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Abstract: k-nearest neighbor molecular field analysis (kNN-MFA) based 3D-QSAR, fragment and knowledge
based approach were used to generate and screen a virtual library. k-Nearest Neighbor Molecular Field Analysis
(KNN-MFA), a three dimensional quantitative structure activity relationship (3D-QSAR) method has been used
in the present to study the correlation between the molecular properties and the angiotensin IT receptor
activities on a series of piperidin-2-one biphenyl tetrazoles derivatives. kNN-MFA calculations for both
electrostatic and steric field were carried out. The master grid maps derived from the best model has been used
to display the contribution of electrostatic potential and steric field. The best model with good external and
mternal predictivity for the traimng and test set has shown cross validation (q2) and external validation
(pred r?) values of 0.7493 and 0.7654, respectively. The steric descriptors at the grid points E 891, E 875,
S 1118, E 1226, 53 306 and E 1108 play an important role in the design of new molecule. The mformation
rendered by 3D QSAR models may lead to a better understanding of structural requirements of angiotensin
1T receptor antagonists and also aid in designing novel potent antihypertensive molecules. Partial least-squares

(PLS) method was applied for QSAR model development considering training and test set approaches.
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INTRODUCTION

During the past several mvestigators

interested in the development of new therapies for

years,

cardiovascular diseases have focused on the renin-
angiotensin system [1]. The renin-angiotensin system
(RAS) is known to play a pivotal role in the regulation of
fluid, electrolyte balance and blood pressure and s a
modulator of cellular growth and proliferation. Now,
several efforts have been made for the treatment of
hypertension and congestive heart failure. The remn
inhibitors, highly specific enzymes responsible for the
conversion of angiotensin to angiotensin I, have been
indicated experimentally to exert potent antihypertensive
effects, but efforts to develop remn nhibitors as drugs
have been hampered by their poor oral bicavailability
and limited duration of action. The blockade of the Ang TT
synthesis by converting enzyme minbitors (CEL) has
become a well-established therapeutic application in the
treatment of hypertension and heart failure [2]. Remn, a
proteolytic enzyme produced mainly in the juxtaglomerular

apparatus of the kidney, acts on the circulating alpha
globulin angiotensinogen produced by the liver to form
the decapeptide Asp-Arg-Val-Tyr-Ileu-His-Pro-Phe-His-
Leunamed angiotensin T [3]. Quantitative structure
activity relationship (QSAR) searches information relating
chemical structure to biological and other activities by
developing a QSAR model. Using such an approach one
could predict the activities of newly designed compounds
before a decision is being made whether these
compounds should be really synthesized and tested.
The QSAR approach helps to comrelate the specific
biological activities or physical properties of a series of
compounds with the measured or computed molecular
properties of the compounds, in terms of descriptors [4-5].
QSAR methodologies save resources and expedite the
process of the development of new molecules and drugs.
A number of quantitative structure-activity relationship
(QSAR) studies related to design of angiotensin II
receptor antagonists drugs have also been reported
[6-10]. Many different approaches to QSAR have been
developed over the years. The rapid increase in three-
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dimensional structural information (3D) of bicorganic
molecules, coupled with the development of fast
methods for 3D structure alignment (e.g. active analogue
approach), has led to the development of 3D structural
descriptors and associated 3D QSAR methods. The most
popular 3D QSAR methods are comparative molecular
field analysis and comparative molecular similarity
analysis [11-12]. In the present study; we have applied k-
nearest neighbour molecular field analysis (KNNMFA)
[13]. The present study is aimed to elucidate the structural
features of piperidin-2-one biphenyl tetrazoles derivatives
required for angiotensin 1T receptor antagonists and to
obtain predictive three-dimensional QSAR models to
guide the rational synthesis of novel antihypertensive
activity. With the above facts and in continuation of our
research for newer anti-hypertensive agent i the present
study, we report here the development of a new method
(KNNMFA) that adopts a k-nearest neighbor principle for
generating relationships of molecular fields with the
experimentally reported activity to provide further insight
mto the key structural features required to design
potential drug candidates of this class. This method
utilizes the active analogue principle that lies at the
foundation of medicinal chemistry.

