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c Département de Pharmacie, Facultés Universitaires Notre-Dame de la Paix, 61 rue de Bruxelles, B-5000 Namur, Belgium

Received 13 March 2006; received in revised form 7 July 2006; accepted 17 July 2006

Available online 9 October 2006

Abstract

A four-point pharmacophore of COX-2 selective inhibitors was derived from a training set of 16 compounds, using the Catalyst program. It
consists of a H bond acceptor, two hydrophobic groups and an aromatic ring, in accordance with SAR data of the compounds and with topology
of the COX-2 active site. This hypothesis, combined with exclusion volume spheres representing important residues of the COX-2 binding site,
was used to virtually screen the Maybridge database. Eight compounds were selected for an in vitro enzymatic assay. Five of them show COX-2
inhibition close to that of nimesulide and rofecoxib, two reference COX-2 selective inhibitors. As a result, structure-based pharmacophore gen-
eration was able to identify original lead compounds, inhibiting the COX-2 isoform.
� 2006 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs), like aspi-
rin and indomethacin, are the most used agents worldwide,
for example in the treatment of rheumatic diseases like osteo-
and rheumatoid-arthritis or to relieve backache and headache
[1e2]. However, most of these drugs lead to renal and gastro-
intestinal (GI) side-effects [3e4] causing about 70 000 hospi-
talizations and 7000 deaths per year in USA [5]. Development
of new strategies to design potent anti-inflammatory drugs
devoid of toxic effects is therefore essential.

Classical NSAIDs act by non-selective inhibition of cyclo-
oxygenase (COX or prostaglandin endoperoxide H synthase)
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enzymes involved in the arachidonic cascade and catalyzing
the biosynthesis of prostaglandins and thromboxane [6]. In
the 1990s, a second isoform of COX termed COX-2 was dis-
covered [7]. These two COX isoforms have two different
modes of expression: the constitutive COX-1 with housekeep-
ing functions (gastro-protection and keeping vascular and re-
nal homeostasis) and the inducible COX-2, induced in
pathological conditions by pro-inflammatory cytokines and
playing a major role in inflammation, pain and fever [8e10].
Therefore, adverse GI effects of NSAIDs would be largely
due to COX-1 inhibition [11]. As a result, the development
of selective COX-2 inhibitors could provide anti-inflammatory
drugs with fewer risks. Moreover, the COX-2 enzyme would
be an interesting target in the treatment of some cancers
[12e13] and neurodegenerative diseases like Alzheimer [14]
and Parkinson [15]. Nimesulide (Mesulid�) [16] and celecoxib
d.
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(Celebrex�) [17] inhibit selectively COX-2 and are marketed
for the treatment of arthritis and pain relief (Fig. 1). However,
we have to mention that the biological functions of prostanoids
are much more complex and interrelated than previously ap-
preciated. Indeed, COX-2 is also constitutively expressed in
some tissues including brain [18,19]. Moreover, recently,
a third variant of the cyclooxygenase enzyme, COX-3, has
been identified in the brain and was found to be composed
of COX-1 and the retained intron. It was first considered as
a potential target of paracetamol but final proof that its analge-
sic and antipyretic effects are dependent on COX is still lack-
ing. Högestätt et al. propose an alternative mode of action for
this compound [20]. Identification of COX-3 is opening a new
chapter in inflammation and NSAID pharmacology [21,22].

