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Abstract In this study, a 2D-QSAR (quantitative structure–activity relationship) was performed

on 54 new 2-Styrylquinoline derivatives as anticancer substances capable of inhibiting the p53 pro-

tein in the cell HCT116++. The 54 2-Styrylquinoline derivatives was calculated applying DFT 6-

31G basis to calculate Quantum descriptors, using MM2 for: Topological, Physico-chemical, Geo-

metrical and Constitutional. The study was carried out by performing multiple linear regression

(R2 = 0.90), the QSAR model achieved was tested by artificial neural networks method, which

is showed high predictability (R2
ANN = 0.89). A DFT study was performed to determine the reac-

tivity of the 2-Styrylquinoline derivatives using frontier molecular orbital analysis and analysis of

the molecular electrostatic potential (MEP). Derivatives of 2–4 Styrylquinoline are studied for their

synthetic accessibility and their similarity to drug. The obtained results show that all the evaluated

compounds have similar properties to drug and are accessible to synthesize.

A molecular docking analysis was performed for three compounds: 14, 34, and 54, having various

reactivities against the p53 HCT116++ protein (identified by PDB ID: 2GEQ). The results showed

strong interactions between the three ligands and the 2GEQ protein, the amino acids HIS 176, SER

A180, PRO A188 and ARG A178 are the most active sites of the 2GEQ protein, and based on these

result we performed a molecular dynamics simulation to evaluate the stability of our complexes.

The MD demonstrates the thermodynamic stability of select compounds during 40 and 100 ns, with

all three complexes showing a high level of structural stability.
� 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

In the early 2000 s, almost 6.72 million people died worldwide
from malignant tumors, and almost 10 million people, both

men and women, contracted a serious tumor. According to
statistics from the World Health Organization, cancer is one
of the leading causes of death in the world [1]. Cancer rates

have increased by 50% to reach 15 million new cases in
2020, according to the World Cancer Report. In the case of
colon cancer, more than 940,000 cases are reported each year
worldwide, and nearly 500,000 people die from it each year

[1]. Cancer is characterized by the rapid, uncontrolled, and
pathological multiplication of abuses cells. The p53 mutation
forms a disjunctive advantage for tumor cells, given its essen-

tial activities for the cells, which expresses its important role in
transforming a benign tumor into cancer [2]. Moreover, p53
gene mutations are responsible for 50% of tumors (cancer

cells) [3]. Currently, most of the treatments used to beat the
cancer cells agree with chemotherapy, radiotherapy, surgery,
or even hormone therapy. Despite the widespread use of these

drugs in the treatment of different types of cancer, they have
several disadvantages, such as non-typical targeting of cancer
cells, the toxicity of treatments . . . etc [4].

Due to their basic structures, heterocyclic molecules have

great exploitation in pharmacology, biology, etc [5]. 2-
Styrylquinoline derivatives are bioactive aromatic compounds
that show activity and antiviral properties in HIV-1 EMC cell

lines [6]. Moreover, 2-Styrylquinoline derivatives present a
poly-activity in pharmacology by possessing a multitude of
activities such as, antimicrobial [7], anti-parasitic [8], anti-

fungal [9], etc.
To discover new compounds that specifically target the can-

cer cell, which requires an extensive investment, besides saving

a lot of energy and time, there are several methods that enter
the process of computerized drug design, such as quantitative
structure-Activity relationship (QSAR), molecular docking,
and molecular dynamic simulation. We simulated the anti-

carcinogenic activity of 54 2-Styrylquinoline derivatives [10]
evaluated according to their biological activities on wild-type
p53 HCT116++(exhibiting a p53 deletion), using the methods:

QSAR (multiple linear regression (MLR), artificial neural net-
work (ANN), applicability domain, Y-randomization); DFT
study: to study the reactivity of 2-styrylquinoline derivatives

in order to predict the minimum stability of compounds [11].
Lipinski rules and a synthetic accessibility study were used to
predict the pharmacokinetic characteristics of 2-
styrylquinoline derivatives proposed as the studied colon can-

cer inhibitors [12,13].
The molecular docking method helps for a better under-

standing of the interactions between the proposed inhibitor

compound and the recipient protein 53. In this paper, three
molecules were docked to determine the most stable molecules
using molecular dynamic simulation (MD) [14,15].

2. Materials and methods

2.1. Experimental data set

We simulated 54 of 2-Styrylquinoline derivatives (Fig. 1) syn-

thesized by Anna Mrozek-Wilczkiewicz, with various substitu-
tions present in Table 1, divided into 2 groups; 11 molecules
were tested, and a set of 43 derivatives was used to build the
model. The conversion of all experimental activity values
IC50 en pIC50(lm) was according to the following equation:

pIC50 ¼ 6� log10ðIC50Þ
2.2. Calculations of descriptors

To establish a reliable QSAR model, we calculated more than
40 molecular descriptors of the studied series, grouped by class
(1D, 2D, 3D). Table 2 shows the types of descriptors calcu-
lated using the software: ACD /ChemSketch [16], ChemOffice

[17], Gaussian 09 Software [18]. The descriptors of physico-
chemical, topological, geometrical, and constitutional type
are optimized using the MM2 method, and the optimized elec-

tronic descriptors are obtained by the Gaussian software using
the DFT/ 6-31G/ B3LYP basis, including HOMO energies
(highest occupied molecular orbital), LUMO energies (lowest

unoccupied molecular orbital), repulsion energy Er, dipole
moment MD, total energy Et. The selected descriptors and
their classes are represented in Table 2.

2.3. Statistical method

The nine studied 2-Styrylquinoline derivatives synthesized
in vitro show potent inhibitory activity (pIC50 greater

than 4.881) on colon cancer cells of the HCT116++. To estab-
lish the QSAR models we used the statistical approaches
described below (see Table 3).

2.3.1. K-means analysis

The K-means method is a non-hierarchical method, and the
classification of data according to this method is often divided

according to groups and incidentally [19]. After determining
the most interesting molecular descriptors, we divided the data
into 2 sets (training and testing); these sets contain respectively

80% and 20% of the total molecular descriptors [19]. The
method of dividing the series into two sets is performed
according to the K-means 50 classifications; each of the two

clusters includes a set of molecules that are arbitrarily chosen
in order to build a set of test compounds, while the other mole-
cules will be classified as a training set. After this classification,
we find eleven compounds in the test cluster, forty-three com-

pounds in the training set.

2.3.2. Construction of model

The statistical methods MLR and ANN are tools used to elab-
orate the QSAR model in order to illustrate and explain the
structure–activity relationship of 20 descriptors calculated for
the 54 molecules of 2-Styrylquinoline derivatives.