Table 1: Structural and biological data piperidin-2-one

MATERIALS AND METHODS

Data Set for Analysis: QSAR studies were performed on
a series of piperidin-2-one biphenyl tetrazoles reported
worl were taken [14]. The biological activities of these
sixteen compounds were expressed in terms of IC,
values for angiotensin II receptor antagomsts. For
correlation purposes, the values were converted to
negative logarithmic scale-log IC;;. These compounds
along with their biological data are presented in Table 1.
The molecular structure of all the sixteen molecules
were sketched using VLife MDS 3.5 [15] software in the
2D builder module and then the structures were converted
to 3D space for further amalysis. The structures were
sketched using the 2D draw application and converted
to 3D structures.
drawn for each molecule and the molecular geometries

Three-dimensional structures were

optimized using Monte Carlo conformational search
fields and charges. All the compounds were drawn in
Chem DBS using fragment database and then subjected
to energy mimmization using batch energy minimization
method. Conformational search were carried out by
systemic conformational search method and all the
compounds were aligned by template based method.

e}
Com Ry Rg Rs 1Csp (nM) -loglCsy
1 Me Me OFEt 5800 3.763
2 Me Et OFEt 250 2,397
3% Et Et OFEt 20 1.301
4 Me H OFEt 200 2301
5 Me n-butyl OFEt 470 2,672
6 Et n-butyl OFEt 180 2.255
7 n-propyl n-propyl OEt 330 2.518
8 Me n-propyl OFt 120 2.079
9% Me i-propy1 OFt 120 2.079
10 FEt n-propyl OFt ] 1.954
11 Me n-pentyl OFEt 680 2.832
12% -cyclopentyl - OFt 540 2732
13 -cyclohesgyl OFt 40 1.602
14 Et Et Me 3100 3.491
15 Me Et OMe 320 2.505
16* Et Et OMe 210 2322

*test compound
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Table 2: Descniption of descnptor used in the 3D QSAR model

Com 8 162, 8 306 8 723 8 1124 E_229 E 874 E 1108
1 -0.00674 -0.0797 -0.00840 -0.0771 0.018569 0.017519 0015124
2 -0.00644 -0.0736 -0.00751 -0.0673 0.031145 0.030585 0028563
3 -0.00801 -0.0914 -0.00920 -0.0811 0.015318 0.014744 0012758
4 -0.00675 -0.0692 -0.00611 -0.0479 0.017891 0.021523 0.023665
5 -0.00305 -0.0901 -0.00871 -0.0716 -0.0018890 -0.005280 -0.003330
f -0.00708 -0.0772 -0.00733 -0.0607 0.035518 0.031953 0.026197
7 -0.00775 -0.0919 -0.01001 -0.0945 0.032008 0.028563 0.023748
§ -0.00925 -0.1037 -0.00935 -0.0693 0.020339 0.023172 0.023802
9 -0.01020 -0.1215 001219 -0.1019 0.014393 0009309 0.046750
10 -0.01030 -0.1712 -0.02284 -0.0208 0.006633 0.009763 0.010712
1 -0.01033 -0.0214 -0.01223 -0.0099 0.031522 0.031668 0029958
12 -0.00574 -0.0726 -0.00808 -0.0762 0.015106 0.015309 0014159
13 -0.00574 -0.0726 -0.00808 -0.0542 0.015106 0.015309 0014159
14 -0.00325 -0.0349 -0.00328 -0.0273 -0.013020 -0.015580 -0.018610
15 -0.00683 -0.0751 -0.00722 -0.0609 0.007135 0.002869 -0.002540
16 -0.00739 -0.0807 -0.00763 -0.0644 0.003506 0.002790 0.000723

Fig. 1: Superposition of compounds in the training and
test sets using the template-based alignment
method

Optimized molecules were aligned Fig. 1 by template
based method using the most active molecule as a
template. The optimized batch of molecul es was selected
for calculation of the physiochemical descriptors. The
descriptor pool was reduced by eliminating out the
descriptors with constant and near constant wvalues.
Further reduction in the descriptor pool was done by
ousting the descriptors that are highly degenerate and
difficult to interpret. A correlation analysis was performed
between biological data and remaining descriptors, most
of which were molecular and electro topological
descriptors and the descriptors those were showing very
low correlation with inhibitory activity were also removed.
The descriptors selected for modeling activity of the
piperidin-2-one biphenyl tetrazoles are summarized in
Table 2.
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Methodology: We hereby report the models, as generated
by KkNN-MFA in conjunction with stepwise (SW)
forward-backward wvariable selection methods. In the
KNN-MFA method, several models were generated for
the selected members of training and test sets and the
corresponding best models are reported herein. VLife
Molecular Desgign Suite (VLifeMDS) allows uszer to
choose probe, grid szize and grid interval for the
generation of descriptors. The variable selection methods
along with the corresponding parameters are allowed to
be chosen and optimum models are generated by
maximizing ¢°. k-nearest neighbor molecular field analysis
(KNN-MFA) requires suitable alignment of given set 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. Thege 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.
This algorithm allows the construction of fraining sets
covering descriptor space occupied by representative
points. Once the tfraining and test sets were generated,
KNN methodology was applied to the descriptors
generated over the grid.

