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Abstract—QSAR study on a large set of 5-lipoxygenase inhibitors has been carried out using distance-based topological indices.
Regression analysis of the data has indicated that an excellent model is obtained when these topological indices are combined with
some classical molecular descriptors. The obtained models are critically discussed and examined.
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Introduction

While working on modeling of anti-inflammatory activ-
ity, we have arrived at an excellent publication by Kim
and coworkers! in that they have described the quanti-
tative structure—activity relationship (QSAR) of 5-
lipoxygenase inhibitors using a large set of physico-
chemical parameters. In doing so, they have used 60
1-phenyl[2 H]-tetrahydro-triazine-3-one (Fig. 1) analo-
gues and examined their inhibitory potency of 5-lipoxy-
genase in a broken cell, ICsq. While converting ICs in
their reciprocal log units, that is log(1/ICsq) they have
proposed a multi-parametric model for a set of 60
compounds with the following statistics: SE=0.245,
r=0.863 and F=14.3. This model was a consequence of
their analysis of individual sets of much lower population.

Our earlier study?~ has indicated that in such cases, as
described above, better results are obtained by using a
combination of topological indices with some classical
molecular descriptors and/or physico-chemical para-
meters. This prompted us to reinvestigate the work of
Kim and coworkers.! This was, therefore, our primary
aim of the present investigation. We have used a large
set of distance-based topological indices Wiener® (W),
Branching (B),” first-order connectivity index®19 (1y),
Balaban!!-!? (J), Szeged index!3!* (Sz) and logRB.!> In
addition, we have also used some of the physico-chemi-
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cal parameters used by Kim and coworkers.! They
include molar refractivity (MR) of 2- and 4- substituents
(MR, and MRy), lipophilic effects of 3'-, 5’- and 5-sub-
stituents (73, Ts and my), sum of Hammett o, value for
the 3’- and 5-phenyl or a-pyridyl substituents (Xc,,)
and sum of Hammett o, value for the 3’- and 5'-a-pyr-
idyl substituents (Xop). Our preliminary regression
analysis has indicated that the use of some indictor
parameters is needed for obtaining excellent results.
Four indicator parameters Ip;, Ip,, Ip; and Ip, are
therefore, used. The meaning of these indicator para-
meters are given in the experimental section. Thus, to
start with, initially we have a large set of molecular
descriptors for modeling the activity of 60 compounds.

Results and Discussion

Our results, as discussed below, establish that our
objective is highly fulfilled. For a set of 60 compounds
we obtained a model far superior than the one proposed
by Kim and coworkers.!

The structural details of the compounds and their inhi-
bitory potency (logl/ICso) are given in Table 1. The
calculated values of distance-based topological indices
along with physico-chemical parameters used are sum-
marized in Table 2. For the sake of convenience the
indicator parameters are also given in Table 1.

For proposing statistically significant models, we have
used the maximum R> method!® and finally obtained
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Figure 1. Common structures used in the present study (for details see
Table 1).

statistically significant models. In the proposed models,
n is the number of compounds used in the regression,
SE is the standard error of estimation, R is the corre-
lation coefficient, R is the adjusted R?, and F is the F-
statistics. In addition, the predictive potency of the
models are established from the leave-one-out cross-
validation analysis using various cross-validated para-
meters: PRESS (predicted residual sum of squares), SSY
(sum of squares of response value), Sprgss (uncertainty
of prediction), RZ, (cross-validated correlation coeffi-
cient) and PSE (predictive square error).'®

Before discussing the results, it is worth recording that
the topological indices are numerical representations of
molecular structure. They are obtained by transforming
molecular structures in to their molecular graphs. Such
a transformation is carried out by deleting all the car-
bon-hydrogen as well as hetero-atom-hydrogen bonds
in the molecular structure. In chemical topology and
graph theory, atoms are named as vertices while the
bonds are called as edges. By imposing certain condi-
tions on vertices, edges, or both, a number is obtained
which is called the topological index. Such topological
indices are successfully and widely used in modeling
physico-chemical properties, biological activity and
toxicity!”=%* of organic compounds.

The preliminary requirement to use the maximum-R?
method is to first examine inter-correlatedness among
the molecular descriptors used and their correlations
with the activity to be modeled by regression analysis.
This is done by correlation matrix. Such a matrix
obtained in the present case is given in Table 3.

