Appendix



PHYTOTHERAPY RESEARCH

Phyviother. Res. 21, 1092-1095 (2007)

Published orline i3 August 2007 in Wiley InterScicnce
(www interscicnce.wiley.com) DOL ). 1002/ptr.2252

AHNWALEY

HIV-1 Protease and HIV-1 Integrase Inhibitory
Substances from Eclipta prostrata

Supinya Tewtrakul'*, Sanan Subhadhirasaku)', Sarot Cheenpracha® and Chaichanok Karalai®

'Department of Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Prince of Songkla University,
Hat-Yai, Songkhla, 90112, Thailand
‘Department of Chemistry, Faculty of Sciences, Prince of Songkla University, Hat-Yai, Songkhla, 90112, Thailand

The bioassay-guided fractionation for anti-HIV-1 integrase activity led to the isolation of six compounds from
the whole plant extract of Eclipta prostrata extract. They were identified as 5-hydroxymethyl-(2,2%:5°,2").
terthienyl tiglate (1), 5-hydroxymethyl-(2,2":5",2")-terthienyl agelate (2), S-hydroxymethyl-(2,2:5',2")-terthienyl
acetate (3), ecliptal (4), orobol (5) and wedelolactone (6). Of these, compound 6 showed the highest activity
against HIV-1 integrase (IN} with an IC;, value of 4.0 £ 0.2 pm, followed by compound 5 (IC,, = 8.1 £ 0.5 pwm),
whereas the four terthiophene compounds (1-4) were inactive (1C,, > 100 pm). Regarding HIV-1 protease
(FR) inhibitory activity, compound 1 exhibited appreciable activity against HIV-1 PR with an IC,, of 58.3 £
0.8 v, followed by compound 4 (IC;, = 83.3 1 1.6 um) and compound 3 (IC,, = 93.7 + 0.8 um), while com-
pounds 2, 5 and 6 were inactive against HIV-1 PR (EC;, > 100 pm). This is the first report of anti-HIV-1 IN
activities for wedelolactone (6), a coumarin derivative, and orobol (5), an isoflavone derivative. This study
supports the use of E. prostrata in AIDS patients, which is in accerd with its traditional use by Thai traditional
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doctors for curing blood related diseases. Copyright © 2007 John Wiley & Sons, Ltd.
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INTRODUCTION

Eclipta prostrata Linn. (syn: E. alba Hassk., F. erecta
Hassk.) is a plant in the Compositae family. It is a
perennial herb that grows widely throughout tropical
arcas especially in Asia. In Thai traditional medicine,
the leaf of this plant has been used for hair dying and
the treatment of skin diseases. The stem has been used
as a blood tonic and for treatment of anaemia, tubercu-
losis, amoebiasis and asthma, whereas the root has been
used as antibacterial agent, hepatoprotectant and tonic
(Tungtrongjit, 1978, Wutthithamavet, 1997). It has been
reported that Eclipta prostrata exhibits an immunomo-
dulatory effect on T-lymphocytes (Liu et al, 2001),
antiinflammatory (Kobori et al., 2004), antimicrobial
(Wiart et al., 2004) and hepatoprotective activities (Han
ef al., 1998).

AIDS has been a major problem in Thailand since
the late 1980s (55000 deathsfyear, 21 000 new HIV
positives reportedfyear and 570 000 total HIV-positive
patients to date). Specific drug treatment is expensive,
and only a very small number of AIDS patients have
access to the cocktail of modern antiviral agents. There-
fore the majority of AIDS patients resort to using Thai
traditional doctors, who prescribe a range of plant-based
products. However, scientific studies supporting this use
(efficacy, specificity, toxicity) have in most cases not
yet been carried out.
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A preliminary screening of Thai medicinal plants
that are used as self-medication by AIDS patients
revealed that the extract of E. prostrata exhibited
high inhibitory activity against HIV-1 IN with an IC,,
of 211 pg/mi. (Tewtrakul er af., 2006). This study
therefore reports the isolation of active principles from
E. prostrata and their HIV-1 PR and HIV-1 IN inhibi-
tory activities.

MATERIALS AND METHODS

Plant material. Whole plants of Eclipta prostrata
were collected at the botanical garden of the Faculty of -
Pharmaceutical Sciences, Prince of Songkla University,
Songkhla, Thailand and identified by Associate Profes-
sor Dr Sanan Subhadhirasakul. A voucher specimen
(No. SN 4412025) is deposited at Southern Center of
Traditional Medicine at the Faculty of Pharmaceutical
Sciences, Prince of Songkla University.