Molecular Modeling and Alignment: Conformational
gsearch were camried out by systemic conformational
search method and lowest energy conformers were
selected. All the compounds were aligned by template
based method. The selection of template molecule for
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alignment was done by considering the following facts: a)
the most active compound; b) the lead or commercial
compound; c) the compound contaimng the greatest
number of functional group[16,17] Generally, the low
energy conformer of the most active compound is
selected as a reference.

Selection of Training and Test Set: The dataset of sixteen
molecules was divided into training and test set by
Sphere Exclusion (SE) [18] method for model 1, 2, 3 and 4
having dissiumilarities values of 8.9, respectively with -
logIC., activity field as dependent variable and various
3D  descriptors calculated for the compounds as
independent variables. Tn the present kKNN-MFA study,
(-16.316541016.6743) x(-11.3176 01 4.32176) % (-10.6542
t012.4398) A° grid at the interval of 2.00 was generated
around the aligned compounds. This algorithm allows
constructing training sets covering all descriptor space
areas occupled by representative pomts. The higher the
dissimilarity level 1s, the smaller the training set 1s and the
larger the test set is. Tt is expected that the predictive
ability of QSAR models generally decreases when the
dissimilarity level increases. The method resulted in
selection and four compounds as test set and remaiung
as training set.The
interaction energies are computed at the lattice points of

others steric and electrostatic
the grid using a methyl probe of charge +1 of Gasteiger-
Marsili type. These mnteraction energy values are
considered for relationship generation and utilized as
descriptors to decide nearness between molecules. The
method described above has been implemented in
software, Vlife Molecular Design Suite (Vlife MDS),
which allows user to choose probe, grid size and grid
interval for the generation of descriptors. The variable
selection methods along with the corresponding
parameters are allowed to be chosen and optimum models
are generated by maximizing ¢°. For calculation of field
descriptor values, using Tripos force field both
electrostatic and steric field type with cut offs 10.0 and
30.0 Kcal/mol respectively were selected and charge
type was selected as Gasteiger-Marsili. Dielectric constant
was set to 1.0 considering the distance dependent
dielectric function. This resulted in calculation of 4818
field descriptors (1606 for each steric, electrostatic) for
all the compounds in separate columns. QSAR analysis
was performed after removal of all the invariable columns,
as they do not contribute to QSAR. The optimal test and
training data set were generated using manual selection
method.
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The kNN methodology relies on a simple distance
leaming approach whereby an unknown member is
classified according to the majority of its k-nearest
neighbors in the traming set. The neamess 13 measured
by an appropriate distance metric (e.g., a molecular
similarity measure calculated using field interactions of
molecular structures). The standard kNN method is
implemented smmply as follows: Calculate distances
between an unknown object (u) and all the objects in the
training set; select k objects from the training set most
similar to object u, according to the calculated distances;
and classify object u with the group to which the majority
of the k objects belongs. An optimal k value is selected by
optimization through the classification of a test set of
samples or by leave-one out cross-validation.

Steps Involved in kNN-MFA Method: Molecules are
optimized before alignment optimization is done by
MOPAC energy mimmization and optimization is
necessary process for proper alignment of molecules
around template. KNN-MFA method requires suitable
alignment of given set of molecules, alignment are
template based. This 1s followed by generation of
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.The optinal traiming and test set were
generated using sphere exclusion method. Model was
generated by  various kNN methods and models
validated internally and externally by leave one out,
external validation. Predict the activity of test set of

compounds.