A perusal of Table 3 shows that all the topological
indices, except J, are highly correlated. Thus, a model
containing any combination of these indices may suffer
from the defect due to collinearity. However, Randic?*
now nicely deals with such cases and we will use the
recommendations of Randic?* in discussing such mod-
els. The correlation matrix (Table 3) also shows that
none of the molecular descriptors used are capable of
modeling logl/ICsy independently. This means that the
only possibility of obtaining statistically significant
models is to carry out step-wise multivariate regression
analysis.

Initial multivariate regression analysis has indicated
that meaningful regression models start coming when

multi-parametric regressions with eight or more corre-
lating parameters are used.

Among the several eight-parametric models, the one
given below is found to be the best:

logl/ICso=5.7242x10~* (£1.6440x10~%) W—0.6957

(£0.1504) MR,+0.8529  (+£0.1409)  my +0.4773
(£0.0746) 75 +0.3533 (£0.0530) 75 +0.4473 (£0.1587)
Yom—0.6256  (£0.0421) Xo,+0.8187 (+0.1136)
Ips+4.4393

n=60, SE=02316, R:=0.7247, O

R =0.8729, F=20.414

In the aforementioned model, out of the eight corre-
lation parameters only MR, and Xo, have negative
coefficients, while all other have positive coefficients.
The positive coefficients 1y, 75 suggest that the Rs sub-
stituent on the inhibitor may rest on surface or shallow
trough of the enzymes."?* Similarly, positive coefficients
of Yo, suggest that lipophilic electron withdrawing
substituents at meta position increase the activity. The
same is true for other physico-chemical parameters with
positive coefficients. Negative coefficient of MR, indi-
cates that inhibitory potency decreases as the size of the
R, substituent increases. In this regard the contribution
of the Wiener index (W) is not that significant. How-
ever, presence of Wiener index (W) resulted into a better
model than the model proposed by Kim.

In the model (eq 1) out of the four indicator parameters
only Ip3 with positive coefficients is present. This shows
that the presence of C=0 at R, is favorable for inhibi-
tory activity.

Addition of the MR, term during the process of step-
wise regression analysis resulted into the following nine
parameter model having slightly improved quality than
the model discussed above.

logl/ICso=4.0849x 104 (£2.0780x10~4) W—0.6496
(£0.1537) MR,+0.0847 (£0.0683) MR,+0.8699
(£0.1407)  my+0.5021  (£0.0766)  ms+0.3739
(£0.0551)  ms+0.4751  (£0.1592) To,,—0.6786
(£0.4117) o, +0.7406 (£0.1284) Ips+4.4582

n =60, SE=0.2302, R: =0.7281,
R=0.8772, F=18.551

(@)

Except for MRy, the nine parametric models has more
or less similar statistics as that of the model expressed
by eq 1. The physical significance of positive coefficients
of MRy is in favour of optimum size of the R4 sub-
stituents in accordance with Kim and coworkers.!

Successive regression analysis resulted into several ten
parametric models and one given below is found to be
the best.
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Table 1. Activity of compounds and indicator parameters of various compounds used in present study