2.3.3. The linear regression

The criteria for linear regression to identify the relationship

between the dependent and independent variables are: The

determination correlation R2, the mean square error (RMSE),
the value of Fisher ratio (FTest). The MLR equation can be

written in the following form:

Y ¼ b0 þ
Xn

i¼1

biXi ð1Þ



Fig. 1 The general structure of quinoline derivatives.

Table 1 Chemical structure and their experimental biological activity for the 54 derivatives.

HCT116 (P53þ=þÞ
N� R1 R2 IC50 pIC50 N� R1 R2 IC50 pIC50

1 8-OAc 2-OC H3 13.13 4.881 28 5,7-Cl-8-OAc 2,6-F-3-Cl 7.26 5.139

2 8-OAc 3-OC H3 9.70 5.013 29 5,7-Cl-8-OAc 2,6-F-4-Cl 20.90 4.679

3 8-OAc 4-OC H3 11.65 4.933 30 5,7-Cl-8-OAc 2-CN 0.93 6.031

4 8-OAc 3,4-OC H3 16.84 4.773 31 5,7-Cl-8-OAc 3-CN 1.39 5.856

5 8-OAc 2-OEt 20.26 4.693 32 5,7-Cl-8-OAc 4-CN 1.78 5.749

6 8-OAc 4-OEt 20.87 4.680 33* 5,7-Cl-8-OAc 2-OAc-5-N O2 2.71 5.322

7 8-OAc 3-OAc 5.40 5.267 34* 5,7-Cl-8-OAc 2-OAc-3-N O2 4.76 5.567

8 8-OAc 2-Cl 10.63 4.973 35 5,7-Cl-8-OAc 3-NO2-4-OAc 4.22 5.374

9 8-OAc 3-Cl 14.47 4.839 36 5,7-Cl-8-OAc 2-N O2 0.85 6.070

10 8-OAc 2-NO2 4.60 5.337 37 5,7-Cl-8-OAc 3-N O2 1.74 5.759

11* 8-OH 4-OH 13.53 4.868 38 5,7-Cl-8-OAc 4- N O2 2.31 5.636

12 8-OH 2-OAc 7.32 5.135 39 5,7-Cl-8-OAc 2,4-N O2 0.28 6.552

13 8-OH 4-OAc 12.36 4.907 40 5,7-Cl-8-OH 2-OH 10.48 4.979

14 8-OH 2-Ac-4Cl 19.92 4.70 41 5,7-Cl-8-OH 2-OAc-3,5-Cl 4.09 5.388

15* 8-OH 2-N O2 11.72 4.931 42 5,7-Cl-8-OH 2-OH-3-Br-5-Cl 3.28 5.484

16* 5,7-Cl-8-OAc 2-OAc 11.20 4.950 43 5,7-Cl-8-OH 2-Cl 1.88 5.725

17* 5,7-Cl-8-OAc 2-OAc-5-Cl 13.85 4.858 44 5,7-Cl-8-OH 2,3-Cl 5.27 5.278

18 5,7-Cl-8-OAc 2-OAc-3,5-Cl 3.65 5.437 45 5,7-Cl-8-OH 2-Cl-6-F 7.30 5.136

19 5,7-Cl-8-OAc 2-OAc-3-Br-5-Cl 3.83 5.416 46 5,7-Cl-8-OH 2-I 3.29 5.482

20 5,7-Cl-8-OAc 2-OAc-3,5-I 5.13 5.289 47 5,7-Cl-8-OH 2-CN 0.86 6.065

21 5,7-Cl-8-OAc 2-I 1.20 5.920 48* 5,7-Cl-8-OH 3-CN 8.51 5.070

22 5,7-Cl-8-OAc 2-Cl 2.22 5.653 49 5,7-Cl-8-OH 4-CN 3.10 5.508

23* 5,7-Cl-8-OAc 2,6-Cl 5.93 5.226 50 5,7-Cl-8-OH 3-N O2-4-OAc 3.63 5.440

24 5,7-Cl-8-OAc 2-Cl-6-F 3.41 5.467 51 5,7-Cl-8-OH 2-N O2 0.73 6.136

25* 5,7-Cl-8-OAc 2-Br-6-F 3.70 5.431 52* 5,7-Cl-8-OH 3-N O2 2.77 5.557

26 5,7-Cl-8-OAc 2,5-F 2.57 5.590 53 5,7-Cl-8-OH 4-N O2 6.48 5.188

27 5,7-Cl-8-OAc 2,6-F 4.93 5.307 54* 5,7-Cl-8-OH 2,4-N O2 0.75 6.124

*Test set.

Table 2 The list of the calculated descriptors.

Descripteurs Classe

Ehomo,Elumo dipôle moment (MD), Er,Et. Quantum

Balaban index (BI), Winer index(WI), Polar

surface area(PSA), molecular topology(MT)

Topological

Number of H-bond donor (NHD), number of H-

bond acceptor (NHA), Boiling point (BP),

LogP. . ..

Physico-

chemical

Energy of Van der Waals(VDW), molecular

Volume(MV)

Geometrical

Molecular weight (MW) Constitutional

Table 3 The classification K-means.

K-means classification results

Classe 1 1 3 8 9 11 12 13 14 15 40 42 43 44 45 46 47 48 52

Classe 2 2

Classe 3 4 7

Classe 4 5 6 23 24 25 26 27 32 33

Classe 5 10 17 21 22

Classe 6 16 18 19 20 34 35 36 37 41 50 54

Classe 7 28 29

Classe 8 30

Classe 9 31

Classe 10 51

Classe 11 53
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With Y, the predicted value of the biological activity, Xi the
molecular descriptors (independent variables), n: the number
of molecular descriptors and b0 the constant of the equation.

2.3.4. Neural networks artificial ANN

The neural network is a non-linear method linking the descrip-
tors of the MLR method with the predicted biological activity

of the ANN technique. We elaborate the neural network based
on the model found by the multiple linear regressions in order
to validate the accuracy of the descriptors obtained [20]. This

method uses a sigmoidal transport method in the hidden layer
and a linear transfer method in the output layer, and in this
framework, the ANN architecture considered consists of 3 lay-

ers of neurons: the input layer passing through the hidden
layer, and finally the output layer, as described in Fig. 2.
The input layer includes neurons with the same numbers as

the descriptors found by the RLM method, and the output
layer includes the biological activities predicted by the ANN
method. The neural network was realized with JMP Pro14 [21].

2.3.5. Y-randomization

The Y-randomization method is a test used to eliminate the
arbitrary correlation of the descriptors obtained by the linear

regression method, the neural network, and their biological
activities in order to confirm the reliability and efficiency of
the ANN and MLR tests by determining the random correla-
tion between the descriptors and the biological activity. The

models obtained by the Y-randomization test are the results
of the random distribution of the experimental activity results
to the descriptor origins of the model, and therefore the models

appear. Moreover, we can confirm the QSAR model if the cor-
relation coefficient R2 found by the RLM method is higher
than the R2 found by the Y-Randomization test. The Y-

Randomization test is performed using Matlab Software [22].