Model Quality and Validation

Internal and External Validation: Internal validation 1s
carried out using ‘leave-one-out’ (LOO) method. The
cross-validated coefficient, ¢’, is calculated using the
following equation:

(- 5

2
g =1- 5
E(yi - ymean)

Where y, and ¥, are the actual and predicted activity
of the # molecule in the training set, respectively and
Voo 18 the average activity of all molecules in the traming
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.
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The external predictive power of the model is assessed by
predicting plC,, value of the four test set molecules,
which are not included in the QSAR model development.
The predictive ability of the selected model 1s also
confirmed by pred r* or rCVext’,

IOy - )

2
pred »“=1-
Z(%”_}hem)z

Where y, and ¥, are the actual and predicted activity
of the / molecule in the test set, respectively and y,,,, 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
traiming sets is examined by comparing these models to
those denived for random datasets. Random sets are
generated by rearranging the activities of the molecules
mn the tramning set. The significance of the models hence
obtained 1s derived based on a calculated Z score [19]
A 7 score value is calculated by the following formula:

Zscore = M
a

Where % is the g° value calculated for the actual
dataset, 4 the average q* and 0 is its standard deviation
calculated for various iterations using models build by
different random datasets. The probability () of
significance of randomization test is derived by comparing
Z score value with 7 score critical value, if Z score value
15 less than 5.0; otherwise it 1s calculated by the formula
as given in the literature. For example, a Z score value
greater than 3.95 indicates that there 1s a probability (o)
of less than 0.001 that the QSAR model constructed for
the real dataset is random. The randomization test
suggests that all the developed models have a probability
of less than 1% that the model is generated by chance.

RESULTS AND DISCUSSION

The developed QSAR models are evaluated using the
following statistical measures: n, (the number of
compounds in regression); k, (munber of varables); DF,
(degree of freedom); optimum component, (number of
optimum PLS compenents in the model); * (the squared
correlation coefficient), F test (Fischer’s walue) for
statistical significance, g’ (cross-validated correlation
coefficient), pred r, (r* for external test set); 7 score,
(7 calculated by the randomization test),
best_ran_q’, (highest g’ value in the randomization test);

SCOre
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best tan_1°, (highest 1* value in the randoemization test)..
This method utilizes the active analogue principle that
lies at the foundation of medicinal chemistry [20-22].
The regression coefficient r is a relative measure of fit by
the regression equation. Tt represents the part of the
variation n the observed data that 1s explamed by the
regression. The F-test reflects the ratio of the variance
explained by the model and the variance due to the error
1n the regression. High values of the F-test indicate that
the model is statistically significant. The low standard
errer of Pred r’se, g’ se and r’_se shows absolute quality
of fitness of the model. This method utilizes the active
analogue principle that lies at the foundation of medicinal
chemistry adopts a k-Nearest Neighbor principle for
generating relationship of molecular fields with the
experimentally reported activity (Ajmam e af., 2006). The
KNN-MFA steric and electrostatic fields thus generated
were scaled by the standard method m the software. 3D
QSAR models were generated by kNN-MFA m
conjunction with Stepwise (SW) Forward Bacloward
selection methods. From these models, the one with
q* = 0.5 and pred r* = 0.5 was selected to predict the
activity of training and test set of compounds. The steric
(S) and electrostatic (E) descriptors specify the regions,
where variation in the structural features of different
compounds in the trammng set leads to increase or
decrease in activities. The number accompanied by the
descriptors represents its position m the 3D MFA gnid.

Model-1:
pIC50 = 0.62346(S_1124)-0.0043(S_162)-0.2703(5_723)
- 02208 (E_229)

12, N,,. = 4, Optimum Components =3, DF =33,
r'=08134, = 07621, F test=65.871,r"_se =
0.36%1, q° se = 0.5301, pred r* = 0.7138,

pred r'se = 0.2514, ZScore Q™ = 0.1543, Best
Rand Q% =0.5417.