Compd X R3' Rsf Rz R4 R5 LOgl/ICSO Ipl Ipz Ip3 Ip4
1 CH H H H H CH,OCH,Ph 6.000 1 0 0 1
2 CH H H H H Bu 5.823 1 0 0 1
3 CH H H H H i-Pr 5.167 1 0 0 1
4 CH H H H H Me (R) 5.167 1 0 0 1
5 CH H H H H Me, 5.167 1 0 0 1
6 CH H H H H Et 5.161 1 0 0 1
7 CH H H H H Me 4.939 1 0 0 1
8 CH H H H H CH,0C,H,OMe 4.853 1 0 0 1
9 CH H H H H Me (S) 4.853 1 0 0 1
10 CH H H H H CO,Me 4.698 1 0 0 1
11 CH H H H H H 4.677 1 0 0 0
12 CH H OCH, Ph H H H 5.958 1 1 0 0
13 CH H Br H H H 5.309 1 1 0 0
14 CH H Cl H H H 5.197 1 1 0 0
15 CH H Et H H H 4.886 1 1 0 0
16 CH H SMe H H H 4.853 1 1 0 0
17 CH H Me H H H 4.823 1 1 0 0
18 CH H CF; H H H 4.769 1 1 0 0
19 CH H F H H H 4.721 1 1 0 0
20 CH H CN H H H 4.431 1 1 0 0
21 CH H OMe H H H 4.327 1 1 0 0
22 CH H NO, H H H 4.309 1 1 0 0
23 CH H NH, H H H 3.749 1 1 0 0
24 CH H Br H H Me 5.585 1 1 0 1
25 CH H Cl H H Me 5.568 1 1 0 1
26 CH H F H H Me 5.200 1 1 0 1
27 CH H Me H H Me 4.721 1 1 0 1
28 CH H H H C(=0)-i-Pr H 5.886 1 0 1 0
29 CH H H H C(=0)Et H 5.585 1 0 1 0
30 CH H H H C(=0)Me Me 5.481 1 0 1 1
31 CH H H H C(=0)Me H 5.468 1 0 1 0
32 CH H H H OCH,Ph Me 5.366 1 0 0 1
33 CH H H H OH Me 5.221 1 0 0 1
34 CH H H H OEt Me 5.130 1 0 0 1
35 CH H H H CH,Ph H 5.080 1 0 0 0
36 CH H H C(=0)Et C(=0) Et H 4.903 1 0 1 0
37 CH H H H OMe Me 4.649 1 0 0 1
38 CH H H C(=0)Me  C(=O)Me H 4397 1 0 1 0
39 N Br H H H Me 5.619 0 0 0 1
40 N Br H H H H 5.455 0 0 0 0
41 N Cl H H H Me 5.455 0 0 0 1
42 N Me H H H Me 5.420 0 0 0 1
43 N Me H H H H 5.259 0 0 0 0
44 N OMe H H H Me 5.259 0 0 0 1
45 N Cl H H H H 5.251 0 0 0 0
46 N F H H H Me 5.180 0 0 0 1
47 N F H H H H 5.040 0 0 0 0
48 N OMe H H H H 5.022 0 0 0 0
49 N H H H H Me 4.657 0 0 0 1
50 N H H H H H 4.585 0 0 0 0
51 CH H Cl H C(=0)Me H 5.886 1 1 1 0
52 CH H Cl H OH Me 5.408 1 1 0 1
53 CH H F H OH Me 5.161 1 1 0 1
54 CH Me Me H OH H 5.075 1 1 0 0
55 CH F F H H H 5.050 1 1 0 0
56 CH Me Me H H H 4.920 1 1 0 0
57 N Cl H H H H 5.481 0 0 0 0
58 CH H Cl H H H 5.346 1 1 0 0
59 CH H H H H H 4.769 1 0 0 0
60 CH Cl Me H H H 5.481 1 1 0 0

logl/ICso=0.0010  (+7.9403x10~%)
(£0.1524) MR,+0.1269 (£0.0693)
(£0.1370) 7y +0.5162  (+0.0730)
(£0.1131)  7s+0.4885  (£0.1552)

(£0.4014) Xo,+0.6954  (£0.1256)

(£0.1352) Ip,s +4.5020

logRB—0.6349
MR, +0.8734
ny+  0.5785
¥6,—0.7100
Ips—0.2767

n=60, SE=02242, R} =0.7421,
R =0.8865, F=17.981

(©)

The contribution of logRB in the above model is very
little but its presence has improved the quality. Hence,
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Table 2. Calculated values of molecular descriptor (W, B="!y, J, Sz and logRB) and adopted MR,, MRy, 1y, Ty, Ts, Lo, Yo, for a series of