Extraction and isolation, The dried whole plants (2500 g)
of E. prostrata were extracted sequentially with CH,Cl,
and MeOH (2 L x 2, 5 days with each solvent} at room
temperature. The extracts were filtered and concen-
trated under reduced pressure to afford CH,Cl, and
MeOH crude extracts.

The CH,CI, extract (1.95 g) was subjected to quick
column chromatography (QCC) over silica gel and
eluted with a gradient of hexane: ethyl acetate (EtOAc)
and EtOAc: MeOH to give four fractions (D1-D4).
Fraction D2 (441.4 mg) was further purified by column
chromatography {CC} with 5% EtOAc: hexane to vield
1(10.0 mg), 2 (2.3 mg) and 3 (2.6 mg). Fraction D3 was
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separated by CC with 30% CH,Cl; hexane to afford
4 (4.6 mg).

The MeOH extract {1.0 g} was fractionated by CC
with hexane and the polarity increased with CH,Cl; and
MeOH, respectively, to afford four fractions (M1-M4).
Fraction M3 (12.5 mg) was further purified by prepara-
tive thin layer chromatography (preparative silica TLC)
with 5% MeOH: 95% CH,Cl, to give 5 (5.4 mg). Frac-
tion M4 (10.0 mg) was subjected to preparative silica
TLC with 5% MeOH : 95% CH,Cl, to afford 6 (6.2 mg).
These compounds were identified by comparison of their
spectroscopic data with those reported in the literature
(Das and Chakravarty, 1991; Jain and Sigh, 1988;
Sashida et al., 1983; Kosuge ef al., 1985).

Enzymes and chemicals. Recombinant HIV-1 PR,
substrate peptides and acetyl pepstatin, were purchased
from Sigma Chemical Co., St Louis, USA.

Recombinant HIV-1 IN was expressed in Escherichia
coli, purified according to the method described in a
previous publication (Jenkins et al., 1996), except that
after removal of the His-tag with thrombin, chromato-
graphy on a Sephadex 200 column was the final purifi-
cation step. The integrase enzyme was stored at -80 °C
until use.

Assay of HIV-1 PR inhibitory activity. This assay
was modified from the previously reported method
(Tewtrakul ez al., 2003). In brief, the recombinant HIV-
1 PR solution was diluted with a buffer composed of a
solution containing 50 mm of sodium acetate (pH 5.0),
1 mn ethylenediamine disodium (EDTA.2ZNa) and 2 mm
2-mercaptoethanol (2-ME) and mixed with glycerol
in a ratio of 3: 1. The substrate peptide, Arg-Val-Nle-
(pNO,-Phe)-Glu-Ala-Nle-NH,, was diluted with a buffer
solution of 50 mm sodium acetate {pH 5.0). Two
microlitres of plant extract and 4 pL of HIV-1 PR solu-
tion (0.025 mg/mL.) were added to a solution contain-
ing 2 uL. of 50 mm buffer solution (pH 5.0) and 2 gL of
substrate solution {2 mg/mL), and the reaction mixture
(10 uL) was incubated at 37 °C for 1 h. A control reac-
tion was performed under the same conditions but with-
out the plant extract. The reaction was stopped by
heating the reaction mixture at 93 °C for 1 min. Subse-
quently, 20 uL of sterile water was added and an aliquot
of 10 pl. was analysed by HPLC using RP-18 column
(4.6 x 150 mm i.d., Supelco 516 C-18-DB 5 pum, USA).
Ten microlitres of the reaction mixture was injected
to the column and gradiently eluted with acetonitrile
(15-40%) and 0.2% trifluoroacetic acid (TFA) in
waler, at a flow rate of 1.0 mL/min. The elution profile
was monitored at 280 nm. The retention times of the
substrate and p-NQO,-Phe-bearing hydrolysate were 11.33
and 9.47 min, respectively. The inhibitory activity on
HIV-1 PR was calculated as follows:

% inhibition (Acmcor — Asampte) X 100/A oo

where A is a relative peak area of the product hydro-
lysate. Acetyl pepstatin was used as a positive control.

Assay for HIV-1 IN inhibitory activity. Oligonucleotides
of long terminal repeat donor DNA (LTR-D) and
target substrate (TS) DNA were purchased from
QIAGEN QOperon, USA and stored at —25 °C before
use. The sequence of biotinylated LTR donor DNA
and its unlabelled complement were 5"-biotin-ACCCT-

Copyright @ 2007 John Wiley & Sons, Lid.