2.3.6. Domain of applicability

The applicability domain is one of the most used methods in

QSAR; it is defined as a response area of the MLR model
(pIC50) and all variables (molecules) test and training [23].
Among the most used method to establish the DA of QSAR

model, the Leverage effect approach characterized by the crit-
ical value h*, this value is calculated by the following relation:
3*(d + 1)/n, with n: the number of molecules training and d:
the number of descriptors. A molecule (i) is estimated outside

the applicability domain when the Lever effect criterion (hi) is
higher than h* (critical value). The DA approach was per-
formed using Minitab19 [24].

2.4. Docking molecular

Molecular docking is one of the most widely used methods in

QSAR studies, based on the simulation of interactions between
Fig. 2 The architecture of
the proposed compound and the receptor protein. We
obtained the receptor protein through the protein database
(PDB: code 2EGQ) [25] of https:// www. rcsb. org/, whose

PDB form of the selected ligands was converted from Open
Babel GUI software [26]. The preparation of the protein for
the docking step such as: removal of water molecules, addition

of charge, and hydrogen [27,28]. Then we do perform the
docking operation in order to predict the ligand–protein inter-
actions are done from AutoDock Tools software [29]. We per-

formed molecular docking on compounds with interesting
reactivity according to DFT study, and for visualization of
docked complexes, we used Discovery studio 2020 software
[30] for visualization of ligands and their interactions with

proteins.

2.5. Synthetic accessibility and Lipinski rules

Numerical simulation methods offer an integrated, fast and
affordable approach to determine the studied molecules cap-
able of acting as drug agents if they have met certain overrid-

ing rules: The rules of Lipinski [31], the rules of Veber and
Johnson rules [32], Egan and Merz rules [33], Ghose rule
[34], synthetic accessibility [35].

In this work, we have determined the characteristics of sim-
ilarities of some compounds that have experimentally demon-
strated an important activity so that these molecules enter the
application field of the study. These rules are interesting to

describe the 2D chemical structure of proposed molecules
and on the bioactivity of these compounds by ingestion
through the route [28]. The Lipinski, Ghose, Egan, and Veber

rules are established to evaluate the drug-like properties of
small molecule compounds. These rules are widely used in
drug discovery and development to predict the likelihood of

a compound’s success as a drug candidate. Compounds with
physical and chemical characteristics that do not meet at least
two of the Lipinski, Ghose, and Egan and Veber rules are

responsible for a multitude of disorders in their pharmacoki-
netic characteristics. Moreover, more than 90% of drugs that
reach the stage of clinical trials meet these rules. In this
approach, we study the pharmacokinetic characteristics of

compounds that will be selected as inhibitors of the activity
of the protein p53HCT116++ using the SwissADME server
[36].

2.6. Molecular dynamic simulation

MD simulation is a useful procedure to reveal the thermody-

namic stability of the ligand in the macromolecular site and
the contribution of key amino acids in the ligand–protein
interaction. We have chosen based on molecular docking

results, the ligands that will be subject the dynamic simulation.
These ligands present an interesting affinity and more efficient
interactions with the receptor (protein); the dynamic simula-
model neural network.
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tion performed using the CHARMM-GUI web server with the
CHARMM36 force field [37]. The Swiss PARAM web server
generated the ligand topology [38]. The system was solvated

in a box of TIP3P water molecules) with a concentration of
0.15 M NaCl using the default box size. The temperature
was set to 300 K and the pressure was maintained at one

atm using the Parrinello-Rahman barostat with a relaxation
time of two ps. The initial configuration was generated using
the CHARMM-GUI Membrane Builder module, which

embeds the ligand in a pre-equilibrated lipid bilayer [39]. The
system was then equilibrated for five ns using the NVT ensem-
ble with a time step of 1 fs, followed by 10 ns of NPT equili-
bration with a time step of 2 fs. The production run was

performed using the GROMACS software [40] with the
CHARMM36 force field. The simulations were carried out
for 100 ns with a time step of 2 fs using the leapfrog integrator.

The temperature and pressure were maintained at 300 K and
1 atm, respectively, using the v-rescale thermostat [41] and
the Parrinello-Rahman barostat with a relaxation time of

two ps.

3. Results and discussion

3.1. Dataset for analysis

The QSAR analysis was carried out according to several trials
performed on 54 molecules, based on the calculation of
descriptors whose values are presented in Table 4. Subse-

quently we divided the 54 molecules analyzed into two classes
using the K-means method, the training class contains 43
molecules, and 11 molecules for the test set. After successive
attempts on the data using multiple linear regression several

times until we obtained a reliable model, eliminating the
descriptors with high correlation and retaining those with
low correlation, whose descriptors obtained by the MLR

method are used as input factors in the artificial neural net-
work method. The pIC50 predicted by the MLR and ANN
methods are presented in Table 5.

3.2. Multiple linear regressions RLM

Given its ease, representativeness and traceability, multiple lin-
ear regressions are the most widely used method in 2D-QSAR

analysis. This method is based on three parameters: coefficient
of determination (R square), Fisher ratio (F), and root mean
square error (RMSE). we performed the multiple linear regres-

sion analysis using XLSTAT 2019 software [42].
The obtained QSAR model of the training class is presented

by Eq. (2), whose corresponding normalized descriptor coeffi-

cients (Fig. 4).

pIC50 ¼ �1; 58� 17; 53Ehomo � 18; 86Elumo � 9; 51DM

þ 5; 95SB� 3; 11BIþ 2; 56PSAþ 1; 10BP ð2Þ
The statistical parameters of the equation:

N = 42 R2 = 0.78 Rajust�e = 0.73 Ftest = 16.70

RMSE = 0.24

The QSAR model obtained is based on seven descriptors:

Energy Homo, Energy LUMO, Dipole moment, Stretch bend,
Balaban index, Polar surface area, Boiling point. According to
the coefficient normalization diagram (Fig. 3), the QSAR
model is constructed of five most important descriptors corre-

lated with pIC50: EHOMO, BI, PSA, BP, SB, with a high corre-
lation coefficient 0.76. The most influential coefficient in the
QSAR model is PSA, which the larger the coefficient value,

the higher the activity of the compound.

3.3. Artificial neural networks

The progress of the QSAR model requires the use of the non-
linear method between the biological anti-cancer activity
obtained and the seven descriptors obtained by MLR, whose

ANN architecture is 7–3-1 presented in Fig. 4:
The results show a strong correlation between the observed

biological activities and the activities predicted by ANN are
presented in (Fig. 5), the coefficient of determination

R2 = 0.89 and RMSE = 0.17, which confirms well the perfor-
mance of static results obtained by the MLR method (see
Fig. 6).