triazinone analogues used in present study

Compd W B=1y J Sz LogRB MR, MR, Ty s s Y0m o,
1 1198 10.8097 1.3972 1849 330.6496 0.103 0.103 0.00 0.00 2.288 0.00 0.00
2 542 8.292 1.8346 862 164.0439 0.103 0.103 0.00 0.00 2.570 0.0 0.00
3 432 7.6647 1.9224 720 134.7026 0.103 0.103 0.00 0.00 1.911 0.00 0.00
4 298 6.754 1.8822 522 93.9174 0.103 0.103 0.00 0.00 0.983 0.00 0.00
5 352 7.0673 1.9531 608 111.1012 0.103 0.103 0.00 0.00 1.512 0.00 0.00
6 364 7.292 1.8896 620 113.9634 0.103 0.103 0.00 0.00 1.512 0.00 0.00
7 298 6.754 1.8822 522 93.9174 0.103 0.103 0.00 0.00 0.983 0.00 0.00
8 788 9.292 1.7437 1172 227.0501 0.103 0.103 0.00 0.00 0.814 0.00 0.00
9 298 6.754 1.8822 522 93.9174 0.103 0.103 0.00 0.00 0.983 0.00 0.00
10 516 8.2027 1.9233 836 159.2077 0.103 0.103 0.00 0.00 0.717 0.00 0.00
11 246 6.3602 1.8327 438 77.4267 0.103 0.103 0.00 0.00 0.000 0.00 0.00
12 1036 10.3097 1.417 1662 290.9723 0.103 0.103 0.00 1.66 0.000 0.11 0.00
13 301 6.754 1.8615 527 94.477 0.103 0.103 0.00 0.86 0.000 0.39 0.00
14 301 6.754 1.8615 527 94.477 0.103 0.103 0.00 0.71 0.000 0.37 0.00
15 370 7.292 1.856 630 114.993 0.103 0.103 0.00 1.02 0.000 —0.07 0.00
16 370 7.292 1.856 630 114.993 0.103 0.103 0.00 0.61 0.000 0.15 0.00
17 301 6.754 1.8615 527 94.477 0.103 0.103 0.00 0.56 0.000 —0.07 0.00
18 514 7.9653 1.923 842 158.1045 0.103 0.103 0.00 0.88 0.000 0.43 0.00
19 301 6.754 1.8615 527 94.477 0.103 0.103 0.00 0.14 0.000 0.34 0.00
20 370 7.292 1.856 630 114.993 0.103 0.103 0.00 —0.57 0.000 0.56 0.00
21 370 7.292 1.856 630 114.993 0.103 0.103 0.00 —0.02 0.000 0.12 0.00
22 441 7.6647 1.879 735 136.2022 0.103 0.103 0.00 —0.28 0.000 0.71 0.00
23 301 6.754 1.8615 527 94.477 0.103 0.103 0.00 —1.23 0.000 —0.16 0.00
24 360 7.1479 1.9067 622 112.9136 0.103 0.103 0.00 0.86 0.983 0.39 0.00
25 360 7.1479 1.9067 622 112.9136 0.103 0.103 0.00 0.71 0.983 0.37 0.00
26 360 7.1479 1.9067 622 112.9136 0.103 0.103 0.00 0.14 0.983 0.34 0.00
27 360 7.1479 1.9067 622 112.9136 0.103 0.103 0.00 0.56 0.983 —0.07 0.00
28 602 8.5754 1.9461 954 184.4095 0.103 2.111 0.00 0.00 0.000 0.00 0.00
29 516 8.20271 1.9233 836 159.2077 0.103 1.530 0.00 0.00 0.000 0.00 0.00
30 510 8.0922 1.9493 848 157.1111 0.103 1.184 0.00 0.00 0.983 0.00 0.00
31 447 7.6815 1.8573 750 136.7492 0.103 1.184 0.00 0.00 0.000 0.00 0.00
32 1150 10.7372 1.4683 1849 322.4327 0.103 3.231 0.00 0.00 0.983 0.00 0.00
33 358 7.1815 1.9197 620 112.2486 0.103 0.2561 0.00 0.00 0.983 0.00 0.00
34 524 8.2196 1.9014 862 159.929 0.103 1.184 0.00 0.00 0.983 0.00 0.00
35 882 9.8265 1.4567 1486 252.3683 0.103 3.078 0.00 0.00 0.000 0.00 0.00
36 874 10.0958 2.1306 1346 266.949 1.648 1.530 0.00 0.00 0.000 0.00 0.00
37 433 7.7196 1.9222 733 134.3333 0.103 0.720 0.00 0.00 0.983 0.00 0.00
38 660 9.0197 2.1007 1056 204.9703 1.184 1.184 0.00 0.00 0.000 0.00 0.00
39 360 7.1479 1.9067 622 112.9136 0.103 0.103 0.86 0.00 0.983 0.39 0.23
40 301 6.754 1.8615 527 94.477 0.103 0.103 0.86 0.00 0.000 0.39 0.23
41 360 7.1479 1.9067 622 112.9136 0.103 0.103 0.71 0.00 0.983 0.37 0.23
42 360 7.1479 1.9067 622 112.9136 0.103 0.103 0.56 0.00 0.983 —0.07 —0.17
43 301 6.754 1.8615 527 94.477 0.103 0.103 0.56 0.00 0.000 —0.07 -0.17
44 437 7.6859 1.8997 737 135.509 0.103 0.103 —0.02 0.00 0.983 0.12 -0.27
45 301 6.754 1.8615 527 94.477 0.103 0.103 0.71 0.00 0.000 0.37 0.23
46 360 7.1479 1.9067 622 112.9136 0.103 0.103 0.14 0.00 0.983 0.34 0.06
47 301 6.754 1.8615 527 94.477 0.103 0.103 0.14 0.00 0.000 0.34 0.06
48 370 7.292 1.856 630 114.993 0.103 0.103 —0.02 0.00 0.000 0.12 —0.27
49 298 6.754 1.8822 522 93.9174 0.103 0.103 0.00 0.00 0.983 0.00 0.00
50 246 6.3602 1.8326 438 77.4267 0.103 0.103 0.00 0.00 0.000 0.00 0.00
51 366 7.7372 1.8391 798 119.6009 0.103 1.184 0.00 0.71 0.000 0.37 0.00
52 428 7.5754 1.9389 733 133.3242 0.103 0.256 0.00 0.71 0.983 0.37 0.00
53 428 7.5754 1.9389 733 133.3242 0.103 0.256 0.00 0.14 0.983 0.34 0.00
54 433 7.5586 1.9155 742 134.3051 0.103 0.256 0.56 0.56 0.000 —0.14 0.00
55 360 7.1479 1.9067 622 112.9136 0.103 0.103 0.14 0.14 0.000 0.68 0.00
56 360 7.1479 1.9067 622 112.9136 0.103 0.103 0.56 0.56 0.000 —0.14 0.00
57 301 6.754 1.8615 527 94.477 0.103 0.103 0.71 0.00 0.000 0.37 0.23
58 301 6.754 1.8615 527 94.477 0.103 0.103 0.00 0.71 0.000 0.37 0.00
59 246 6.3602 1.8326 438 77.4267 0.103 0.103 0.00 0.00 0.000 0.00 0.00
60 360 7.1479 1.9067 622 112.914 0.103 0.103 0.71 0.56 0.000 0.30 0.00