TTTAGTCAGTGTGGAAAATCTCTAGCAGT-3
{LTR-D1) and 3-GAAAATCAGTCACACCTTTTA-
GAGATCGTCA-Y (LTR-D2), respectively. Those of
the target substrate DNA (digoxigenin-labelled target
DNA, TS-1) and its 3'-labelled complement were
S-TGACCAAGGGCTAATTCACT-digoxigenin
and digoxigenin-ACTGGTTCCCGATTAAGTGA-Y
(TS-2), respectively.

Multiplate integration assay (MIA). The integration
reaction was evaluated according to the method previ-
ously described (Tewtrakul et af., 2001). A mixture (45 ul),
composed of 12 ul. of IN buffer [containing 150 mm 3-
(N-morpholino) propane sulfonic acid, pH 7.2 (MOPS),
75 mm MaCly, 5 mm dithiothritol (DTT), 25% glycerol
and 500 pg/mL bovine serum albumin], 1 pL of 5 pmol/
mL digoxigenin-labeiled target DNA and 32 pL. of steri-
lized water were added into each well of a 96-well plate.
Subscquently, 6 pL. of sample solution and 9 ul. of 1/5
dilution of integrase enzyme were added to each well
and incubated at 37 °C for 80 min. The wells were then
washed with PBS 4 times, and 100 pL. of 500 mU/mL
alkaline phosphatase (AP) labelled anti-digoxigenin
antibody then added to all wells and incubated at 37 °C
for 1 h. The plate was washed again with washing buffer
containing 0.05% Tween 20 in PBS 4 times and with
PBS 4 times. Then, AP buffer (150 uL) containing
100 mm Tris-HCL (pH 9.5), 100 mm NaCl, 5 mm MgCl,
and 10 mu p-nitrophenyl phosphate were added to each
well and incubated at 37 °C for 1 h. Finally, the plate
was measured with a microplate reader at a wavelength
of 405 nm. A control was composed of a reaction
mixture, 30% DMSO and an integrase enzyme, while a
blank was buffer-E containing 20 mm MOPS (pH 7.2},
400 mMm potassium glutamate, 1 mm ethylenediamine-
tetraacetate disodium salt (EDTA. 2Na), 0.1% Nonidet-
P 40 (NP-40), 20% glycerol, 1 mM DTT and 4 M urea
without the integrase enzyme. Suramin, a polyanionic
HIV-1 IN inhibitor was used as a positive control. The
% inhibition against HIV-1 IN was calculated as follows:

% Inhibition against HIV-1 [N
= [(OD control — OD sample)/OD control] x 100

where OD is the absorbance detected from each well.

Statistics. For statistical analysis, the results of anti-
HIV-1 PR activity were expressed as mean £ SD of
three determinations, while anti-HIV-1 IN were as mean
+ SD of four determinations. The IC, values were
calculated using the Microsoft Excel program. Dunnett’s
test was used versus control for calculation of statistical
significance.

RESULTS AND DISCUSSION

Four compounds belonging to terthiophene derivatives
were isolated from the CH,Cl, extract of the whole
plants of Eclipta prostraia. They were found to be
S5-hydroxymethyl-(2,2":5",2")-terthienyl tiglate (1), 5-
hydroxymethyl-(2,2".5',2")-terthienyl agelate (2), 5-
hydroxymethyl-(2,2":5",2")-terthienyl acetate (3}, ecliptal
(4); whereas those of the methanol fraction were orobol
(5} and wedelolactone (6) (Fig. 1). Of these compounds,
wedelolactone (6) possessed the highest activity against
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Figure 1. Chemical structures of compounds isolated from tha whote plants of Eclipta prostrata.

HIV-1 IN with an [C,, value of 4.0 um, followed by
orobol (5) (IC,, = 8.1 um), while all isolated terthiophene
compounds were apparently inactive (ICy > 100 pm).
Wedelolactone exhibited potent activity, comparable to
that of the positive control, suramin (1Cs = 2.4 um). In
the case of HIV-1 PR inhibitory activity, 1 exhibited
appreciable activity with an IC, value of 58.3 um, fol-
lowed by 4 (IC;; = 83.3 uMm) and 3 (IC;, = 93.7 um),
while compounds 2, 5 and 6 were inactive. This result

implies that wedelolactone (6) and orobol (5} are selec-
tive inhibitors for HIV-1 IN, but not for HIV-1 PR;
whereas the inhibitory activity of the thiophene deriva-
tives is selective for HIV-1 PR, but not for HIV-1 IN
(Table 1, Figs 2 and 3).