At present, several chemical families of COX-2 inhibitors
are developed in literature [23e25]. Their COX-2 selectivity
mainly results from two structural differences between the
two isoforms COX-1 and COX-2. Firstly, the substitution of
Ile523 in COX-1 with the less bulky Val523 in COX-2 allows
access to an additional hydrophilic side-pocket [26,27]. The
existence of this one in COX-2 allows additional interactions
with amino acids such as Arg513, replaced by a histidine in
COX-1. This modification would be another contributor to
COX-2 specificity [28]. Secondly, the conserved Leu384, lo-
cated at the top of the channel, is oriented differently in the
two isoforms. Indeed, in COX-1, the presence of a phenylala-
nine at position 503 forces the Leu384 side-chain to point into
the active site. On the other hand, in COX-2, a smaller leucine
at this position allows the Leu384 side-chain to move away
from the active site and generates an accessible space in the
apex of the COX-2 binding site [29]. These two main differ-
ences increase the volume of the COX-2 active site (20%
larger) compared with the COX-1 one and could be used to de-
sign COX-2 selective inhibitors [30].

Currently, there is an ongoing research to design new COX-
2 inhibitors structurally different from the current ones. In-
deed, recently rofecoxib (Fig. 1), from the diaryl heterocycle
family, was withdrawn from the market because of cardiotox-
icity [31] which justifies that a constant effort is devoted to
identify new scaffolds for the COX-2 inhibition.

In this paper, a pharmacophore model of 16 diverse and
highly COX-2 selective inhibitors was generated, by using
Catalyst/HIPHOP software, in order to identify new potential
lead compounds. This hypothesis, combined with 44 exclusion
volume spheres representing important amino acids of the hu-
man COX-2 binding site, was then used to screen in silico the
3D Maybridge database. Eight compounds were selected from
the output hit list and their COX-2 inhibitory potency was pre-
liminarily evaluated on a purified enzymatic assay.

2. Methods

2.1. Pharmacophore generation

Using Discover3 module [32] implemented in InsightII [33],
conformational analysis was first performed for each selected
COX-2 inhibitors (Fig. 2) in order to take into account their
flexibility. The conformations optimized by molecular mechan-
ics with the CFF91 forcefield were used as a starting point for
the analysis. A simulated annealing procedure was then per-
formed, running high temperature dynamics (1000 K for
2000 fs), followed by cooling down to 100 K with 1 fs mole-
cular dynamics at each step. An energy minimization step was
then followed using three algorithms: two first-order ones, the
Steepest Descent (convergence criteria: 10 kcal mol�1 Å�1)
and Conjugate Gradient (0.01 kcal mol�1 Å�1) and a second-
order one, the NewtoneRaphson (0.001 kcal mol�1 Å�1). A
distance dependent dielectric constant was chosen (1*r). For
each compound, 100 conformers were generated and then clus-
tered according to an RMSD (root mean square deviation;
a measure of the average squared position difference between
two equivalent atoms) of 0.5 Å. In addition, only in the case
of 2, the ESFF forcefield was used because the CFF91 one
was not able to correctly model the azido function.

To perform hypothesis generation, Catalyst software and
particularly the HIPHOP module was applied [34]. Unlike
Catalyst/HYPOGEN, this algorithm identifies common fea-
tures between compounds without considering activity. It takes
a collection of conformational models of molecules and a se-
lection of chemical groups, produces a series of molecular
alignments and then identifies configurations of features that
are common to the set of molecules. The hypotheses are
ranked on the basis of the number of members fitting the phar-
macophore and the frequency of its occurrence (Ranking
score). The quality of the mapping between a compound and
a hypothesis is indicated by the fit value. The Best Fit option
manipulates the first 100 conformers within a specified energy
threshold to minimize the distances between hypothesis fea-
tures and mapped atoms in the molecule. As several applica-
tions show it, Catalyst is a useful tool for the discovery of
new lead compounds for a given target [35e37].

Several chemical features are used including hydrogen
bond acceptor/donor (A/D), hydrophobic group (H), ring
aromatic (R) and negative/positive ionisable (N/P). Each
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Fig. 1. Chemical structure of reference COX-2 selective inhibitors.
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Fig. 2. Chemical structure of COX-2 selective inhibitors used as training set in the Catalyst/HIPHOP hypothesis generation. Activities are expressed in 10�6 M.
characteristic is located at a specific position and is surrounded
by a spatial tolerance sphere of 1 Å radius. The A and D fea-
tures are defined by two points: the heavy atom and the pro-
jected point of complementary site atoms. The resulting
vector gives directionality to the hydrogen-bonding feature.
The R feature, matching five- and six-member aromatic rings,
also includes a vector with the ring centroid and a projected
point normal to the ring plane.

