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اهديدحتمتيتلامارولأاعاونأرثكأاهنأىلعيدثلاماروأفنصت:ثحبلافادهأ
٪11.9لثمت،ايونسةلاحنويلم1.7نمرثكأعمملاعلاىوتسمىلعءاسنلانيب
ةدمتعملايدثلامارولأةداضملاةيودلأاترهظأ.ناطرسلاتلااحيلامجإنم
جلاعلاةلحرميفةمواقمىضرملاضعبروطيوةيبناجلاراثلآانمديدعلا
لماوعلاميمصتوديدحتلوكيليس-نإجهنمادختساىلإةساردلاهذهتفده.ةركبملا
.ةلمتحملاةيجلاعلا

طاشنلاوةينبلانيبتاقلاعللداعبلأاةيثلاثةيوقجذامنريوطتمت:ثحبلاقرط
ومنلماعتلابقتسملتاطبثمكاهرئاظن-)ـه3(4-نيلوزانيكمادختسابيمكلا
اقًحلاهمادختسامتو،ةيئاصحإريياعمىلعءًانبجذومنلضفأرايتخامت.ةرشبلا
مادختسابيئيزجلاماحتللااةاكاحمذيفنتمت.ةيلعافرثكأةيجلاعلماوعميمصتيف
اهصحفمتيتلاصاصرلاتابكرمديدحتلةممصملاتابكرملاوتانايبلاةعومجم
-يكيبويمدأ-سيوستنرتنلإايعقومةدعاسمبيئاودلاطيمنتلاربعربكألكشب

.مأسيس

نراقملايئيزجلالاجمللليلحتلضفلأةيلخادلاققحتلاتايلمعتزاتجا:جئاتنلا
و)0.895و0.855=2ر(ةنراقملايئيزجلاهباشتلاتارشؤمليلحتجذامنو
يمكلاطاشنلاتاقلاعجذومنبفارتعلالةبتعلاميق)0.599و0.570=2ويك(
تابكرمةتسمادختسابايًجراخةينبملاجذامنلاةحصنمققحتلامت.قستملا
0.657=2ر(يضرملاعقوتملاطابترلاالماعمنعفشكو،رابتخاةعومجمك
لضفأعمنراقملايئيزجلاهباشتلاتارشؤمليلحتجذومنضرعت.)0.681و
ثلاثفاشتكامتوقيبطتلالاجمنمققحتلانمديزملةيئاصحلإاتاملعملا
ةديدجتابكرمسمخميمصتلهمادختسامتمث،رابتخلااةعومجمنمطقفتارثؤم
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Abstract

Objectives: Breast tumor is ranked as the most common

tumor type identified among women globally with over

1.7 million cases annually, representing 11.9% of the

total number of cancer cases. Approved anti-breast tu-

mor drugs exhibit several side effects and some patients

develop resistance during the early treatment stage. This

study aimed to use an in-silico approach to identify and

design potential therapeutic agents.

Methods: Robust 3D-QSAR models were developed us-

ing quinazoline-4(3H)-one analogs as EGFR inhibitors.

The best model was then selected based on statistical

parameters and was subsequently used to design more

potent therapeutic agents. Molecular docking simulation

was executed using the data set and the designed com-

pounds to identify lead compounds which were further

screened by pharmacokinetic profiling by applying

SwissADME and pkCSM software.
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Results: Internal validations of the best CoMFA and

CoMSIA models (R2 ¼ 0.855 and 0.895; Q2 ¼ 0.570 and

0.599) passed the threshold values for the establishment

of a consistent QSAR model. The constructed models

were further validated externally using six compounds as

a test set, thus revealing a satisfactory predicted correla-

tion coefficient (R2
pred ¼ 0.657 and 0.681). The CoM-

SIA_SHE models with the best statistical parameters

were further subjected to applicability domain checks and

only three influentials were detected. These were then

utilized to design five novel compounds with activities

ranging from 5.62 to 6.03. Molecular docking studies

confirmed that compounds 20 to 26, with docking scores

ranging from �163.729 to �169.796, represented lead

compounds with higher docking scores compared to

Gefitinib (�127.495). Furthermore, the designed com-

pounds exhibited better docking scores ranging from

�171.379 to �179.138.

