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Selective COX-2 Inhibition by a Pterocarpus marsupium
Extract Characterized by Pterostilbene, and its

Activity in Healthy Human Volunteers

Abstract

In this study, an extract of Pterocarpus marsupium Roxb. contain-
ing pterostilbene has been evaluated for its PGE,-inhibitory ac-
tivity in LPS-stimulated PBMC. In addition, the COX-1/2 selective
inhibitory activity of P. marsupium (PM) extract was investigat-
ed. Biological activity, as well as safety of PM extract was eval-
uated in healthy human volunteers. PM extract, pterostilbene
and resveratrol inhibited PGE, production from LPS-stimulated
human peripheral blood mononuclear cells (PBMC) with ICsq val-
ues of 3.2 £ 1.3 ug/mL, 1.0 + 0.6 uM and 3.2 + 1.4 uM, respectively.
When pterostilbene content of PM extract is calculated, PGE,
production inhibition of PM extract is comparable to PGE, pro-
duction inhibition of purified pterostilbene. Furthermore, in a
COX-1 whole blood assay (WBA) PM extract was not effective
while in a COX-2 WBA, PM extract decreased PGE, production in-
dicating COX-2 specific inhibition. In healthy human volunteers,
the oral use of 450 mg PM extract did not decrease PGE, produc-
tion ex vivo in a WBA. Pterostilbene levels in serum were in-
creased, but were 5-fold lower than the observed ICs, for PGE,
inhibition in LPS-stimulated PBMC. No changes from base-line

of the safety parameters were observed and no extract-related
adverse events occurred during the study.

In conclusion, this is the first study to describe the selective COX-
2 inhibitory activity of a Pterocarpus marsupium extract. More-
over, the PGE, inhibitory activity of PM extract was related to its
pterostilbene content. In humans, 450 mg PM extract resulted in
elevated pterostilbene levels in serum, which were below the ac-
tive concentration observed in vitro. In addition, short-term sup-
plementation of 450 mg PM extract is considered to be a safe
dose based on the long history of use, the absence of abnormal
blood cell counts and blood chemistry values and the absence of
extract-related adverse events. This strongly argues for a dose-
finding study of PM extract in humans to corroborate the in
vitro observed inhibitory activity on PGE, production in order to
resolve the potential use of PM extract in inflammatory disorders
and/or inflammatory pain.
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Introduction

Cyclooxygenase (COX) plays an important role in inflammation
and contributes to inflammatory pain. It is the rate-limiting en-
zyme in the conversion of arachidonic acid (AA) to prostaglan-
din E, (PGE,). Different COX isoforms are known, COX-1 and
COX-2 [1], [2] and more recently a third isoform, COX-3, was

identified, which appeared to be an alternative splicing variant
of COX-1, present in the brain and heart [3]. By non-selectively
inhibiting COX-1/2, non-steroidal anti-inflammatory drugs
(NSAIDs) alleviate pain and suppress inflammation in a variety
of diseases, such as osteoarthritis (OA) and rheumatoid arthri-
tis (RA).
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COX-1 is expressed constitutively in many cells where it produ-
ces the prostanoids involved in homeostatic function, e.g., gas-
tric cytoprotection and platelet activation. COX-2 is generally
considered to be the inducible form and plays an important role
during inflammation, because it accounts for most of the PGE,
that is produced during inflammation. Chronic use of NSAIDs re-
sults in gastrointestinal toxicity [4] which is associated with
their COX-1 inhibitory activity. This phenomenon has led to the
development of selective COX-2 inhibitors [5], [6].