The control parameters used for pharmacophore generation
are summarized in Table 1.

In order to mimic the boundary of the human COX-2 active
site and to take into consideration flexibility of the side-chains,
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Table 1

Parameters used for running Catalyst hypothesis generation

Parameters Value of the parameter Definition of the parameter

Principal 2 for 1 All the chemical features in the compound will be considered in building hypothesis space

1 for the others At least one mapping for each generated hypothesis will be found

MaxOmit 0 for 1 Mapping of all features

Feat 1 for the others All but one feature must map

Spacing 300 pm Minimum distance between actual feature locations in molecules in the training set used for

identifying candidate hypotheses

Minpoints 4 Minimum number of location constraints required for any hypotheses

MinSubset Points 4 Defining the regions of hypothesis space that are most likely to be relevant to the training set

Superposition Error 1 This option lets you adjust the rms fit of molecules to generated hypotheses. Reducing this

value from 1 tightens the fit

Misses 1 This option means that hypotheses that fail to map completely to more than one training set

compound will be disallowed

Feature Misses 1 Number of compounds allowed not to map any particular feature in a generated hypothesis

Mapping coefficient 0 This parameter controls the importance of having compounds with similar structure map to a

hypothesis in a similar way
exclusion (ligand-inaccessible) volume spheres of 1.0 Å diam-
eter were added to the selected 3D hypothesis, based on the
human COX-2, modelled from crystallized murine COX-2 in
complex with SC-558 (PDB code: 6COX) (data not shown).
The spheres were set on the positions occupied by the side-
chains of amino acids located at 10 Å from the active site cen-
tre. Such method could reduce the number of hits and also the
number of false positives in a hit list by a factor of 2e5 [38].

2.2. Docking studies

The Gold docking program was used to select the hits result-
ing from the virtual screening and to emphasize the binding
mode of the more potent leads, SPB04674 and BTB02472.
Gold is a genetic algorithm for protein-ligand docking with
full ligand and partial protein flexibility [39]. Indeed, confor-
mations of some amino acids (Ser, Thr and Lys) are optimized
during the run. The active site was defined as all protein atoms
within 15 Å of any ligand atom in the experimental proteine
ligand complex (6COX). It was adapted for the modelled
human isoform. A maximum of 10 docking solutions were gen-
erated for each structure, with early termination of the process
if the respective RMSDs of the three highest ranked docking
solutions were within 1.5 Å RMSD of one another. The default
software settings were used for the parameters controlling
GOLD’s genetic algorithm. A total of 100 000 genetic opera-
tions were carried out on five islands, each containing 100 in-
dividuals. The niche size was set to 2, and the value for the
selection pressure was set to 1.1. Genetic operator weights
for crossover, mutation, and migration were set to 95, 95 and
10, respectively. The scoring function used to rank the dock-
ings was Goldscore. It is partly based on conformational and
non-bonded contact information from the CSD database. It
includes the terms for hydrogen-bonding, VDW, and intramo-
lecular energies. The VDW interactions for the proteine
ligand complex are described by a 8e4 potential. A 12e6
potential is used for the ligand steric energies that also include
the torsion energies.