Conclusions: Pharmacological studies identified com-

pounds 20, 24 26 and the designed compounds 2, 3, 5 as

feasible drug candidates. However, these theoretical

findings should now be validated experimentally.

Keywords: 3D-QSAR; ADMET; Breast cancer; Lipinski’s

rule; Molecular docking; Quinazolin-4(3H)-one

� 2023 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Breast tumor is ranked as the most common form of
tumor identified among women globally with over 1.7
million cases, representing 11.9% of the overall number of
cancer cases.1,2 Epidermal growth factor receptor (EGFR)

plays an essential role in the regulation of cell evolution
and is deemed to be the most commonly investigated
tyrosine kinase (TK) target. The EGFR plays a pivotal

role in cell dispersal and metastasis.3 Furthermore,
unrestrained activation through point mutation and other
processes has resulted in a significant number of clinical

cancer cases.4 Over recent years, instantaneous diagnosis,
revision of the mechanisms and pathways of breast
cancer (BC). Continuous advances in treatment have

played a crucial part in abating the associated fatality
rate. Chemotherapy remains the principal strategic
therapy as this can annihilate cancer cells quicker;
however, antagonistic side effects and increasing

resistance during the early treatment stage, represents
significant limitations of approved drugs. Therefore, the
design of improved and safer drugs is urgently

required.5,6 In-silico aided drug-design techniques were
recently engaged in enhancing, accelerating and simplifying
the drug discovery process.7 3-Dimensional Quantitative

Structure Activity Relationship (3D-QSAR) is one of the
modern in-silico techniques used in the design of novel
drugs in which the three-dimensional (3D) structural fea-
tures of molecules are correlated with biological activity.
Significant components of 3D-QSAR include comparative
molecular field analysis (CoMFA) and comparative mo-

lecular similarity indices analysis (CoMSIA). Steric and
electrostatic fields are interrelated with bioactivity in
CoMFA modeling, while in CoMSIA modeling, hydro-

phobic, hydrogen bond donors/acceptors, and steric/elec-
trostatic fields, are interrelated with bioactivity.8,9 Even
though the CoMSIA model is an advanced version of the

CoMFA model, the latter is still an efficient approach in
the prediction of activity during drug design. As such, in
this research, different combinations of the two models
were developed using quinazolin-4(3H)-ones analogs as

EGFR inhibitors and key statistical variables were
analyzed to identify the best model which was then used to
design more potent inhibitors. Molecular docking and

pharmacokinetic analysis were performed to study the
mode of interactions of selected molecules with the target
receptor and to ascertain their drug-likeliness status.

Materials and Methods

Data set collection and energy minimization

Thirty six quinazoline-4(3H)-ones series were retrieved
from the literature.6,10 Two-dimensional (2D) structures
were created via PerkinElmer ChemDraw software and then
transformed to a 3D format with Spartan v14.0 software.

This information was then used to analyze energy minimi-
zation via density functional theory (DFT) calculations with
a B3LYP/6-31G* basis set.11 Structures of the quinazoline-

4(3H)-ones are presented in Supplementary Table 1.

Ligand alignment

The most crucial step in 3D-QSAR modeling is ligand
alignment. In this study, compounds were allied on the
quinazolin-4-one scaffold using the distill rigid module in

SYBYL-X 2.1.1 software with compound 20 as the template.

Data set division

The aligned molecules were divided into thirty training
and six test sets with the random selection approach in
SYBYL-X 2.1.1 software. The inhibitive activities (IC50) of
compounds were changed to a logarithmic scale (pIC50) us-

ing equation (1) to minimize data skewness. The modeling set
was then subjected to model building while the test set was
used for external validation.

pIC50 ¼ �log10 (IC50 � 10�6) (1)

CoMFA and CoMSIA modeling

In CoMFAmodeling, the allied compounds were taken in
a 3D cubic frame produced spontaneously with a 2.0 Å grid
layout. Tripos force field with a SP3 Cþ probing atom of

