigma unless stated
otherwise.

Results

RSCL-0520 inhibits the production of inflammatory cytokine
TNF-a from LPS-stimulated THP-1, RAW264.7 cells and
PBMCs.

THP-1 cells were pre-incubated with various concentrations
of RSCL-0520 (1–100 mM), and then exposed to LPS
(250 ng·mL-1). TNF-a was measured in the culture superna-
tants after 24 h incubation with LPS (Figure 3A). RSCL-0520
inhibited TNF-a production in a concentration-dependent
manner, with its IC50 value being ~46 mM (calculated using
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Figure 3 RSCL-0520 suppressed LPS-induced TNF-a output, in a
concentration-dependent manner, in different cell lines. Human
monocytic cells (THP-1) (A), human PBMCs (B) and mouse macroph-
age cells (RAW264.7) (C) were pretreated with the indicated concen-
trations of RSCL-0520 followed by LPS stimulation for 24 h. Culture
supernatants were collected and assayed for TNF-a by ELISA. Data are
expressed as means � SEM of three independent experiments (***P
< 0.001, **P < 0.001, *P < 0.05; LPS treated vs. RSCL-0520 treated).
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BioDataFit software). Similar results were seen in both
RAW264.7 cells and PBMCs following LPS stimulation
(Figure 3C,B). The results clearly indicate that RSCL-0520
inhibits TNF-a production from both mouse and human
monocytes/macrophages stimulated with LPS.

Selective inhibitory effect on TLR4 ligand-induced signalling
Activation of TLRs by specific ligands leads to the release of
many inflammatory cytokines. As the THP-1 cells are known
to express all TLRs, we checked TNF-a release in these cells.
RSCL-0520 (50 mM)-treated cells were stimulated with various
TLR ligands (TLR1-2, Sandor et al., 2003; TLR3, Alexopoulou
et al., 2001; TLR4, Yamamoto et al., 2003; TLR5, Sierro et al.,
2001; TLR6, Galanos et al., 2000; TLR7–8, Diebold et al., 2004;
and TLR9, Vollmer et al., 2004). Cells not treated with RSCL-
0520 served as respective controls. As shown in Figure 4A,
detectable TNF-a secretions were seen in cells stimulated with

TLR1/2, TLR4 and TLR6 ligands. No detectable TNF-a was
observed with other ligands. In cells pretreated with RSCL-
0520, we observed inhibition of TNF-a secretion in cells
stimulated with the TLR4 ligand. We further investigated the
inhibitory effect of RSCL-0520 in PBMCs (Figure 3B) and
RAW264.7 cells (data not shown). Similar results were seen in
both types of cells. These results suggest that RSCL-0520
inhibited TNF-a production mediated mainly by TLR4 in
THP-1 cells and TLR1/2, along with TLR4 in PBMCs.

Inhibitory effects of RSCL-0520 on mRNA and protein expression
in THP-1 cells
To determine whether the suppressive effect of RSCL-0520 on
cytokine production was exerted at mRNA level, we examined
TNF-a mRNA expression in THP-1 cells stimulated with LPS
using quantitative real-time PCR. As shown in Figure 5, TNF-a
mRNA expression significantly increased 1 h after LPS stimu-
lation. The expression levels fell following 1 h pretreatment
with RSCL-0520 (50 mM). Further, we checked whether this
inhibitory effect was seen on other pro-inflammatory genes
producing mRNA for ICAM-1, COX-2, IL-1b and IL-8. The
RT-PCR (Figure 6) results clearly show the suppression of these
genes at mRNA level. These findings indicate its effectiveness
as a good anti-inflammatory agent. It is also noteworthy that
cells treated with RSCL-0520 in the absence of the stimulant
LPS did not show any effect in any of the genes at mRNA level
and protein level (Figure 6, lane 2). The bands obtained were
quantitated using ImageJ software.

