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A set of sixty-four compounds of indomethacin derivatives was subjectzd to three-dimensional
quantitative structure activity relationship analysis using comparative molecular field analysis
and comparative molecular similarity indices methods. The comparative molecular field analysis
model gave cross-validated and conventional r? values of 0.742 and 0.992, respectively, for the
forty-five compounds of training set with optimum number of components as 6. The comparative
molecular similarity indices model has cross-validated and conventional 2 values of 0. 594 and
0.935, respectively, for the forty-five compounds of training set with optimum number of compo-
nents as 4. Nineteen compounds were used to validate the comparative molecular field analysis
and comparative molecular similarity indices models, which were not included in the model gen-
eration. The comparative molecular field analysis and the comparative molecular similarity indi-
ces results have been compared. The comparative molecular field analysis model was found to be
highly predictive and it can be used to design potent cyclooxygenase-2 inhibitors prior to their

synthesis.

The quest for selective cyclooxygenase-2 (COX-2) in-
hibitors began when this enzyme was first described in 1990"
8.1t is now well established that cyclooxygenase exists in at
least two isoforms, COX-1 and COX-2. COX-1 is a regula-
tory enzyme that is present almost throughout the body and
produces prostaglandins that help in proper functioning of
kidney and stomach. COX-2 is an inducible enzyme that
catalyzes the production of prostaglandins leading to inflam-
mation’® Most of the existing non-steroidal antiinflamma-
tory drugs (NSAIDs) suffer from non-selective binding to both
COX-1 and COX-2, thus producing undesirable gastrointes-
tinal and renal side effects. It is believed that inhibitors that
bind with a greater or lesser extent of selectivity towards
COX-2 are different from the conventional NSAIDs. Further
more selective COX-2 inhibitors are believed to play a vital
role in ovulation and labour, as well as in the treatment of
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colon cancer and Alzheimer's disease®".

During the last decade, a number of diaryl heterocyclic
and other compounds have been extensively studied as se-
lective COX-2 inhibitors'2. Among them, two compounds,
celecoxib and rofecoxib have been marketed for the treat-
ment of acute pain, osteoarthritis and rheumatoid arthritis.
However the structures of only few compounds such as as-
pirin, indomethacin, meclofenamic acid, zomepirac and
flurbiprofen have been modified to have selective COX-2
inhibitory activity'®'7. These were found to have similar effi-
cacy to that of selective COX-2 inhibitors and greater gastro
intestinal safety. However, due to lack of structural require-
ments for selective inhibition of COX-2 enzyme, these at-
tempts were not so fruitful. In the recent past, number of
research groups have independently tried to modify the struc-
ture of indomethacin, this included glycerol ester and amide,
thiazole analogues of indomethacin, indolalkonic acid de-
rivatives and extending the acetic acid side chain along with
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replacement of the N-benzoyl moiety of indomethaicn'® **
Thus, these structural modifications of indomethacin have
led to the clinical trial stage of L-761, 000, as potent and
selective COX-2 inhibitory activity®°. Based on these resuits,
it was thought worthwhite to design COX-2 inhibitors from
classical NSAIDs, by focusing attention on indomethacin
derivatives, Kalgutkar et al. has recently reported ester and
amide derivatives of indomethacin, which have exhibited
highly selective COX-2 inhibitory activity?'. To further ex-
plore the structural requirements of amide and ester deriva-
tives of indomethacin for selective COX-2 inhibitory activity,
two methods of three-dimensional quantitative structure
activity relationship namely, Comparative molecular field
analysis (CoMFA) and Comparative molecular similarity in-
dex analysis (CoMSIA) were performed. No QSAR studies
have been reported so faron amide and ester derivatives of
indomethacin. The validated models gave important struc-
tural insight in terms of contour maps to aid design of COX-
2 inhibitors prior o synthesis.

MATERIALS AND METHODS

The IC,, values of 64 compounds were found in the
literature?'. The IC,, values had been obtained using the in
vitro biological method on human COX-2 enzyme and these
were converted in to pIC,; for our study. To assess the pre-
dictive power of the models, a training set of 45 compounds,
together with a test set of 19 molecules were selected ran-
domly with respect to their activity. (Tables 1 and 2). Mo-
lecular modeling studies were carried out using SYBYL 6.8,
implemented on 8GI octane-2 workstation. CoMFA2*%, the
most commonly used 3D-QSAR methods, is part of the
QSAR module in SYBYL. The three-dimensional structures
ot all compounds were built from standard library available
in the module and the molecules were subjected to energy
minimization using Tripos force field. The minimized template
molecule was used for building the rest of the molecules in
the series. All the molecules were optimized with GAUSSION
98 using the Austin model-1 (AM-1) semi-empirical method.
The key words OPT, PRECISE, were used in the AM, opti-
mization procedure. Electrostatic term was calculated us-
ing Gasteiger-Huckel atomic charges3t32

