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Abstract

Preparations dflarpagophytum procumbens, known as devil’s claw, are used as an adjunctive therapy for the treatment of pain and osteoarthritis
Pharmacological evaluations have proven the effectiveness of this herbal drug as an anti-inflammatory and analgesic agent. The present .
has investigated the mechanism of action of harpagoside, one of the major compon@ntsagbphytum procumbens, using human HepG2
hepatocarcinoma and RAW 264.7 macrophage cell lines. Harpagoside inhibited lipopolysaccharide-induced mRNA levels and protein expres
of cyclooxygenase-2 and inducible nitric oxide in HepG2 cells. These inhibitions appeared to correlate with the suppressid attivation
by harpagoside, as pre-treating cells with harpagoside blocked the translocationx® M the nuclear compartments and degradation of
the inhibitory subunitdB-a. Furthermore, harpagoside dose-dependently inhibited LPS-stimulated Femoter activity in a gene reporter
assay in RAW 264.7 cells, indicating that harpagoside interfered with the activation of gene transcription. These results suggest thabthe inhibi
of the expression of cyclooxygenase-2 and inducible nitric oxide by harpagoside involves suppressiokBohbtivation, thereby inhibiting
downstream inflammation and subsequent pain events.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction ble blind clinical trials and comparative studies against leading
anti-arthritic drugs, such as rofecoxib and diacerrh@hnantre
Harpagophytum procumbens (Burch.) DC. Ex Meisn. (Ped- et al., 2000; Chrubasik et al., 2003p,b
aliaceae) is a perennial herbaceous plant growing specifically in Extracts of Harpagophytum procumbens (devil's claw)
Southern Africa. Preparations of its secondary roots are in cuishowed significant reduction in pain and inflammation induced
rent use for the treatment of pain and osteoarthrlfibgntre by chemical, thermal and mechanical stimulus in various exper-
et al., 2000; Chrubasik et al., 2003p,I€linical efficacy of imental test procedures including Freund’s adjuvant induced
Harpagophytum procumbens in terms of alleviation of pain arthritis and the carragenan-induced rat paw oeddraahers
and decreased requirements for non-steroidal anti-inflammatomst al., 1992; Andersen et al., 2004 he secondary root prepa-
drugs has been demonstrated for root powder and aqueouwstions of Harpagophytum procumbens have been shown to
extract containing at least 50 mg of harpagoside in the dailsuppress interleukin (IL) induced production of metallopro-
dosageChrubasik etal., 2003land evaluated in numerous dou- teinases in human chondrocytes in vitBchulze-Tanzil et al.,
2009); inhibit lipopolysaccharide (LPS)-stimulated expression
- of cyclooxygenase-2 (COX-2) and inducible nitric oxide (iNOS)
Abbreviations: AG, aminoguanidine; COX-2, cyclooxygenase-2; DMSO, in fibroblast cell line L929 Jang et al., 2003 and also inhibit

dimethyl sulfoxide; iNOS, inducible nitric oxide synthase; LPS, lipopolysac- _i : : _
charide; NO, nitric oxide: PDTC, pyrrolidine dithiocarbamate LPS-induced release of cytokines (tumor necrosis factor (TNF)

* Corresponding author. Tel.: +61 2 9351 2321; fax: +61 2 9351 4391. o, IL-6, .IL'.l B) and prostaglandin (PG)Erom human mono-
E-mail address: colind@pharm.usyd.edu.au (C.C. Duke). cytes Fiebich et al., 2001
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Devil's claw extracts containing harpagoside exhibited a
concentration-dependent suppression of nitrite formation in
renal mesangial cells and this inhibition was attributable to inhi-
bition of INOS expression at the level of its transcriptional acti-
vation Kaszkin et al., 200¢ Interestingly, a harpagoside-free
extract also markedly inhibited inducible NO synthase expres-
sion and in contrast to pure harpagoside exerted strong antiox-
idative activity aszkin et al., 2004 Recently, it was shown
that a methanolic extract of devil's claw inhibited TPA (12-
tetradecanoylphorbol-13-acetate)-induced COX-2 expression in
human breast epithelial cells and in mouse skin in vivo by inhibit-
ing DNA-binding of NF«B activated by TPANa et al., 2001

