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ABSTRACT

The docking and Quantitative structure-activity relationship (QSAR) studies of Pyrido [1, 2] a benzimidazoles nucleus
were performed on a series of 40 analogues. The training set consisting of 32 molecules in Comparative Molecular Field
(CoMFA), Comparative molecular similarity indices analysis (CoMSIA) and Hologram QSAR(HQSAR) models gives
cross-validated r’ (qz) and (S.E) standard error of 0.613, 0.980 and 0.021 and conventional on MMFF 94 qz 0.785 r’
0.942 and (S.E) standard error 0.033 respectively. The predicted r’ values 0.882, 0.788 and 0.867 for Comparative
Molecular Field Analysis (CoMFA) modeling, CoMSIA modeling and HQSAR modeling respectively, shows these
generated models are appropriate for further designing. In addition to this work the docking studies were performed on
Protein model of Plasmodium falciparum (PDB 2ANL) which further explore the binding affinity towards active site of
protein receptor. The results guide us for the creation of more potent and effective compounds towards strain of

Plasmodium falciparum relative to chloroquine.
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1. INTRODUCTION

Genus Plasmodium (P) is a bloodborne protozoan that
caused Malaria and is communicated by the Anopheles
mosquito, among the more than 70 species among the
five genera Plasmodium currently known to infect
humans are P. falciparum, P. Vivax, P. Malaria, P. Knowles,
and P. Ovale [1-6]. The most significant of these in terms
of mortality is P. falciparum, although P. Vivax also has an
enormous  influence on  population  concerning
morbidity, According to the World Health Organization
report 2017, there were an estimated 445000 deaths
from malaria globally [7]. To overcome the failures of
monotherapy and to address the different underlying
defects of the pathology of malaria, modern drugs are
effectively being used, either singly or in combination as
adjuncts to dietary therapeutic measures. Because of
their pharmacological activities, heterocyclic com-
pounds have gained much importance in recent years.
The presence of the benzimidazole ring ensures the
promising anti-malarialactivity [8, 9]. By implicating in-
silico designing approaches to a series of the nucleus,

there is an enormous possibility to develop some novel

promising entities. Quantitative  structure-activity
relationship (QSAR) is used as a commanding tool for
assessment of the contribution of different fragments
and properties of molecules with biological activity.
Several attempts are made previously to create the
relation between benzimidazole structure and its
reducing potential. In 3DQSAR (CoMFA and CoMSIA)
different descriptors (electrostatic, hydrophobic, steric,
donor and acceptor) were used for statistical model
generation. HQSAR fragment distinction map also
shows good statistical relation between structure and
biological activity docking studies reveals the ligand
interaction to the active protein site. This helps us to
evaluate enzyme-ligand interactions at the molecular
level with different amino acid bindings necessary for a
physiological response. Our current efforts are to
spotlight the 3D QSAR (CoMFA and CoMSIA), 2D
QSAR (HQSAR), and docking studies of molecule for

designing.

2. MATERIAL AND METHODS
The software ChemDraw Ultra ver.7.0 SYBYL X 2.0
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SYBYL X 2.1 was used for docking studies. A selected
compound series of 40 Pyrido [1, 2] benzimidazoles
were developed by Makala A. et.al [9]. The IC,, and
compounds of this series are shown in table 1. The
effective concentration values (IC;,) was converted to
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Fig. 2: CoMSIA graph between actual and predicted pIC;,

Journal of Advanced Scientific Research, 2021; 12 (2) Suppl 2: July-2021



Pratap et al., | Adv Sci Res, 2021; 12 (2) Suppl 2: 289-299 291
6.3

6.2

5.9

5.8

Actual pIC30

5.7

5.6

5.5

5.4

5.3
5.3 5.4 5.5 5.6 5.7 5.8 5.9 6 6.1 6.2 6.3

Predicted pIC=s0
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Table 1: Anti malarial activity (IC;) with CoMFA, CoMSIA, and HQSAR predicted activities and
residual values