3.4. Y randomization

The new random QSAR models correspond to the new values

of Q2 and R for each new model. The results found are shown
in Table 6. We found that the correlation coefficient of the ran-
domized models (R = 0.39) is lower than that found by the
multiple linear regression (non-randomized models)

R = 0.87 which confirms that the model is acceptable, more-
over Rp2 = 0.67 greater than 0.5 which confirms the robust-
ness of the model developed in the study. Therefore the

predicted biological activity values pIC50 obtained from the
MLR method based on the seven descriptors are reliable which
explains that the interdependence between the seven descrip-

tors and the predicted activity is ensured; therefore the biolog-
ical activity is not randomized.

3.5. Applicability domain

The domain of applicability is based on the QSAR model
found using the MLR method, i.e., determining the substances
outside the domain of applicability. The latter is based on the

Williams diagram, which is represented by a graph
whose X axis is determined by the normalized residual values
and the Y abscissa represents the leverage values Fig. 7. The

limit value of lever efficiency ish� = 0.55, all compounds that

exceeded on the right the lever effect 0.55 are not acceptable,
i.e., their activity pIC50 is incorrectly predicted.

3.6. DFT calculation studies

In quantum chemistry, one of the most reliable and efficient
methods is the DFT method (Density Function Theory). To
properly analyze the chemical structure and reactivity of the

new 2-styrylquinoline derivatives as well as their stability, we
performed a DFT calculation based on the Becke-3-
parameter-Lee-Yang-Parr (B3LYP-631G) theory for 54

derivatives. We optimized the geometry of the studied mole-
cules with Gaussian software 09 W and visualized them with
GaussView 6 using the B3LYP-6-31G basis [43,44].



Table 4 The descriptors calculated for the 54 molecules.