Topical application of the extract also inhibited TPA-mdUCEdQO:Z:O.l). Harpagoside was purified and identified a3-B-

activation of activator protein-1 and attenuated the expressio : .
P P cinnamoylharpagideHg. 1). Its structure was characterized by

of its key component c-FoK(ndu et al., 200% 1 13
Despite extensive clinical evaluation of the effectiveness of H.NMR and-°C NMR’ and was found to be to that reported
literature Chaudhuri et al., 1980

devil’s claw preparations for use as an analgesic and in the treal!
ment of osteoarthritis, and extensive in vitro data demonstratin
anti-inflammatory and analgesic propertiedfrpagophytum

procumbens, active principles responsible for the clinical effect ] ]
and the modes of action are not fully understood. Therefore, RAW 264.7, a mouse macrophage cell line, was obtained
we further examined the molecular mechanism of action offm the American Type Culture Collection and the human hep-

harpagoside in modulation of the expression of COX-2 andtocellular carcinoma ceII_ line (HepG2) was as a kind gift from
iNOS proteins in inflammatory conditions induced by LPS stim-Dr- Javed Akhter (University of New South Wales, Sydney, Aus-

ulation in human hepatocarcinoma HepG2 cells and RAW 264.{;ralia)-. Cells were cultured as described previoushtén etal.,
macrophage cell lines. 2003; Hong et al., 2004

Fig. 1. Structure of harpagoside (B£-cinnamoylharpagide).

3.3. Cell cultures

2. Materials and methods 2.4. Cell proliferation assay

2 1. Materials RAW 264.7 macrophage and HepG2 cells were seeded
at a density of 5 10* per well onto sterile 96-well flat-
Aminoguanidine, dimethyl sulfoxide (DMSO), lipopolysac- bottomed microtiter tissue culture plates (Sarstedt) overnight.
charide (LPS) fromSalmonella minnesota and pyrrolidine ~ The cells were treated with various concentrations of harpago-
dithiocarbamate (PDTC) were purchased from Sigma—Aldrichgide (0.1-20@M) and further incubated for 3 days at 3¢
Australia. All solvents were of analytical grade and were dis-in @ humidified atmosphere with 5% GOrhe plates were then
tiled before use. Silica gel 60H and TLC plate (silica gel 60added the MTS (tetrazolium salt) reagents from the CellTitéro6
F254) were purchased from Merck Pty. Ltd. Dried, sliced, secAqueous One Solution Cell Proliferation Assay (Promega) and
ondary root tubers dflarpagophytum procumbens was donated ~ incubated at 37C with 5% CG for 4h and analysed using a
by Finzelberg, GmbH and Co., Germany. Harpagoside was isdgnicrotiter plate reader (model 3550, Bio-Rad) at an absorbance
lated in our laboratory and characterized by high-field nucleawavelength of 490 nm.
magnetic resonance (NMR) (Varian Gemini 300 MHz, Palo

Alto, USA). 2.5. Transfection and NF-kB luciferase assay
2.2. Isolation and identification of harpagoside from devil’s pNF+«B-Luc (Clontech, USA) was transfected in RAW 264.7
claw cell line as described in the literaturAktan et al., 2003and

was readily available in our laboratory. The pNB-Luc plas-

Dried, sliced, secondary root tubers (100 gHof-pagophy- mid contains multiple copies of the NEB consensus sequence
tum procumbens were ground to powder and extracted twice fused to a TATA-like promoter region from the Herpes simplex
with methanol by stirring at room temperature to obtain crudevirus thymidine kinase (HSV-TK) promoter. Transfected cells
extract (26 g). The extract was fractionated through the normakere pretreated for 2 h with either vehicle (DMSO), pyrrolidine
phase silica bed using a short column vacuum chromatographéithiocarbamate, PDTC (100 mM) a known inhibitor of NB-
method Zarate et al., 1992 A stepwise gradient of increasing or harpagoside (0.1-2QMM) prior to 4 h treatment with LPS
polarity of mobile phase (200 ml) consisting of a mixture of (100 ng/ml). Unstimulated RAW 264.7 cells acted as a neg-
chloroform/methanol (CHGIMeOH ratio; 100:0, 99:1, 98:2, ative control. The cells were subsequently lysed and assayed
96:4, 94:6, 92:8, 90:10, 88:12, 85:15 and 80:20) was employefbr luciferase and3-galactosidase activities using the Bright-
to elute the components. Eluents were analysed by TLC witiGlo Luciferase Assay System and Beta-Glo Assay System
a mobile phase system consisting of Cg®leOH:H,O  (Promega, Australia), respectively. The results were expressed
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as relative luciferase activity (fold difference compared to neg3. Results
ative control).

