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Abstract: 3D-QSAR studies were performed using the stepwise variable selection k-nearestneighbor molecular
field analysis approach; a leave-one-out cross-validated correlation coetficient (g2) of 0.7143 and a non-cross-
validated correlation coefficient (r2) of 0.7481 were obtained. The structures of all compounds were built on a
workspace of Vlife MDS 3.5 molecular modeling software and 3D QSAR models were generated by applying

a partial least square (PLS) linear regression analysis coupled with a stepwise variable selection method and
simulated annealing. Both derived models were found to be statistically significant in terms of regression and
mtemnal and external predictive ability (#2 = 0.72342 and 0.6473, pred #2 = and 0.6718). Contour maps using this
approach showed that steric, electrostatic and hydrophobic effects determine binding affinities. The results
obtained from QSAR studies could be used in designing better Ang II activity among the congeners in future.
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INTRODUCTION

The remn-angiotensin system (RAS) plays an
umportant role in blood pressure regulation and electrolyte
homeostasis [1]. Angiotensin IT (All) 1s the biologically
active component of the RAS and is responsible for most
of the peripheral effects of tlus system. The octapeptide
angiotensin 1T (Ang II) is produced by the renin
angiotensin system (RAS) and is a potent vasoconstrictor
and thus plays an important role in the pathophysiology
of hypertension [2]. This directed many researchers
toward the designing of drugs to block the effect of Ang
1T either by inhibiting the angiotensin converting enzyme
(ACE) or renin or by blocking the Ang II receptor [3].
Remin, an enzyme produced primarily by the
juxtaglomerular cells of the kidney, catalyzes the
conversion of angiotensinogen into an
substance, angiotensin I (A-I). Angiotensin-converting
enzyme (ACE) then converts Ang -1 to the physiologically
active angiotensin TI (Ang-IT), which causes potent
vasoconstriction, aldosterone secretion and sympathetic
activation. All of these actions contribute to the
development of hypertension [4-5]. The discovery of
potent and orally active non-peptide Ang 1T antagonists
such as losartan and eprosartan has encouraged the

nactive

development of a large number of similar compounds.[6]

Quantitative structure activity relationship (QSAR) is
one of the major tools m drug discovery to explore
ligand— receptor/fenzyme mteractions, especially when
either the structural details of the target are not known or
protein binding data of ligand 15 unavailable. [7]. A
number of quantitative structure-activity relationship
(QSAR) studies related to design of angiotensin II
receptor antagonists drugs have also been reported
[8-13]. The present study is aimed to elucidate the
structural features of the development of a 3D QSAR
KNNMFA quantitative structure activity relationship
with the aid of various physicochemical parameters
has been an important task in lead optimization. The
relevance of the model for the design of novel denivatives
should be assessed not only m terms of predictivity, but
also 1n terms of thewr ability to provide a chemical and
structural explanation of their binding interaction. Here we
propose a general model for the antagonist and present
minimal structural requirement for an Angiotensin 11
antagonist.

Methodology: The Ang 1T receptor antagonistic activity
data of Substituted quinazolinone were taken from the
reported work [14]. The activity data given as IC50 values,
whereas 1C,; refers to the experimentally determined
nanemolar concentration of the Isoxazolidines derivatives.
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Table 1: Biological activity data and structures of Series

.
s
N
H
Comp. R, R, R; IC;D(I]M) pICsn
1 CH,0H H CHs 6l 1.78533
2 CH,0H H CH; 43 1.633468
*3 (CHy)s- H CH, a8 1.991226
4 -CH, CH,CO- H CH, 4 1.623249
& -CH, CH,CO- H CH; 98 1.991226
6 -CH, CH,CO- H CH;Ph 79 1.897627
i -CH,OCO- H CH; 150 2.176091
8 -CH,OCO- H CH; o8 1.832509
9 -CH,OCO- H CH;Ph 94 1.973128
*10 -CH,OCO- H CH;Ph 177 2.247973
11 CH,CH,CH,CO- H CH, 900 2954243
"2 1 3-cyclapentyl- H CH, 154 2187521
13 -(CHg)s- H CH; 180 2.255273

*test compound

The biological activity values reported in nanomolar units
were converted to theiwr molar umts and then further to
negative logarithmic scale and subsequently used as the
dependent variable for the QSAR analysis. The -log
values of pIC50 (-loglC.,) along with the structure of the
compounds in the series are listed in (Table 1).