One of the most important parameters in CoMFA is the

relative alignment of all the compounds to one another so -

that they have a comparable conformation and a similar orj-
entation in space. In this series, the most active molecule
11 was used as the reference molecule. Nine features were
selected for aligning the compounds as numbered atom 1
to 9in fig. 1.
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Fig. 1: General structures of ester and amide derivatives
of indomethacin used for 3D-QSAR analysis.

CoMFA interaction fields were calculated at each lat-
tice intersection of a regularly spaced grid of 2.0A. The
CoMFA fields®?, depicting the steric and electrostatic inter-
action with an sp® carbon atom with +1.0 charge as the probe
were calculated using Tripos force field. The steric and elec-
trostatic fields were truncated at +30.0 kcal/moi and the elec-
trostatic fields were ignored at the points with maximat steric
interactions. The regression analysis of CoMFA field ener-
gies was performed using the partial least squares (PLS)
algorithm and the leave-one-out (LOO) method was adopted
for cross-validation. The cross validation was performed to
obtain the optimum number of components which were then
used in deriving final CoMFA model without cross valida-
tion. The column filtering value {(¢) was set to 2.0 for cross-
validated runs. Equal weights were assigned to steric and
electrostatic fields. Final analysis was carried out to calcu-
late the conventional r?value using the optimum number of
components.

The recently reported CoMSIA method is based on
molecular similarity indices; this method overcomes some
of the drawbacks arising from the tunctional form of the
Lennard-Jones and Coulomb potentials® used in CoMFA.
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TABLE 1: THE TRAINING SET WITH EXPERIMENTAL (PIC, ) AND CALCULATED VALUES

NO R Act.* Cal® Cal.c
1 CH, 6.60 6.63 6.76
2 C,H, 7.00 6.79 6.81
3 C,H, 7.00 7.00 6.96
4 i -C,H, 6.60 6.64 6.77
5 CH,, 7.22 7.33 7.35
6 C,H,, 7.40 7.39 7.40
7 Trans- CH,CH=CH (CH,) ,CH, 7.30 7.30 7.22
8 CH,C°C (CH,) ,CH, 6.60 6.60 6.93
9 (CH,) ,NHCOOC(CH,) , 7.35 7.34 7.43
10 a -C,H, 15.30 5.32 5.29
11 (CH,) ,C,H, 7.40 7.42 7.44
12 C,H, (4-OCH,) 7.40 7.39 7.47
13 C,H, (4-NHCOCH,) 7.30 7.21 7.27
14 C,H, (4-F) 7.12 7.21 7.33
15 3-Pyridy! 7.30 7.25 7.22
16 NHCH, 6.15 6.24 6.48
17 N (CH,) , 4.74 4.72 5.06
18 N (C,H,), 4.60 4.55 4.59
19 NHCH,, 7.40 7.43 7.34
20 NHC,H,, 7.40 7.46 7.38
21 NHCH,CH,CH,CI 7.30 7.24 6.87
22 NH CH,CH,OH 6.60 6.62 6.86
23 NHCH,COOCH, 5.40 5.39 5.20
24 (D)-NHCH (CH,) COOCH, 6.40 6.41 6.58
25 (L)-NHCH (CH,) COOCH, 6.72 6.73 6.84
26 NH (CH,) ,C.H, 7.22 7.14 7.01
27 NH, 6.15 6.18 6.11
28 NHCH,CH, (2-CH,) 6.82 6.77 6.88
CHj3
(S)NH
29 6.70 6.73 6.75
CH3
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30 NHCH,C.H, (4-COCH,)
31 NHC.H, (4-F) J
32 NHCH, (4-Cl)
33 NHCH, (4-SCH,) T
34 NHC,H, (3-SCH,)
35 + | NHCH, (3-0CH) =~ = °
36 NHC.H, (4-NHCOCH,)
37 NHCH, (4-CH,COOCH,)
38 NHCH, (4-CONH,)
OClHi3
HN
H
39 , N\©
CH3 O
40 NHC,H, (4-CH,)
41 NH (3-Pyridyl)
42 NH (5-Chloro-3-pyridyl)
43 HN N\N
"
44 NHOCH,CH,
45 NHOCH,C H, (4-NO,)