1.52 Å Van Der Waals radius was used to create steric
(Lennard-Jones 6e12 potential) and electrostatic
(Coulombic potential) fields with a distance dependent

dielectric at each lattice point. To reduce noise and increase

http://creativecommons.org/licenses/by-nc-nd/4.0/
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field computation, the column filtering value was set to a
default parameter (2.0 kcal/mol). In CoMSIA modeling,

steric (S), electrostatic (E), hydrophobic (H), hydrogen bond
donor (D), and acceptor (A), fields were computed with a
sp3 Cþ of radius 1.0 Å and by setting the attenuation factor

to a default 0.3.11,12 The partial least square approach (PLS)
was used in a cross-validation study by adopting force field
descriptors as the input variables and bioactivities as the

output variables for modeling studies.13,14

Molecular docking studies

EGFR x-ray crystallized structures were retrieved from a

protein data bank (pdb id: 2ITO) and prepared on the
Molegro virtual docker (MVD) work space by eliminating
solvent molecules and the co-crystallized ligand. Amino acid

residues with faulty structures were restored and restruc-
tured. Then, the docking process was run for more than 50
rounds and 5 poses on the MVD workspace. MolDock score

GRID was adopted as the scoring functions for the best
poses determined and the complexes were analyzed and
interpreted using Discovery Studio 3.511.

Pharmacokinetic studies

The medicinal properties of each compound were pre-

dicted by pkCSM and SwissADME online web servers.15e17

Results and discussion

Ligand alignment

Molecules were aligned based on the quinazolin-4-one
common core (Figure 1) using the distill rigid method with
compound 20 as the template (Figure 2).

3D-QSAR modeling

During CoMFA modeling, electrostatic and steric field

contributions were used as input variables while the training
set pIC50 was opted as the output variable. PLS regression
was utilized for modeling and the assessment parameters of

the best model (CoMFA_S) were R2 ¼ 0.872 with three
latent components, Q2 ¼ 0.597, and a standard error of
0.154. The results of statistical validation from all possible

CoMFA models are shown in Supplementary Table 2. With
Figure 1: Three-dimensional structure of
regards to CoMSIA modeling, the assessment parameters of
the probable models obtained from the permutation of steric

(S), electrostatic (E), hydrophobic (H), hydrogen bond
donor (D), and acceptor (A) fields, are also presented in
Supplementary Table 2. Nevertheless, the CoMSIA_SHE

model exhibited the best Q2 and R2 values of 0.666 and
0.982 with nine latent components, and a standard error of
0.0655765. To further ascertain the statistical relevance of

the CoMSIA_SHE model, we subjected this model to
applicability domain (AD) studies which enabled the
discovery of influential and structural outliers graphically
using a William’s plot (Figure 3), a plot of the standardized

residuals of compounds against leverage values. The cut-off
leverage (h*) calculated using equation (2), was found to be
0.4 and the compounds were within the defined AD space

except for compounds 17, 21, and 28 from the test which
were considered as influentials (i.e., h > h*). Outliers were
not detected as the standardized residuals of the

compounds were within the �3 region.11 These assessment
parameters showed that the best models exhibited
dependable predictive capacity (Table 1); hence, these were
used to compute the pIC50 values of the data set (Table 2).

The experimental activities of the compounds correlated
with their predicted values, as revealed by Supplementary
Figures 1 and 2.

h* ¼ 3(D þ 1)/N (2)

In equation (2), D represents the SHE descriptors while N

is the number of training set samples.

Contour map analysis

The contours of 3D-QSAR models provide crucial in-
formation that can be used to explore essential areas in the 3-
dimensional space around a molecule where field modifica-

tion considerably affects the biological activity. Compound
20 (Figure 4) was used to generate and view contour maps.

CoMFA_S contour map

The CoMFA_S contour map is shown in Figure 5 and is
represented by green and yellow contours. The green contour

recommends that the introduction of bulky groups around a
region helps to increase bioactivity while the yellow contour
implies that bulky groups around a region lead to a reduction
the quinazoline-4-one common core.



Figure 2: Three-dimensional representation of the aligned compounds.

Figure 3: William’s plot of the CoMSIA_SHE model.

Table 1: Assessment parameters of the best 3D-QSAR models.

