
INDIAN DRUGS 56 (12) December 2019	 63	62	  INDIAN DRUGS 56 (12) December 2019 INDIAN DRUGS 56 (12) December 2019	 63	62	  INDIAN DRUGS 56 (12) December 2019

Short Note

Three-dimensional QSAR modeling benzimidazole Analogues  
using the k-nearest neighbor method

Abstract

We undertook the three-dimensional (3D) QSAR studies of a series of benzimidazole analogues to 
elucidate the structural properties required for angiotensin II. The 3D-QSAR studies were performed 
using the stepwise, simulated annealing (SA) and genetic algorithm (GA) selection k-nearest neighbor 
molecular field analysis approach; a leave-one-out cross-validated correlation coefficient q2 = 0.8216 
and a pred_r2 = 0.7852 were obtained. The 3D QSAR model is expected to provide a good alternative 
to predict the biological activity prior to synthesis as antihypertensive agents.

Keywords: angiotensin II, benzimidazole, k-nearest 
neighbor, Antihypertensive activity

Introduction 
The Renin Angiotensin Aldosterone System (RAAS) 

is a proteolytic cascade that plays an important role 
in electrolyte homeostasis and in the regulation of 
blood pressure1. The physiological responses of Ang 
II are mediated through at least two receptor subtypes 
designated as AT1 and AT2

2.  Angiotensin II an octapeptide 
produced from angiotensin I by the action of angiotensin 
converting enzyme (ACE) localized on the endothelium 
of blood vessels in the lungs, kidneys, and many other 
organs, is the primary effector component of the RAS3. 
Angiotensin II receptor blockers (ARBs) have been 
developed to produce a more complete blockade of the 
action of Ang II compared to other drug classes as well as 
an improved side effect profile4,5. Computational chemistry, 
prediction of biological activity based quantitative structure 
activity relationship (QSAR) substantially increases the 
potential of work, avoiding time and resource consuming 
experiments6. 3D QSAR protocols have been selected with 
a view to understand the ligand-receptor interaction in the 
light of steric, electrostatic and hydrophobic properties. 
For the development of 3D-QSARs, molecular field  
analysis7 has been applied to evaluate specific 
contributions of steric and electrostatic field effects 
necessary for the activity. The k-nearest neighbor (kNN) 
analysis with stepwise (SW), genetic algorithm (GA) 
and simulated annealing (SA) has been applied for the 
development of 3D-QSAR model. The molecular structure 
of the training set and test were sketched using V-life 
MDS (Molecular Design Suite)TM 3.5, India 20068. In 
continuation to our team’s earlier efforts in developing a 
few QSAR models to predict the biological activities of 
different groups of compounds9-30.

Materials and method

The Angiotensin II AT1 receptor activity of thirty three 
benzimidazole derivatives31 was used in the present 
study (Table I). The inhibitor activities adrenal cortical 
membranes (IC50) were converted negative values (pIC50) 
was used in 3D QSAR. Each compound was energy 
minimized and batch optimized by using Merck Molecular 
Force Field32 force field and charges followed Hamiltonian 
method available in MOPAC module with the convergence 
criterion 0.001 kcal/mol Å. fixing Root Mean Square 
Gradients (RMS) to 0.01 Kcal/mol Å. Energy minimized 
and geometry optimized structure of molecules were 
aligned by the template-based method7 using VLife MDS 
3.5 software. The template structure, i.e.benzimidazole 
ring was used for alignment by considering the common 
elements of the series, as shown in Fig. 1(a). The 
superimposition of all molecules based on minimizing root 
mean square deviation (RMSD) is shown in Fig. 1(b). The 
optimal test and training data set were generated using 
sphere exclusion method33. The dissimilarity level was 
set to 6.2, as the higher the dissimilarity level, the lesser 
the predictive ability of QSAR model. 

Methodology 
In 3D QSAR kNN-MFA common rectangular grid 

around the molecules was built. The steric and electrostatic 
interaction energies are computed at the lattice points of 
the grid using a methyl probe of charge +1. For calculation 
of field descriptor values, using Tripos force field34 both 
electrostatic and steric field types, with cut-offs of 10.0 and 
30.0 kcal/ mol, respectively, were selected and charge 
type was selected35. The dielectric constant was set to 1.0 
considering the distance dependent dielectric function. 
This resulted in calculation of 3630 field descriptors (1210 
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(a)  Common substructure

(b) Alignment of  molecules

Fig 1: Benzimidazole with biphenyl tetrazole ring 
(template structure)

Table II: Statistical results of 3D-QSAR models 
generated

Sr. 
No.