Resveratrol (Fig.1) is a well-known member of the stilbenes and
is found in grapes and other foods. Resveratrol has COX inhibi-
tory properties or decreases the production of PGE, [7], [8], [9],
[10]. Another member of the stilbenes is pterostilbene (Fig.1),
which is a major constituent of a commercially available
Pterocarpus marsupium (PM) extract. P. marsupium Roxb. (Faba-
ceae)is a plant that has been used in Indian traditional medicine.
A limited number of papers review its anti-diabetic potential
[11],[12], [13]. However, herbal extracts typically contain a vari-
ety of constituents that may have different biological effects or
could contribute to the same biological effect that is observed.
In the present study, it was evaluated whether PM extract is a po-
tential candidate for intervention strategies targeting chronic in-
flammatory disorders and/or inflammatory pain. PGE, inhibitory
activity of PM extract is demonstrated using lipopolysaccharide
(LPS)-stimulated human peripheral blood mononuclear cells
(PBMC) and this was related to the pterostilbene content of PM
extract. Furthermore, COX-1/2 selective inhibition by the PM ex-
tract in a COX-1 whole blood assay (WBA) and a COX-2 WBA was
investigated. Finally, in healthy human volunteers, the in vivo
PGE, inhibitory activity of PM extract, several safety parameters
and the bioavailability of pterostilbene were evaluated.

Materials and Methods

All incubations of cells were done at 37°C in a humidified envi-
ronment containing 5% CO,.

Characterization of PM extract by HPLC

Fig.2 shows the HPLC chromatograms of PM extract, pterostil-
bene and resveratrol that were used in this study. In short, sam-
ples were dissolved in dimethyl sulfoxide (DMSO) (100 mg/mL
PM extract, 3 mg/mL pterostilbene and 1 mg/mL resveratrol)
and 10 uL was injected onto a Superspher 100 reverse phase C18
HPLC column (125 x3 mm, 4.0 um, Bischoff, Leonberg, Germany)
and eluted with 0.01% trifluoroacetic acid with increasing con-
centrations of acetonitrile [at 4.7 -44.6 minutes from O to 25%
acetonitrile (linear), at 44.6-54.9 minutes from 25% to 51.3%
acetonitrile (linear) and at 54.9-64.8 minutes from 51.3% to
100% acetonitrile until 76.5 minutes]. UV absorbance was re-
corded at 220 nm, 254 nm and 280 nm.

LPS-stimulated PBMC and metabolic activity assay

PBMC from buffy coats (Sanquin blood bank, Amsterdam, The
Netherlands) of human blood from healthy donors were isolated
and stored in liquid nitrogen and subsequently thawed using
standard procedures. 150 uL/well PBMC in cell culture medium
(RPMI-1640 containing 25 mM HEPES and 2 mM i-glutamine
(Life-Technologies, Merelbeke, Belgium) and further enriched
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Fig.1 Chemical structures of resveratrol and pterostilbene.

with 100 U/mL penicillin/streptomycin, 1.0 mM sodium pyruvate
and 10% heat-inactivated fetal calf serum) were pipetted into a
96-well flat bottom microtiter plate (BD Falcon, Erembodegem
Aalst, Belgium) in a concentration of 1.5x10° cells. PM extract
(Silbinol™, commercially available extract from P. marsupium
heartwood and bark containing 5.5 % pterostilbene (w/w) as de-
termined by HPLC, Sabinsa, Piscataway, NJ, USA), pterostilbene
(purified from P. marsupium, > 95%, Chromadex, Santa Anna,
CA, USA) and resveratrol (> 99%, Sigma, Zwijndrecht, The Nether-
lands) were dissolved in DMSO and subsequently further diluted
in cell culture medium and added to the cells in an individual
concentration range. DMSO concentration in the wells was 0.1%.
In control experiments this concentration did not show any ef-
fects on the measured parameters. Subsequently the cells were
incubated for one hour (volume per well 170 uL). After one hour,
LPS (E. coli B55:055, Sigma) was added resulting in a final con-
centration of 10 ng/mL LPS and a final volume of 200 uL. The cells
were incubated for 20 hours. At the end of the 20 hour incuba-
tion period the supernatants were harvested and stored at —
80°C until further analysis. Next to the plates for PGE, analysis,
identical plates were used to determine metabolic activity of
the PBMC with and without the presence of test agent using the
WST-1 assay (Roche Diagnostics, Almere, The Netherlands). WST-
1 {4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-
benzenedisulfonate} is a substrate for the enzyme succinate de-
hydrogenase. The conversion product formazan can be meas-
ured at 450 nm with a reference filter at 655 nm. The activity of
succinate dehydrogenase reflects mitochondrial activity and
may therefore be indicative for metabolic activity and/or cell
viability. After the 1 hour pre-incubation period of PBMC and
test agents or vehicle and the subsequent 20 hour incubation
with LPS, WST-1 was added undiluted (10 uL/well). Absorbance
was measured using a plate reader (Ultramark, BioRad, Veenen-
daal, The Netherlands) directly after WST-1 addition and after 5
hours incubation of WST-1 with the cells. Control values (with-
out test agents) were set at 100% and all values were expressed
as percentage of control values.