In addition, we have also checked for the effect of RSCL-
0520 on IL-8 and IL-1b protein levels. THP-1 cells were pre-
incubated with various concentrations of RSCL-0520
(1–50 mM), and then stimulated with LPS. IL-8 and IL-1b were
measured in the culture supernatants 24 h later. Treatment
with RSCL-0520 inhibited these proteins in a dose-dependent
manner (Figure 7A,B). COX-2 protein detected by Western
blotting was decreased in RSCL-0520 (50 mM)-treated cells
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Figure 4 RSCL-0520 inhibits TLR4-induced TNF-a secretion in
THP-1 monocytes and PBMCs. THP-1 cells (A) and PBMC (B), 2 ¥ 105

cells per well, were pretreated with RSCL-0520 (50 mM) 1 h prior to
TLR ligand treatment. The pretreated cells were stimulated with
various TLR ligands at different concentrations (TLR1/2, 75 ng·mL-1;
TLR3, 75 mg·mL-1; TLR4, 250 ng·mL-1; TLR5, 75 ng·mL-1; TLR6,
75 ng·mL-1; TLR7/8, 7.5 mg·mL-1; and TLR9, 7.5 mg·mL-1) for 24 h
according to the manufacturer’s instructions. The culture supernatant
was then assayed for TNF-a. Cells untreated with RSCL-0520 served
as controls. Data are expressed as mean � SEM of two independent
experiments. ***P < 0.001; ligand-treated cells versus RSCL-0520
treated.
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Figure 5 Inhibitory effect of RSCL-0520 on TNF-a mRNA expression
in THP-1 cells. Total RNA was isolated from THP-1 cells 1 h after
exposure to LPS (250 ng·mL-1) with or without 50 mM RSCL-0520.
The cDNA was used for real-time PCR with primers specific for human
TNF-a and for the housekeeping gene b-actin. The fold change of
TNF-a mRNA in treated cells over control was obtained after correc-
tion for the amount of b-actin. Error bars represent the SEM from two
separate experiments. ***P < 0.001; LPS-treated cells versus RSCL-
0520 + LPS treated.
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(Figure 7C), corroborating our earlier observation of mRNA
levels.

RSCL-0520 blocks IkBa degradation, activation of NF-kB and
nuclear translocation of NF-kB
Stimulation of monocytes with LPS triggers phosphorylation
and degradation of the IkB complex allowing the free NF-kB

to translocate into the nucleus to activate genes with NF-kB-
binding regions. As our mRNA data showed that RSCL-0520
inhibited a number of pro-inflammatory genes which are
known to be activated through NF-kB, we decided to check
whether it could block any signals leading to nuclear trans-
location of NF-kB. Figure 8 shows that following LPS stimu-
lation, there were increased levels of NEMO with time, and

Figure 6 Inhibitory effect of RSCL-0520 on mRNA expression of pro-inflammatory genes in THP-1 cells. cDNA from an experiment similar to
Figure 5 was used for amplifying the specific mRNA for pro-inflammatory proteins (ICAM-1, IL-1b, IL-8 and COX-2), using the corresponding
specific primers; b-actin served as internal control. The data shown are representative of three independent experiments. Quantification of
bands for the specific genes was normalized by b-actin. ***P < 0.001(ICAM-1, IL-8 and COX-2), **P < 0.01 (IL-1b); LPS-treated cells versus
RSCL-0520 + LPS treated.
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Figure 7 RSCL-0520 inhibits IL-8, IL-1b and COX-2 protein expression in THP-1 cells. THP-1 cells were pretreated with the indicated
concentrations of RSCL-0520, and then stimulated with LPS for 24 h. Culture supernatants were collected and assayed for IL-8 (A) and IL-1b
(B) by ELISA. Data are expressed as means � SEM of three independent experiments (***P < 0.001; LPS treated vs. RSCL-0520 treated). In
Figure 7C, cell lysates were prepared from serum-starved THP-1 cells pretreated with 50 mM RSCL-0520 followed by LPS stimulation for the
indicated time-points. Immunoblotting was carried out to determine the COX-2 protein levels. The same blot was probed with tubulin
antibody to ensure equal loading.
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treatment with RSCL-0520 blocked this stimulation of NEMO
(top row, lanes 5–7). Next, to determine whether inhibition of
LPS-induced NF-kB activation was due to inhibition of IkBa
degradation, we looked at the effects of RSCL-0520 on IkB-a
degradation. IkB-a following LPS stimulation, undergoes
phosphorylation and subsequently degrades. RSCL-0520 pre-
vented IkB-a degradation (Figure 8, second row, lanes 5–7).
Blots were stripped and reprobed with ERK-1/2 to normalize
the protein loading. Summary data are shown in the bar
graphs.

