ELSEVIER

Available on]ine at www.sciencedirect.com
*.” ScienceDirect

Journal of Pharmaceutical and Biomedical Analysis 42 (2006) 283289

JOURNAL OF
PHARMACEUTICAL
AND BIOMEDICAL
ANALYSIS

www.elsevier.com/locate/jpba

Short communication

Rationalization of physicochemical characters of 1,5-diarylpyrazole
analogs as dual (COX-2/LLOX-5) inhibitors: A QSAR approach

S. Revathi?, Arun Kumar Gupta®, Love Kumar Soni?,
S. Kavitha®, R. Wagh®¢, S.G. Kaskhedikar®*

& Molecular Modelling Study Group, CADD Laboratory, Department of Pharmacy,
Shri G.S. Institute of Technology and Science, 23 Park Road, Indore 452003, India
b Ultra College of Pharmacy, Madurai, India
¢ Institute of Pharmacy, Nagaon, Dhule 424005, India

Received 19 December 2005; received in revised form 25 March 2006; accepted 3 April 2006
Available online 14 June 2006

Abstract

Arachidonic acid metabolizing enzymes cyclooxygenases and lipoxygenases lead to the formation of various eicosanoids involved in variety
of human diseases, like inflammation, fever, pain, rheumatic and osteoarthritis, etc. Non-steroidal anti-inflammatory drugs are useful tools in
the treatment of prostaglandin mediated complications. The development of dual inhibitors may prevent a drift of arachidonic acid metabolism
towards the other pathway, leading to potential side effects. Hence emphasis was focused on quantification of structure—activity relationship, with
a view to delineating the influence of key COX-2/LOX-5 activity, to explore structural insights to aid the designing of safer dual inhibitors. The
quantification of the structural features of 1,5-diarylpyrazole analogs with various biological activities gave some important structural insights, i.e.
Hy (hydrophilic factor) and Mor17v (3D molecular representation of structure based on electron diffraction code). These two physicochemical
properties may be helpful in development of more selective dual COX-2/LOX-5 inhibitors.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Arachidonic acid metabolizing enzymes cyclooxygenases
(COXs) and lipoxygenases (LOXs) lead to the formation of
various eicosanoids involved in variety of human diseases, like
inflammation, fever, pain, rheumatic and osteoarthritis, etc. [1].
Non-steroidal anti-inflammatory drugs (NSAIDs) are useful
tools in the treatment of prostaglandin mediated inflamma-
tion, pain, theumatic and osteoarthritis. Vane [2] proposed that
the mechanism of action of NSAIDs through their inhibition
of prostaglandin biosynthesis. At the beginning of 1990 two
COX isoforms were discovered: [3] one (COX-1) constitutively
present in many tissues such as stomach, kidney and platelets
and the other (COX-2) cytokine inducible and expressed mainly
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in a wide range of anti-inflammatory cells. Moreover, dynami-
cally evolving research shows the different roles of LOXs and
their metabolites product in inflammation and allergic reaction.
The development of dual inhibitors may prevent a drift of arachi-
donic acid metabolism towards the other pathway, leading to the
potential side effects. The QSAR analysis of selective COX-2
inhibitors is the current highly interested area of research in
this therapeutic area [4,5]. The emphasis will be focused on
quantification of structure function relationship with a view
to delineating the influence of key COX-2/LOX-5 activity to
explore structure insights to aid the designing of safer dual
inhibitors. The quantification of responsible physicochemical
properties was done with the help of regression techniques.