C0X-1 and COX-2 whole blood assay (WBA)

After obtaining written informed consent, ten mL blood from
healthy human volunteers were collected by venupuncture into
heparin (17 IU/mL). COX-1 and COX-2 WBA were performed ac-
cording to Warner et al. [14]. In short, for the COX-1 assay, test
agents or vehicle were added and incubated with whole blood
after which the calcium ionophore A23187 was added for 30
minutes. For the COX-2 assay, aspirin was added to inactivate
COX-1 after which the test agents or vehicle were added plus
LPS for another 18 h. SC-560 (Calbiochem, VWR International,
Amsterdam, The Netherlands) and celecoxib (content of Celebrex
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Fig. 2 HPLC chromatogram
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capsule containing 200 mg celecoxib was corrected for its excipi-
ent content based on weight; Pfizer, local pharmacy) were used
as positive controls for a selective COX-1 and a selective COX-2
inhibitor respectively. Concentration DMSO (vehicle) was 0.1%
in all wells. Plates were centrifuged and supernatants were har-
vested and stored at —80 °C until analysis.

Activity of orally administered PM extract in healthy human
volunteers

To evaluate the activity of PM extract in humans when adminis-
tered orally, a healthy human volunteer study was performed ac-
cording to an open, randomized, positive-controlled design with
three parallel groups. Whole blood was stimulated ex vivo with
LPS and production of PGE, was analyzed without knowing the
donor identification and group distribution. The same procedure
was followed when analyzing TXB, in serum. Thirteen healthy
human volunteers (see Table 1 for subject demographics) were
randomized to receive one of the following treatments: A)

450 mg PM extract once daily (n = 5); B) 225mg PM extract
twice daily, in the morning and in the evening (n = 5); C)
200 mg celecoxib (Celebrex capsule containing 200 mg celecox-
ib) once daily as a positive control for selective COX-2 inhibition
(n = 3). The dose of 450 mg oral intake daily was based upon a
pilot mouse study in which 1.25mg PM extract once daily for
ten days resulted in decreased PGE, production of ex vivo stimu-
lated whole blood (data not shown). Conversion of animal dos-
age to human dosage is done taking into account the ratio of me-
tabolic weight, which is defined as (body weight in kg)®7> [15].
Together with the supplier’s information 450 mg was considered
the appropriate daily dose for a first-time pilot in healthy human
volunteers.

The study was approved by the ethics committee (BEBO) and
conducted according to the principles of the ‘Declaration of Hel-
sinki’ (52nd WMA General Assembly, Edinburgh, Scotland, Octo-
ber 2000) and according to the Dutch law on scientific medical
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Table 1 Subject demographics and baseline characteristics. Values are mean + SD
A: 450 mg PM extract B: 225 mg PM extract C: 200 mg Celecoxib
once daily (n = 5) twice daily (n = 5) once daily (n = 3)
Male:female 3:2 2:3 1:2
Age (years) 27+ 8 26+ 8 33:15
BMI (kg/m?) 22.5+2.0 235+33 23.6:4.7

research with humans in the Netherlands. Prior to study enrol-
ment, written informed consent was obtained from each subject.