Statistical 
parameter

3D QSAR Result
 Model 

1
 Model 

2
 Model 

3
Model  

4
1 q2 0.8024 0.8216 0.7265 0.6471

2 pred_r2 0.7264 0.7852 0.6984 0.5947

3 r2_se 0.1652 0.4365 0.2765 0.1658

4 q2_se 0.4218 0.6532 0.4326 0.3276

5 pred_r2se 0.5427 0.2593 0.6532  0.2678

6 F test 73.652 82.653 25.654 16.476

7 Ntraining 25 25 25 25

8 N test 8 8 8 8

Table I: The structures of 2-butylbenzimidazole 
derivatives with activities

Comp R1 R2 IC50
a pIC50

b

1 H Tet 9.0 6.045

2 5-OMe Tet 9.1 6.043

3 6-OMe Tet 11 5.958

4 5-Cl Tet 15 5.823

5c 6-Cl Tet 31 5.508

6 7-OMe Tet 28 5.552

7 4-CO2Me Tet 72 5.142

8 5-CO2Me Tet 7.4 6.134

9 6-CO2Me Tet 4.4 6.356

10 7-CO2Me Tet 3.2 6.498

11 c 5-Me-7-CO2Me Tet 8.7 6.064

12 5-Cl-7-CO2Me Tet 4.4 6.356

13 6-Me-7-CO2Et Tet 9.1 6.046

14 4-CONH2 Tet 130 4.886

15 c 7-CO2Et Tet 14 5.856

16 7-CO2Bu Tet 12 5.886

17 5-CO2H Tet 55 5.256

18 c 6-CO2H Tet 90 5.045

19 7-CO2H Tet 5.5 6.259

20 c 5-Me-7-CO2H Tet 13 5.886

21 5-Cl-7-CO2H Tet 11 5.958

22 6-Me-7-CO2H Tet 3.4 6.484

23 c H CO2H 11 6.958

24 7-CO2H CO2H 6.6 6.187

25 7-CO2H 1-Me-Tet 34 5.468

26 c 7-CONHi-Pr Tet 5.4 6.264

27 7-CH2OH Tet 4.5 6.346

28 7-CH2OMe Tet 6 6.221

29 c 7-CH2NMe2 Tet 24 5.619

30 7-Me Tet 3.3 6.481

31 7-CH2CO2Et Tet 2.5 6.602

32 7-OH Tet 11 5.958

33 7-CH2CO2H Tet 26 5.558
a Inhibition of 125I angiotensin II binding to bovine adrenal cortex 
(IC50), 

b -log IC50 to generate equation, c compounds belonging 
to test set.
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Fig:2 Contribution plot for steric, electrostatic and hydrophobic  interactions.

(a) Stepwise variable selection model (b) Simulated annealing (SA) model

(c) Simulated annealing (SA) model (d) Genetic algorithm (GA) model

for each steric, electrostatic and hydrophobic) for all the 
compounds in separate columns.  

We hereby report the models, as generated by 
kNN-MFA in conjunction with stepwise (SW) forward-
backward variable selection methods36, simulated 
annealing (SA)37 and genetic algorithm 38 have been 
applied for descriptor optimization. partial least square 
(PLS) analysis has been applied for three-dimensional 
(3D) QSAR models development. In order to validate 
the generated QSAR models, leave one out (LOO) 
method39 was used indicated as value of q2 (cross 
validated explained variance) which is a measure of 
internal predictive ability of the model. 

Results and discussion

The 3D QSAR models were evaluated using 
the following statistical measures: n, (the number of 
compounds in regression); k, (number of variables); 
DF, (degree of freedom); optimum component, (number 
of optimum PLS components in the model); r2 (the 
squared correlation coefficient), F test (Fischer’s value) 
for statistical significance, q2 (cross-validated correlation 
coefficient); pred_r2, (r2 for external test set).  To ensure 
a fair comparison, the same training and test sets are 
used for each of the models. The 3D-QSAR model-1 
Stepwise (SW) variables (Fig 2a) were selected on 
the basis of statistical parameters and the values of 
the model 1 having q2 = 0.8024 and pred_r2 = 0.7264 
(Table II). The respective relative contributions of steric 
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Table III: Observed and predicted activities of 
statistically significant models obtained by PLS