the improved quality of the model (eq 3) over the other
models may be attributed to the presence of log RB and
indicator parameters Ip; and Ips. It means that
improvement is due to the presence of C=0 grouping at
R4, absence of hydrogen at Rs and branching.

Stepwise regression finally resulted into several 11-
parametric models out of which the following model is

found to be the best. Higher parametric correlations
resulted into statistically poor models than this 11-
parametric model. This further indicates that inhibitory
activity can be modeled better by such 11-parameter
models.

logl/ICso=2.8515x10~4 (£1.8793x10~%) W—0.6603
(£0.1341) MR, +0.0929 (£0.0621) MR, +0.7483
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Table 3. Correlation matrix for the correlation of molecular descriptors and their correlation with logl/ICs,

logl/ICsy W B J Sz logRB MR, MRy Ty Ty s Y6, Xo, Ip; Ip, Ip; Ipy
logl/IC5y  1.000
W 0.289  1.000
B 0.284 0986 1.000
J —0.103 —0.122 —0.151 1.000
Sz 0.316  0.985 0.978 —0.266 1.000
logRB 0.282 0998 0.992 —0.094 0.978 1.000
MR, ~0.175 0307 0.368 —0.023 0.282 0.348 1.000
MR, 0.181  0.582 0.622 —0.057 0.603 0.598 0.266 1.000
Ty 0.252 —0.218 —0.244 —0.061 —0.201 —0.226 —0.085 —0.192  1.000
T 0.411  0.078 0.072 —0.056 0.106 0.074 —0.078 —0.1254 —0.037 1.000
s 0.316  0.211 0.203 0.105 0.206 0.203 —0.148 —0.1081 —0.152 —0.152  1.000
S0m 0.125 —0.219 —0.218 —0.089 —0.184 —0.223 —0.125 —0.237  0.176  0.159 —0.204 1.000
o, 0.128 —0.080 —0.103 —0.010 —0.076 —0.086 —0.013 —0.032  0.495 —0.031 —0.036 0.332 1.000
Ip, —0.111  0.273 0.303 0.068 0.257 0.286 0.096 0.226 —0.576 0.223 0.052 —0.148 —0.139 1.000
Ip, —0.156 —0.174 —0.173 —0.106 —0.132 —0.180 —0.149 —0.274 —0.120 0.520 —0.345 0.409 0.060 0.429 1.000
Ip; 0.214  0.228 0.323 —0.047 0.238 0.267 0.503 0.543 —0.170 —0.067 —0.214 —0.158 —0.027 0.191 —0.191 1.000
Ipy 0.216  0.114 0.113 —0.118 0.117 0.109 —0.165 —0.076 —0.128 —0.135 0.892 —0.163 —0.036 —0.012 —0.328 —0.224 1.000
(£0.1272) 3y +0.6403 (£0.0754) sy +0.5321 SE=0.245, r=0.863 and F=14.3, while statistics of our
(£0.1017)  ms+0.6685 (£0.1471) ¥o,—0.7830 best model containing 60 compounds is found as: n= 60,
(+0.3588)  ¥0,—0.2792  (£0.0771)  Ip,+0.6501 SE=0.2007, r=0.9126 and F=21.728. Thus, our model