LPS has been shown to induce the phosphorylation of the
p65 subunit of NF-kB, which is required for its translocation
to the nucleus. Therefore, we checked whether RSCL-0520
blocked LPS-induced phosphorylation of p65. As shown in
Figure 9A, LPS induced the phosphorylation of p65, and
RSCL-0520 treatment suppressed p65 phosphorylation almost
completely.

Further, following phosphorylation of p65 subunit, LPS has
been shown to induce the nuclear translocation of the p65
subunit. So, we tested the effect of RSCL-0520 on LPS-induced
nuclear translocation. As shown in Figure 9B, RSCL-0520
treatment prevented p65 translocation into the nucleus.

RSCL-0520 inhibits LPS-induced MyD88-dependent and
-independent signalling cascades
Various adapters and signalling molecules are involved in
TLR4 signalling. mRNA expression levels of TIRAP, MyD88
and IRAK1 were up-regulated following stimulation with LPS
(Figure 10, lane 3). Treatment with RSCL-0520 (50 mM) down-
regulated the mRNA expression levels of TIRAP, MyD88 and
IRAK-1 as seen in Figure 7A (lane 4). Nonetheless, the mRNA
levels of all these genes remained unaffected when treated
with RSCL-0520 in the absence of LPS treatment (Figure 7A,
lane 2). To investigate the possibility of an MyD88-
independent, TRIF-dependent pathway, we checked TRIF

expression levels in the LPS-treated cells and found that treat-
ment with RSCL-0520 down-regulated TRIF mRNA levels.
Summary data are shown in the bar graphs in Figure 10.

The protein levels (Figure 11) of two of these signalling
molecules, TIRAP and MyD88, were also increased by LPS, and
this increase was inhibited by RSCL-0520. Overall, these
results indicate that RSCL-0520 inhibits both MyD88-
dependent and -independent signalling triggered by TLR4.

Effect of RSCL-0520 on LPS-induced cytokine production in vivo
As a consequence of our in vitro results, we tested the effect of
RSCL-0520 in a murine model of LPS-induced inflammation.
Mice were injected i.p. with 10 or 20 mg·kg-1 RSCL-0520,
30 min prior to LPS injection. Blood samples were collected
via retro-orbital route under anaesthesia 1 h after LPS injec-
tion for TNF-a analysis. As shown in Figure 12, there was ~66
and ~70% inhibition of LPS-induced TNF-a production at 10
and 20 mg·kg-1 respectively.

Effect of RSCL-0520 treatment on the carrageenan-induced
inflammation in rat paw
We studied the ability of RSCL-0520 at 10 and 20 mg·kg-1 to
exert protection against carrageenan-induced oedema in rats.
Along with the untreated control group where only carrag-
eenan was injected to the hind paw, the test group was given
RSCL-0520, 30 min prior to carrageenan treatment. The paw
volume was measured 0, 2, 4 and 6 h after carrageenan using
a plethysmometer. Analysis (Figure 13) revealed that in rats
pretreated with RSCL-0520, the carrageenan-induced inflam-
mation was reduced by about 30%, by either dose of RSCL-
0520, over the experimental period.