N� Ea
homo Eb

lumo
DMc

SBd BIe PSAf BPj Ei
t LogPh pIC50

1 �0.205 �0.071 2.888 0.139 455,731 68.12 760.348 �1088.3 4.514 4.881

2 �0.196 �0.066 3.338 0.129 465,201 68.12 760.348 �1088.3 4.514 5.013

3 �0.206 �0.069 2.448 0.121 455,731 68.12 760.348 �1088.3 4.514 4.933

4 �0.199 �0.069 4.493 0.121 691,287 77.35 784.001 �1202.8 4.388 4.773

5 �0.204 �0.07 2.919 0.163 559,981 68.12 771.952 �1127.6 4.852 4.693

6 �0.205 �0.068 2.262 0.145 559,981 68.12 771.952 �1237.5 4.852 4.68

7 �0.201 �0.074 1.968 0.057 699,666 105.42 826.455 �1433.4 4.549 5.267

8 �0.217 �0.078 2.173 0.084 369,542 58.89 755.39 �1433.4 5.198 4.973

9 �0.214 �0.077 3.504 0.082 373,887 58.89 755.39 �1178.3 5.198 4.839

10 �0.225 �0.104 4.917 0.104 553,058 110.7 0 �1049.0 4.37 5.337

11* �0.208 �0.07 2.746 0.046 369,542 79.12 771.531 �1049.1 4.251 4.868

12 �0.207 �0.076 2.513 0.057 383,575 79.12 771.531 �1049.1 4.251 5.135

13 �0.207 �0.076 3.244 0.051 459,685 79.12 771.531 �1508.6 4.251 4.907

14 �0.212 �0.084 4.889 0.065 459,685 79.12 790.225 �989.84 4.809 4.7

15* �0.216 �0.108 3.398 0.096 305,070 84.4 0 �2156.7 4.345 4.931

16* �0.229 �0.093 3.628 0.11 926,928 105.42 863.844 �2352.6 5.665 4.95

17* �0.234 �0.095 6.373 0.21 519,357 58.89 792.779 �3075.8 6.315 4.858

18 �0.238 �0.102 4.739 0.223 1,249,742 105.42 901.232 �3075.85 6.781 5.437

19 �0.236 �0.101 4.98 0.239 1,249,742 105.42 913.239 �5187.2 7.052 5.416

20 �0.235 �0.108 5.475 0.301 1,249,742 105.42 961.733 �1287.9 8.38 5.289

21 �0.236 �0.103 2.178 0.14 525,199 58.89 823.029 �1013.4 7.114 5.92

22 �0.234 �0.097 1.594 0.131 525,199 58.89 792.779 �2353.6 6.315 5.653

23* �0.244 �0.099 3.42 0.241 614,698 58.89 807.013 �2812.1 6.857 5.226

24 �0.24 �0.098 3.608 0.155 614,698 58.89 790.747 �2451.8 6.457 5.467

25* �0.239 �0.097 4.056 0.155 614,698 58.89 802.753 �4563.2 6.728 5.431

26 �0.238 �0.1 4.225 0.146 625,683 58.89 768.737 �2091.4 6.073 5.59

27 �0.238 �0.097 3.979 0.14 614,698 58.89 769.379 �2091.4 6.057 5.307

28 �0.239 �0.102 2.301 0.152 739,946 58.89 788.074 �2551.0 6.615 5.139

29 �0.243 �0.103 4.062 0.148 733,230 58.89 788.074 �2551.0 6.615 4.679

30 �0.239 �0.1 1.454 0.121 638,922 82.68 832.242 �1985.2 5.79 6.031

31 �0.239 �0.105 3.466 0.119 651,290 82.68 832.242 �1985.2 5.79 5.856

32 �0.239 �0.101 6.299 0.116 638,922 82.68 832.242 �1985.2 5.79 5.749

33* �0.251 �0.126 4.474 0.116 638,922 82.68 832.242 �2361.1 5.79 5.567

34* �0.241 �0.132 3.54 0.284 1,438,564 157.23 0 �2361.1 5.244 4.769

35 �0.251 �0.126 4.438 0.094 1,481,608 157.23 0 �2361.1 5.244 4.226

36 �0.243 �0.112 1.936 0.151 766,274 110.7 0 �2097.4 5.608 6.07

37 �0.246 �0.121 4.491 0.143 786,411 110.7 0 �2097.4 5.608 5.759

38 �0.243 �0.113 6.778 0.165 766,274 110.7 0 �2097.4 5.608 5.636

39 �0.256 �0.135 4.609 0.149 1,239,487 162.51 0 �2301.8 5.568 6.552

40 �0.221 �0.091 4.791 0.061 294,384 52.82 753.995 �1774.7 5.069 4.979

41 �0.228 �0.102 5.61 0.157 772,614 79.12 846.308 �2887.3 6.484 5.388

42 �0.227 �0.1 5.845 0.138 439,214 52.82 803.391 �4810.2 6.456 5.484

43 �0.227 �0.096 2.767 0.1 294,384 32.59 737.855 �2164.1 6.017 5.725

44 �0.23 �0.101 1.698 0.129 365,990 32.59 756.549 �2623.7 6.575 5.278

45 �0.226 �0.097 4.324 0.101 351,202 32.59 735.823 �2263.3 6.159 5.136

46 �0.231 �0.103 3.567 0.11 294,384 32.59 768.105 �824.94 6.816 5.482

47 �0.23 �0.1 1.059 0.09 367,025 56.38 777.318 �1796.7 5.492 6.065

48* �0.231 �0.105 3.648 0.089 375,202 56.38 777.318 �1796.7 5.492 5.07

49 �0.23 �0.1 7.247 0.089 367,025 56.38 777.318 �1796.7 5.492 5.508

50 �0.237 �0.105 4.289 0.075 930,998 130.93 0 �2172.6 5.219 5.44

51 �0.232 �0.115 0.985 0.12 449,534 84.4 0 �1908.9 5.583 6.136

52* �0.235 �0.122 4.357 0.111 462,967 84.4 0 �1908.9 5.583 5.55

53 �0.231 �0.115 7.634 0.117 449,534 84.4 0 �1908.9 5.583 5.188

54* �0.239 �0.139 4.435 0.159 765,301 136.21 0 �2113.3 5.543 6.124

*test set, a Energy HOMO, b Energy LUMO, c Dipole moment, d Strech Bend, e Balaban Index, f Polar Surface Area, j Boiling point, i Energy

total, hWater/Octanol partition coefficient.

6 S. Zarougui et al.
3.7. Frontier molecular orbital analysis

The analysis of the molecular orbitals of border presents a
qualitative study on the excited states of the electrons in a
molecule, these states are characterized by the energy of the
molecular orbitals, and one finds two types: HOMO energies

(the energies of the highest occupied molecular orbitals), which
designate the ability to release electrons, are the nucleophilic-



Fig. 3 The corresponding standardized descriptor coefficients.

Fig. 4 The ANN architecture of the QSAR model.

QSAR, DFT studies, docking molecular and simulation dynamic molecular of 2-styrylquinoline derivatives through their
ity; LUMO energies (the lowest unoccupied molecular orbital

energies), which designate the ability to attract electrons, are
the electrophilicity[36,37].

The reactivity is designated by the energy gap. The latter is

represented by an energy gap between the HOMO energy and
the LUMO energy, this gap reflects a minimum kinetic stabil-
ity[45,46]. The small HOMO-LUMO energy gap allows for

large HOMO-LUMO electronic charge exchange, which
allows the molecule a high polarizability, moreover the more
chemical compounds have a high electronic margin the more
stable they have become and therefore a low reactivity com-

pared to less strong energy gaps [37].
The bio-activity of chemical compounds based on the study

of HOMO/LUMO energies to analyze the molecular reactiv-

ity, studied the interaction between molecules and intermolec-
ular and electronic exchanges. To understand the chemical
reactivity we decided to study some parameters of chemical

reactivity: Ehomo, Elumo, energy gap DE, Electronic affinity A,
chemical softness S, Electronic chemical potential m, Ionization
energy I, Global electrophilicity index x, chemical hardness g,
electronegativity X. The parameters are shown in Table 7.
These parameters are linked by the following relationships:
I= -Ehomo, A=�Elumo, g= 1
2
(Elumo-Ehomo), X= 1

2
(I + A),

S = 1
2
g, m= -1

2
(I + A)

x = l2

2
g, avec DE = Elumo-Ehomo.

According to Table 7 we noticed two molecules; 34 and 54
having a low value of energy gap DE: 2.966 and 2.721 ev

respectively, of which molecule 54 has a higher ionization
energy 6.503 ev and shows the most marked value of electronic
affinity 3.78 ev. For the hardness, the two molecules noticed

present the lowest values which show that they have an impor-
tant reactivity especially that these compounds have high val-
ues for the parameter of softness and therefore they possess an
intense reactivity and a weak stability. If we compare the

results of these molecules with the results of a molecule with
a high energy gap, the molecule 14 for example, presents a high
energy gap 3.483 ev and a high ionization rate 5.768 ev, we can

conclude the stable effect of this molecule compared to the two
molecules.

Other parameters are represented on Table 7. We find S the

electronegativity shows an ability to capture electrons in order
to build a bond, we notice that the 2 molecules with the small-
est energy gap of 2-Styrylquinoline derivatives have an intense



Table 5 The predicted activities found by MLR and ANN methods.

Na
pIC50Obsb MLRc Residues

(MLR)

ANNe Residues (ANN) Na
pIC50Obsb MLRc Residues

(MLR)

ANNe Residues (ANN)