2. Experimental

The cyclooxygenase-1, cyclooxygenase-2 and lipoxygenase-
5 inhibitory activity data of 1,5-diarylpyrazole derivatives was
taken from the reported work of Pommery et al. [6] (Table 1).
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Table 1
Structure and activities of 1,5-diarylpyrazole analogs used in QSAR analysis
H,NO,S CHj,
] z/N (
7\ N N
\ N
\—
OR, CFy4
Comp. No. 1-19 Comp. No. 20
F
OCH
OO °
0
CH;,
Comp. No. 21
Compound no. R; R, ICs0 (M) Selectivity (COX-1/COX-2)
LOX-5 COX-1 COX-2

F

1 4-CH3S0O, OCHjs o 0.30 26.08 0.045 579
F

2 4-H wo 0.57 7.14 0.61 12
F

3 4F w o 0.48 1.13 0.96 1
F

4 4Cl w o 0.83 1.81 0.93 2
F

5 4-CHj w o 0.72 1.56 0.93 1
F

6 4-OCHj3 w o 0.77 0.036 0.30 0.12
F

7 4-OCFj; w o 0.85 ND 0.82 -
F

8 4-NH,S0O, w o 0.74 25.7 0.10 257
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Table 1 (Continued )

Compound no. R; R, ICs0 (M) Selectivity (COX-1/COX-2)
LOX-5 COX-1 COX-2
F
9 4,5-di CHs w o 0.76 ND 0.41 _
F
10 4,5-di Cl w o 0.80 ND 0.70 -
OCH;
11 4-CH;S0, /@\ >10 44.33 0.31 142
F
NO,
12 4-CH;3S0, /© >10 >100 0.74 >134
CN
13 4-CH;S0, /@\ >10 99.56 0.57 176
F
14 4-CH;S0, /©\ N /\ >10 38.08 0.92 41
Lo
OCHg4
OCH,
15 4-CH;3S0, >10 17.59 0.22 78
OCH,
16 4-CH;S0, /@\ >10 >100 0.90 >112
OC,Hs
0™\
(0]
17 4-CH;S0, >10 15.81 0.45 35
OCHg
18 4-CH;S0, /@\ 510 25.05 0.87 29
OCH,
OCHs
OCHg4
19 4-CH;S0, >10 >100 0.70 >142
20 Celecoxib - >10 13.5 0.036 375
21 7ZD-2138 _ 0.083 >100 >100 -
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The biological activity data (IC50 in wM) was converted to
negative logarithmic dose in mole (pICsg) for quantitative
structure—activity relationship (QSAR) analysis.

The molecular modeling study was performed using CS
ChemOffice [7] version 8.0, and Dragon [8] program while the
regression analysis was carried out on VALSTAT [9]. Structures
of all the compounds were sketched using builder module of
the program. The sketched structures were subjected to energy
minimization using molecular mechanics (MM2) until the
RMS gradient value became smaller than 0.1 kcal/mol A. The
energy minimized molecules were subjected to re-optimization
via Austin model-1 (AM1) method until the RMS gradient
attained a value smaller than 0.0001 kcal/mol A using MOPAC.
The geometry optimization of the lowest energy structure
was carried out using EF routine. The descriptor values for
all the molecules were calculated using “compute properties”
module of program. The minimized molecule was saved as
MOL file format. Pursuly, the MOL file was used for cal-
culation of various physicochemical properties using Dragon
program.

The data was transferred to the statistical program in order to
establish a correlation between physicochemical parameters as
independent variables and pICsg as dependent variable employ-
ing sequential multiple linear regression analysis method. In
sequential multiple regression, the program searches all the per-
mutations and combinations sequentially for the data set. The £
data within the parentheses is the standard deviation, associated
with the coefficient of descriptors in regression equations. The
best model was selected from the various statistically significant
equations on the basis of the observed squared correlation coef-
ficient (#2), the standard error of estimate (SEE), the sequential
Fischer test (F), the bootstrapping squared correlation coeffi-
cient (r%s), the bootstrapping standard deviation (Sps), the cross
validated squared correlation coefficient using leave-one-out
procedure (qz), Chance statistics (evaluated as the ratio of the
equivalent regression equations to the total number of random-
ized sets; a chance value of 0.001 corresponds to 0.1% chance
of fortuitous correlation) and outliers (on the basis of Z-score
value).