Several classes of photosensitizers including sulphur-
containing compounds and some terthiophenes have
been reported to possess anti-HIV-1 activities. In the
present study, compound 1 (cis-form), a terthiophene
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Figure 2. Dose-dependence of anti-HIV-1 PR activity of com-
pounds 1, 3, 4 and acetyl pepstatin. Each value represents the
mean + SD of three determinations.

Figure 3. Dose-dependence of anti-HIV-1 IN activity of com-
pounds 5, 6 and suramin. Each value represents the mean + 5D
of four determinations.

Table 1. Anti-HIV-1 PR and HIV-1IN activities of compounds isolated from the whole plants

of Eclipta prosirata

ICg, () £ SD

Compound Hiv-1 PR? Hiv-1 IN®
5-Hydroxymethyl-(2,2":5",2")-terthienyl tiglate (1) 583+ 038 >100 (2.3%)
5-Hydroxymethyl-(2,2:5",2")-terthienyl agelate {2) >100 {24.2%) >100 (8.9%}
5-Hydroxymethyl-(2,2":5°,2")-terthieny! acetate (3} 937+ 08 >100 (4.0%}
Ecliptal 14} 833+16 >100 (11.2%)
Orobol (5} >100 {43.8%} 8.1+ 05
Waedelolactone {6) >100 (32.7%} 4002
Acety! pepstatin (Positive control for HIV-1 PR) 3.4+0.2 -
Suramin (Positive control for HIV-1 IN) - 24 £01

Copyright © 2007 John Wiley & Sons, Ltd.

Values in parenthesis are % inhibition at 100 pm.
® Each value represents the mean + SD of three determinations.
b Each value represents the mean £ SD of four determinations.
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derivative, displaved appreciable activity against HIV-
1 PR (IC,, = 38.3 pm); whereas its isomer (2. trans-
form) was inactive (ICg, > 100 unm).

Coumarins, such as calanolides and inophyliums, have
been established as non-nucleotide specific inhibitors
of HIV-1 reverse transcriptase (RT). Calanolides A and
B isolated from Calophyllum lanigerum have been
reported to be potent anti-HIV-1 agents (Cardellina
et al., 1995). Two coumarins isolated from Glycyrrhiza
glabra, namely glycocoumarin and licopyranocoumarin,
were reported to inhibit giant cell formation in HIV
infected cell cultures (Hatano et af., 1988). However,
wedelolactone (6) which is also a coumarin derivative,
has not previously been reported for anti-HIV-1 activ-
ity, as well as orobol (5), an isoflavone derivative.

In conclusion, of the isolated compounds from
E. prostrata, wedelolactone (6) and orobol (§) are

responsible for anti-HIV-1 IN activity; whereas 3-
hydroxymethyl-{2,2’ 5" 2")-terthienyl tiglate (1}, ecliptal
(4) and 5-hydroxymethyi-(2 2’ 5" 2")-terthienyl acetate
(3) act as HIV-1 PR inhibitors. These lead compounds
could form the basis of future research in the search
for potent selective and non-toxic anti-HIV molecules
for the treatment of HIV patients worldwide. This
finding also supports the use of E. prostrata in AIDS
treatment which agrees with its trachtional use for treat-
ment of blood-related diseases.
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Article Ristory: Kaempferia parviflora Wall. ex Baker, is one of the plants in the Zingiberaceae family, locally known in
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abscesses. Since K. perviflore rhizomes have long been used for treatment of inflammation and possessed
marked nitric oxide (NO) inhibitory activity (ICsp = 7.8 pg/ml), we thus investigated the inhibitory activity
of compounds isolated from this plant against lipopolysaccharide (LPS)-induced NO release in RAW264.7

cells.
!égwords. From bioassay-guided {ractionation of K. parviflora, seven methoxyflavones were isolated from the
PGE; hexane fraction and were tested for their anti-inflammatory effects. Among the isolated compounds, com-

pound 5 (5-hydroxy-3,7,3" 4'-tetramethoxyflavone) exhibited the highest activity against NO release with
an ICsg value of 16.1 pM, followed by 4 (1Csp = 24.5 M} and 3 (ICsq = 30.6 pM). Compeound 5 was also tested
on LPS-induced prostaglandin Ex (PGE>) and tumor necrosis factor-alpha {TNF-a ) releases from RAW264.7
cells. It was revealed that 5 showed appreciable inhibitory effect on PGE; release (1Csq = 16.3 LM), but
inactive on TNF-at (ICsp > 100 wM). These findings may suppori the use in Thai traditional medicine of K.
parviflora for treatment of inflammatory-related diseases through the inhibition of NO and PGE; releases

Kaempferie parvifloro
Zingiberaceae
Aati-inflammatory cormpounds

but partly due to that of TNF-a.

© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Nitric oxide (NO) is one of the inflammatory mediators that
have been implicated in a variety of pathophysiclogical condi-
tions including inflammation, carcinogenesis and atherosclerosis
(Mordan et al., 1993; Ohshima and Bartsch, 1994; Kronche et al.,
1998). NO acts as a host defense by damaging pathogenic DNA,
and as a regulatory molecule with homeostatic activities (Kou and
Schroder, 1995). This free radical can combine with the super-
oxide anion to yield potent antimicrabial substances (Goldsby et
al., 2002). However, excessive production of this free radical is
pathogenic to the host tissue itself, since NO can bind with other
superoxide radicals and acts as a reactive radical which directly
damages the function of normal cells (Moncada et al., 1991). NO
is produced by the oxidation of L-arginine catalyzed by NO syn-
thase (NOS). In the NOS family, inducible NOS (iNOS) is particularly
well known to be involved in the overproduction of NO in cells.

* Corresponding authos. Tel.: +66 74 288888, fax: +66 74 428220.
E-mail addresses: supinyat@yahoo.com, supinya.t@psu.ac th (5, Tewerakal},

0378-8741/% - see front matter € 2008 Elsevier Ireland Led. All rights reserved.
doé: 10.1016/j.jep.2008.07.033

Prostaglandin E; {PGE;) and tumor necrosis factor-alpha (TNF-ot)
are also inflammatory mediators that involved in various patho-
physiological processes including increased vascular permeability,
vascular dilation and neutrophil chemotaxis. PGE; is derived from
the catalyzation of arachidonic acid by cyclooxygenase-2 enzyme
(COX-2). The cells that produce large amount of PGE3 are mono-
cytes and macrophages, whereas those for TNF-o are macrophages,
mast cells and basophils. The macrophages can be activated by
lipopolysaccharide (LPS) and interferon-gamma ([FN-vy). LPS is a
major component of the cell walls of Gram-negative bacteria. This
antigen can activate macrophages to release some inflammatory
mediators such as NO, TNF-a, PGE; and so on (Goldsby et al,,
2002), Therefore, the inhibition of NO, PGE; and TNF-a produc-
tion is an important therapeutic consideration in development of
anti-inflammatory agents.

Kaempferia parvifiora Wall. ex Baker, is one of the plants iu
the Zingiberaceae family, locally known in Thai as kra-chai-dam.
The rhizome of this plant has been used for treatment of gout,
apthous ulcer, abscesses, allergy and gastrointestinal disorders, as
well as an aphrodisiac (Pengcharoen, 2002). Kaempferia parviflora
has recently been reported to possess anti-allergic (Tewtrakul et
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al., 2008), antimycobacterial, antiplasmodial (Yenjai et al., 2004),
anti-peptic ulcer {Rujjanawate et al., 2005) and anti-viral protease
effects (Sookkongwaree et al., 2006). Moreover, it has been reported
that the ethanolic extract of this plant promoted NO production
in human umbilical vein endothelial cells (Wattanapitayakul et al.,
2007). Since Kaempferia parviflora rhizomes have long been used for
treatment of inflammation and possessed marked anti-NO activity,
we thus investigated the inhibitory activily of compounds iso-
lated from this plant against NO, PGE; and TNF-« releases using
RAW?264.7 macrophage celis.

2. Materials and methods
2.1. Reagenrs

Lipopolysaccharide (LPS, from Escherichia coli), RPMi-1640
medium, 3-(4,5-dimethyi-2-thiazolyl)-2,5-diphenyl-2H-tetrazo-
lium bromide {MTT), L-nitroarginine (1-NA), caffeic acid phenethyl-
ester (CAPE), indomethacin and phosphate buffer saline {PBS) were
purchased from Sigma Aldrich {Sigma Aldrich, Missouri, USA). Fetal
calf serum (FCS) was bought from Gibco (Invitrogen, California,
USA). Penicillin-streptomycin was purchased from [nvitrogen
(Invitrogen, California, USA). 96-Well microplates were obtained
from Nunc (Nunc, Birkred, Denmiark). ELISA test kits of PGE;
and TNF-a were from R&D systems (R&D systems, Minnesota,
tSA). Other chemicals were from Sigma Aldrich (Sigma-Aldrich,
Missouri, USA).