1 4.881 5.067 �0.186 4.703 0.178 28 5.139 5.359 �0.22 5.501 �0.362

2 5.013 4.683 0.33 4.923 0.09 29 6.031 6.121 �0.09 5.978 0.053

3 4.933 4.982 �0.049 4.828 0.105 30 5.856 5.973 �0.117 5.807 0.049

4 4.773 4.532 0.241 4.733 0.04 31 5.749 5.649 0.1 5.883 �0.134

5 4.693 4.858 �0.165 4.642 0.051 32 5.59 5.350 0.24 5.511 0.079

6 4.68 4.793 �0.113 4.789 �0.109 33* 5.567 6.504 �0.937 5.400 0.167

7 5.267 4.921 0.346 5.221 0.046 34* 5.322 6.033 �0.711 4.411 0.911

8 4.973 5.177 �0.204 5.105 �0.132 35 4.226 4.744 �0.518 6.181 �1.955

9 4.839 4.953 �0.114 4.868 �0.029 36 6.07 5.955 0.115 5.776 0.294

10 5.337 5.590 �0.253 5.338 �0.001 37 5.759 5.824 �0.065 5.600 0.159

11* 4.868 5.123 �0.255 5.151 �0.283 38 5.636 5.597 0.039 6.465 �0.829

12 5.135 5.263 �0.128 5.100 0.035 39 6.552 6.203 0.349 5.148 1.404

13 4.907 4.920 �0.013 5.008 �0.101 40 4.979 5.183 �0.204 5.284 �0.305

14 4.7 5.107 �0.407 4.644 0.056 41 5.388 5.292 0.096 5.231 0.157

15* 4.931 5.703 �0.772 5.035 �0.104 42 5.484 5.419 0.065 5.484 0

16* 4.95 5.26 �0.31 4.806 0.144 43 5.725 5.271 0.454 5.619 0.106

17* 4.858 5.72 �0.862 5.214 �0.356 44 5.278 5.490 �0.212 5.144 0.134

18 5.437 5.190 0.247 5.467 �0.03 45 5.136 4.951 0.185 5.360 �0.224

19 5.416 5.221 0.195 5.389 0.027 46 5.482 5.490 �0.008 5.863 �0.381

20 5.289 5.712 �0.423 5.491 �0.202 47 6.065 5.929 0.136 5.505 0.56

21 5.92 5.904 0.016 5.558 0.362 48 5.07 5.763 �0.693 5.484 �0.414

22 5.653 5.724 �0.071 5.736 �0.083 49 5.508 5.334 0.174 5.125 0.383

23* 5.226 6.155 �0.929 5.320 �0.094 50 5.44 5.046 0.394 6.057 �0.617

24 5.467 5.518 �0.051 5.428 0.039 51 6.136 6.038 0.098 5.596 0.54

25 5.431 5.523 �0.092 5.378 0.053 52 5.557 5.806 �0.249 5.291 0.266

26 5.59 5.350 0.24 5.397 0.193 53 5.188 5.370 �0.182 5.879 �0.691

27 5.307 5.333 �0.026 5.448 �0.141 54 6.124 6.861 �0.737 4.703 1.421

aNumber of compounds, b Observed activity, c activities observed by MLR method,e activities observed by ANN.
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value of electronegativity which shows the reactivity of the
compounds. Another criterion, the electrophilicity value x
determines the energy change related to the electron shift from
HOMO to LUMO. The compounds 34, 54 present a higher
electron transfer rate of the other synthesized compounds
(Fig. 8).

3.8. Analysis of the molecular electrostatic potential (MEP)

The MEP is a method based on DFT calculation using the

B3LYP-6-31G base in order to visually present the obtained
results [47–49]. The importance of the visual representations
of the MEP method is to show the chemical reactivity of the

atoms and the active centers. The MEP analysis gives an idea
about the biological reactivity at the nucleophilic and elec-
trophilic sites of the chemical compounds, plus the hydrogen

bonds. The MEP diagram represents the variation of electro-
static potentials displayed according to different colors: red,
orange, yellow, green and blue follow the directions below:
Red < orange < yellow < green < blue, besides the value

of the chemical potential increases according to this direction,
the red and orange colors represent the electrophilic potential,
and the blue color represents the nucleophilicity Fig. 9 [38,39]:

Fig. 9 shows the disappearance of the active sites on the 2,4-
styrylquinoline derivatives, the electrophilic sites are character-
ized by the red color (electrophilic reactivity), and the nucle-

ophilic sites are characterized by the blue color (nucleophilic
reactivity). One notices strong red zones are located on the
attracting group –NO2, are also located on the function –OH
in particular the compounds, 14 and 34, which comprise red

zones on the groups –NO2 and O-Acetyl. Moreover, areas
are characterized by a strong blue color around the aromatic
hydrogens of 2-styrylquinoline which is noticed on the map-
ping of molecules 54 and 34. The schematization based on

the MEP method is essential for analyzing the interactions
between molecules, such as intermolecular interactions, and
ligand–protein interactions [50].

3.9. Synthetic accessibility and Lipinski rules

The Lipinski rule of five, also known as the ‘‘Rule of Five,” is a

set of criteria used to evaluate the drug-likeness or pharma-
cokinetic properties of a chemical compound [51]. The rule
was developed by Christopher Lipinski in 1997, and it is widely

used in the pharmaceutical industry to predict whether a com-
pound has the potential to become an orally active drug [31].
On the other hand, synthetic accessibility refers to the ease
with which a compound can be synthesized or prepared. It is

an important consideration in drug discovery because com-
pounds that are difficult or expensive to synthesize may not
be practical to develop into drugs, even if they meet the Lipin-

ski rules [52].
The Lipinski parameters are:

� Molecular weight (MW): The molecular weight of the com-
pound should be less than 500 Dalton (Da).



Fig. 5 The correlation between the observed biological activity and the biological activity predicted via the MLR method.

Fig. 6 Correlation between the observed activities and the activities predicted by the ANN method.

QSAR, DFT studies, docking molecular and simulation dynamic molecular of 2-styrylquinoline derivatives through their
� Hydrogen bond donors (HBD): The compound should

have no more than five hydrogen bond donors, which are
typically OH and NH groups

� Hydrogen bond acceptors (HBA): The compound should

have no more than ten hydrogen bond acceptors, which
are typically O and N atoms
� Lipophilicity (Log (P)): The compound should have

a logP (octanol–water partition coefficient) value of less
than 5.

� Topological Polar Surface Area (TPSA) The

compound should have a TPSA value of less than
140 Å2.



Table 6 The Random

MLR model parameter.

R2
P

0.67

Average R2 0.39

Average R 0.17
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The Lipinski studies allow exploiting the pharmacokinetic
characteristics of new drugs; we used the SwissADMET server

to evaluate pharmacokinetic parameters https://www.swis-
sadme.ch/ [36], such as molecular weights, TPSA measure-
ments, LogP partition coefficients, hydrogen donors,

hydrogen acceptors and Linpinski’s rules are presented in
Tables 8.

According to the stated criteria, the studied molecules
should not show violation of Lipinski Rules, which is validated

in Table 8. The derivatives 2–4 Styrylquinolines (16, 34, 51, 52,
54) have a LogP rate that varies between 2.89 and 4.15; besides
that, the HBD of all the studied compounds is inferior to 5,

and the molecular mass always remained inferior to 500 Da
(see Fig. 10).

The number of rotating bonds presents the flexibility of the

molecule; therefore, the more the number of rotating bonds is
important, the more the molecule is flexible and more it is able
to give an important biological activity, of which we notice
that all the compounds have high value between 3 and 5

bonds, which favors their interaction as inhibitors. Except
the molecule 34 that undergoes a value of synthetic accessibil-
ity that exceeds the threshold by a margin of 0.28, which is

considered a molecule that is hardly synthesized.
The TPSA is an important parameter that allows to test the

cellular penetration of the candidate compound as a drug; this

value must exceed 140 Å2 to have excellent transmission. The
TPSA values of 5 derivatives 2–4 Styrylquinoline varies
between 78.94 and 124.76, thus showing some cellular trans-

mission. According to Table 8, the 2–4 Styrylquinoline deriva-
tives are acceptable according to the Lipinski, Veber, Egan,
and Ghose rules, which favor the synthesis of the compounds..
Fig. 7 Graphique de Williams du résidu standardisé e
3.10. Docking studies

As part of the studies of the interactions between the molecules
and the receptor protein, we performed molecular docking of
compounds 14, 34 and 54 to study their roles as inhibitors

on wild-type columns p53HCT116++, whose protein PDB
code is: 2GEQ. The 2GEQ protein, shown in Fig. 11:

The docking study carried out establishes that the signifi-
cant sites are PRO A188, HIS A176, ARG A178 and SER

A180. The best results have been chosen which correspond
to the minimum energies (-5.51 Kcal/mol) for compound 54
and (-6.20 Kcal/mol) for compound 34 and (-5.50 kcal/mol)

for the compound 16. From the visualization, we see the strong
presence of the hydrogen bonds of the three compounds due to
the hydroxide and nitrous oxide groups.