(£0.1138) Ip;—0.3088 (40.1214) Ip, +4.6535

n=60, SE=0.2007, RX =0.7944,
R=09126, F=21,728

4)

The improved statistics of this model (eq 4) may be
attributed to the occurrence of Wiener index (W) and
indicator parameters Ip,, Ips and Ip4. Thus, the absence
of hydrogen at Rs and Rs along with presence of C=0
group at Ry, size, shape and branching are favorable for
the exhibition of activity. Other physical significance is
similar to the earlier models.

Careful examination of above model (eq 4) has indi-
cated six compounds (5, 18, 22, 33, 37 and 38) as out-
liers. Deletion of these compounds has further improved
the quality of the model (eq 4) giving excellent statistics
as below:

logl/ICso=4.2510x10~% (£1.2756x10~%) W—0.5156
(£0.0997) MR,+0.0732 (£0.0415) MR,+0.7097

(£0.0859)  my+0.6150  (£0.0524)  mg+0.5351
(£0.0679) 75 +0.8970  (£0.1059) T6,u—0.9132
(£0.2396) $0,-0.2670  (£0.0518) Ip,+0.6715

(£0.0762) Ip;—0.3648 (£+0.0821) Ip, +4.5975

n=>54, SE=0.1325, R2 =0.9060,
R =0.9620, F=47.446

®)

At this stage it is interesting to compare our best model
with the best model proposed by Kim and coworkers.!
The first differentiation is that in the above discussed
models we have used W, Ip;, Ip,, Ip; and Ips which
were not used by Kim and coworkers.! However, the
remaining parameters were the same.

The statistics of the best model of Kim and coworkers!
consisting of all the 60 compounds is as follows: n= 60,

is found to be far superior than of Kim and coworkers'
model. Kim and coworkers' deleted one compound
because its quality was different from the quality of
other compounds. However, they have not given any
statistical basis for the deletion of the compounds. Fur-
thermore, deletion of this compound has not improved
the statistics of their model. On the other hand, step-
wise regression used by us has recommended for the
deletion of six compounds (5, 18, 22, 33, 37 and 38) and
when they are deleted there was a dramatic improve-
ment in the quality of the model (eq 5). This further
supports that our model models are far superior that the
models proposed by Kim and coworkers.!

The aforementioned results can be further established
by estimating and comparing predictive potential of
Kim and coworkers! model with the models suggested
by us. This can easily be done by estimating quality
factor?>2° Q. This quality factor Q is defined by ratio of
the correlation coefficient (R) to the standard error of
estimation (SE). That is Q = R/SE. This factor for the
best model of Kim and coworkers! is found to be 3.5225
while that of our model is 4.5471. Furthermore, the
quality factor of our improved model (after deleting six
compounds) is found to be 7.2604. It means that the
predictive potential of our ultimate model is 2.06 times
greater than the Kim’s model.

In order to best explain our result we have estimated cross
validation parameters. As stated earlier?’° these para-
meters used being PRESS, SSY, Spress, .RZCV and PSE.
The meanings of these parameters are given in experi-
mental section and their values are recorded in Table 4.