Optimization of Molecules Structure and Alignment of
Molecules:  Three-dimensional structures of  all
compounds have been constructed using MDS 3.5 [15]
and their geometries were subsequently optimized to make
the conformations having least potential energy. Energy
mimmizations were performed using Merck molecular
force field (MMFF) and MMFEF charge followed by
considering distance-dependent dielectric constant of 1.0
and convergence criterion of 0.01 lkcal/mol. The 2D
structures were converted to 3D structures by sending
them to MDS. Energy minimization and geometry
optimization was conducted using Merck Molecular Force
Field (MMFF) method with Root Mean Square (RMS)
gradient set to 0.01 Kcal/mol A" and iteration limit to
10000, Molecular aligrument 1s a crucial step in 3D-QSAR
study to obtain meamingful results. This method 1s
based on moving of molecules m 3D space, which 1s
related to the conformational flexibility of molecules. The
goal 13 to obtain optimal alignment between the molecular

structures necessary for ligand-receptor mteractions.
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Fig. 1(a): Template structure for alignment all ligands

All molecules in the data set were aligned by template-
based method where a template is built by considering
common substructures in the series. The template
structure, i.e. Tsoxazolidines ring was used for alignment
by considering the common elements of the series as
shown in Figure 1(a). The reference molecule is chosen in
such a way that it 15 the most active among the series of
molecules superimposition of all
molecules based on mimmizing root mean square
deviation (RMSD) 1s shown m Figure 1(b).In the kINN-
MFA method, several models were generated for
the selected members of traiming and test sets and

considered. The
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Fig. 1{b) 3D view of aligned molecules

the corresponding best model s are reported herein. VLife
Molecular Design Suite (VLifeMDS) allows user to
choose probe, grid size and grid interval for the
generation of descriptors. The variable sel ection methods
along with the corresponding parameters are allowed to
be chosen and optimum models are generated by
maximizing . k-nearest neighbor molecular field analysis
(kKNN-MFA) requires suitable alignment of given sef of
molecules. This is followed by generation of a common
rectangular grid around the molecules. The steric and
electrostatic interaction energies are computed at the
lattice points of the grid using a methyl probe of charge
+1. These interaction energy values are considered for
relationship generation and utilized as descriptors to
decide neamess between molecules. The term descriptor
ig utilized in the following discussion to indicate field
values at the lattice points. The optimal training and test
sets were generated using the sphere exclusion algorithm
[16]. This algorithm allows the construction of training
sets  covering descriptor space occupied by
representative points. Once the training and test sets were
generated, kNN methodology was applied to the
descriptors generated over the grid. The dissimilarity level
was set to 5.9, as the higher the dissimilarity level, the
lesser the predictive ability of QSAR model. The method
resulted in selection and four compounds as test set and
remaining others as training set.This is done to test the
internal stability and predictive ability of the QSAR
models. Developed QSAR models were validated by the
following procedure:

Internal and External Validation: The regression
coefficient 1 ig a relative measure of fit by the regression
equation. It represents the part of the variation in the
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observed data that is explained by the regression. Internal
validation is carried out using ‘leave-one-out® (LOOQ)
method [17]. The cross-validated coefficient, ¢?, is
calculated uszing the following equation:

o2
Z(s -y

2
q :1_7,\2
Z()’i_ymean)

Where y, and y, are the actual and predicted activity of the
i"molecule in the training set, respectively and y,__ isthe
average activity of all molecules in the fraining set.
However, a high ¢ value does not necessarily give a
suitable representation of the real predictive power of the
model for antimalarial ligands. So, an external validation is
also carried out in the present study. The external
predictive power of the model is assessed by predicting
pIC;, value of the three test set molecules, which are not
included in the QSAR model development. The predictive
ability of the selected model is also confirmed by pred _r?
or riCVext,

2
Z(y; —y:)
~ 2
Z(¥; — Proean)

2

pred r“=1-

Where v, and y, are the actual and predicted activity of the
i™ molecule in the test set, respectively and v, is the
average activity of all molecules in the training set. The
robustness of the selected model is checked by Y -
randomization test. The robustness of the models for
training sets is examined by comparing these models to
those derived for random datasets. Random sets are
generated by rearranging the activities of the molecules in
the training set. The significance of the models hence
obtained is derived based on a calculated Z score[18]. A
Z gcore value is cal culated by the following formula:

(h—p)
g

Zzcore =

Where # is the ¢ value calculated for the actual dataset,
11 the average q° and o isits standard deviation calculated
for various iterations using models build by different
random datasets.