Compound HQSAR A/B/DA CoMFA CoMSIA
No. Actual Predicted Residual Predicted Residual Predicted Residual
pICs, pICs, value pICs, Value pICs, Value
1 5.7447 5.8299 -0.0852 5.8462 -0.1015 5.7376 0.0071
2 5.7447 5.8047 -0.06 5.7911 -0.0464 5.7793 -0.034
3 6.0809 6.058 0.0229 6.0375 0.0434 6.0477 0.0332
4 5.8623 5.881 -0.0187 5.8571 0.0052 5.8555 0.0068
5 5.5952 5.5848 0.0104 5.6557 -0.0605 5.6211 -0.025
6 5.5952 5.6092 -0.014 5.5864 0.0088 5.596 -0.008
7 5.8297 5.8653 -0.035 5.8694 -0.0397 5.8421 -0.0125
8 5.6968 5.6855 0.0113 5.7288 -0.032 5.707 -0.0102
9 5.8508 5.7803 0.0705 5.7255 0.1253 5.8403 0.0105
10% 5.8239 5.831 -0.0071 5.8031 0.0208 5.6803 0.1436
11 5.6882 5.6486 0.0396 5.7569 -0.0687 5.7262 -0.038
12 5.5317 5.4941 0.0376 5.4936 0.0381 5.5148 0.0169
13 5.5317 5.5185 0.0132 5.5103 0.0214 5.5049 0.0268
14 5.7235 5.7718 -0.0483 5.7259 -0.0024 5.7287 -0.052
15 5.6003 5.5948 0.0055 5.5887 0.0116 5.5826 0.0177
16 5.7212 5.7392 -0.018 5.7225 -0.0013 5.7007 0.0205
17 5.7011 5.7306 -0.0295 5.7096 -0.0085 5.6926 0.0085
18 5.5952 5.5579 0.0373 5.5993 -0.0041 5.6122 -0.017
19 5.8356 5.8395 -0.0039 5.7667 0.0689 5.8518 -0.016
20 5.8356 5.8693 -0.0337 5.8214 0.0142 5.8163 0.0193
21% 6.3098 6.033 0.2768 5.9569 0.3529 5.7767 0.5331
22 5.6038 5.6064 -0.0026 5.6073 -0.0035 5.59 0.0138
23% 5.6038 5.607 -0.0032 5.5729 0.0309 5.674 -0.0702
24 5.8182 5.8841 -0.0659 5.8133 0.0049 5.8248 -0.006
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25% 5.6861 5.69 -0.0039 5.7071 -0.021 5.6788 0.0073
26 5.8386 5.8515 -0.0129 5.814 0.0246 5.8172 0.0214
27 5.8125 5.8428 -0.0303 5.7902 0.0223 5.812 0.0005
28 5.6799 5.6702 0.0097 5.72 -0.0401 5.6794 0.0005
29 5.5272 5.4722 0.055 5.4996 0.0276 5.5121 0.0151
30 5.5272 5.4966 0.0306 5.5538 -0.0266 5.5431 -0.015
31 5.699 5.7499 -0.0509 5.7342 -0.0352 5.7438 -0.044
32 5.5952 5.5729 0.0223 5.5551 0.0401 5.6001 -0.004
33 5.7144 5.7172 -0.0028 5.7042 0.0102 5.7075 0.0069
34 5.6946 5.7086 -0.014 5.6796 0.015 5.6843 0.0103
35% 5.5272 5.576 -0.0488 5.6259 -0.0987 5.6851 -0.1579
36%* 5.4535 5.485 -0.0315 5.5866 -0.1331 5.6115 -0.158
37 5.6968 5.6797 0.0171 5.6718 0.025 5.7013 -0.004
38%* 5.5884 5.8 -0.2116 5.5441 0.0443 5.6629 -0.0745
39 5.4295 5.4469 -0.0174 5.4667 -0.0372 5.4294 0.0001
40%* 5.4214 5.41 0.0114 5.4504 -0.029 5.6658 -0.2444

*Test compounds

2.1. Structural alignment

Now the sequence of the compound is energy
minimized engage technique which used for energy
minimization to represent with a name i.e., distance-
dependent dielectric and conjugate gradient technique
which measure Tripos force field and Gasteiger Huckel

charge with convergence basis having energy was
0.01kcal/mol. CoMFA, CoMSIA, and HQSAR models
were initiated on SYBYL X 2.1 [10, 11].