3D QSAR 
model-1

3D QSAR 
model-2

3D QSAR 
model-4

Predicted 
activity Res.* Predicted 

activity Res.* Predicted 
activity Res.*

6.012 0.033 6.114 -0.069 6.072 -0.027

6.136 -0.093 6.087 -0.044 6.098 -0.055

5.351 0.607 5.218 0.74 5.414 0.544

5.585 0.238 6.321 -0.498 5.816 0.007

5.021 0.487 4.887 0.621 4.768 0.74

6.131 -0.579 5.032 0.52 5.124 0.428

4.565 0.577 5.267 -0.125 5.765 -0.623

5.613 0.521 5.843 0.291 5.736 0.398

5.698 0.658 6.918 -0.562 6.822 -0.466

6.031 0.467 6.196 0.302 7.018 -0.52

6.012 0.052 7.057 -0.993 6.017 0.047

5.695 0.661 5.898 0.458 5.631 0.725

6.165 -0.119 5.583 0.463 5.447 0.599

4.124 0.762 4.076 0.81 4.129 0.757

6.375 -0.519 5.407 0.449 5.518 0.338

5.487 0.399 5.128 0.758 5.249 0.637

4.889 0.367 4.965 0.291 4.813 0.443

5.179 -0.134 4.579 0.466 4.497 0.548

5.654 0.605 5.736 0.523 5.759 0.5

5.321 0.565 6.032 -0.146 5.265 0.621

6.778 -0.82 5.521 0.437 5.915 0.043

6.167 0.317 6.119 0.365 6.756 -0.272

7.393 -0.435 7.183 -0.225 7.264 -0.306

5.827 0.36 5.804 0.383 5.696 0.491

5.769 -0.301 5.298 0.17 5.403 0.065

6.714 -0.45 6.422 -0.158 5.932 0.332

5.931 0.415 6.615 -0.269 6.076 0.27

6.721 -0.5 5.806 0.415 5.895 0.326

5.476 0.143 5.284 0.335 5.436 0.183

6.679 -0.198 6.283 0.198 6.738 -0.257

6.374 0.228 6.412 0.19 6.187 0.415

5.681 0.277 5.621 0.337 5.232 0.726

5.287 0.271 5.308 0.25 5.218 0.34

Fig. 3 (a) Contribution plot between selected descriptors 
for model 1

Fig. 3 (b) Contribution plot between selected descriptors 
for model 2

Fig. 3 (c): Contribution plot between selected descriptors 
for model 4

field (green region), electrostatic field (blue region) and 
hydrophobic (yellow region) indicate that steric field is more 
predominant than electrostatic field. Descriptor range for 
the selected model negative range of descriptors S_1004 
steric field showed a region where bulky substituents are 
disfavored for activity. Electrostatic field descriptor such 
as E_707 with positive coefficient represents regions 
where electropositive (electron-withdrawing) groups are 
favorable for activity. Negative range value of descriptors 
reveals that E_596, E_735 electrostatic indicates that 
less electronegative substituent would be favourable 
for the activity. The model is validated by predicting the 
biological activities of the test molecules, as indicated in 
Table III. The plot of observed versus predicted activities 
for the test compounds is represented in Fig.3 (a). The 
above steps were repeated Model-2 Simulated annealing  
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(Fig 2b) with four descriptors namely H_1027, E_1046, 
S_551 and E_274. As far as S_551 steric field is concerned, 
a negative range indicated that less bulky substituent group 
was preferred in that region. E_1046 and E_274 electrostatic 
field descriptors with positive coefficients represent regions 
where electropositive groups are favourable. Positive 
coefficients represent regions of H_1027 hydrophobic 
potential is favourable for increase in activity. The activity 
distribution plot for observed versus predicted activities for 
the test compounds are shown in Fig. 3(b). For the series 
of benzimidazoles derivatives, the template-based model 
from 3D-QSAR model-3 simulated annealing (Fig 2c), it is 
observed that electrostatic field with negative coefficient 
E_316, near moiety at 2-position of the electronegative 
group is preferred. As far as steric field S_352, S_618 
is 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. The steric, electrostatic and hydrophobic 
contributions were 65, 20 and 15 %, respectively and 
exhibited good external prediction with r2 pred of 0.6984. 
The LOO cross-validated value (q2) of PLS analysis was 
found to be 0.6471, suggesting that the model could be 
useful for predicting antihypertensive activity for such 
benzimidazoles. In Model 4, genetic algorithm ((Fig 2d)) 
as shown in positive range of electrostatic field descriptor 
E_342. The steric contribution S_426 exhibiting negative 
range in green at the ring suggests if at bulky groups are 
not favorable for activity. The activity distribution plot for 
observed versus predicted activities for the test compounds 
are shown in Fig. 3(c). 

Conclusion 

In the present study, an attempt has been made 
to identify the necessary structural requirements of 
benzimidazole derivatives to be potential anti-hypertensive 
agents.  The 3D-QSAR studies were carried out using 
SW, SA and GA kNNMFA based partial least-squares 
method provides the best results for training and test 
sets. 3D-QSAR suggested that substitution of less 
bulky, electron withdrawing and electron donating and 
hydrophobic groups around R1, and R2 positions. Thus 
the above QSAR study gives important information 
about the structural requirements of the moiety and 
further helps in generating new analogs to find  app   an 
antihypertensive activity.
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