Evaluation of the QSAR Models: The developed QSAR
models are evaluated using the following statistical
measures: n, (the number of compounds in regresszion); k,
{number of variables); DF, (degree of freedom); optimum
component, (number of optimum); r® (the squared
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correlation coefficient), F test (Fischer’s value) for
statistical significance, q° (cross-validated correlation
coefficient); pred r?, (i* for external test set); Z score,
(Z score calculated by the randomization test);
best_ran_, (highest q° value in the randomization test);
best ran r* (highest r® value in the randomization test).
The regression coefficient r* is a relative measure of fit by
the regression equation. It represents the part of the
variation in the observed data that iz explained by the
regression. However, a QSAR model iz congidered to be
predictive, if the following conditions are satisfied: r* >
0.6,q"> 0.6 and pred_r*>0.5. The F-test reflects the ratio
of the variance explained by the model and the variance
due to the error in the regression. High values of the F-
test indicate that the model is statistically significant. The
low standard error of Pred r’se, ¢° se and 1’ se shows
abszolute quality of fitness of the model.

RESULTS AND DISCUSSION

The QSAR study of Substituted Isoxazolidines
derivatives through PLS methodology, based on various
feature selection methods Using VLife MDS 3.5 software
resulted in the following statistically significant
models.Molecules with better biological activity compared
with the existing Substituted Isoxazolidines derivatives
were searched. The k-NN MFA models were developed
uging step-wise forward-backward method with cross
correlation limit set to 0.5 and term selection criteria as g°
F-test in” was get to 4.0 and F-test ‘out’ t03.99. As zome
additional parameters, variance cut-off was set as 2
Kcal/mol ? and scaling and auto scaling, additionally the
k-nearest neighbor parameter setting was done within the
range of 2-5 and prediction method was selected as
distance based weight average. This method utilizes the
active analogue principle that lies at the foundation of
medicinal chemistry [19-21].

Model- A Simulated Annealing: E 146 (-0.4673 0.2746) +
H 386 (0.1801 0.5561)- S_136 (-0.0493 -0.0134)-5_496 (-
0.2903 -0.1696)-E_547 (-0.0710 1.6214).

k Nearest Neighbour= 3, n 13,Degree of
freedom = 17,q2 =0.7143,q4° se = 0.6748,Predr’ =0.6473,
pred r'se =0.4352

Model-B Step- Wise Forward-Backward: S 147 (-0.0389 -
0.0135)+H_240 (0.1151 0.4416)+E_573 (0.2350 10.0000)-
S 761 (-0.0537 -0.0388)-S_63 (-0.0214, -0.0043)

k Nearest Neighbour= 3.n 13,Degree of
freedom = 17,q°=0.7481,q2_se =0.3765 Pred r*=0.6718,
pred r'se =0.6753.

Model-A [Figure-1(c)] the atom based alignment
shows a g2 (cross validated ) of 0.7143 with five
descriptors namely E 146, H 386, S 136, 8 496 and
E 547.E 146, H 386, S 136, S _496 and E_547 are the
steric, electrostatic and hydrophobic field energy of
interactions between probe (CH-) and compounds at their
corresponding spatial grid points of 146, 386, 136, 496 and
547 A non-cross-validated r2 of 0.7724, Fvalue of 30.435
and number nearest neighbors & of 3 were observed with
this model. I.e. all the values are proved statistically
significant. The steric, electrostatic and hydrophobic
contributions were 54 and 19%b, respectively and exhibited
good external prediction with r2 pred of 0.6473. Statistical
significance of the model indicated by = score value of
0.548 and  of >0.0001. The above model is validated by
predicting the biological activities of the test molecules,
ag indicated in Table 3. Model-B [Figure-1(d)] the kNN-
MFA model generated from template based alignment
showed g2 (cross validated r2) of 0.6680 with five
descriptors namely S_147, H_240,E_573,8_761 and S_63.
A non-crogs validated »2 of 0.7481, Fvalue of 45.576 and
number nearest neighbors & of 3 were observed with this
The steric, and hydrophobic
contributions were 62,18 and 20%, respectively and

model. electrostatic

Fig. 1(c): Contribution plot of 3D QSAR model SA-KNNMFA
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Fig. 1(d): Contribution plot of 3D QSAR model SW-kKNNMFA