Fig. 4: Structural alignment of compounds

2.2. CoMFA

The aligned training set of molecules was positioned
inside grid boxes with a grid spacing value of 2A (default
distance) in all Cartesian direction and CoMFA steric
and electrostatic fields were calculated. The interaction

energies for each molecule were calculated at each grid

point using. The (vdW interaction) and electrostatic
(coulombic values) fields were calculated at each
intersection on the regularly spaced grid. The cutoff
value for both steric and electrostatic interaction was set
to  30Kcal/mol.  Different charges  Gasteriger,
Gasteiger-Huckel, Delre, Pullman, MMFF94, and
Formal charges were used to generate the CoMFA
models. The best CoMFA model was generated on
MMFF 94 charge. PLS analysis was performed with
cross-validation (LOO) and then using no validation
with a column filtering of 2.0 the superiority of the
CoMFA models can be estimated by the obtained q2 and
the predictive capability of the models can be
determined by rimd‘ The projected accomplishments for
the test set were obtained from the model produced by
the training set [12, 13].

2.3. CoMSIA

CoMSIA QSAR method overcomes the deficiencies of
Lennard-Jones and Coulomb potentials which are used
in the CoMFA method because it uses Gaussian function
to calculate the interaction energy between compounds
and probe atom. Steric, electrostatic, hydrophobic, H-
bond donor, and H-bond acceptor fields are used in
CoMFA analysis for charge calculation. The CoMSIA
models were generated using an sp3 hybridized carbon
atom having +1 charge, attenuation factor 0.3, and
Vander Walls radius of 1.4 A. This probe atom is placed
in every point of the lattice to calculate the different
CoMSIA field which is steric, electrostatic, and
hydrophobic, H-bond donors and H-bond acceptor
fields. The different CoMSIA models gave the highest
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statistical value in SEHD (steric, electrostatic,
hydrophobic, and donor field)combination at MMFF94
charge, CoMSIA employs Gaussian type distance
dependence and similarity indices for the generation of
clear and smooth contour maps [14, 15]. The final
CoMSIA model was generated with the highestcross-
validated 1’ (q") and convention r’ with an optimum

number of components.

2.4. HQSAR

The new technique 2D-QSAR which employs predictive
variables of the biological activity of specialized
fragment fingerprints. The 3D alignment does not
require HQSAR and 3D alignment is sensitive to three
parameters concerning hologram generation, including
hologram length, fragment size, and fragment
distinction. The fragments distinct are atoms (A), bonds
(B), connections (C), hydrogen atoms (H), chirality
(Ch), and donor (D). Initially, the default fragment size
of 4 to 7 used to develop various models and different
components, then based on the different fragment
distinctions determined by the first step, the models
were developed using different fragment sizes. The
models with better results were applied to different
fragment sizes and component number [16, 17]. From
the above fragment size 2 to 5, in A/B/Ch/D distinct
and several components, six observed the better
statistical results were obtained.

2.5. Docking analysis

Surflex Dock module in SYBYL X2.0 software was used
for Molecular docking studies. The retrieval of the
structure of PDB name along with their inhibitor has
been done by RCSB Protein Data Bank (PDB entry
code: 2ANL). The protein structure was subjected to
energy ~ minimization  and  charge  calculation
(AMBER7FF99). After that, the known complex
Protein structure was used to investigate and validate

the docking protocol. All unusual ligands and water
molecules were removed. The bloat values and
threshold values were set as land 0.5 respectively for
the generation of protocol and that position was
considered as the active sites for potential receptor’s

binding [18].