2.3. Pharmacological assay

As human COX-1 is not commercially available, the in vi-
tro COX inhibitory assay was determined by using purified
ovine COX enzymes supplied by Cayman Chemical Company.
The ovine COX inhibitory activity was determined by measur-
ing non-enzymatically PGE2 production from arachidonic
acid, substrate of COX enzymes [40]. The COX enzymes (1
unit consumes 1 O2 nmol min�1 at 37 �C in 0.1 M TriseHCl
pH 8, 2� 10�3 M phenol, 1� 10�6 M hematin and
1� 10�4 M arachidonic acid) were first incubated with drugs
(diluted in 0.2e1% DMSO) for 1 h in their optimal activity
conditions: pH 8, 37 �C and with two cofactors (hematin
and phenol). Then 0.1 ml of sodium arachidonate
(10�5 mol L�1) was added and incubation continued for
2 min. The enzymatic reaction was stopped by adding 0.1 ml
of diclofenac (potent non-selective COX inhibitor, 10�3 M)
and putting samples in ice. The solutions were then diluted
10� in TriseHCl buffer and PGE2 production was measured
by radio-immuno assay.

3. Results and discussion

3.1. Pharmacophore generation

Pharmacophore models of COX-2 selective inhibitors are
already described in the literature but were established from
a not very diverse training set [41e47]. To set up a more gen-
eral pharmacophore, a larger structural diversity was taken
into account. Moreover, pharmacophore generation requires
compounds with potentially the same binding orientation in
the active site. As described previously [25], four classes of in-
hibitors were shown to fill the hydrophilic pocket specific to
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COX-2 and exhibit therefore the same binding mode. These
are (a) the diaryl heterocycle compounds, (b) the sulphona-
mide derivatives and, (c) the analogues of flurbiprofen and
(d) indomethacin. Among them, 16 highly COX-2 selective
molecules were selected as a training set for the pharmaco-
phore analysis (Fig. 2) [23,25,42,48e61]. Compound 1, SC-
558, an analogue of celecoxib, is the only COX-2 selective
inhibitor to be co-crystallized with COX-2 isoform (6COX)
[26]. Analogues of rofecoxib, 3 and 4, and, analogue of nime-
sulide, 9, were preferred to their parents because of their better
COX-2 selectivity.

A conformational analysis was performed on each mole-
cule to assess their flexibility and to determine their low-en-
ergy conformations and among them, their bioactive one.
The energy range of the conformers generated for each com-
pound (DE: energy difference between lowest and highest en-
ergy conformer) and the maximal RMSD between any two
conformers are depicted in Table 2. The co-crystallized con-
formation of 1 was considered as the bioactive one and no con-
formational model was performed for this molecule. The
generated conformers of each inhibitor were checked against
experimental analogue structures observed in the CSD data-
base, when available (data not shown).

The molecules with their full conformational model were
then submitted to the Catalyst hypothesis generation. HIPHOP
module of Catalyst was used because in some families, not
enough biological data are available. 1 was chosen as a reference
compound (Principal¼ 2; MaxOmitFeat¼ 0). It was allowed to
map all features although the others were allowed to map par-
tially on the hypotheses (Principal¼ 1; MaxOmitFeat¼ 1).
The 10 generated models consist of three or four points (Table 3).
The last hypotheses (h6 to h10) are less specific than the others
because they only have three points and were not retained. The
four-point hypothesis h5 is characterized by two H bond accep-
tors, an aromatic ring and a hydrophobic group. 2D mapping of 1
on this pharmacophore is depicted in Fig. 3. This model is not in
agreement with SAR of the diaryl heterocycle family. Indeed,
nitrogen of the pyrazole cycle in 1 is not involved in hydro-
gen-bonding with residues of the COX-2 active site (6COX)
[26]. Moreover, the essential role of the central ring of diaryl het-
erocycle compounds is only to orientate correctly the two phenyl
groups in the binding site [62]. On the other hand, the first four
hypotheses1 (h1 to h4) displaying a H bond acceptor (A), an
aromatic ring (R) and two hydrophobic groups (H) are in good
agreement with SAR data. 3D mapping of 1 and 2D mapping
of 9, 13, 15 and 16 on the first hypothesis are depicted in
Fig. 4 by way of illustration. Each compound of the training
set shows a good best fit value with the pharmacophore model.