Blood was taken before supplementation at day 0 and at days 2, 7
and 14 after the start of supplementation and WBAs were per-
formed at these days. Blood was drawn into heparin (17 [U/mL)
by venupuncture 3 hours after intake of the daily dose for groups
A and C or half the daily dose for group B. Heparinized blood was
aliquoted in 100 uL volumes in a 96-well plate. 100 uL cell culture
medium (without serum) was added containing LPS (100 ng/mL)
and plates were incubated for 20 hours. Plates were centrifuged
and supernatants were harvested and stored at -80°C until anal-
ysis. Blood samples for TXB, analysis in serum were drawn by
venupuncture into 5 mL glass vacutainers and allowed to clot
for one hour at 37°C in a water bath after which the sera were
stored at -80°C. For the evaluation of safety parameters, blood
was drawn at day 0 and at day 14 of supplementation. Erythro-
cyte sedimentation rate, hemoglobin, hematocrit, white blood
cell count, urea, creatinine, Na, K, Cl, gamma-glutamyl-transpep-
tidase (gamma-GT), alkaline phosphatase, bilirubin and liver
aminotransferases AST and ALT were determined at baseline
and 14 days after supplementation.

Measurement of pterostilbene in serum

Serum samples were centrifuged at 13000 rpm using an eppen-
dorf centrifuge. Supernatant (500 uL serum) was incubated in 10
mL glass centrifugation tubes with 100 uL B-glucuronidase from
Helix pomatia (2000 U/mL, Sigma, Zwijndrecht, The Netherlands)
and 400 pL sodium acetate solution (1M, pH 5.0) for 24 hours at
37°C. The aglycone was extracted for 5 minutes with 2 mL tert-
butyl methyl ether containing 1ug 4-hydroxybenzophenone
(98%, Sigma, Zwijndrecht, The Netherlands) as an internal stand-
ard. Tubes were centrifuged for 5 minutes at 3000 rpm (Sorvall
RT7) and the upper layer was transferred to another tube. Va-
cuum dried residue was dissolved in 150 uL ethanol and
transferred to a 300 uL microvial (Alltech, Breda, The Nether-
lands). To precipitate any fat the vials were placed at 4°C over-
night. Subsequently, the vials were centrifuged for 5 minutes at
3000 rpm and 4°C (Sorvall RT7). 10 uL samples were injected
onto a Superspher 100 reverse phase C18 HPLC column
(125%3 mm, 4.0 um, Bischoff, Leonberg, Germany) and eluted
for 16 minutes with 40% (v/v) acetonitrile in water with reten-
tion times for the internal standard of 4.2 minutes and for pter-
ostilbene 13.7 minutes. The peaks of the internal standard and
pterostilbene were measured by UV absorption at 306 nm after
which the concentration of pterostilbene was calculated.
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Eicosanoids measurement

PGE, and TXB, were measured in the thawed supernatants and
sera, respectively, using a commercial enzyme immunoassay
(Biotrak Amersham, Buckinghamshire, UK) according to the
manufacturer’s protocol (protocol 2 for PGE,).

Statistical analyses

ICs values from LPS-stimulated PBMC were determined using a
sigmoidal dose response curve using Prism4® software from
Graphpad. PGE, data from COX-1 and COX-2 WBA were analyzed
by linear regression after log transformation of the concentra-
tions of the different agents used [In (concentration +1)]. The
average of the slopes of 5 human donors was statistically tested
to be < 0 with a one sample T-test in SPSS®. Pterostilbene concen-
trations in plasma of healthy human volunteers were analyzed
by ANOVA and post-hoc a Tukey-Kramer multiple comparison
test was performed.

Results

PM extract, pterostilbene and resveratrol (for pterostilbene and
resveratrol see Fig.1) all dose-dependently inhibited PGE, pro-
duction of 20 hour LPS-stimulated PBMC. ICs, values are 3.2 +
1.3 ug/mL, 1.0 + 0.6 uM and 3.2 + 1.4 uM for PM extract, pterostil-
bene and resveratrol, respectively (shown in Table 2). For PM ex-
tract, there is no decrease in metabolic activity at the ICsy value.
At the IC5, value for pterostilbene there is a small decrease of me-
tabolic activity of 14% and for resveratrol the decrease is 10%.

To differentiate whether PGE, inhibition of PM extract results
from COX-1 or from COX-2 inhibition a WBA is used. PM extract
was not able to inhibit PGE, after COX-1 stimulation. Both cele-
coxib and SC-560 dose-dependently inhibited the PGE, produc-
tion from the COX-1 assay, which was statistically significant. In
the COX-2 assay, SC-560 did not inhibit the PGE, production. PM
extract and celecoxib dose-dependently inhibited the PGE, pro-
duction, both statistically significant (Fig.3), indicating COX-2
specific inhibition.