3. Results and discussion

Rationalization of physicochemical characters for COX-2

sidered as model on the basis of statistics (Table 2)
pICsocox-2) = 1.230 £ 0.224 Mor14v — 1.258
+0.397 Mor22m + 9.971
+1.508 Hy + 13.597,
n =20, r =0.870, r> = 0.756, SEE = 0.233, F = 16.591
ey

Model has a better correlation coefficient (r=0.870), which
accounted for more than 75.6% of the variance in the activ-
ity. The equation shows that in the multi-variant model, the
dependent variable can be predicted from a linear combina-
tion of the independent variables. The P value less than 0.001
for each physicochemical parameter involved in model genera-
tion suggests the statistical significant relationship between the
descriptors and activity. The data showed overall internal sta-
tistical significance level better than 99.9% as it exceeded the
tabulated F 3, 16,0=0.001) = 10.3. The model was further tested for
outlier by Z-score method and no compound was found to be
an outlier, which suggested that the model is able to explain the
structurally diverse analogs. The cross-validated squared corre-
lation coefficient (¢° = 0.400), predictive residual sum of square
(Spress =0.365) and standard error of prediction (Spgp =0.327)
suggested a good internal consistency as well as predictive abil-
ity of the biological activity with low Spgp (Table 3). The r%s is
at par with the conventional squared correlation coefficient (r2).
Randomized biological activity test (Chance <0.001) revealed
that the results were not based on chance correlation. The inter
correlation among the parameters is less than 0.460. In general
the model fulfills the statistical validation criteria to the signifi-
cant extent howevers; it is a useful theoretical base for proposing
more active compounds. In model Mor14v [10-13] and Hy [13]
contributed positively while Mor22m contributed negatively to
the activity.

Mor14v, 3D molecular representation of structure based on
electron diffraction code (MoRSE Code) was calculated by sum-
ming atom weights viewed by a different angular scattering
function. The values of these code functions were calculated at
32 evenly distributed values of scattering angle(s) in the range
0-31 A~! from the three-dimensional atomic co-ordinates of a
molecule. The 3D-MoRSE code was calculated using following
expression:

inhibitory activity was performed with the help of 20 com- N iZl sin st;;
pounds of 1,5-diarylpyrazole analogs using regression analysis I(s) = ZZAiAj Lo

. . . . . ) i
technique. From several significant expressions Eq. (1) was con- i=2 j=1 /
Table 2
QSAR statistics of significant equations
Equation r? SEE F ICAP? 2 Sbs Chance ¢ SPRESS Spep Outlier
(1) 0.756 0.233 16.591 0.460 0.713 0.225 <0.001 0.400 0.365 0.327 Nil
3) 0.797 0.438 21.552 0.300 0.780 0.149 <0.001 0.626 0.549 0.527 Nil
“4) 0.830 0.401 26.792 - 0.818 0.157 <0.001 0.715 0.519 0.460 Nil
(6) 0.776 0.579 19.048 0.420 0.795 0.089 <0.002 0.648 0.723 0.643 Nil
8) 0.885 0.114 30.890 0.144 0.591 0.237 <0.001 0.729 0.176 0.150 Nil

2 The maximum limit of inter-correlation among the descriptors used in generation of equations.
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Table 3
Observed, calculated and calculated (loo) pICsq values with Z-score and residual of 1,5-diarylpyrazole analogs used in QSAR analysis for COX-2 inhibitory activity
by Eq. (1)
Compound no. Observed Calculated Calyeg Z-score Cal(loo) Cal(100)es
1 7.347 7.248 0.099 0.461 7.103 0.244
2 6.215 6.031 0.183 0.857 5.991 0.224
3 6.018 6.242 —0.224 —1.049 6.262 —0.245
4 6.032 6.270 —0.238 —1.114 6.292 —0.261
5 6.032 6.183 —0.151 —0.708 6.231 —0.200
6 6.523 6.356 0.167 0.783 6.332 0.191
7 6.086 6.588 —0.501 —2.347 6.654 —0.568
8 7.000 6.938 0.062 0.290 6.925 0.075
9 6.387 6.026 0.362 1.693 5.938 0.449
10 6.155 6.344 —0.189 —0.883 6.360 —0.205
11 6.509 6.353 0.156 0.729 6.341 0.168
12 6.131 6.432 —0.301 —1.408 6.483 —0.352
13 6.244 6.223 0.022 0.101 6.220 0.024
14 6.036 5.882 0.154 0.720 5.842 0.194
15 6.658 6.610 0.048 0.224 6.594 0.063
16 6.046 6.151 —0.105 —0.492 6.163 —0.118
17 6.347 6.257 0.090 0.420 6.242 0.105
18 6.060 5.940 0.120 0.562 5.907 0.154
19 6.155 6.171 —0.016 —0.075 6.174 —0.019
20 7.444 7.180 0.264 1.236 6.440 1.004