3. RESULTS AND DISCUSSION

3.1. CoMFA and CoMSIA statistical results
Different parameters such as correlation coefficient (1),
cross-validated correlation coefficient (q°), and standard
error of estimate were taken into consideration while
building the QSAR model. Leave one out (LOO) cross-
validation was performed to find out cross-validated r’
(q°) and several components. After the cross-validation
runs non-cross-validation run was performed to find out
other parameters. Best generated CoMFA and CoMSIA
models in Pullman charges having q2 values of 0.783
and 0.892 respectively. The r’ value of CoMFA and
COMSIA analysis were 0.834 and 0.879 respectively.
CoMFA steric field contribution was 0.899 while
electrostatic field contribution was 0.401, which
indicates the dominant role of electron donation and
electron—withdrawing group inactivity. CoMSIA analysis
gives better statistical results in terms of cross-validated
r’(q"). The CoMSIA analysis explores more fields as
compare to CoMFA analysis. CoMSIA analysis reveals
steric, and electrostatic contributions so steric,
hydrophobic, and donor contributions which were listed
in table 2. The contributions of steric, electrostatic,
donor, acceptor, and hydrophobic fields of the best
CoMSIA model were 0.141, 0.390, 0.207, 0.444, and
0.119 respectively. The correlation graph between
experimental plC;, and predicted pIC;, for different
CoMFA, CoMSIA, and HQSAR model was shown in
fig. 6 and fig. 7. The predicted and residual values of the

models were shown in table 2.

Table 2: The PLS statistics of CoOMFA and CoMSIA models for Anti-malarial activity indicating the best

model and field contribution

Statistical parameters CoMFA CoMSIA Field contribution CoMFA CoMSIA
q’ (Cross validated) 0.783 0.892 Steric 0.899 0.141
r’ 0.834 0.879 Electrostatic 0.401 0.390
F value 51.903 91.279 Donor - 0.207
SEE 0.021 0.040 Acceptor - 0.444
Number of component 6 7 Hydrophobic - 0.119
Pred R 0.882 0.788
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3.2. CoMFA and CoMSIA contour map analysis
The PLS CoMFA contours maps in terms of generation

of common steric and electrostatic potential by taking
compound 12 having the greatest anti-malarial activity
of the dataset suggesting that CoMFA steric interaction
is favored by steric/bulky groups in phenyl ring and CF,
group attached to it at the 4 position at R, 5" position
near CN group in phenyl ring and the 1" position phenyl
ring at R, (Green), while steric burden at ring near R;
position (Yellow) are supposed not to be favorable.
CoMFA  electrostatic interaction is favored by
electrostatic substitution at phenyl ring at 4t position of
CN group,Sth& 6" position of phenyl ring B and near the
R; substitution ring (Blue), While electrostatic
substitution at 4" position of CF; and above the
benzimidazole ring at R; position (Red) are expected to

be unfavorable (fig. 5 and fig. 6).

Fig. 5: CoMFA contour Maps of compound 12

Fig. 6(a): COMSIA contour map (steric) Fig. 6(d): CoMSIA contour map (Donor)
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Fig. 6 (e): CoMSIA contour map (Acceptor)

Pose analysis of compound 12 with CoMFA steric
parameter suggested that phenyl ring and CF; group
attached to it at the 4" position at R, 5t position near
CN group in phenyl ring, and at the 1" position phenyl
ring at R, is not favoring the bulky group addition, while
R;is supported by the addition of bulky groups.

The PLS contours from CoMSIA analysis were carried
out, taking the most active compound number 12.
Steric interaction showed that phenyl ring at 1" position
of R, is supposed to be not favoring (Yellow) while near
phenyl ring at R, at 3, 4 and 5 position and above the
benzimidazole ring at the R; position of the ethyl ring
(Green) steric group. The addition of a small nonbulky
group at phenyl ring at 1" position of R, is supposed to
enhance antimalarial activity while at a near phenyl ring
at Rjat 3, 4 and 5 position and above the benzimidazole

ring at the R; position, enhance the antimalarial activity,
electrophilic interaction showed that above the
benzimidazole ring at the R; position strongly favored by
electron donor (Blue) and while the phenyl ring at R,
shows withdrawal group (Red). Hydrophobic phenyl
ring at 1" position, the 3" position of CF;, and the
benzimidazole ring at the R; position do not support the
hydrophobic substitution (White). Hydrophobic substi-
tution is also supposed to support activity at position
8"benzimidazole and interaction showed that above the
benzimidazole ring at the R; position (Magenta) and
acceptor group at 4" of the CN position of a ring.