Discussion and conclusions

Recent work carried out in our laboratory on the isolation
of antioxidant molecules from medicinal plants based on

Figure 8 RSCL-0520 blocks activation of NEMO and IkBa degradation. Serum- starved THP-1 cells were pre-incubated with 50 mM
RSCL-0520 for 1 h, and then stimulated with LPS for the indicated time. Total protein was isolated from the treated cells, and an equal amount
of protein from each sample was used for immunoblots to determine protein levels of NEMO and IkB-a. The blot was stripped and reprobed
with an anti-ERK-1/2 antibody to ensure equal loading. Quantification of NEMO and IkB-a bands was normalized by ERK-1/2, and data
presented are from three independent experiments. ***P < 0.001; **P < 0.01; LPS treated-15, 30, 60 min versus RSCL-0520 + LPS treated-15,
30 and 60, respectively.
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free-radical scavenging activity has led to the identification of
a novel anti-inflammatory compound from the tubers of an
orchid E. ochreata. The compound RSCL-0520 was isolated to
~99% purity and chemically characterized as a phenanthrene,
RSCL-0520, based on spectroscopic analysis (Kshirsagar et al.,
unpubl. exp.). Although phenanthrenes have been isolated
from various species of orchids (Tuchinda et al., 1988; Estrada
et al., 1999a,b, Majumder et al., 2001), no antioxidant or anti-
inflammatory activity has been reported for any of these
molecules. The only known report is from crude tuber extracts
of Eulophia nuda (an allied species of E. ochreata), which has
been reported to inhibit carrageenan-induced paw oedema
(Tuchinda et al., 1988). However, the mechanism has not
been elucidated nor any active ingredient identified.

This study, to our knowledge, provides the first evidence of
a phenanthrene showing anti-inflammatory activity exerted
through TLR4-mediated signalling. Here, we show that RSCL-
0520 inhibited TNF-a production by monocytic cells in
response to LPS. The observed effects on TNF-a production
appeared to be mediated by inhibition of TLR signalling
pathways.

Due to its strong antioxidant properties (Kshirsagar et al.,
unpubl. exp.), we postulated that RSCL-0520 could exhibit
anti-inflammatory activity. So, we checked its ability to
inhibit TNF-a release, which involves an oxidant-responsive
mechanism, that is, NF-kB signalling, in an in vitro model,
human monocytes stimulated by LPS. Our results clearly dem-
onstrated that RSCL-0520 inhibited TNF-a secretion in a
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Figure 9 RSCL-0520 blocks phosphorylation and nuclear translocation of NF-kB. Cells stimulated with LPS for 1 h were processed for FACS
using an NF-kB-specific antibody tagged with Alexa-Fluor-488. The results shown (A) are representative of three separate experiments.
Adjacent graph shows MFI data from three experiments (**P < 0.01; LPS treated vs. RSCL-0520 + LPS treated). Treatment of cells with
RSCL-0520 alone did not show any alteration in protein levels (data not shown). In B, the nuclear fractions were obtained from LPS-stimulated
THP-1 cells at the indicated times, and processed for immunoblots using an NF-kB-specific antibody, as in A. Quantification of p65NF-kB bands
was normalized by tubulin. ***P < 0.001, **P < 0.01; LPS-treated vs. RSCL-0520 + LPS at 30, 60 and 120 min. All the immuno blot results shown
are representative of three separate experiments.
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concentration-dependent manner, and the inhibitory effects
were similar in cell lines of monocytic lineage (THP-1, PBMCs
and RAW264.7 cells) without affecting cell viability (data not
shown).