2.2. Plant materia! and preparation of extracts

The rhizomes of five selected Zingiberaceous plants including
Curcuma manggaVal. & Zijp., Kaempferia galanga Linn., Zingiber offic-
inale Roscoe and Zingiber zerumbet (L.) Sm. were collected in June
2005 in Songkhia province, Thailand. Kaempferia parviflora Wall ex
Baker rhizomes were bought from a Thai traditional drug store
in Songkhla province, Thailand. The voucher specimens are SKP
2060313, SKP 2061107, SKP 2062615, SKP 2062616 and SKP2061116,
respectively. The plant materials were identified by Assoc. Prof.
Dr. Sanan Subhadhirasakul and the voucher specimens are kept at
the herbarium cf the Faculty of Pharmaceutical Sciences, Prince of
Songkla University, Songkhla, Thailand.

Ten grams of each dried plant was powdered and extracted suc-
cessively by reflux for 3 h with 200 m! of ethanol (EtOH) and water,
separately. The solvents were removed under reduced pressure to
give ethanolic and water extracts, respectively. The yields of ethano-
lic extracts of Curcuma mangga, Kaempferia galanga, Kaempferia
parviflora, Zingiber officinale and Zingiber zerumbet were found to
be 15.6%. 17.3%, 16.9%, 11.4% and 8.7% (w/w), respectively; whereas
the water extracts were 15.1%, 15.5%, 10.0%, 10.4% and 24.6% {(w/w),
respectively. Stock solutions (10 mg/ml) of the extracts were pre-
pared in DMSO and stored at 4°C until use.

2.3. Isolation of compounds from Kaempferia parviflora extract

Two kilograms dried weight of Kaeempferia parviflora were
ground and macerated with EtOH at room temperature, four times
{61, each). The EtOH extract (267 g} was then concentrated and
partittoned between water and hexane, and successively parti-
tioned with chloroform and water. After that, the water layer was
partitioned with ethyl acetate {EtOAc). Each partition was evap-
orated to dryness in vacuo to give residues of hexane (14.1g),
chloroform (215.0g), EtOAc (4.8g) and water fractions (27.0g),
respectively. The hexane fraction (5.0 g) which possessed the high-
est NO inhibitory activity (IC50 =3.6 wg/ml) was chromatographed
on silica gel using hexane and EtOAc (95:5 to EtQAc 100%,

8000 mi) to afford compound 1 {5-hydroxy-3,7-dimethoxyflavone,
370mg, 7.4% wjw), 2 (5-hydroxy-7-methoxyflavone, 230 mg,
4.6%, wfw), 3 (5-hydroxy-3,74'-trimethoxyflavone, 280 mg, 5.6%,
wiw), 4 (5-hydroxy-7.4'-dimethexyflavone, 125mg, 2.5%, wiw),
5 (5-hydroxy-3.7.3' 4'-tetramethoxyflavone, 54mg, 1.0%. wjw),
6 (3.5.7-trimethoxyflavone, 50mg, 1.0%, w/w) and 7 (3.5.7.4'~
tetramethoxyflavone, 70 mg, 1.4%, wjw), respectively. The struc-
tures of 1-7 were elucidated by comparing the 'H and 3C NMR
spectral data with those reported (Jaipetch et al., 1983; Harborne
et al.,, 1988; Agrawal, 1989).

2.4. Assay for NO inhibitory effect from RAW264.7 cells

Inhibitory effect on NO productien by murine macrophage-like
RAW?264.7 cells was evaluated using a modified method from that
previously reported (Banskota et al,, 2003). Briefly, the RAW264.7
cell line {purchased from Celt Lines Services} was cultured in RPMI
medium supplemented with 0.1% sodium bicarbonate and 2 mM
glutamine, penicillin G (100 unitsfmi}, streptomycin (100 pg/ml)
and 10% FCS, The ceils were harvested with trypsin-EDTA and
diluted to a suspension in a fresh medium. The cells were seeded
in 96-well plates with 1 x 105 cells{well and allowed to adhere for
1h at 37°C in a humidified atmosphere containing 5% CO,. After
that the medium was replaced with a fresh medium containing
100 pgiml of LPS together with the test samples at various concen-
trations (3—100 pg/ml for crude extracts and 3-100 uM for pure
compounds) and was then incubated for 48 h. NO production was
determined by measuring the accumulation of nitrite in the culture
supernatant using the Griess reagent. Cytotoxicity was determined
using the MTT colorimetric method. Briefly, after 48 h incubation
with the test samples, MTT solution {10 pl, 5 mg/ml in PBS) was
added to the wells. After 4 h incubation, the medium was removed,
and isopropanol containing 0.04 M HCl was then added to dis-
solve the formazan production in the cells. The optical density of
the formazan solution was measured with a microplate reader at
570 nm. The test compounds were considered to be cytotoxic when
the optical density of the sample-treated group was less than 80%
of that in the control {vehicle-treated) group. L-NA (NO synthase
inhibitor), CAPE (NF-xB inhibitor} and indomethacin{non-steroidal
anti-inflammatory drug, NSAID) were used as positive controls. The
stock solution of each test sample was dissolved in DMS0, and the
solution was added to the medium RPMI{final DMSQ is 1%). Inhibi-
tion (%) was calculated using the following equation and ICsp values
were determined graphically (n=4):