}Jmmﬁ

Medel 1 atom based alignment shows a ¢ (cross
validated %) of 0.7621. The descriptors S 1124, § 162,
S 723 and E 229 are the steric and electrostatic field
energy of interactions between probe (CH,) and
compounds at their corresponding spatial grid points of
1124, 162, 723 and 229. The external predictability of the
above 3D-QSAR model using the test set was determined
by Pred #*, which is 0.7138. So the above results indicate
that 3D-QSARmodel angiotensin I  receptor
antagonists generate 76% and 70 % internal and external

for

model prediction, respectively and 7 value of 65.871 and
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Table 3: 3D-QS AR-derived observed and predicted activities of compounds

Comp Observed Activity Predicted activity-1 Predicted activity-2 Predicted activity-3 Predicted activity-3
1 3.763 3.68700 3.832 3.6980 3.8840
2 2.397 2.28073 2.512 2.5080 2.3130
3 1.301 1.23100 1.374 1.4310 1.1970
4 2301 2.19400 2.241 2.0560 2.1101
5 2.672 2.49100 2.441 2.7430 2.8320
6 2.255 2.03200 2,135 2.0920 2.3140
7 2.518 2.58200 2.643 2.3840 2.3930
8 2.079 1.95400 2.115 2.2140 1.9320
9 2.079 2.14100 2.368 2.1970 2.2340
10 1.954 1.85900 1.767 2.0980 1.7840
11 2.832 2.69300 2,772 2.8940 2.6720
12 2.732 2.66000 2.857 2.5176 2.4870
13 1.602 1.46400 1.674 1.5280 1.7240
14 3491 3.32600 3.564 3.6090 3.3850
15 2.505 2.32000 2.612 2.3350 2.4380
16 2322 2.21100 2.387 2.1570 2.1140

mumber nearest neighbors k of 4 were observed with
this model. Statistical significance of the model mdicated
by Z score value of 0.1543 and e« of >0.001. The plot of
contributions of steric and electrostatic field interactions
model i Fig. 2(a) indicates relative regions of the local
fields (steric and electrostatic) around the aligned
molecules. The above model 13 validated by predicting
the biological activities of the test molecules, as
indicated in Table 3. The plot of observed versus
predicted activities for the test compounds 1s represented
in Fig. 3(a).

Model-2:

pIC50 = -0.0412 (E 891) - 10.0000(E 875)
+3.0467(5_1118)-1.0130(E_1226)+0.2309
(8_300)-0.2261 (E_1108)

N = 12, N = 4. Optimum Compenents = 4,
DF =31, =0.7843, " = 0.7493, F test =
5416,7 se=0.5397,q se=2.5973, pred r’
= (.7954, pred r'se = 0.3188, ZScore (*? =
1.3257, Best Rand (J* = 0. 3862.

Model 2 is indicated Steric and electrostatic

mteraction field at lattice pomts Corresponding spatial
grid points of 891, 875, 1118, 1226, 306 and 1108. These
points suggested the significance and requirement of
electrostatic and steric properties as mentioned m the
ranges in parenthesis for structure—activity relationship
and maximum biological activity of Ang II antagomsts.
The external predictability of the above 3D-QSAR model
using the test set was determined by Pred s, which is
0.7954. So the above results indicate that 3D-QSARmodel
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for angiotensin IT receptor antagonists generate 61%
and 39 % internal and external model prediction,
respectively and # value of 54.16 and number nearest
neighbors k of 4 were observed with this model. Statistical
significance of the model indicated by Z score value of
1.325 and & of >0.001. The plot of contributions of steric
and electrostatic field interactions model Fig; 2(b)
indicates relative regions of the local fields (steric and
electrostatic) around the aligned molecules. The above
model 13 validated by predicting the biological activities
of the test molecules, as indicated in Table 3. The plot of
for the test

observed versus predicted activities

compounds is represented in Fig. 3(b).

Model-3:

pIC50 = +258951(5 1124)-0.3112 (3 954)+4.9401
(E_874)

Niing = 12, N, = 4, Optimum Cemponents = 4, DF =
35,17 =0.7486, " = 0.7013, F test = 29.88,
r se = 0.9662, ¢’ se = 2.6583, pred r* =
0.6746, pred r’se = 0.3188, ZScore Q" =
3.166, Best Rand (% = 0. 3862.