PRESS is a good estimate of the real prediction error of
the model. If PRESS is smaller than SSY the model
predicts better than chance and can be considered sta-
tistically significant. In this regard, all the five models
proposed by us (Table 4) are better than chance and
statistically significant.
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The ratio PRESS/SSY can be used to calculate approx-
imate confidence intervals of prediction of new com-
pounds. To be a reasonable QSAR model this ratio
should be smaller than 0.4, and the value of this ratio
smaller than 0.1 indicates an excellent model. In our
case, this ratio, for all the models proposed by us is
found to be smaller than 0.4 and for the model as
expressed by (eq 5) this ratio comes out to be 0.0805,
that is <0.1. Thus, this model has excellent quality as
well as highest predictive potential.

SprEss 18 another cross validation parameter and is a
measure of uncertainty of prediction. However, in
our case Sprgss 1S found to be the same as that of
SE, that is both these parameters carry the same
meaning and use of Sprgss is useless. However, in
such cases we have still another cross validation
parameter named as predictive square error (PSE).
This parameter is more directly related to uncertainty
of prediction. The lowest value of PSE (Table 4) for
the model as expressed by (eq 5) supports its highest
predictive potential.

Finally, the predictive potential of the model (Table 5) is
confirmed by calculating predictive correlation coeffi-
cient of the model (R;Z)red,) (Figs 2 and 3) 0.8327 and
0.9255, respectively, for our models 4 and 5. Thus RS 4
(0.9255) indicates that our improved model as expressed

by (eq 5) with deletion of six compounds is the best.

Conclusion

From the results and discussion made above, we con-
clude that combination of topological indices with the
parameters chosen by of Kim’s results into models with
much improved quality and predictability. Also, that out
of the several topological indices used only W and logRB
are found better to be used. Furthermore, deletion of

these topological indices from the model lower their
quality significantly. Other benefits of our models are
the same as that of Kim’s models.

Experimental

Inhibitory activity

The inhibitory activity in terms of log 1/ICs, is adopted
from the work of Kim and coworkers.!

Molecular graphs

The hydrogen suppressed molecular graphs3! were used
for the calculation of topological indices W, Sz, 'y, B, J
and logRB (Table 2).

Topological indices

The details for the calculations of Wiener (W)-,°
branching index (B)-,” first-order connectivity index
(¢)-,%"19 Balaban (J),'''? Szeged (Sz)-,'*'# logRB-,!*
quality factor (Q)*>?° and maximum R? improvement
method!® are given in our earlier communications and
they are thus not repeated here.

Physico-chemical parameters

All the physico-chemical parameters used (Table 2) are
adopted from the work of Kim and coworkers.!

Indicator parameters

We have used four indicator parameters Ip;, Ip,, Ip;
and Ips with the following meaning: Ip; is 1 when
phenyl group is attached with N, Ip, and Ip4 are 1 when
hydrogen is not present at R4 and Ry. When C=O0 is
present at R, the indicator parameter is Ip; having the

5.8 4 y = 0.8326x + 0.8559
R2=0.8327

est.log1/IC50

5.5 6 6.5

obs.log1/IC50

Figure 2. Correlation of observed and estimated activity of 60 compounds using model 4 (eq 4).
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Table 4. Observed and estimated logl/ICs, from models 4 and 5

Compd Obs. logl/ICsq Model 4 (eq 4) Model 5 (eq 5)