3.1. Effect of harpagoside on LPS induced-NO synthase in
2.6. Nitrite (nitric oxide) assay RAW 264.7 macrophage cell lines

The nitrite assay was carried out as described previously We first established the effect of harpagoside on the release
(Aktan et al., 200R Briefly, RAW 264.7 cells (3« 1(° cells)  of NO in a macrophage cell line. Treatment of RAW 264.7
were cultured in 24-well plates for 2 days at“®7in a 5% CQ cells with LPS (100 ng/ml) for 24 h significantly increased the
incubator. The cells were pretreated with the vehicle (DMSOYelease of NO (3% 3 M) by approximately 12-fold compared
or harpagoside (0.1-2@M) for 1 h, prior to LPS (100 ng/ml) to that of the untreated cells 32 uM) (Fig. 2). This increased
stimulation for a further 24 h. Aminoguanidine (1aM), a  release of NO was inhibited by iNOS inhibitor aminoguanidine
known inhibitor of NOS enzymes, was used as a positive contral10 wg/ml). Harpagoside reduced NO release in LPS-stimulated
(Wolff et al., 1997. LPS untreated cells were used to determinecells in a dose-dependent manner, with agpNalue of 39.8.M
the basal activity. After 24-h incubation supernatants were colbut had no effect on NO release in the LPS-untreated cells
lected and the amount of NO product quantified using the Gries@ig. 2). To confirm that the inhibition of NO release by harpago-

Reagent System (Promega, Australia). side was due to its action on the iINOS system rather than
by affecting cell viability, a cytotoxicity assay for harpagoside
2.7. Semi-quantitative mRNA analysis for COX-2 and iNOS (0.1-200uM) was examined. Harpagoside treatment retained

>90% cell viability in LPS-treated cell$-(g. 3).

Total RNA was extracted from cultured HepG2 cells using
TRIzol reagent (Invitrogen, Australia). The relative levels of 3.2. Effect of harpagoside on COX-2 and iNOS mRNA and
specific mMRNAs were assessed by reverse transcriptase polyrotein expression in HepG2 cell lines
merase chain reaction (RT-PCR) following the method reported
in the literature QAbe et al., 200 The sequences of the  To examine if harpagoside affected expression of inflam-
sense and antisense primers used for amplification were: COXnatory enzymes, the effect of harpagoside on mRNA and
2 (M90100: 411bp), BAACAGGAGCATCCTGAATGG-3  protein levels was examined. HepG2 cells treated with the
and 3-GGTCAATGGAAGCCTG-TGAT-3,iNOS (AF049656:  pro-inflammatory agent LPS (3G/ml) significantly upregu-
488 bp), 5>CAGAGGACCCAGAGACAAGC-3 and 53-ACT-  |ated the mRNA expression of inflammatory genes COX-2 and
GGGTGA-ACTCCAAGGTG-3 B-actin (NM001101:629 bp), iNOS by approximately 3.8- and 2.2-fold, respectivefjg( 4).
5-GGAGTAACCAGGTCGTCCAA-3and 3-GAAGGTGCC-  Immunoblotting showed that the increase in mRNA levels of

CAGAATACCAA-3'. COX-2 and iNOS corresponded to the increased protein expres-
sions of these enzymes of approximately 1.4- and 1.5-fold,

2.8. Protein extraction and semi-quantitative respectively, as shown iRig. 5. Harpagoside (20@M) signif-

immunoblotting icantly inhibited the induction of COX-2Hig. 4a) and iINOS

mRNA (Fig. 4b) and their corresponding protein expression
Immunoblots were carried out as described previously