In order to get insight into the in vivo effects of orally adminis-
tered PM extract a healthy human volunteer study was per-
formed. PGE, was inhibited by celecoxib from day 2 to day 14 by
75% or more. No inhibition of PGE, was observed in the PM ex-
tract administered subjects (data not shown). TXB, values of se-
rum in the three supplementation groups did not change from
baseline (data not shown). Serum concentrations of pterostil-
bene at day 0 were below the detection limit of 5 ug/L plasma
(20 nM). At days 2, 7 and 14 the pterostilbene levels were in-
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Table2 1Csq values for PGE, + SD from 20 h LPS-stimulated PBMC and the decrease in metabolic activity at the determined ICs; values
ICso PGE, % Decrease in WST at IC5,
PM extract 3.2+ 1.3 ug/mL(n = 6) No decrease
Pterostilbene 1.0£0.6 uM (n = 3) 14% +0.13
Resveratrol 3.2+ 1.4uM(n = 3) 10% + 0.09
Fig.3 PGE, production is
A. COX-1 Assay expressed as percentage of
456 1501 1504 control values (PGE, value
5= H { | at no agent incubated) and
BE 1004 1004 cubic spline curves are
a5 ™ shown to visualize data. A
g_ o n PGE, production from 30
~ — 50 501 minutes A23187-stimulat-
% X ed human whole blood
o 0 — 4T 1 . ' with PM extract and cele-
10 20 30 40 50 60 ¢ 1 2 3 4 5 6 7 9 0 25 50 %5 100 COXib and SC—SGO as con-
B. COX-2 Assay trols. B PGE, production
from 6 hours aspirin pre-
S~ bt b 1504 treated and subsequent 18
58 /H/}'\k‘{ hours LPS-stimulated hu-
25 ™ 1004 1004 man whole blood and incu-
00 bated during the last 18
o 2 s 504 50 hours with PM extract and
we celecoxib and SG560 as
8 e N controls. Data represent
o 1 2 32 @ 5 6 1 2 3 4 5 6 7 8 9 25 50 75 10  average of 5 human donors

pg/mL PM extract MM celecoxib

+ SEM. Linear regression is

UM SC-560
performed upon absolute

PGE, values in pg/mL and subsequently one sample T-tests are done to test whether the slopes are < 0. In the COX-1 assay PM extract did not
demonstrate statistically significant PGE, inhibition as opposed to SG560 (P < 0.05) and celecoxib (P < 0.05). However, in the COX-2 assay, PM
extract showed statistically significant PGE, inhibition (P < 0.05). Expectedly, celecoxib inhibited PGE, (P < 0.05). Also SG-560, which is a selective
COX-1 inhibitor, did not inhibit PGE, from COX-2 (P > 0.05). These results indicate specific COX-2 inhibition by PM extract.

creased significantly versus day 0, although no significant differ-
ence exists between the different days (Table 3).

From a questionnaire regarding some major body systems the
relationship of the adverse events and the PM extract was docu-
mented. There was no occurrence of PM extract-related adverse
events. In addition, there were no changes from baseline in he-
matology and blood chemistry values (erythrocyte sedimenta-
tion rate, hemoglobin, hematocrit, white blood cell count, urea,
creatinine, Na, K, Cl, gamma-glutamyl-transpeptidase (gamma-
GT), alkaline phosphatase, bilirubin and liver aminotransferases
AST and ALT) after 14 days of PM extract supplementation in ei-
ther the group receiving 450 mg PM extract once daily or the
group receiving 225 mg PM extract twice daily.