3.2. Reliability of the generated pharmacophore

The first hypothesis is reliable because it corroborates the
SAR for the different inhibitors and fits the COX-2 active

1 The difference between each hypothesis lies in the orientation of the pro-

jected point of the H bond acceptor and the aromatic ring.
site. In the diaryl heterocycle family, replacement of sulfon-
amide or sulfone group by hydrogen or chlorine atom leads
to COX-1 selective compounds [17]. Moreover, interactions
between the sulfonamide moiety of 1 and polar amino acids
of the hydrophilic pocket, specific to COX-2 are observed in
the crystallized complex (6COX) [30]. H bond acceptor fea-
ture is therefore essential for COX-2 selectivity. The hydro-
phobic group, corresponding to CF3 group in 1, seems
important because when substituted by a polar group like
CH2OH or CONH2, the COX-2 inhibition is reduced [17].
Few SAR data are available in literature for the sulfonamide
family but the withdrawing group (nitro, sulfonamide,.),
reflected by feature A, seems to be necessary [56,60e61]. In-
troduction of hydrogen, cyano or alcohol substituents instead
of an ethyl group (hydrophobic group) in 13, lowered COX-
2 inhibitory activity and selectivity [42]. In addition, the length
of the chain bearing the sulfonamide group (and thus position
of sulfonamide moiety) is also important [42]. The analogue
compound of 14, with a carboxylic acid group in place of
the ester one, shows no cyclooxygenase inhibition [41]. As
a result, the methyl group of 14, corresponding of one of the
two hydrophobic groups (H), seems important for activity.
Few SAR data exist for compounds 15 and 16.

Comparison of the hypothesis with complex of 1 in COX-2
isoenzyme shows the pharmacophore and COX-2 binding site

Table 2

Number of conformers, DE and RMSD values for each compound

Compound Number of conformers DE (kcal mol�1) RMSD max (Å)

2 16 0.04 3.35

3 16 0.31 1.76

4 12 4.22 1.90

5 7 2.17 1.27

6 16 0.01 1.85

7 15 1.66 1.84

8 55 2.19 3.08

9 48 4.44 2.00

10 30 7.96 2.38

11 43 4.50 2.92

12 44 6.81 2.28

13 70 2.55 3.61

14 31 0.96 2.54

15 27 2.92 2.13

16 38 8.30 2.70

Table 3

Results of the common-feature hypothesis run

Hypothesis Molecular features Ranking score

h1 ARHH 110.6

h2 ARHH 110.6

h3 ARHH 110.2

h4 ARHH 110.2

h5 AARH 102.4

h6 ARH 92.8

h7 ARH 92.8

h8 ARH 92.8

h9 ARH 86.9

h10 ARH 86.9

A, hydrogen bond acceptor; R, ring aromatic; H, hydrophobic group.
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complement each other. The hydrogen acceptor (A) is located
in the specific hydrophilic side-pocket; the two hydrophobic
groups (H) are at the top and at the bottom of the hydrophobic
channel, respectively, while the aromatic ring (R) sits at the
entrance of the side-pocket (Fig. 5).
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Fig. 3. 2D mapping of 1 on the fifth hypothesis.
The generated hypothesis is quite different from the other
pharmacophores described elsewhere. Indeed, these ones either
have only three pharmacophore points [41e42,46], or have
a second H bond acceptor as in the hypothesis h5 [43e45,47].

This study highlights the importance and the role of tradi-
tional SAR and its complementarity with data coming from
computerized pharmacophore.

3.3. Virtual screening from a structure-based
pharmacophore

In this study, pharmacophore-based screening was applied
because it is much faster than docking. The usefulness of fea-
ture-based pharmacophore as queries for successful 3D data-
base search has recently been reviewed [63]. Nevertheless,
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in order to be more specific to the human COX-2 binding site,
44 exclusion volume spheres, representing the important
amino acids, were added to the model. Structure-based phar-
macophores were shown to be as accurate as docking [64].