7.10 7.09 7.10

7.22 7.09 7.10

7.26 7.15 6.90

6.92 6.94 6.95

6.66 6.71 6.84

6.19 6.13 6.28

6.92 6.96 6.79

7.24 7.25 7.08

6.49 6.52 6.48 ‘
|
|

6.22 . 6.24 6.09

6.30 6.38 6.52

7.28 7.33 7.42

7.32 7.23 7.18

6.15 6.22 5.78

7.30 7.31 7.23

7.22 7.20 7.27

The structure of training set compounds 1 to 15 and 16 to 45 are ester and amide derivatives of indomethacin, respectively
{Fig. 1), Act.*- Observed activity, Cal.® -Calculated activity using CoMFA model and Cal.>-Calculated activity using CoMSIA

model.

Molecular similarity is expressed in terms of five different
properties viz., steric, electrostatic, hydrophobic, hydrogen-
bond donor and acceptor properties. Using a common probe
atom, similarity indices are calculated for a data set of pre-
aligned molecules at regularly spaced grid points®. Simi-
larity indices A, between the compounds of interest and a
probe atom are calculated according to (e.g. at grid point g
for molecule j of the data set) the equation, A_ 9 (j)= - %

- oyr2
wpvobe,k ka exp( a iQ)
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Where i is the summation index over all atoms of the
molecule j, w,, is actual value of the physicochemical prop-
erty k of atom |, w__ . is the probe atom with charge +1,
radius 1A, hydrophobicity +1, H-bond donor acceptor prop-
erty +1, o is the attenuation factor and M is the distance
between probe atom at grid point g and atom i of the test
molecule. .

The value of the so-called attenuation factor a was set
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to 0.3. Similarity indices can be calculated at all grid points
inside as well as cutside the molecules and are subsequently

TABLE 2: TEST SET

No | R Act.? Cal.b
1 | CH,. 7.30 7.16
2 | CH, 7.30 7.25
3 | CH,, 6.03 6.77
4 | CH,CH,C6H11 6.00 | 6.65
5 | (CH,) ,O(CH,) , CH, 6.78 6.76
6 | CH (CH,) CH,CCCH,CH, 6.92 7.29
7 |CH, 7.04 | 7.41
8 (CHz)z—N/—\O 6.76 | 7.35
\/
9 | CH, 6.39 | 7.24
10 | C.H, (4-SCH,) 6.52 | 7.41
11 | CH, (2-SCH,) 722 | 6.56
0
N”(C()z)z\o)k/@
12 T/ 6.73 | 6.10
13 | NHCH,CH, (4-CH,) 7.22 | 6.83
14 | (R) NHCH (CH,) C,H, (4-CH)) | 7.22 |- 6.90
15 | NHC,H, (4-OCH),) 7.25 | 6.84
16 | NH (2-Chloro 3-pyridyl) 7.30 6.10
HN N\
17 \[ J 539 | 6.12
N
18 HNY_S_]/ 539 | 6.20
N _
19 | NHNHCH,C H, 560 | 6.14

The structure of test set compounds 1to 11 and 12to 19 are
ester and amide derivatives aof indomethacin, respectively
(Fig. 1) and Cal.* -Calculated activity using CoMFA model.
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evaluated in a PLS analysis following the usual CoMFA
protocol.

RESULTS AND DISCUSSION

The major objective of CoMFA and CoMSIA analysis is
to find the best predictive model for the series. Partial Least
Square (PLS) was used to derive the 3D QSAR models, on
a series of forty five compounds of indomethacin deriva-
tives as training set. The experimental and calculated piC,,
values for the training set are shown in Table 1. Predictive
3D QSAR models were established using SYBYL fit atom
molecular alignment rule, which had conventional r? and
cross-validated coefficient respectively as 0.992 and 0.742
for the CoMFA and 0.935 and 0. 594 for CoMSIA. A cross-
validated r? obtained as result of this analysis, served as a
quantitative measure of predictive ability of the final QSAR
models. The CoMFA model has better predictive ability than
the CoMSIA model. The 12 value is a statistical indication
of how well a model can predict the activity for members left
out of the model formation. In contrast, the conventional r?
is simply a reflection of how well the fit equation reproduces
input values. The relative contributions of steric and electro-
static molecular fields were 54% and 46 %, respectively. The
boot strapping reflects the accuracy of our models with r?
being 0.993 and 0.935 for CoOMFA and CoMSIA, respec-
tively.