Model Q2 R2 F R2
test Field fractions

S E H A D

CoMFA/S 0.597 0.872 65.808 0.6646 1 e e e e

CoMSIA/SHE 0.666 0.982 53.174 0.6975 0.445 0.350 0.195 e e
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in the bioactivity of molecules.18 Green contours were
detected around the p-chlorophenyl group, close to the 8-
position of the quinazoline-4-one scaffold and the benzene

thiazolidinone group. This might be the reason for the higher
activity of compound 29 (pIC50 ¼ 4.65) which has a bulky Br
group at position 8 of the quinazoline-4-one when compared
to compound 30 (pIC50 ¼ 4.30). The yellow contours are

located close to the 6, 7 positions, around the carbonyl
group, and close to the thiazolidinone group sulfur atom.

CoMFA_E contour map

The contour map for CoMFA_E is shown in Figure 6 and
represented by blue and red contours. Blue contours present

areas where electron negative groups improve activity while
the red contour illustrates the region in which electron
negative groups reduce the bioactivity of the compound. A

large blue contour was detected near the 6,8-positions, and
C]O group of the quinazoline scaffold, at the ortho
positions of the p-chloro phenyl group, and close to the
Benzamide group. Furthermore, red contours were found
to be situated close to the pyrimidinone group, and at the

ortho position of the phenyl group attached to the
thiazolidinone group. This might be the reason why
compounds 16 to 29, with electronegative bromine at the
6,8-positions of the quinazoline group, have higher

activities than compounds 29 to 36.

CoMSIA contour map

Next, steric, hydrophobic, and electrostatic fields were
investigated in the In the CoMSIA_SHE contour map.
The CoMSIA_S contour is analogous to the CoMFA_S

model; therefore, this evaluation focused on hydrophobic
and electrostatic contours. In the hydrophobic contour
map, the yellow contour illustrates the regions where an

increase in hydrophobicity will improve the activity of a
compound while the white contour illustrates undesirable



Table 2: Predicted activities obtained from the best 3D-QSAR models.

Name CoMFA_S CoMSIA_SHE

Exp pIC50 Pred pIC50 Residue Pred pIC50 Residue MolDock score

1 4.37 4.36 0.01 4.36 0.01 �133.83

2a 3.90 4.12 �0.22 4.17 �0.27 �137.89

3 3.95 4.09 �0.15 3.95 �0.00 �135.44

4 4.8 4.88 �0.08 4.78 0.02 �136.90

5 5.18 4.99 0.18 5.15 0.03 �133.31

6 4.25 4.99 �0.75 4.25 �0.00 �134.18

7 4.36 4.14 0.22 4.38 �0.02 �137.60

8 4.53 4.46 0.07 4.56 �0.03 �146.93

9 4.51 4.52 �0.01 4.51 0.00 �143.75

10 3.93 4.21 �0.28 3.89 0.04 �129.35

11 3.94 4.11 �0.17 3.93 0.01 �130.38

12 4.60 4.55 0.05 4.64 �0.04 �129.99

13 4.80 4.84 �0.04 4.76 0.04 �145.63

14 4.52 4.50 0.02 4.55 �0.03 �131.50

15a 4.2 4.87 �0.67 4.32 �0.12 �153.69

16 4.95 5.15 �0.20 4.96 �0.01 �141.71

17a 4.79 5.18 �0.39 4.80 �0.01 �145.52

18 5.22 5.19 0.02 5.20 0.02 �148.92

19 5.04 5.08 �0.04 5.10 �0.06 �147.23

20 5.52 5.24 0.28 5.01 0.51 L168.49

21a 4.92 4.91 0.01 4.71 0.21 L163.73

22 4.92 4.85 0.07 4.94 �0.02 L169.71

23 4.63 4.87 �0.24 4.62 0.01 L165.85

24 4.85 4.74 0.11 4.89 �0.04 L169.79

25 5.04 4.82 0.22 4.95 0.09 L163.80

26 4.95 5.19 �0.25 5.11 �0.16 L168.36

27 4.74 4.76 �0.02 4.76 �0.02 �159.33

28a 4.63 4.71 �0.08 4.64 �0.01 �119.44

29 4.65 4.69 �0.04 4.62 0.03 �124.58

30 4.30 4.25 0.05 4.35 �0.05 �120.30

31 4.30 4.15 0.15 4.25 0.05 �118.18

32 4.00 4.15 �0.15 3.94 0.06 �115.13

33 4.30 4.37 �0.07 4.30 0.00 �113.97

34 4.30 4.14 0.16 4.36 �0.06 �121.61

35a 4.00 4.43 �0.43 4.56 �0.56 �120.24

36 4.30 4.22 0.08 4.29 0.01 �128.89

Gefitinib �127.49

Bold values signifies predicted activities obtained from the CoMFA_S and CoMSIA_SHE models.
a Test set.