where s is the scattering angle, r;; the interatomic distance of
ith and jth atom and A; and A; are atomic properties of ith and
Jjth atom, respectively, including atomic number, atomic mass,
partial atomic charges, residual electro-negativities, and atom
polarizability.

Hy is hydrophilic factor contributed positively to the model.
It is an empirical index obtained as a function of count the
hydrophilic groups.

The simple regression analysis study revealed that Hy con-
tributed positively and linearly to the activity (Eq. (2)) with
correlation coefficient value 0.521 and statistical significance
level better than 98% as it exceeded the Student’s ¢-value 2.587
against tabulated 79 02(2),18 =2.552

pICs0(cox-2) = 5.340 +2.064 Hy + 10.435,
n =20, r=0.521, > = 0.271, SEE = 0.380, F = 6.694
@

To find any major differences in the properties of the
molecules showing COX-2 inhibitory activity over COX-1, we
have searched physicochemical properties which are responsi-
ble for the COX-1 inhibitory activity using fourteen compounds.
Several di-variant significant equations were obtained. Eq. (3)
with correlation coefficient (r=0.893) was considered as model,
which accounts for more than 79.7% of the variance in the activ-

ity
pICsocox-1y = —0.307 £ 0.116 Mor04u — 5.084
+0.779 Mor17v + 2.938,
n =14, r=0.893, r2 = 0.797, SEE = 0.438, F = 21.552
3

The data showed overall better statistical significance level
with F(311)=21.552 against the tabulated value for sequen-
tial Fischer test at 99.9% significance (F(2,11,4=0.001)=16.4).
The inter-correlations of the descriptor (ICAP <0.300) in the
model are insignificant indicating that all the descriptors in the
model were contributing independently to the biological activ-
ity. The model was subjected to cross validation, the value
of cross-validated squared correlation coefficient (¢ =0.626),
predictive residual sum of square (Sprpss =0.594) and stan-
dard error of predictivity (Spgp=0.527) suggested good pre-
dictive ability of the biological activity of diversified struc-
ture (Table 4). Bootstrapping technique suggested the robust-
ness of the model and indicating that contribution of molec-
ular descriptor values of each molecule to the correlation is
nearly same (Table 2). The chance of fortuitous correlation
was checked with the help of scrambled biological activ-
ity data set, the value of chance statistics (Chance <0.001)
revealed that the results were not based on chance correlation.
The model showed that no compound was found to be out-
lier on the basis of Z-score technique which depicted that the
model is able to explain the structurally diversified analogs.
The model showed that the Mor04v (3D-MoRSE Code) and
Mor17v (3D-MoRSE Code) contributed negatively. The non-
linear (parabolic) correlation also searched for the COX-1
inhibitory activity. In parabolic correlation somewhat more sig-
nificant model (Eq. (4)) was obtained as compared to linear
one

pICsocox-1) = 14.737 £ 4.551(Mor17v)? + 9.461
+4.358 Mor17v + 5.936,
n =14, r = 0911, r» = 0.830, SEE = 0.401, F = 26.792
4)
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Table 5