I A-B
Inhibition (%) = A c ™ 100
A~ C: NO3~ concentration {uM) [A: LPS (+), sample (—): B: LPS{+),
sample (+); C: LPS (-), sample (-)].

2.5. Inhibitory effects on LPS-induced PGE; and TNF-« release
from RAW264.7 cells

Briefly, the RAW264.7 cell line was cultured in RPMI medium
supplemented with 0.1% sodium bicarbonate and 2 mM glutamine,
penicillin G (100 units/ml), streptornycin {100 pg/ml) and 10% FCS.
The cells were harvested with trypsin-EDTA and diluted to a sus-
pension in a fresh medium. The cells were seeded in 96-well
plates with 1.0 x 107 cellsfweli and allowed to adhere for 1h at
37 °Cin a humidified atmosphere containing 5% CO,. After that the
mediumn was replaced with a fresh medium containing 100 pg/ml
of LPS together with the test samples at various concentrations
(10-100 M) and was then incubated for 48 h. The supernatant was
transferred into 96-well ELISA plate and then PGE; and TNF-a con-
centrations were determined using commercial ELISA kits. The test



5. Tewtrakul. 5. Subhadhirasakul / Journal of Erhnopharmacolegy 120 (2008) 81-84 83
Table 1
inhibition on NO praduction in RAW264.7 cells® of some selected plants in the Zingiberceae family
Plant speci_e.é % Inhibition at various concentrations {jg/ml) iCsq (jgfml}

o - 3 10 30 100

€urcume mangga (EXOH) 00435 -120:£37 403 57" 93637 9938 & 1.4%" 18
Curcuma mangga (Water) 0065 - 242 £ 42 3.4+ 597 876 4 157 497
Kaempferie golanga (EtOH} 00£35 161 £ 93 675+ 14™ 973 + 2,37 222
Kaempferit galanga {Water) 0D +68 337 + 44" a9+ 61" 596 + 7.5 480
Kaempferia parvifloya (ELOH) 00 %35 924+ 797 935 233" 1003 + 3487 78
Kaempferia paiviflora {Water) 00 £69 20+72. 129+103 90.4 + 28" 48.2
Zingiber officinale (EtOH) 00+35 329 113 95724 ¢ 1018 £2.7%" 27
Zingiber officinale:(Water) DO %69 CgE —794 131 - 321627 422 + 42" >100
Zingiber zerymbet (EtOH) 0.0+ 35 -12 £ 138 256+ 107 . 1019 + 58" - 1016 + 34%" 123
Zingiber zerumbet (Water) 00+ 69 EE " 385 + 6.1 - 576 + 287 ) 886 +£ 997 17.8

Staristical significance, "p<0.05; "p <001,
* Each value represents mean 4 5.E M. of four determinations.
b Cytotoxic effect was abserved.

sample was dissolved in DMSO, and the solutionwas added to RPMI,
The inhibition on PGE; and TNF-« releases was calculated and [Csg
values were determined graphically.

2.6. Statistics

Forstatistical analysis, the values are expressed as mean + S.E.M.
of four determinations. The ICsp vaiues were calculated using the
Microsoft Excel program. The statistical significance was calculated
by one-way analysis of variance (ANOVA), foilowed by Dunnett's
test.

3. Results and discussion

EtOH and water extracts from the rhizomes of five selected
Zingiberaceous plants used for treatment of inflammation in
Thai traditional medicine, including Curcuma mangga, Kaempfe-
ria galanga, Kaempferia parviflora, Zingiber officinale and Zingiber
zerumnbet were investigated for their anti-inflammatory activi-
ties using RAW264.7 cell line. Among these, the EtOH extract
of Kaempferia parviflora exhibited the meost appreciable anti-
inflammatory effect against LPS-induced NO release in RAW264.7
cells, with an ICsq value of 7.8 pg/mi (Table 1).