(Hong et al., 2004 Briefly, HepG2 cells were treated with
vehicle (DMSO), PDTC (100 mM) or harpagoside (30d) ; :
for 2h prior to being exposed to LPS ({@/ml) for 1 or N -
6h. Cells were lysed with lysis buffer (Cell Signaling) for 545 —
determination of COX-2 and iNOS proteins. The nuclear (NF- g:‘;’
kB(p65)) and cytosolic {B-a) proteins were, respectively, ;:3;3;)
extracted with NE-PER nuclear extraction and cytoplasmic £ s
extraction reagents (Pierce). The membrane was incubated g 20
with anti-COX-2 (Santa Cruz Biotechnology), anti-NOS & 15
(Caymanchem), antikB-o or anti-NF«B(p65) primary %'50
antibodies (Santa Cruz Biotechnology). The proteins were Z N
detected by chemiluminescence and normalized to actin for c 0 10 o1 05 2 10 S50 100 200

quantification. AG (uM) Harpagoside (uM)
LPS
2.9. Statistical analysis Fig. 2. Dose-dependent effect of harpagoside on LPS induced-NO synthase in

RAW 264.7 macrophage cell lines. RAW 264.7 cells were treated for 1 h with
All results are expressed as mednS.E.M. Data were ana- eithervehicle (DMSO) or harpagoside (0.1-20@), after 24-h stimulation with
Iyzed by one-factor analysis of variance (ANOVA). If a statisti- 100 ng/ml LPS. Aminoguanidine (AG: 1QMM), a known inhibitor of nitric

callv significant effect was found. the Newman—Keuls test wa oxide synthase enzymes, was used as a positive control. Unstimulated RAW
y Sig ! %64.7 cells acted as a negative control. Nitrite, a stable end-product of NO,

performed_to isolate the _diﬁ_e_rence between the groBp.05  \as measured by the Griess reaction. All values are meghE.M. = 3) vs.
were considered to be significant. control (C)," P<0.05.
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@ Fig. 5. Effect of harpagoside on COX-2 (a) and iNOS (b) protein expression
in HepG2 cell lines. HepG2 cells were pretreated in the absence and presence
6 [N, | S— of harpagoside (Harp: 2Q0M) for 2 h before LPS treatment (3@/ml), then
H — exposed to LPS for the indicated times (1 and 6 h). Protein extracts from cell
'z e s pellets were subjected to SDS-PAGE followed by the Western blot analysis using
E @ 4 anti-COX-2 and anti-iNOS antibodies. Protein contents were determined using
& _E 3 the Bradford assay method with BSA as a standard. The results were normalized
<=, to B-actin. Levels in control were arbitrarily assigned a value of 1.0. All values
ZE T % % are means: S.E.M. (z=3) vs. control (C); P<0.05.
A laln
=

(Fig. 5a and b) in LPS-treated cells, indicating that harpagoside

COX-2 : ; .
. % . % attenuated the synthesis of these proteins at both the transcrip-
: % % . ' tional and translational levels.
T Ill * 1 i
I * 1
2 2 3.3. Effect of harpagoside on inhibiting LPS-induced

NF-kB luciferase reporter activity

' _ _ To further explore the molecular mechanism by which
harpagoside inhibited the synthesis of inflammatory proteins

ﬂ ﬂ % COX-2 and iINOS, we investigated the effect of harpagoside

on the activity of the nuclear transcription NdB system. It

is known that pro-inflammatory agents such as LPS activate the

Fig. 4. Effect of harpagoside on COX-2 (a) and iNOS (b) mRNA expressionNF-kB pathway leading to the induction of COX-R'@cquisto

in HepG2 cgll lines. HepG2 cells were pretreated in the absence and presengg al., 1997 and iNOS productionl(leinert etal., 200 RAW

of harpagoside (Harp: 2G0M) for 2 before LPS treatment (10y/ml), then 264.7 cells transfected with NiB luciferase reporter plasmid

exposed to LPS for the indicated times (1 and 6 h). Total mMRNAs were prepare -~ . . . .

from the cell pellets using TRIzol. The relative levels of mMRNAs were assesse@xmb'ted approxmately three-fold increased luciferase Slgnal

by RT-PCR. Results were normalized@eactin. Levels in control were arbi-  after treatment with LPS (100 ng/ml), representing increased

trarily assigned a value of 1.0. All values are mear.E.M. ¢=3) vs. control  transcriptional activity compared to untreated ceHlsg( 6).