Quinazoline-4(3H)-one analog as EGFR inhibitor1022
regions for the introduction of hydrophobic groups. Yel-

low contours were observed near the nitrogen atom of the
quinazoline-4-one scaffold and close to the ortho position
of the phenyl group attached to the thiazolidinone group.
A large white contour was located close to the 6,8-

dibromo groups attached to the quinazoline-4-one scaf-
fold. A CoMSIA_H contour map for compound 20 is
presented in Figure 7.

In the CoMSIA_E map (Figure 8), blue contours were
detected close to positions 4e6 and the C]O group of the
quinazoline-4-one scaffold; another blue contour was

located close to the sulfur atom. Red contours were observed
around the 2, 3-positions of the quinazoline scaffold and
close to the thiazolidinone C]O group. The CoMSIA_E
model formed fewer contours when compared to the corre-

sponding CoMFA_E model. This might be attributed to the
fact that Lennard-Jones 6e12 and coulombic potentials were
used in generating the CoMFA descriptors while Gaussian

potentials were used in CoMSIA modeling.8
The design of new EGFR inhibitors

Based on the CoMSIA_SHE model contour maps, five
novel compounds were designed using Figure 9 as a
template. The designed compounds were aligned on the
quinazoline-4-one common core in a similar manner using

the distill rigid approach; their activities were predicted
using the CoMSIA_SHE model. These compounds exhibi-
ted better EGFR inhibitive activities, ranging from 5.62 to

6.03.

Molecular docking studies

Before beginning the docking process, Gefitinib was
redocked with the initial EGFR active pocket and the initial

and redocked poses were superimposed using Discovery
Studio software, as shown in Figure 10. The RMSD value
was found to be 1.35 Å, thus confirming the reliability of

the docking algorithm utilized in this research.21 As shown



Figure 4: Structure of compound 20.

Figure 5: CoMFA_S contour map.

Figure 6: CoMFA_E contour map.

Figure 7: CoMSIA_H contour map.

S.H. Abdullahi et al. 1023



Figure 8: CoMSIA_E contour map.

Figure 9: Structure-activity relationship derived from the CoMSIA_SHE model.

Figure 10: Three-dimensional structure of the superimposed poses of Gefitinib.

Quinazoline-4(3H)-one analog as EGFR inhibitor1024
in Table 2, the binding affinities of the compounds ranged
from �113.97 to �169.796. Compounds 20 to 26 exhibited
the highest MolDock scores, ranging from �163.729

to �169.796, when compared to the other compounds and
Gefitinib (�127.495); therefore, these were selected as lead
compounds. Their interactions with the EGFR active site
are shown in Supplemental Table 2, and the interactions of

compounds 24, 22, and 20 with the best docking scores are
presented.

EGFR/24 complex interactions involved the quinazoline-

4-one C]O group forming a conventional hydrogen bond
with SER719 at 2.06 Å, the thiazolidin-4-one group
hydrogen atom forming carbonehydrogen bond with
GLU762 at 2.35 Å, LYS745 forming double p-cation in-

teractions, and ASP855 forming a p-anion electrostatic in-
teractions. In addition, LEU747, ALA755, MET766,
ALA743, VAL726, LEU718, and LEU792 formed hydro-
phobic interactions. The 2D interactions of the EGFR/24

complex are presented in Figure 11.
EGFR/22 complex interactions included Thiazolidin-4-

one C]O and the NH hydrogen atom forming two con-

ventional hydrogen bonds with ASN842 and ASP855 at



Figure 11: Two-dimensional interactions of the EGFR/24 complex.

Figure 12: Two-dimensional interactions of the EGFR/22 complex.

Figure 13: Two-dimensional interactions of the EGFR/20 complex.