Table 2: 3D descriptors required for Angiotensin 11 affinity

5_136 5_761 E 146 E 547 E 573 H_z240 H_386

-0.00752 001214 0.630398 0.341021 0.179779 0328875 0.324026
-0.00833 -0.01328 0632316 0.501047 0.322779 0312311 0.309952
-0.00846 -0.01343 0.590388 0.320405 0.178303 0.322065 0.315834
-0.00799 -0.01271 0622685 0358871 0.210634 0366332 0.360443
-0.00793 -0.01272 0.569901 0301318 0.158773 037287 0.367998
-0.00931 -0.01516 0.700978 0313883 0.123483 0.310951 0.30707

-0.01313 -0.0215 0.445049 0.237053 0.133566 0305833 0.300585
-0.00871 -0.01382 0.53667 0.277949 0.152232 0302035 0.297274
-0.00%09 -0.01465 0773677 0.418354 0.223218 0305762 0.301571
-0.00877 -0.01386 0401862 0122661 0.009063 0301841 0.297192
-0.00958 -0.01535 0.575294 0.259747 0.088684 0314695 0308753
-0.00988 -0.01608 0628009 0.31024 0.165483 0.330749 0.327037
-0.00915 -0.01462 0493148 0.201454 0.066009 0317216 0.312489

Tahble 3 Observed and predicted activities of statistically significant models

Observed activity

3D Q5 AR-5A-LNNMFEA Predicted activity

3D QS AR-SW-LNNMFA Predicted activity

178 1.61
1.63 1.43
199 1.74
1.62 1.52
1.99 2.18
1.59 1.9
217 2.02
183 1.97
197 1.63
2.24 1.97
2.95 2.69
Z.18 2.00
2235 2.44

1.52
1.37
1.3

141
1.67
1.65
1.89
2.11
2.26
1.85
317
191
2.51

exhibited good external prediction with »2 pred of
0.6718 .Statistical significance of the model indicated by =
score value of 1.254 and « of =0.0001. The above mode] iz
validated by predicting the biological activities of the test
molecules, asindicatedin Table3. E 146 (-0.4673 0.2746),
E 547 (-0.07101.6214) Negative valuein electrostatic field
descriptors indicates that negative electronic potential is
required to increase activity and more electronegative

89

substituents group iz preferred in that position, E 573
(0.2350 10.0000) positive range indicates that group that
imparting positive electrostatic potential is favorable for
activity o less electronegative group is preferred in that
region. S 136 (-0.0493 -0.0134), S_496 (-0.2903 -0.1696),
S 147 (-0.0389 -0.0135), $_761 (-0.0537 -0.0388) and S_63
(-0.0214, -0.0043) negative coefficient in steric descriptors
indicates that negative steric potential is favorable for
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activity and less bulky substituents group is preferred in
that region, Positive contribution of H 386 (0.1801 0.5561)
and H 240 (0.1151 0.4416) to Hydrogen group nearer to R
respectively indicates that positive hydrophobic field 1s
favorable for increasing the activity. Hence less
hydrophobic or more hydrophilic substituent groups R,
and R; positions are preferred. The proposed models, due
to the high internal and external predictive ability, can
therefore act as a useful aid to the costly and time
consuming experiments for determining the molar
concentration of a compound required to achieve better
angiotensin 1T receptor activity.

CONCLUSION

This model employs sphere exclusion method for
generation of optimal training and test set and kKNN-MFA
with stepwise variable selection. The model was validated
by cross-validation techmques,
external test set prediction. These models could be

randomization and

usefully employed to prioritize chemicals for synthesis or
in search of novel scaffolds from screening of chemical
databases. The contours were found to be more or less
qualitatively similar in accord with the experimentally
observed activity. This is of great aid to design dual
mtubitors activity. The analysis of contours has provided
a clue about the structural requirement for the observed
biological activity. This analysis could be of help in the
rational design of potential drug antihypertensive with an
enhanced inhibitory potency.
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