(C),” P<0.05. Cells pretreated with harpagoside exhibited dose-dependent

mRNA Expression
(Fold Increase)

H
(=

iNOS
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Fig. 6. Effect of harpagoside on LPS-induced NB{uciferase reporter activ-

ity in Raw 264.7 macrophage cell lines. RAW 264.7 cells transiently trans-

fected with pNFkB-Luc and pS\B-galactosidase were pretreated for 1 h with
either vehicle (DMSO), pyrrolidine dithiocarbamate, PDTC (100 mM) a known
inhibitor of NF«B or harpagoside (Harp: 0.1-200), prior to 4 h of treat-

ment with LPS (100 ng/ml). Unstimulated RAW 264.7 cells acted as a negative

control. Cells were then harvested and luciferasegygdlactosidase activities

were assessed. Results are expressed as relative luciferase activity (fold differ-

ence compared to negative control. All values are meaB<€.M. z=6). vs.
control (C)," P<0.05.

inhibition of the LPS-induced NkB transcriptional activity in
transfected RAW 264.7 cells, with andgof 96.4p.M, as shown
in Fig. 6.

3.4. Effect of harpagoside on NF-kB(p65) and IkB-o
protein expression in HepG?2 cell lines

It is known that in the inflammatory pathway upon stimu-
lation of the NFkB system, kB-a is phosphorylated byxB
kinases and subsequently degraded to releaseBykvhich is
then translocated to the nucleus where it activates various gen
(Hayden and Ghosh, 20p4Thus induction of NFR«B activa-

153
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Fig. 7. Effect of harpagoside on NEB(p65) and kB-« protein expression in
HepG2 celllines. Cells were pretreated with harpagoside (Harpa®O0or 2 h
before LPS treatment (30g/ml), then exposed to LPS for the indicated times.
Nuclear and cytosolic fractions were subjected to SDS-PAGE followed by West-
ern blotting analysis using anti-NkB(p65) (a) and antidB-« (b) antibodies.
Protein contents were determined using the Bradford assay method with BSA
g?a standard. The results were normalizefl-ectin. Levels in control were
arbitrarily assigned a value of 1.0. All values are mefAIBE.M. (2=3) vs.

tion by LPS increases p65 protein level in the nucleus, whereasntrol (C)." P<0.05.

for the cytosolic kB-a, protein level is reduced in inverse pro-
portion to that of p65, as confirmed kig. 7. To evaluate the
stage at which harpagoside blocked NB-activation, cytosolic

by harpagoside, as pre-treating cells with harpagoside blocked

and nuclear extracts of the cells were analyzed by Western bldle translocation of NikB(p65) into the nuclear compartments
for IkB-a and p65 protein levels, respectively. Pre-treatment oind the degradation of the inhibitory subuniBla. Harpago-

HepG2 cells with harpagoside (2001) prior to exposure to
LPS resulted in a near normalization &B-« in the cytosol
compared to that of LPS-untreated (control) cefligy( 7). This
indicated that translocation okB-a from the cytosol to the
nucleus following LPS treatment was blocked by harpagoside

4. Discussion

side exhibited dose-dependent inhibition of LPS-stimulated NF-
kB promoter activity in the gene reporter assay, indicating that
harpagoside interferes with the activation of gene transcription.
Whether harpagoside prevents the degradatiog®t from the
NF-xB binding complex requires further study through electro
mobility shift assay to provide a more precise mode of action of
harpagoside with regard to the inhibition of the MB-system.
Surprisingly, in rat mesangial cells harpagoside failed to

The present study shows for the first time that harpagosidettenuate NReB translocation to the nucleug#szkin et al.,

a major component diarpagophytum procumbens, effectively

2009 in contrast with the finding in the present study, which

suppressed the synthesis of two inducible enzymes responsilh@s clearly demonstrated that harpagoside inhibited the translo-

for inflammation, COX-2 and iNOS at both the transcriptional
and translational levels, as seen by the suppression of mRN

cation of NFxB(p65) into the nuclear fraction in HepG2 cells.
Ahis discrepancy suggests that the ability of harpagoside to atten-

and protein levels in LPS-treated HepG2 cells. These inhibitionsate NF«B activity is cell and/or stimulus specific. Cell type

appeared to correlate with the suppression ofdiFactivation

and stimulus dependence was in fact demonstrated for tran-
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