3.3. HQSAR studies

For optimum anti-malarial activity choose the best
HQSAR model was generated using Atom(A) bonds(B)
Donor (D) Acceptor (A) as fragment distinction
parameters and 2-5 as the fragment size, showing qzz
0.935 and r’ = 0.971 at 6 optimum numbers of
components and 199 hologram lengths were selected
for anti-malarial. The another best HQSAR model was
developed using atoms (A) bonds (B) Chirality
Hydrogen (Ch) Donor-Acceptor (DA) as fragment
distinction parameters and 2-5 as the fragment size,
showing q2 =0.935 and r’ = 0.971 at 6 optimum
numbers of components and 151 hologram lengths were
selected (table 3). It is interesting to note that the both
best model of data set was generated when along
fragments (i.e., 6-10 for anti-malarial activity) were not
considered. Notably, there is an inverse relationship
between the side chain length and the potency.

Table 3: Summary of statistical parameters of HQSAR study

Fragment distinctions

5. No- Statistical parameters Model 1(A/B/DA) Model 2(A/B/Ch/DA)

1. Fragment size 2-5 2-5

2. r’best cv 0.971 0.971

3. q’ best full 0.935 0.935

4. r’ Ensemble 0.967 0.967

5. Standard error 0.025 0.025

6. Number of components 6 6

7. Best hologram length(bin) 199 151

3.4. HQSAR contour maps analysis:

In the HQSAR contour map (fig. 7), red and orange
color shows a negative contribution while green and
yellow color shows a positive contribution to activity. In
the HQSAR contour of compound number 12 orange

and red contour is seen in the phenyl ring which shows
the phenyl ring 4, 5 positions near the CN group
enhance the antimalarial activity and yellow color near
R; position above the imidazole ring positive
contribution to activity.
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Fig. 7: HQSAR Molecular fragment pose
compound 12

3.5. Pharmacophore Mapping

Genetic algorithm with linear assignment of hyper-
molecular alignment of datasets (GALAHAD) was
employed to initiate the pharmacophore models. All the
structure in the training set were prepared by the
following procedures; the structures were checked for

bond orders, hydrogen atoms were added and
minimization procedures was implemented using the
MMFF94, force-field GALAHAD was run for sixty
generation with a population size of one hundred. The
rest of the framework was placed as default values. The
generated models were evaluated by a test database;
several ~parameters were employed for model

evaluation.

3.6. Docking studies

Surflex Dock module in SYBYL X2.0 software was used
for Molecular docking studies. The retrieval of the
structure of PDB name along with their inhibitor has
been done by RCSB Protein Data Bank (PDB entry
code: 2 ANL). The protein structure was subjected to
energy ~ minimization  and  charge  calculation
(AMBER7FF99). After that, the known complex
Protein structure was used to investigate and validate
the docking protocol. All unusual ligands and water
molecules were removed. The bloat values and
threshold values were set as 1 and 0.5 respectively for
the generation of protocol and that position was
considered as the active sites for potential receptor’s

binding (table 4 & figs.8-13).