Discussion

This is the first study to describe the COX-2 selective inhibitory
activity of an extract from Pterocarpus marsupium Roxb. (PM ex-
tract). In addition, this present study describes that the PGE, in-
hibitory activity of PM extract is related to its pterostilbene con-
tent. P. marsupium is a plant used in Indian traditional medicine
to which anti-diabetic properties have been ascribed (reviewed
in [11], [12], [13]). In this present study, a PGE, inhibitory effect

of a commercially available extract of P. marsupium, character-
ized by pterostilbene, was demonstrated. Pterostilbene is a
structure analogue of resveratrol (Fig.1) that has been reported
to inhibit COX-1 and/or COX-2 [8], [10]. The COX isoform enzyme
activity of resveratrol and its structure analogue pterostilbene
was studied earlier by Rimando et al. [16]. In that study an ICs,
value of resveratrol for both COX-1 and COX-2 of about 1 uM
was reported. In addition, the COX inhibitory activity of pterostil-
bene was reported to be much lower in that same study: the ICsq
value for COX-1 was 19.8 uM and for COX-2 even 83.9 uM [16].
However, in the present study, pterostilbene showed a much
higher activity. The activity was even higher compared to the ac-
tivity of resveratrol (Table 2). In the present study human LPS-
stimulated PBMC were used to evaluate inhibition of PGE, pro-
duction in contrast with the study described earlier, in which
COX enzyme activity assays were used with sheep COX-1 and
human recombinant COX-2 (Rimando, personal communica-
tion). The different experimental set-ups might be an explana-
tion for the difference in the observed activities.

If pterostilbene would be the main contributing factor for the de-
creased PGE, production by PM extract at an ICsq value of 3.2 +
1.3 ug/mL, the calculated ICsy value of pterostilbene would be
0.69 + 0.29 uM. The measured ICs, value of pterostilbene is 1.0 *
0.6 uM (Table 2). The measured and calculated IC5, values of 0.69
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Table3 Pterostilbene concentrations in plasma of healthy human volunteers

Concentration pterostilbene in plasma (nM) + SEM (n = 5)

Day 0 Day 2 Day 7 Day 14
A: PM extract 450 mg once daily <20 176 + 50 196 + 21 144 + 20
B: PM extract 225 mg twice daily <20 85+ 9 98+ 7 101+ 20

Statistical analysis was done by ANOVA and post-hoc a Tukey-Kramer multiple comparison test was done. At days 2, 7 and 14 the pterostilbene levels are significantly increased versus day 0
(minimum detection limit was used at day 0). Between days 2, 7 and 14 there is no statistically significant difference.

and 1.0 are not significantly different (unpaired t-test). This sug-
gests that pterostilbene contributes for a large part to the PGE,
inhibitory activity of PM extract as seen in LPS-stimulated PBMC.
From the results of the COX-1 (A23187-stimulated) and COX-2
(aspirin pre-treated and subsequently LPS-stimulated) WBAs it
can be concluded that PM extract inhibits PGE, production that
is derived from COX-2 and not PGE, production that is derived
from COX-1 (Fig.3) indicating a COX-2 selective inhibition. In
humans, PM extract at the given dose of either 450 mg PM ex-
tract daily or 225 mg PM extract twice daily was not orally active.
Pterostilbene levels in serum, however, were increased when
compared to baseline levels. The highest concentration observed
of pterostilbene in serum (196 nM) is 5-fold lower than the ICs,
of pterostilbene for PGE, inhibition when added to LPS-stimulat-
ed PBMC (1.0 uM). This might explain why in the healthy volun-
teers there was no effect of PM extract on PGE, production.

In conclusion, the present study describes the PGE, inhibitory ac-
tivity of PM extract that appears to be closely associated with its
pterostilbene content. Moreover, PM extract exhibits COX-2 se-
lective inhibitory activity in vitro. These data suggest that PM ex-
tract and, in particular, pterostilbene are interesting candidates
for intervention strategies in inflammatory diseases and/or in-
flammatory pain. However, 450 mg PM extract daily adminis-
tered to humans, results in pterostilbene levels in serum too
low to achieve PGE, inhibitory activity. Together with the obser-
vation that PM extract at 450 mg daily is considered a safe dose,
based on the long history of use, the absence of abnormal blood
cell counts and blood chemistry values, and the absence of ex-
tract-related adverse events, this strongly argues for a dose-find-
ing study with a higher daily dose in humans to corroborate the
inhibitory activity on PGE, production.