The Maybridge database was searched using the ‘‘Fast
Flexible Search Databases’’ algorithm which only uses the
precomputed conformations of compounds during the search.
The 44 exclusion volume spheres enabled to shrank the May-
bridge hit list from 12 675 to 2577, i.e. a factor of 5.

The first 300 hits fitting the model were selected for further
analyses. In order to reduce the number of molecules to test,
several selection criteria were used. An initial filtering to sat-
isfy the Lipinski rules was first applied to the compounds:
MW< 500, log P< 5, number of H acceptors <10 and num-
ber of H donors <5 [65]. As a next step, hits with asymmetric
carbon(s) were omitted to simplify the problem. Indeed, most
compounds of the Maybridge database are commercially
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Fig. 5. Human COX-2 active site in complex with 1 mapping the four features

of the generated pharmacophore.
available in racemic mixture which would have to be sepa-
rated. Moreover, to avoid too flexible compounds, those with
more than seven rotatable bonds were rejected [66].

In a final step, the 135 remaining hits were first docked into
the human modelled COX-2 active site using GOLD program
in order to take into account molecular complementarities be-
tween the compounds and the COX-2 enzyme. The binding
modes were ranked according to the scoring function (called
‘‘Fitness’’) of GOLD. Secondly, the Catalyst ‘‘Best Fit’’ scor-
ing was calculated for each hit, reflecting the mapping of the
compound in the hypothesis. The compounds with ‘‘Fitness’’
<40 and ‘‘Best Fit’’ <1 were rejected. From these analyses,
40 best-scored molecules still remained. Visual inspection of
the suggested binding modes of GOLD, together with the
high scoring values of GOLD and Catalyst, were used to select
eight structures for in vitro testing (Fig. 6). For these ones, the
H bond acceptor feature is a carbonyl, ether or a nitro group.
The hydrophobic groups match an aliphatic group, a halogen,
a phenyl or an aliphatic ring.

3.4. Pharmacological assay: identification of original
molecules

With the goal to identify new leads having a preferential ac-
tion on the enzyme COX-2, the enzymatic assay is by far the
best choice for the first step in a drug design process. Even if it
has limitations in comparison with a cellular assay (for exam-
ple, in this case, no membrane environment), it can emphasize
unambiguously the specific drugeenzyme interaction [40]. As
human COX-1 is not commercially available, purified ovine
COXs were first used in order to determine COX-1/COX-2 se-
lectivity of the selected compounds. Ovine and human COX
species show 80e90% sequence identity and their binding
sites are strictly identical [67]. It is therefore assumed that
the structureeactivity/selectivity relationships would show
the same trends in a human COX-1 and COX-2 assays.

In this paper, a screening assay was first performed at 10�5 M
concentration in order to identify potential original lead
compounds (Table 4). Reference COX-2 inhibitors, as nimesu-
lide, rofecoxib and celecoxib, were also tested and compared to
the new molecules. As shown in Table 4, their activity values are
weak in comparison with others carried out by different assays
(i.e. human whole blood assay), but are valid and relevant.
Indeed, the used method was validated and showed consistent
results [40,67]. The previously reported gradation in the inhib-
itor potency for different reference drugs is respected by our
assay; i.e. rofecoxib is more potent and selective than nimesu-
lide. Moreover, it was clearly demonstrated in literature that
the measured COX’s inhibitory potency of NSAIDs can
strongly vary depending on the evaluation conditions (incuba-
tion time, arachidonic acid concentration, etc.) [68].