Fig. 8: Pharmacophore model alignment of all test and training Compound
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Fig. 11: Docking of compound 3 Fig. 14: Docking Cavity depth interaction
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Table 4: Docking results training set and test set

COM- _TOTAL D- PME- G- CHEM-  C-  GLOBAL
SN pounDps scorg CRASH POLAR ¢ npy SCORE SCORE SCORE SCORE  -CSORE
T Compl — 5.43 T 349133 A3 14500 0.5 i >
> Comp? 549 138 35 1333 583 1518 203 7 i
3 Comp3 5.6 150 354 1285 5900 511 26.53 3 3
I Compd 457 040 347 1012  SA12 7546 19.66 i i
S Comp5  5.73 143 097 1460 2231 1940 2174 5 5
6 Comp6  5.05 127 037 1098 822 1800 19.37 > >
7 Comp7  5.09 129 139 1289 4165 1693  24.18 T i
8 Comp8  4.78 .66 143 1205 3737 1565 18.09 > >
5 Comp9 4.6 137 093 1316 5055 1581 2402 7 >
10 Comp 10 4.70 130 100 1279 5138 16205  24.40 i >
T Comp il  4.62 157 000 1500 2785 1783 20.19 3 3
7 Comp12  6.71 T8 076 1815 1816 2422 2779 7 i
3 Compi3 633 106 000 1467 4432 1993  22.60 5 5
& Compid  5.05 137 000 1285 276l 2043 2004 i 7
5 Comp15 5.3 081 T49 1383 4662 1765 2015 7 7
6 Compl6  6.45 171 000 1598 3690 2258  22.6% 5 5
7 Comp17  5.61 320 205 1602 1735 365 0.0 Y 7
1§ Comp 1S 5.66 165 002 3301 5340 3001 2197 7 7
9 Comp19  6.16 T T6l 1414 4570 1895  24.06 5 5
20 Comp20  5.79 160 3685 1333 3596 1503 2176 Y 7
2T Comp 21 5.6 .08 770 1418 4005 1685 2505 5 3
27 Comp22 6.4 150 T63 1530 4685 2256 2139 5 5
23 Comp 23% 5.4 066 239 1374 2679 1585 2371 3 3
2% Comp 24 5.12 T 44 1410 2705 147 2190 5 5
25 Comp 25% 5.4 176 T30 1536 2674 23T 043 Y 5
%6 Comp26  5.74 0.87 T20 1305 4183 1818 2138 7 i
27 Comp 27 5.38 207 106 1370 3880 1649 2578 5 5
28 Comp 28 4.70 134 004 1339 31417 1658 1740 Y 7y
29 Comp 29 6.67 217 T12 1844 3220 2494 3069 5 5
30 Comp30  5.86 150 T5T 1584 5042 2384 2392 5 5
31 Comp31  5.81 T4 000 1432 1613 201 1S4 3 3
337 Comp32 4.1 104 000 1331 1547 2027 1652 3 3
33 Comp33  5.68 173 000 1620 4642 2512 2501 5 5
3% Comp34  5.60 T8 000 1289 3393 2073 2147 7 7
35 Comp35% 6.4 150 756 1686 4659 2308 2991 7 5
36 Comp36* 7.3 708 70 TS 1150 239 2950 7 7
37 Comp37  5.40 0.6 5T 416 5155 1728 2059 5 5
38 Comp 38  5.62 150 247 1559 5163 2002 343 Y 5
39 Comp39%  5.46 25 000  IST4 8280 0475 4905 3 7
70 Comp40  5.09 081 000 A4 3329 1971 2023 7 7

*Test compounds

4. CONCLUSIONS

This study describes QSAR and docking studies for the
designing of novel antimalarial agents. The QSAR
methods, CoMFA, CoMSIA, and HQSAR were used to
find out the relationship between the structures of all
compounds and activities to get new clues to develop
new potent antimalarial agents. The CoMFA, CoMSIA,
and HQSAR models showed meaningful statistically
significant results in terms of internal validation (q°) of
Pyrido [1,2] benzimidazole derivatives. We successfully
got three rational and predictive QSAR models due to
the high q2 obtained from these different QSAR
methods. The explored CoMFA and CoMSIA models

help us to give information about the favorable and
unfavorable region while HQSAR gives information
about the positive, the negative and intermediate
contribution of substructural fingerprint requirements
for imparting the biological activity. The CoMFA,
CoMSIA, and HQSAR contour maps revealed sufficient
information to

understand the structure-activity

relationship (SAR) and to recognize.
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