Fig. 12 shows that the amino acids for the two compounds
34 and 54 are respectively: SER A180, GIN A189, GLY A182,
PRO A188, PRO A187, GLY A177, HIS A176, and ARG

A178. The first observation of the results indicates the presence
of hydrogen bonds with the residue: GIN A189 and SER
A180, a single Pi-sigma bond with the residue GLY A182
and the presence of two Pi-alkyl bonds with the residue Pro

188. In molecule 54, we also notice three hydrogen bonds with
residues SER A180, HISA176 and GLU A177, three Pi-alkyl
bonds with residues PRO A188, ARG A178. Visualization of

compound 16 shows the presence of five hydrogen bonds with
residues: ASP A180, CYS A179, HIS 176, and SER A180, a Pi-
alkyl bond with residue PRO A188 and a Pi-cation bond with

residue ARG A178. Therefore, the three compounds are
addressed the same sites, which results that three molecules
are inhibitors of the receptor (protein) docked. We can con-
clude that the amino acids HIS 176, SER A180, PRO A188

and ARG A178 are active sites of the 2GEQ protein.

3.11. MD simulation

Three compounds (14, 34, and 54) binding to the 2GEQ recep-
tor were chosen for molecular dynamics simulation up to
100 ns. The MD paths were analyzed through the parameters

RMSF, RMSD, and R (g).
n fonction de l’effet de levier pour le modèle MLR.

https://www.swissadme.ch/
https://www.swissadme.ch/


Table 7 Values obtained during the calculation of chemical reactivity parameters.