Our studies further demonstrate that RSCL-0520 selectively
down-regulated TLR4-mediated TNF-a production, rather
than TLR2- or TLR6-mediated signalling, indicating that
RSCL-0520 acted primarily on a signalling pathway from
TLR4 in THP-1 monocytic cells. Further studies are in progress
to delineate how RSCL-0520 blocks, specifically, TLR4-

mediated LPS signalling and not that activated by signalling
through TLR2 or TLR6. Further, because RSCL-0520 is a small
molecule (MW about 272), it is unlikely that such a small
molecule could directly inhibit interactions between large
proteins. It may be possible that RSCL-0520 might suppress or
activate an unknown molecule that is uniquely required to
regulate TLR4 signalling. Similar results from TNF-a output
following stimulation with a TLR4 ligand were also observed
in human PBMCs. In addition, we also observed inhibition
of TLR1-2-stimulated TNF-a. It is possible that RSCL-0520

Figure 10 RSCL-0520 inhibited the mRNA expression of the LPS-induced MyD88-dependent and independent-signalling cascades. Serum-
starved THP-1 cells were incubated with RSCL-0520 before stimulation with LPS for 1 h. Total RNA was isolated from treated cells after LPS
exposure. The cDNA synthesized was used for PCR against specific primers for the TLR-related genes. Quantification of bands for the specific
genes was normalized by b-actin. ***P < 0.001(TIRAP, MyD88 and IRAK-1), **P < 0.01 (TRIF); LPS-treated cells versus RSCL-0520 + LPS treated.

Lanes 1       2      3      4       5      6      7

Time (min)       0       5     15     30     5    15     30
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Figure 11 RSCL-0520 inhibited the protein expression of TIRAP and MyD88. Serum-starved RSCL-0520-pretreated THP-1 cells were stimu-
lated with LPS for the indicated time. Immunoblotting of total protein was carried out as before to determine protein levels of TIRAP and
MyD88. Quantification of bands TIRAP and MyD88 was normalized by ERK-1/2, and data presented are from three independent experiments.
***P < 0.001, ** P < 0.01, *P < 0.05; LPS treated versus RSCL-0520 + LPS treated at 5, 15, 30 min respectively.
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inhibits TNF-a through multiple pathways in PBMC, and this
needs further evaluation. In all our in vitro experiments
involving LPS, we have used LPS (from E. coli serotype
O55:B5). However, in the TLR experiments (Figure 3A,B), we
have used the LPS supplied along with the kit which is from
S. minnesota. So, we see different levels of TNF release as
compared to that seen in Figure 2A–C. For all the other in vitro
and in vivo experiments, we have used the LPS from E. coli.

Because NF-kB has a central role in regulation of the pro-
inflammatory molecules inhibited by RSCL-0520, we postu-

lated that RSCL-0520 must suppress NF-kB activation.
Investigating the mechanism involved, we found that RSCL-
0520 inhibited NEMO, IkB-a degradation and phosphoryla-
tion of the p65 subunit of NF-kB. To rule out any possible
intrinsic effect of RSCL-0520 on NEMO, we have evaluated its
effect in the absence of the stimulant LPS, and we did not
observe any effect in the absence of LPS (data not shown).
Studies have shown that the phosphorylation and acetylation
of p65 play a major role in DNA binding and trans-activation
of NF-kB (Egan et al., 1999; Sakurai et al., 1999; Chen et al.,
2001). Further, IKK has been shown to phosphorylate p65
(Fargnoli et al., 1995, Egan et al., 1999; Sizemore et al., 2002),
and it is possible that RSCL-0520 inhibits p65 phosphoryla-
tion through inhibition of IKK.

TLR4 ligation with LPS induces activation of specific intra-
cellular pathways through receptor dimerization and recruit-
ment of different adaptor molecules MyD88, TIRAP
(Fitzgerald et al., 2001; Horng et al., 2001), TRIF (Yamamoto
et al., 2002; Oshiumi et al., 2003) and TRAM (Fitzgerald et al.,
2003). Studies have shown that TLR4 signals through two
different pathways, the MyD88-dependent pathway leading
directly to NF-kB activation, and the second pathway,
MyD88-independent pathway, involving the adaptor proteins
TRIF and TRAM which trigger an interferon response, as well
as late NF-kB activation (Kawai et al., 2001; Hoebe et al., 2003;
Yamamoto et al., 2003). We checked the mRNA expression of
the genes involved in these signalling processes after stimu-
lation with LPS. Our preliminary results show down-
regulation of TIRAP, MyD88 and IRAK-1 mRNA levels. This
observation, to our knowledge, is the first documented evi-
dence of a phenanthrene showing down-regulation of TLR-
associated genes in any cell line in an in vitro study.
Investigations are underway to elucidate the molecular
mechanisms and delineate the signalling pathways involved
in this inhibitory process.