S.H. Abdullahi et al. 1025



Table 3: Structure-predicted pIC50 and docking scores of the designed compounds.

S/No Structure Predicted pIC50 Docking score

1 5.82 �174.43

2 5.67 �173.568

3 6.03 �179.138

4 5.62 �171.379

5 5.71 �174.622

Quinazoline-4(3H)-one analog as EGFR inhibitor1026
2.89 Å and 2.82 Å. ASP837 and PHE723 formed three car-

bonehydrogen bonds with CH2 and OCH3 groups at 2.32,
2.68 Å, and 2.88 Å. GLU762 and PRO794 formed two
halogen interactions with chlorine and bromine atoms.
ASP855 formed two p-anion interactions and PHE723

formed PiePi T-shaped interactions while LEU858,
ALA722, MET766, VAL726, LEU844, LEU792, LEU718,
ALA743 formed hydrophobic interactions. The 2D in-

teractions of the EGFR/22 complex are shown in Figure 12.
EGFR/20 complex interactions included the quinazoline-

4-one C]O group and NH hydrogen atom forming two

conventional hydrogen bonds with SER719 and ASP855 at
2.15 Å and 2.45 Å. LYS745 forming two p-cations while

ASP855 formed other p-anion interactions. LEU747,
ALA755, MET766, ALA743, VAL726, LEU718, and
LEU792 formed hydrophobic interactions. 2D interactions
of the EGFR/20 complex are presented in Figure 13.

Molecular docking studies of the designed compounds

The designed compounds were optimized and docked

with the EGFR binding site to study the nature of in-
teractions with residues in the active; results are presented in
Table 3. The compounds exhibited better binding affinities,



Table 4: Results of pharmacokinetic studies for the lead and

designed compounds.

S/No MW TPSA wLOGP HBA HBD nLv ABS SA

Lead molecules

20 807.98 112.84 3.92 5 1 1 0.55 5.34

21 809.95 122.07 5.76 6 1 2 0.17 5.26

22 838.01 122.07 6.93 6 1 2 0.17 5.47

23 839.98 131.30 5.77 7 1 2 0.17 5.40

24 822.01 112.84 4.23 5 1 1 0.55 5.47

25 823.98 122.07 6.07 6 1 2 0.17 5.38

26 823.98 133.07 4.62 6 2 1 0.55 5.41

Designed compounds

1 822.01 112.84 5.23 5 1 2 0.17 5.49

2 823.98 133.07 4.62 6 2 1 0.55 5.40

3 823.00 138.86 4.51 5 2 1 0.55 5.46

4 850.06 112.84 6.04 5 1 2 0.17 5.76

5 837.02 138.86 4.82 5 2 1 0.55 5.60
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ranging from �171.379 to �179.138, when compared to the

lead compounds. Thus, they bound more effectively with
EGFR binding sites and can be utilized as novel EGFR
inhibitors targeting breast cancer.

Pharmacokinetic studies

Both the lead and the designed compounds were subjected
to pharmacokinetic profiling with SwissADME software

utilizing the Lipinski’s rule of five which states that an orally
administered drug must have molecular weight at most 500, a
calculated logP no more than 5, fewer than 5 hydrogen bond

donors, hydrogen bond acceptors lower than or equal to 10,
and a topological polar surface area (TPSA) at most 140 Å2.
An entity that disputes at least two of these criteria may

possess challenges related to bioavailability.19 The findings
of pharmacokinetic profiling (Table 4) illustrated that
compounds 20, 24 and 26 and designed compounds 2, 3,
and 5 violated only one of the rules (MW > 500); hence,

these were considered to possess drug-likeness properties.
The potentiality of the molecule to exhibit optimum perme-
ability and bioavailability profile was assessed using

bioavailability score (ABS) standards.23 Compounds 20, 24
Table 5: ADMET properties of the selected drug candidates.