Est. logl/ICsq Res. Est. logl/ICsq Res.
1 6.000 5.845 0.155 5.921 0.079
2 5.823 5.808 0.015 5.793 0.030
3 5.167 5.426 —0.259 5.393 —0.226
4 5.167 4.894 0.273 5.146 0.021
5 5.167 5.191 —0.024 — —
6 5.161 5.195 —0.034 5.151 0.010
7 4.939 4.894 0.045 4.840 0.099
8 4.853 4.944 —0.091 4.958 —0.105
9 4.853 4.894 —0.041 4.840 0.013
10 4.698 4.815 —0.117 4.790 —0.092
11 4.677 4.665 0.012 4.657 0.020
12 5.958 5.748 0.210 5.845 0.113
13 5.309 5.213 0.096 5.292 0.017
14 5.197 5.104 0.093 5.181 0.016
15 4.886 5.028 —0.142 5.007 —0.121
16 4.853 4912 —0.059 4.952 —0.099
17 4.823 4.714 0.109 4.695 0.128
18 4.769 5.313 —0.544 — —
19 4.721 4.719 0.002 4.804 —0.083
20 4.431 4.431 0.000 4.594 —0.163
21 4.327 4.489 —0.162 4.538 —0.211
22 4.309 4.737 —0.428 — —
23 3.749 3.507 0.242 3.513 0.236
24 5.585 5.444 0.141 5.478 0.107
25 5.568 5.333 0.235 5.368 0.200
26 5.200 4.950 0.250 4.990 0.210
27 4.721 4.945 —0.224 4.881 —0.160
28 5.886 5.603 0.283 5.626 0.260
29 5.585 5.525 0.060 5.547 0.038
30 5.481 5.705 —0.224 5.680 —0.199
31 5.468 5.473 —0.005 5.492 —0.024
32 5.366 5.428 —0.062 5.431 —0.065
33 5.221 4.926 0.295 — —
34 5.130 5.059 0.071 5.015 0.115
35 5.080 5.123 —0.043 5.145 —0.065
36 4.903 4.607 0.296 4.903 0.000
37 4.649 4.990 —0.341 — —
38 4.397 4.820 —0.423 — —
39 5.619 5.636 —0.017 5.616 0.003
40 5.455 5.405 0.05 5.430 0.025
41 5.455 5.511 —0.056 5.492 —0.037
42 5.420 5.417 0.003 5.356 0.064
43 5.259 5.186 0.073 5.170 0.089
44 5.259 5.211 0.048 5.239 0.020
45 5.251 5.279 —0.028 5.306 —0.055
46 5.180 5.197 —-0.017 5.216 —0.036
47 5.040 4.966 0.074 5.029 0.011
48 5.022 4.977 0.045 5.049 —0.027
49 4.657 4.894 —0.237 4.840 —0.183
50 4.585 4.665 —0.08 4.657 —0.072
51 5.886 5.873 0.013 5.960 —0.074
52 5.408 5.368 0.04 5.408 0.000
53 5.161 4.983 0.178 5.030 0.131
54 5.075 5.138 —0.063 5.096 —0.021
55 5.050 5.068 —-0.018 5.233 —0.183
56 4.92 5.103 —0.183 5.054 —0.134
57 5.481 5.279 0.202 5.306 0.175
58 5.346 5.104 0.242 5.181 0.165
59 4.769 4.665 0.104 4.657 0.112
60 5.481 5.509 —0.028 5.555 —0.074
value of unity. In all other cases, if such situations does correlation potential need not have the best predictive
not exist, then the corresponding values of indicator value too. As opposed to traditional regression meth-
parameters are taken to be zero. ods, the cross-validation evaluates the validity of a

model by how well it predicts data rather than how well
it fits data. The analysis uses a ‘leave-one-out’ scheme, a
model is built with N—1 compounds and the Nth com-
It is worth mentioning that the models having the best pound is predicted. Each compound is left out of the

Cross validation
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6.5
y = 0.9254x + 0.3847
6 R? = 0.9255 .
5.5 1
8 54
g
g
§ 4.5
4
3.5 1 .
3 T T T T T
3.5 4 4.5 5 5.5 6 6.5

obs.log 1/1C50

Figure 3. Correlation of observed and estimated activity of 60 compounds using model 5 (eq 5).

Table 5. Cross-validated parameters for the proposed models

Model Number of parameters PRESS SSY PRESS/SSY Ry SPRESS PSE
1() 8 2.7366 8.7632 0.3123 0.6877 0.2316 0.2136
22 9 2.6502 8.8496 0.2997 0.7005 0.2302 0.2102
3(3) 10 2.4627 9.0371 0.2725 0.7245 0.2242 0.2026
44 11 1.9233 9.5765 0.2008 0.7992 0.2002 0.1790
505 11 0.7373 9.1622 0.0805 0.9195 0.1239 0.1109
model derivation and predicted in turn. As indication of Acknowledgements

the performance of the model is obtained from the
cross-validated (or predictive) r2y, which is defined as:

, _ SD-PRESS
'VTTTSD

where SD is the sum-of-squares deviation for each
activity from the mean. PRESS (or predictive sum-of-
squares) is the sum of squared difference between the
actual and that predicted when the compound is omit-
ted from the fitting process. Once a model is developed
which has highest cross-validated 2, this method is
used to derive the conventional QSAR equation and
conventional 12 and s values. The results of the final
model are often visualized as contour maps of the
coefficient.

In addition to PRESS, SD, r2,, Spress, one also need to
evaluate predictive-square-error (PSE) in an attempt to
decide the predictive potential of the proposed models.
The data of calculation of cross-validated parameters

are given in our publications.?*32
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