While three test candidates are inactive, five of them show
a significant COX-2 activity, close to the one of nimesulide,
and preferentially inhibit the COX-2 isoform. Particularly,
SPB04674 and BTB02472 are as potent as rofecoxib and
have a new scaffold in comparison with reference inhibitors
and all others proposed in literature. Both compounds were
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docked in the human COX-2 binding site (using GOLD pro-
gram) and showed a good complementarity with the isoform.
In the case of BTB02472, the carbonyl group interacts by hy-
drogen-bonding with amino acids of the hydrophilic pocket,
and particularly His90. This interaction is shown to be impor-
tant in the complex of 1 in COX-2. Moreover, the piperidine
and dichlorophenyl groups lie, respectively, at the bottom
and at the top of the hydrophobic channel (Fig. 7). CH/p in-
teraction is observed between Tyr355 and the piperidine moi-
ety. The dichlorophenyl group is surrounded by aromatic
residues like Trp387, Phe381 and Tyr385. For SPB04674
(data not shown), the ether group is H bonded with His90

Table 4

In vitro activities of eight compounds identified from virtual screening

Compound % COX-1 inhibition

(10�5 M)a
% COX-2 inhibition

(10�5 M)a

SEW03861 i i

NRB01164 i i

BTB10079 i i

BTB09656 i 12.30� 5.00

NRB03190 i 16.65� 3.51

XBX00122 i 17.14� 11.24

BTB02472 5.10� 3.00 26.36� 6.69

SPB04674 i 33.85� 12.70

Nimesulide 9.87� 3.55 19.94� 2.78

Rofecoxib i 24.51� 2.19

Celecoxib 12.35� 10.04 40.37� 3.79

i: inactive compound.
a Average of three determinations.
and both methyl bind in the hydrophobic channel. Moreover,
H bond is observed between the pyridazinone carbonyl and
Tyr355. This is an additional interaction in comparison with
the proposed pharmacophore.

For the three inactive compounds, their pharmacological
profile is understandable. Indeed, in the case of BTB10079
and NRB01164, the hypothesized H bond acceptor is not bind-
ing the hydrophilic pocket and no H bond is observed. Actu-
ally, in BTB10079, the amide group, and not the expected
coumarinic carbonyl, is in the hydrophilic pocket where no
special interaction is observed. In the case of NRB01164,
this is one of the amine groups, and not the ether, which binds
the polar pocket. For SEW03861, the bottom of the channel is
not enough filled as compared with SPB04674 which makes
more contacts with the enzyme.

Such results show that the proposed pharmacophore cannot
reproduce the subtle interactions inside the COX-2 active site
but can anyway test our COX-2 structure-based pharmaco-
phore model from which we are able to identify potential
COX-2 inhibitor. The new structures are original and are not
members of known families of COX-2 inhibitors. Therefore,
they are promising candidates for further structural modifica-
tions which could lead to more potent COX-2 selective inhib-
itors. Further studies will have to be performed in order to
optimize these new structures. It will be, for example, interest-
ing, as a second step, to test the best candidates in a human
whole blood assay which is a much more robust assay because
of reflecting more the complexity of the physiological
environment.
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Fig. 7. Human COX-2 active site in complex with BTB02472.
4. Conclusions

In order to identify new lead COX-2 inhibitors, a 3D phar-
macophore model was generated from Catalyst/HIPHOP pro-
gram, using a training set of 16 COX-2 selective inhibitors.
The selected hypothesis consists of a H bond acceptor, re-
sponsible of COX-2 selectivity, two hydrophobic groups
and an aromatic ring. Such model is in good agreement
with SAR data and characteristics of COX-2 active site. In
order to take into account topology of the human COX-2
binding site, 44 exclusion volume spheres were added to
the hypothesis and the structure-based pharmacophore was
used as a 3D query to screen the Maybridge 3D database.
The first 300 hits were then selected for further analysis.
From biodisponibility, scoring and flexibility criteria, 40
compounds were retained and eight were assayed on the ba-
sis of their high scoring values. Five of them preferentially
inhibit COX-2 and two of them have a pharmacological pro-
file similar to rofecoxib, a potent COX-2 selective compound,
and have an original scaffold. Therefore, Catalyst-generated
pharmacophore model and enzymatic assay were useful in
the identification of potential COX-2 selective original lead
compounds.
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