From bioassay-guided fractionation of Kaempferia parviflora
(Table 2), the hexane fraction showed high activity against NO
refease with an [Csg value of 3.6 p.g/ml, followed by CHCl; fraction
(IC50 =8.8 pgfml), EtOAc- and water fractions (ICsp > 100 pg/mi},
respectively. The hexane fraction was then chromatograpged fur-
ther to obtain seven methoxyflavones (Fig. 1) and were tested for
their NO inhibitory effects {Table 3A). The result indicated that com-
pound 5 (5-hydroxy-3,7,3' 4'-tetramethoxyflavene) exhibited the
highest activity against NO release with an [Csy value of 16.1 pM,
followed by 4 (1C50 = 24.5 M) and 3 (ICsp = 30.6 pM). These three
compounds exhibited higher effect than L-NA, a positive control

Table 2

R, Rz, Ra=H, Ry =0CH,
R.R¢. Rz Ry=H

R, Ry = H; Ry, Ry = OGCH,
R.R; Rz = H; Ry = OCH;

R = H; Ry, Ry, Ry = OCH,

R =CHa; Ry = OCH4; Ry, Ry =H
R= CHa: R1, R; = OCH:;: R2 =H

1:
2;
3
4:
5
6:
T

Fig. 1. Structures of compounds 1-7 isclated from Kaempferia perviffore rhizomes.

(NG synthase inhibitor, 1Csp =61.8 wM). Mereover, compounds 5
{IC50 = 16.1 uM) and 4{ICsp = 24.5 pM) conferred higher effect than
that of indomethacin (ICsg =25.0 M}, a clinical used drug. Com-
pound 5 was also tested on LPS-induced PGE; and TNF-a releases
from RAW264.7 cells (Table 3B). It was revealed that 5 again exhib-
ited appreciable inhibitory effect on PGE; release (1Csg = 16.3 pM),
tut inactive on the release of TNF-o: (IC50 > 100 WM.

The structure-activity trends of Keempferia parviflora upon
NO inhibition could be summarized as follows: (1) 3,73 4'-
tetramethoxyflavone was essential for NO inhibitory activity; and
(2)4'-methoxyl group on B-ring increased the activity as shown in 4
(ICsg =24.5 p.M) versus 2 (ICsp = 64.3 pM). The result of the present
study are concurrent with the previous report that the methoxy-
lation at position 3 or 4’ enhanced the activity. It has also been

Fractions L 1Csn (peg/mit)
Kaempferia parvifiors {ECOH) 1063 £3487 0 78
Kaempferia parvifiord {Hexane fr.) WeoE0AMT T 38
Kaempferid parvifiora (CHOL; ) - GBI ELET 0 8B
Kaempfenia parviflara (EtOAC fr.} 68+ 1.8 >100°
Kaempferia parviflora {Water fr.) © 3441247 =100

Statistical significance, "p<0.05; "p <001
4 Each vaiue represents mean + S.E.M. of four determinations.
b Cyrotoxic effect was observed.
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Table 3

Inhibitory effects on NO production® of compounds isolated from Kaempferia parviflora rhizomes (A) and inhibition on PGE2 and TNF-« releases of compeund 5 (B)

Compound % Inhibition at varipus-concentiations’ . . . iCsp (M)
— oo
{A) T
1 416,
2 - 643
3 306
4 245 .
5 1
6 818
7 >100
t-NA 618
CAPE 55
Indomethacin 254,
Inflammatory-mediator. - T Msn M)

3
PCE;
INF-&

L. 163
w100

Statistical significance, "p<0.05, "p <0.01.
4 Fach value represents mean + 5.E.M. of four determinations.
b Cytoroxic effect was observed.

reported that some active flavonoids suppressed the iNOS induc-
tion in a dose-dependent manner (Matsuda et al., 2003). Nobiletin
(5.6.7.8,3' 4'-hexamethoxy flavone), which was purified from the
fruit peel of Citrus sunki at concentration 6-50 pM significantly
suppressed NF-«B transcriptionai activation, NO and PGE; produc-
tion in LPS-activated RAW 2647 cells. This result revealed that the
methoxy! flavones may exert anti-inflammatory effect (Choi et al.,
2007). .

In conclusion, the present study may support the use in Thai
traditional medicine of Kaempferia parviflora for treatment of
inflammatory-related diseases through the inhibition of NO and
PGE; releases, but partly due to that of TNF-a. [t is suggested that
the flavones isolated from this plant might involve in the suppres-
sion of iINOS and COX-2 genes. The anti-inflammatory mechanism
in transcriptional ievel of active flavones from Kaempferia parvifiora
will be further investigated.
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