LPS injection can elicit the release of a series of inflam-
matory mediators, including cytokines and prostaglandins
(PGs). Both cytokine and PGE2 production are key factors in
inflammatory diseases such as arthritis, sepsis and inflam-
matory bowel disease (Laufer, 2003; Meyer, 2003; Stokkers
and Hommes, 2004; Ulloa and Tracey, 2005). As a result of
the promising in vitro evidence, we tested its anti-
inflammatory efficacy in an in vivo model. Our findings
clearly demonstrated that pretreatment with RSCL-0520
effectively prevented the release of TNF-a in vivo in response
to LPS injection, in mice. Carrageenan-induced paw oedema
is known to elicit a typical biphasic oedema, with peaking
observed between 6 and 72 h (Levy, 1969; Di Rosa et al.,
1971; Salvemini et al., 1996; Posadas et al., 2004; Rocha
et al., 2006). However, in our studies, the edema peaked at
4 h followed by a decline. Pretreatment with RSCL-0520 was
able to reduce the carrageenan paw oedema in rats. We
would like to mention that responses in this model are
known to be dependent on the age, weight and strain of rats
used (Sprague-Dawley or Wistar). In addition, the biphasic
pattern reported is based on 72 h monitoring. In our study,
we have monitored for a maximum of 24 h, and over this
period we saw a decline in the response. It may be that the
biphasic phenomenon would be observed if the monitoring
was for 72 h.

Figure 12 RSCL-0520 suppresses LPS-induced TNF-a release in
Balb/c mice. Balb/c mice (five animals per group) weighing ~25–30 g
were injected i.p. with LPS (225 mg·mL-1) with and without pretreat-
ment of RSCL-0520 (10 and 20 mg·kg-1). RSCL-0520 was injected
i.p., 30 min before LPS injection. Then, 1 h after LPS injection, blood
was collected retro-orbitally under anaesthesia and serum analysed
for TNF-a (***P < 0.001; LPS treated versus RSCL-0520 + LPS treated).

Figure 13 RSCL-0520 inhibits carrageenan-induced paw oedema in
Wistar rats. The hind paws of rats (weighing ~180–200 g) were
injected with 1% carrageenan in saline (100 mL) to induce oedema.
Then, 100 mL of vehicle (PBS) without carrageenan served as a vehicle
control. RSCL-0520 (10 or 20 mg·kg-1) was injected i.p., 30 min prior
to carrageenan injection in the test animals. Using a plethysmometer,
the oedema induced was measured as increase in paw volume, at 0,
2, 4 and 6 h after carrageenan. They were compared with the pre-
injection volume of the same paw against the untreated foot of the
same rat which served as a reference. % Inflammation was then
calculated in control and in drug-treated animals. Values are means �
SEM from two independent experiments with five rats in each
experiment. ***P < 0.001, significantly different from values without
RSCL-0520.
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In conclusion, this study demonstrates that a naturally
occurring phenanthrene, RSCL-0520, down-regulates expres-
sion of LPS-stimulated, NF-kB-mediated, inflammatory cytok-
ines via a TLR-mediated process. The involvement of other
signal mediators or other transcription factors, however,
cannot be ruled out. As RSCL-0520 inhibited the output of
several pro-inflammatory mediators, particularly pro-
inflammatory cytokines, it shows promise as an anti-
inflammatory agent.
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