To validate our model, we attempted to predict the ac-
tivities of the test set containing 19 compounds. The pre-
dicted plC,, values for the test set are given in the Table 2.
The results of PLS analysis are summarized in the Table 3.

The CoMFA contour plots show green colored regions
where increased steric bulk is associated with enhanced
activity and yellow colored regions where increased steric
bulk is associated with diminished activity. The region where
increased positive potential is favorable for activity is indi-
cated in blue, while regions where increased negative po-
tential is favorable for activity are indicated in red.

In the case of CoMSIA contour, greater value of bioac-
tivity measurements are correlated with more bulk near
green, less bulk near yellow, more positive potential near
blue, and more negative potential near red. In a similar way,
more hydrophobic groups near orange, more hydrophilic
groups near white, hydrogen bond donor favour near cyan,
hydrogen bond disfavor near purple, hydrogen bond accep-
tor favour near magenta and hydrogen bond acceptor disfa-
vor near red.

indian Journa!l of Pharmaceutical Sciences 617



Fig. 2: COMFA steric contour fieid plot.

Green contours indicate regions where bulky groups
increase activity, whereas yellow contours indicate
regions where bulky groups decrease activity. The
most active molecule 11 is shown in the background.

Fig. 3: CoOMFA electrostatic contour fieid plot.

Blue contours indicate regions where positive electro-
static groups increase activity, whereas red contours
indicate regions where negative electrostatic groups in-
crease activity.

Fig. 4: CoMSIA steric and electrostatic contour field
plots.

Green contours indicate regions where bulky groups in-
crease activity, whereas yellow contours indicate regions
where bulky groups decrease activity. Blue contours in-
dicate regions where positive groups Increase activity,
whereas red contours indicate regions where negative
groups increase activity.

Indian Journal of Pharmaceutical Sciences

Fig. 5: CoMSIA hydrophobic, hydrogen donor and
hydrogen acceptor contour field plots.

Orange contours indicate regions where hydropho-
bic (lipophillic) groups increase activity, whereas
white contours indicate regions where hydropho-
bic groups decrease activity. Cyan contours indi-
cate regions where hydrogen bond donor groups
increase activity, whereas purple contours indicate
regions where hydrogen bond donor groups de-
crease activity. Magenta contours indicate regions
where hydrogen bond acceptor groups increase
activity, whereas red contours indicate regions
where hydrogen acceptors groups decrease activ-

ity.
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TABLE 3: PLS STATISTICS OF CoMFA AND CoMSIA

3D QSAR
:'PLS statistics CoMFA CoMSIA
{ Optimum Components 6 4
r’ cross validated 0.742 0.594
r? conventional 0.992 0.935
Std error 0.067 0.185
F value 780.55 144.38
r?boot strap? 0.993 0.929

“ Results from 10 run of boot strapped analysis.

The 3D contour plots produced by CoMFA are shown
infig. 2. There is a sterically favorable green contour present
at 2nd and 5th position of phenyl ring, and sterically unfa-
vorable yellow contour present in the vicinity of the phenyl
ring, suggesting that there is a definite requirement of a
substructure with appropriate shape to exhibit high activity.
In addition to this, quite a few yellow contours are also spread
over the structure indicating that the more steric bulk is un-
favorable for COX-2 inhibitory activity. The electrostatic
contour (fig. 3) near ester oxygen group, position at which
the side chain is attached suggests that positively charged
substituents might increase the biological activity. The red
region appears around the side chain of the methylene
spacer between the phenyl ring and the ester oxygen indi-
cating that high electron density might favour the activity.
The most active molecuie 11 is shown in the background.

In CoMSIA model, green steric contour present on the
side chain and 5th position of the phenyl ring suggests steri-
cally favouable group substituents might increase the bio-
logical activity (fig. 4). A big yellow contour spreads on the
structure from phenyl to indole, indicating that substitution
of bulky group in these regions would decrease activity. The
electrostatic fields of CoMSIA such as blue and red con-
tours are similar to that of CoMFA model.

The orange contours around the side chain of the me-
thylene spacer between the phenyl ring and the ester oxy-
gen indicates that hydrophobic groups may be preferred in
this region (fig. 5). The red contours show that hydrogen
acceptor groups are disfavoured in this region. Magenta
coloured contour of COMSIA represents hydrogen bond do-
nor at meta position of side chain bearing phenyl ring and
groups with proton acceptor in these areas might increase
activity. Considering all statistical parameter, the CoMFA
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model performed better than the CoMSIA model. Hence,
CoMFA model can be used for prediction of new COX-2
inhibitors with higher biological efficacy.
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