Observed, calculated and calculated (loo) pICsq values with Z-score and resid-
ual of 1,5-diarylpyrazole analogs used in QSAR analysis for LOX-5 inhibitory

activity by Eq. (8)

Compound Observed Calculated Calye

Z-score Cal(loo) Cal(100)yes

no.
1 6.523 6.394 0.120 1261 6371 0.152
2 6.244 6.267 ~0.023 —0222 6270  —0.025
3 6.319 6.330 ~0011 —-0.106 6331 —0.012
4 6.081 6.244 ~0.163 —1.589 6261  —0.180
5 6.143 6.222 —0.079 —0777 6231  —0.088
6 6.114 5915 0.198 1.939 5.839 0.274
7 6.071 6.084 ~0014 —0.135 6.087 —0.016
8 6.131 6.231 ~0.100 —0.978 6248  —0.118
9 6.119 6.146 —0.027 —0266 6.180 —0.061
10 6.097 6.065 0032 0310 6.028 0.069
21 7.081 7.023 0.058 0.565 6.788 0.292
Plot of LOX-5 inhibitory activity (Observed Vs Calculated(loo))

g 72, y = 0.676x + 2.005 12 = 0.744
2 70
S 68
O -
S Qg6
E é 6.4 4
847 *
B 62
S 60

58

5.8 6.0 6.2 6.4 6.6 6.8 7.0 72
Observed plC 50(LOX-5)

Fig. 2. A graphical representation of observed and calculated (loo) pICsg using
model (Eq. (8)) for LOX-5.

strapping technique, chance statistics and outliers Z-score data
(Table 2). Model showed that Mor24v and Hy contributed pos-
itively to the selectivity.

The selectivity ratio of COX-2 over COX-1 showed a positive
correlation with Hy (Eq. (7)), explaining about 54.7% variance
in the activity. The t-value of regression term for descriptor
Hy showed statistical level more than 99.5% (Student’s ¢-value
3.808 against tabulated 79.001(1),12 =3.423) suggesting signifi-
cance and linear correlation. The contribution of Hy depicted
that the interaction of 1,5-diarylpyrazole analogs occurred at
hydrophilic pocket of COX-2 receptor

log Sel(cox-1/cox-2) = 18.530 &= 4.866 Hy + 15.454,
n =14, r =0.740, P = 0.547, SEE = 0.788, F = 14.501
)

In case of LOX-5 inhibitory activity di-variant model (Eq. (8))
showed correlation coefficient value equivalent to 0.941, which
explained 88.5% variance in the activity (Table 5 and Fig. 2).
The fitness and robustness of the model was further supported
by advanced statistical validation parameters (Table 2)

pICsoLox-5) = 1.670 & 0.278 Mor17v — 0.314
+0.076 Morl1m + 7.572,
n=11, r=0.941, r> = 0.885, SEE = 0.114, F = 30.890
®)

Simple regression analysis study suggested that Mor17v con-
tributed positively to the LOX-5 inhibitory activity (Eq. (9))

PICs0ox-5) = 1.835 £ 0.459 Mor17v + 7.344,
n=11, r=0.800, r* = 0.640, SEE = 0.191, F = 15.989
)]

The 1:1 correlation indicated that Mor17v is the dominant
structure feature, which is crucial in explaining the LOX-5
inhibitory activity. The Mor17v also played key role in explain-
ing the COX-1 inhibitory activity of the 1,5-diarylpyrazole
analogs, but it contributed negatively to the activity.

The quantification of the structure features of 1,5-
diarylpyrazole analogs with various biological activities fur-
nished some important structural insights i.e. hydrophilic factor
(Hy) contributed positively to the COX-2 activity as well as
COX-1/COX-2 selectivity ratio. Mor17v (3D molecular repre-
sentation of structure based on electron diffraction code) is the
dominant structure feature, which is decisive in explaining the
LOX-5 inhibitory activity and also played key role in explaining
the COX-1 inhibitory activity, but contributed negatively to it.
These structure features may be helpful in development of more
selective and potent dual COX-2/LOX-5 inhibitors.
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