Acknowledgements

The authors wish to thank the phlebotomists C. H. Rouws, M. E.
H. de Lange and M. P. Verheijen for assisting and M.T.R. Jansen for
coordinating the healthy human volunteer study, G. de Vrij and E.
Voogd for HPLC analyses and Dr. L. R. Verdooren for assisting
with statistical data analysis.

Hougee S et al. Selective COX-2 Inhibition... Planta Med 2005; 71: 387 -392

References

1 Holtzman M]J, Turk ], Shornick LP. Identification of a pharmacological-
ly distinct prostaglandin H synthase in cultured epithelial cells. ] Biol
Chem 1992; 267: 21438 -45

2 Hla T, Neilson K. Human cyclooxygenase-2 cDNA. Proc Natl Acad Sci
USA 1992; 89: 7384-8

3 Chandrasekharan NV, Dai H, Roos KL, Evanson NK, Tomsik ], Elton TS,
Simmons DL. COX-3, a cyclooxygenase-1 variant inhibited by acetami-
nophen and other analgesic/antipyretic drugs: cloning, structure, and
expression. Proc Natl Acad Sci USA 2002; 99: 13926 - 31

4 Cryer B, Kimmey MB. Gastrointestinal side effects of nonsteroidal
anti-inflammatory drugs. Am J] Med 1998; 105: 20S-30S

5 Vane JR. The Fight against rheumatism: From willow bark to COX-1
sparing drugs. ] Physiol Pharmacol 2000; 51: 573-86

6 Flower RJ. The development of COX-2 inhibitors. Nat Rev Drug Discov
2003; 2: 179-91

7 Martinez J, Moreno JJ. Effect of resveratrol, a natural polyphenolic
compound, on reactive oxygen species and prostaglandin production.
Biochem Pharmacol 2000; 59: 865-70

8 Subbaramaiah K, Michaluart P, Chung W], Tanabe T, Telang N, Dannen-
berg AJ. Resveratrol inhibits cyclooxygenase-2 transcription in human
mammary epithelial cells. Ann N Y Acad Sci 1999; 889: 214-23

9 Jang M, Cai L, Udeani GO, Slowing KV, Thomas CF, Beecher CW, Fong
HH, Farnsworth NR, Kinghorn AD, Mehta RG, Moon RC, Pezzuto JM.
Cancer chemopreventive activity of resveratrol, a natural product de-
rived from grapes. Science 1997; 275: 218 -20

10 Szewczuk LM, Forti L, Stivala LA, Penning TM. Resveratrol is a peroxi-
dase mediated inactivator of COX-1 but not COX-2: A mechanistic ap-
proach to the design of COX-1 selective agents. ] Biol Chem, 2004:
22727-34

1 Lodha R, Bagga A. Traditional Indian systems of medicine. Ann Acad
Med Singapore 2000; 29: 37 -41

12 Grover JK, Yadav S, Vats V. Medicinal plants of India with anti-diabetic
potential. | Ethnopharmacol 2002; 81: 81-100

13 Saxena A, Vikram NK. Role of selected Indian plants in management of
type 2 diabetes: A review. ] Altern Complement Med 2004; 10:369 -
78.

4 Warner TD, Giuliano F, Vojnovic I, Bukasa A, Mitchell JA, Vane JR. Non-
steroid drug selectivities for cyclooxygenase-1 rather than cyclooxy-
genase-2 are associated with human gastrointestinal toxicity: A full
in vitro analysis. Proc Natl Acad Sci USA 1999; 96: 7563 -8

15 Van Miert AS. Extrapolation of pharmacological and toxicological data
based on metabolic weight. Arch Exp Veterinarmed 1989; 43: 481-8

16 Rimando AM, Cuendet M, Desmarchelier C, Mehta RG, Pezzuto JM,
Duke SO. Cancer chemopreventive and antioxidant activities of ptero-
stilbene, a naturally occurring analogue of resveratrol. J Agric Food
Chem 2002; 50: 3453 -7

Downloaded by: Radboud Universiteit Nijmegen. Copyrighted material.