Model-4:

pIC50 = -0.0615(E 1232)-0.0675(5_544) +0.1265
(E_993) -0.0579 (S_1159) 0.0858(E_831)
0.0492

Niing = 12, N, = 4, Optimum Cemponents = 4, DF =

26,17 =0.7281, g’ = 0.6845, I test = 37.854,
r se = 0.244%, g’ se = 0.3798, pred r’
0.6583, pred r'se = 0.5437, ZScore Q7 =
1.1875, Best Rand Q™ = 0. 3299.
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Fig. 2(a): Contribution plot for steric and electrostatic
interactions model-1

Fig. 2(c): Contribution plot for steric and electrostatic
interactions model-3

Fig. 2(b): Contribution plot for steric and electrostatic
interactions model-2

Model 3 indicated steric and electrostatic
contributions were 26 and 74 %6, respecfively and
exhibited good external prediction with * pred of
0.6746, F wvalue 29.88. Statistical significance of the
model indi cated by Z score value of 3.166 and ¢ of >0.001.
The randomization test suggests that the developed
model have a probability of less than 1%o that the model
is generated by chance. The plot of contributions of
steric and electrostatic field interactions model Fig. 2(c)
indicates relative regions of the local fields (steric and
electrostatic) around the aligned molecules. Green and
blue ballz represent steric and electrostatic field
effects, respectively. The above model is validated by
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Fig. 2(d): Contribution plot for steric and electrostatic
interactions model-4

predicting the biological activities of the test molecules,
ag indicated in Table 3. The plot of obzerved versus
predicted  acfivities  for the test compounds is
represented in Fig. 3c). From 3D-QSAR model 1 and 2 itis
observed that electrostatic field with negative coefficient
(E_229,E 111,E 1298, E 1316) is far from the moiety,
indicating that electronegative groups are unfavourable
on this site and presence of electronegative groups
decrease the activity of piperidin-2-one biphenyl
tetrazoles compounds. Presence of electrostatic field in
model 3 with positive coefficient (E_874) suggests that
electropositive (electron-withdrawing) substituent may
be favorable on the pogition of biphenyl template.
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Observed vs Predict activity MModel-1
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Fig. 3(a): Graph between Observed and Predicted activity of 3D QSAR model 1
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Fig. 3(c): Graph between Observed and Predicted activity of 3D QSAR model 3
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Fig. 3(d): Graph between Observed and Predicted activity of 3D QSAR model 4
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Presence of steric descriptors with positive coefficients
simultaneously at R' and R’ positions of the piperidin-2-
one ring, such as 5 1124 and S 954, suggests the
favourability of bulky groups m these regions for
producing potent Ang II receptor activity. Model 4
mndicate S_544, 3 1159 As far as steric field i1s concerned,
a negative range indicated that a negative steric potential
was favourable for increased activity and hence a less
bulky substituent group was preferred in that region.
E 831,E 993 FE 1232 negative values of electrostatic field
descriptors (blue) indicates that negative electronic
potential is required to increase activity and more
electronegative substituents group is preferred in that
position (Fig. 2(d). The plot of observed versus predicted
activities for the test compounds is represented in
Fig. 3(d). To ascertain the true predictivity of the model,
applying leave-one-out method of cross validation using
welghted k-nearest neighbor was performed for all the
analysis. A Cross-validation analysis was also performed
by applying leave-one-out technique using weighted
k-nearest neighbor methed. It 1s known that the CoMFA
method provides significant value in terms of a new
molecule design, when contours of the PLS coefficients
are visualized for the set of molecules. Similarly, the kKNN-
MFA models provide direction for the design of new
molecules in a rather convenient way. The pomts which
contribute to the kKNN-MFA model in data set are termed
as the distribution point map. The regression analysis of
kNN field was performed using distance-based weighted
average and the predictive wvalue of the model was
evaluated by standard leave-one out (LOO) cross
validation. The cross-validated correlation coefficient
served as a measure of the quality of the model. To test
the utility of the model as a predictive tool, an external set
of compounds with known activities (the test set) were
used. The predictive ° calculation was based on
molecules in the test set and was used to evaluate the
predictive power of the kNN-MFA model.

CONCLUSIONS

The proposed models, due to the high mternal 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 Ang IT antagonist activity.
Model 2 15 giving very significant results. The master grid
obtained for the various kKNN-MFA models show that
negative value in electrostatic field descriptors indicates
the negative electronic potential is required to increase
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activity and more electronegative substituents group is
preferred m that position, positive range indicates that
the group which imparts positive electrostatic potential
1s favorable for activity so less electronegative group 1s
preferred i that region. Positive value of steric
descriptors reveals that positive steric potential 1s
favorable for increase in activity and more bulky group 1s
preferred in that region. On the basis of the spatial
arrangement of the various shapes, electrostatic and steric
potential contributions model proposed in this work.
The location, range of function values at the field points
selected by model provide the clues for the design of new
molecules thus giving msight on structural requirement
for desigming more potent analogues.
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