S/NO Absorption Distribution Metabolism

Substrate Inhibitors

HIA BBB CNS 2D6 3A4 1A2 2C19 2C

Lead molecules

20 93.496 �1.312 �1.547 No Yes No Yes Ye

24 93.15 �1.49 �1.579 No Yes No No Ye

26 100 �1.461 �1.726 No Yes No Yes Ye

Designed compounds

2 100 �1.586 �1.735 No Yes No No Ye

3 100 �1.456 �1.456 No Yes No No Ye

5 100 �1.432 �1.642 No Yes No Yes Ye
and 26, and designed compounds 2, 3, and 5, exhibited
bioavailability scores of 0.55, thus demonstrating excellent

oral bioavailability and agreement with Lipinski’s rule.
Synthetic accessibility (SA) assessment showed that these
compounds can be easily synthesized as their respective

scores were less than 10.

Evaluation of ADMET properties

To further confirm compounds 20, 24 and 26 and
designed compounds 2, 3, and 5 as possible drug candidates,
we next investigated ADMET properties. Essential param-
eters included intestinal (human) absorption, bloodebrain-
barrier (BBB) penetration, CYP450, and toxicities; these
were predicted using the pkCSM online tool. The findings of
the ADMET properties studies (Table 5) showed that the

compounds have high intestinal (human) absorption
ranging from 93.15 to 100%. Consequently, these
compounds will be absorbed well by the human intestine

because poorly absorbed molecules exhibit <30% HIA
absorbance.22 BBB and CNS grading were employed to
establish the potentiality of molecules to permeate through

the bloodebrain barrier and central nervous system. A log
BB > 0.3 suggested easy BBB permeability whereas a
log BB < �1 suggests poor permeation properties. In addi-
tion, a log PS > �2 designates easy CNS permeation while a

log PS < �3 suggests poor dispersal. The predicted logBB
and log PS for the molecules suggested a non-BBB perme-
ation status and good CNS permeability.20 The body’s

physiological adjustment of a potential drug is mainly
illustrated by its metabolism; therefore, drugs generally
propose several metabolites which vary in pharmacological

and physicochemical profiles. Cytochrome P450 (CYP450)
plays an extensive role in molecular metabolism because
this is the principal liver protein system responsible for

oxidation (phase-1 metabolism). Most of the selected
compounds are substrates and inhibitors of the most
important class of super enzyme (CYP3A4) responsible for
drug’s metabolism. Results of toxicity studies revealed that

the compounds do not possess AMES toxicity, thus
conforming these as non-mutagenic; these are non-
inhibitors of human ether a-go-go-related gene (hERG)

cardiovascular toxicity and all exhibit positive hepatotoxicity
Toxicity

9 2D6 3A4 AMES hERGI

inhibitor

Hepatotoxicity Skin

sensitization

s No Yes No No Yes No

s No Yes No No Yes No

s No Yes No No Yes No

s No No No No Yes No

s No No No No Yes No

s No Yes No No Yes No
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potential with no skin sensitization. Based on pharmacoki-
netic profiling and ADMET properties, compounds 20, 24,

and 26 and designed compounds 2, 3, and 5 can be adopted
as potential drug candidates.

Conclusion

In this research, well validated CoMFA and CoMSIA
3D-QSAR models were developed using a series of 36
quinazolin-4(3H)-ones analogs as EGFR inhibitors. Statis-

tical assessment of the developed models confirmed the
CoMSIA_SHEmodel as the most robust with an R2 of 0.895
and a Q2 of 0.599 which exceeded the threshold values for

generating a consistent QSAR model. William’s plot of the
model detected three influential compounds (17, 21, and 28)
from the test set with leverage values greater than the

threshold. Five novel derivatives, with activities ranging
from 5.62 to 6.03 as predicted by the model, were designed
using compound 20 as the template. Moreover, molecular

docking studies confirmed that compounds 20e26 had the
best docking scores when compared to Gefitinib as the lead
compounds. Furthermore, the designed compounds exhibi-
ted higher docking scores when compared to the lead com-

pounds. Evaluation of pharmacokinetic properties affirmed
lead compounds 20, 24 and 26 and designed compounds 2, 3,
and 5 as viable drug candidates that violated only one of the

Lipinski’s rule of five filter (MW > 500) and displayed an
excellent ADMET profile with no serious toxicity threat.

Recommendations

This study explores the applicability of in-silico tech-
niques for the discovery of hypothetical drug candidates.

Experimental synthesis of the lead compounds should now
be carried out to validate our computational findings.
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