N� Ehomo Elumo DE I A X S g m x

1 �5.578 �1.932 3.646 5.578 1.932 3.755 0.9115 1.823 �3.755 3.8672

2 �5.333 �1.795 3.538 5.333 1.795 3.564 0.8845 1.769 �3.564 3.5901

3 �5.605 �1.877 3.728 5.605 1.877 3.741 0.932 1.864 �3.741 3.754

4 �5.415 �1.877 3.538 5.415 1.877 3.646 0.8845 1.769 �3.646 3.7572

5 �5.551 �1.904 3.647 5.551 1.904 3.7275 0.91175 1.8235 �3.727 3.8097

6 �5.578 �1.850 3.728 5.578 1.850 3.714 0.932 1.864 �3.714 3.7

7 �5.469 �2.013 3.456 5.469 2.013 3.741 0.864 1.728 �3.741 4.0495

8 �5.904 �2.122 3.782 5.904 2.122 4.013 0.9455 1.891 �4.013 4.2581

9 �5.904 �2.122 3.782 5.904 2.122 4.013 0.9455 1.891 �4.013 4.2581

10 �6.122 �2.829 3.293 6.122 2.829 4.4755 0.82325 1.6465 �4.475 6.0826

11 �5.659 �1.904 3.755 5.659 1.904 3.7815 0.93875 1.8775 �3.781 3.8081

12 �5.632 �2.068 3.564 5.632 2.068 3.85 0.891 1.782 �3.85 4.1589

13 �5.632 �2.068 3.564 5.632 2.068 3.85 0.891 1.782 �3.85 4.1589

14 �5.768 �2.285 3.483 5.768 2.285 4.0265 0.87075 1.7415 �4.026 4.6548

15 �5.877 �2.938 2.939 5.877 2.938 4.4075 0.73475 1.4695 �4.407 6.6097

16 �6.231 �2.530 3.701 6.231 2.530 4.3805 0.92525 1.8505 �4.380 5.1847

17 �6.367 �2.585 3.782 6.367 2.585 4.476 0.9455 1.891 �4.476 5.2973

18 �6.476 �2.775 3.701 6.476 2.775 4.6255 0.92525 1.8505 �4.625 5.7809

19 �6.421 �2.748 3.673 6.421 2.748 4.5845 0.91825 1.8365 �4.584 5.7221

20 �6.394 �2.802 3.592 6.394 2.802 4.598 0.898 1.796 �4.598 5.8857

21 �6.421 �2.802 3.619 6.421 2.802 4.6115 0.90475 1.8095 �4.611 5.8761

22 �6.367 �2.639 3.728 6.367 2.639 4.503 0.932 1.864 �4.503 5.4391

23 �6.639 �2.693 3.946 6.639 2.693 4.666 0.9865 1.973 �4.666 5.5173

24 �6.530 �2.666 3.864 6.530 2.666 4.598 0.966 1.932 �4.598 5.4714

25 �6.503 �2.639 3.864 6.503 2.639 4.571 0.966 1.932 �4.571 5.4073

26 �6.476 �2.721 3.755 6.476 2.721 4.5985 0.93875 1.8775 �4.598 5.6314

27 �6.503 �2.639 3.864 6.503 2.639 4.571 0.966 1.932 �4.571 5.4073

28 �6.612 �2.775 3.837 6.612 2.775 4.6935 0.95925 1.9185 �4.693 5.7411

29 �6.612 �2.802 3.81 6.612 2.802 4.707 0.9525 1.905 �4.707 5.8151

30 �6.503 �2.721 3.782 6.503 2.721 4.612 0.9455 1.891 �4.612 5.6241

31 �6.503 �2.857 3.646 6.503 2.857 4.68 0.9115 1.823 �4.68 6.0072

32 �6.503 �2.748 3.755 6.503 2.748 4.6255 0.93875 1.8775 �4.625 5.6978

33 �6.830 �3.428 3.402 6.830 3.428 5.129 0.8505 1.701 �5.129 7.7326

34 �6.557 �3.591 2.966 6.557 3.591 5.074 0.7415 1.483 �5.074 8.6802

35 �6.830 �3.428 3.402 6.830 3.428 5.129 0.8505 1.701 �5.129 7.7326

36 �6.612 �3.047 3.565 6.612 3.047 4.8295 0.89125 1.7825 �4.829 6.5425

37 �6.693 �3.292 3.401 6.693 3.292 4.9925 0.85025 1.7005 �4.992 7.3287

38 �6.612 �3.074 3.538 6.612 3.074 4.843 0.8845 1.769 �4.843 6.6293

39 �6.966 �3.673 3.293 6.966 3.673 5.3195 0.82325 1.6465 �5.319 8.5931

40 �6.013 �2.476 3.537 6.013 2.476 4.2445 0.88425 1.7685 �4.244 5.0935

41 �6.204 �2.775 3.429 6.204 2.775 4.4895 0.85725 1.7145 �4.489 5.8779

42 �6.176 �2.721 3.455 6.176 2.721 4.4485 0.86375 1.7275 �4.448 5.7276

43 �6.176 �2.612 3.564 6.176 2.612 4.394 0.891 1.782 �4.394 5.4172

44 �6.258 �2.748 3.51 6.258 2.748 4.503 0.8775 1.755 �4.503 5.7769

45 �6.149 �2.639 3.51 6.149 2.639 4.394 0.8775 1.755 �4.394 5.5006

46 �6.693 �2.802 3.891 6.693 2.802 4.7475 0.97275 1.9455 �4.747 5.7925

47 �6.258 �2.721 3.537 6.258 2.721 4.4895 0.88425 1.7685 �4.489 5.6985

48 �6.693 �2.857 3.836 6.693 2.857 4.775 0.959 1.918 �4.775 5.9438

49 �6.258 �2.721 3.537 6.258 2.721 4.4895 0.88425 1.7685 �4.489 5.6985

50 �6.449 �2.857 3.592 6.449 2.857 4.653 0.898 1.796 �4.653 6.0273

51 �6.313 �3.129 3.184 6.313 3.129 4.721 0.796 1.592 �4.721 6.9999

52 �6.395 �3.319 3.076 6.395 3.319 4.857 0.769 1.538 �4.857 7.6691

53 �6.693 �3.129 3.564 6.693 3.129 4.911 0.891 1.782 �4.911 6.767

54 �6.503 �3.782 2.721 6.503 3.782 5.1425 0.68025 1.3605 �5.142 9.7189

The energies are given in eV.
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Molecular dynamic simulation allows the study of the
stability of ligand docking sites and amino acid participa-

tions, aims to test the stability of protein–ligand compounds
(complexes) and identify the various possible ligand bonds
[53,54]. A MD simulation was performed for the complexes:
T1 (ligand 34-protein) which is characterized by purple color
and T2 complex (ligand 54-protein) which is characterized

by red color and T3 (ligand14-protein) which is character-
ized by green color on the plots of results (Figs. 12, and
13).



Fig. 8 The molecular boundary orbitals of 2-Styrylquinoline derivatives.

Fig. 9 The molecular electrostatic potential of 2-Styrylquinoline derivatives.

Table 8 The Summary of the parameters of synthetic accessibility.

N�
Properties Synthetic

accessibility
M W1 LogP2 HBD3 HBA4 TPSA5 Ghose Egan Veber

14 339.77 3.37 1 4 59.42 Yes Yes Yes 2.59

34 461.25 4.15 0 7 111.31 Yes Yes Yes 3.28

51 419.21 3.83 1 6 105.24 Yes Yes Yes 3

52 361.18 3.87 1 4 78.94 Yes Yes Yes 2.65

54 406.18 3.10 1 6 124,76 Yes Yes Yes 2.89

M W1 Molecular weight, LogP2 Consensus of calculated lipophilicity,HBD3 number of hydrogen bond acceptor, HBA4 number of hydrogen

bond Donor, MR4 Molar refractivity, TPSA5 Topological polar surface area.
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As shown in Fig. 13, the RMSD value of the protein struc-
ture had a variation of 1.2 to 3.2 Å during the first 53 ns. On
the other hand, the RMSD value of the protein structure con-
tinued its variation until it found stability around 2.7 Å at
60 ns. At 78 ns the T2 complex had a slight deviation of
3.8 Å which did not impact the average RMSD value of the



Fig. 10 The protein (2GEQ) presented with its two chains A and B.

Fig. 11 The 2D representations of the interactions between the compounds and the 2EGQ protein.

QSAR, DFT studies, docking molecular and simulation dynamic molecular of 2-styrylquinoline derivatives through their
T2 complex which equals 2.32 Å compared to the T1 complex
which has an average RMSD value of 2.28 Å which shows that

the T1 complex is more stable than the T2 complex. The
RMSD study shows that compounds 34 and 54 formed stable
complexes with the 2GEQ receptor during the simulation. An
RMSF simulation was also calculated (Fig. 12); a maximum

variation of 5.7 Å was noted in the 187 ns residue loop region
for T1 and T2 complexes.

The radius of gyration Rg (Fig. 12) corresponds to the

change in density of the receptor structure (protein: 2GEQ)
as a function of time. For the T1 complex during the 34 ns,
the simulation Rg fluctuated between 16.41 and 17.08 Å after

this period and until the end of the simulation, the Rg values of
the T1 complex kept a reasonable stability between 16.7 and
17.1 Å, the average gyration variation Rg for the T1 complex
is 16.80.

For the T2 complex during 53 ns, the Rg values varied
between 16.3 and 17.2 Å after this time they stabilized until
the end of the simulation except for a small deviation of
17.3 Å at 77 ns which did not influence the average value of

Rg = 16.77.
As shown in Fig. 13, the RMSD of compound 14 had a sta-

bility that did not exceed 2 Å throughout the 40 ns simulation.

During the first 20 ns, the RMSD value indicated a change in
RMSD between 1.2 and 1.9 Å, after which the RMSD value of
the protein structure is stabilized until we reach 40 ns. The

RMSD is included between 1.2 and 1.9 Å, and the average
RMSD value is 1.56 Å. An RMSF simulation was also evalu-



Fig. 12 RMSD, RMSF and Rg observed during MD simulation of 100 ns for the macromolecular complex of compound 34 and 54

against 2EGQ protein.

Fig. 13 RMSD, RMSF observed during MD simulation of 40 ns for the macromolecular complex of compound 14 against 2EGQ

protein.
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ated (Fig. 13); a maximum variation of 5.1 was noted in the
area of the 185 ns residual loop for the T3 complex.

4. Conclusion

In this study, we developed a mathematical QSAR model to
determine the relationship between molecular structure param-
eters and biological activity for a series of 54 derivatives of 2-

Styrylquinoline. The obtained (QSAR) MLR model is vali-
dated for its statistical content, the tests: ANN, Y-
randomization, and domain of applicability are also per-
formed to confirm the solidity of the MLR model. Using the
DFT B3LYP method in the 6-31G theory, we found that the

energy gap (HOMO-LUMO) is about 3.483 eV, 2.966 eV
and 2.721 eV of the molecules N� 14, 34 and 54. The findings
indicate that these three molecules have a high degree of chem-

ical stability and reactivity. The descriptors: Ionization energy,
electronic affinity, electronegativity, and other parameters that



QSAR, DFT studies, docking molecular and simulation dynamic molecular of 2-styrylquinoline derivatives through their
influence the reactivity of a molecule are calculated and
explained in a thorough way. The potential analysis (MEP)
presents electrophilic zones around the –OH function and

the –NO2 attracting group that form hydrogen bonds with
the different residues of the protein (PDB: 2GEQ). The five
compounds (N� 14, 34, 51, 52, and 54) all meet the Lipinski

rules, and respect the synthetic accessibility criteria. The five
compounds have respected all the rules of similarity among
the drugs and the rules of bioavailability.

The molecular docking simulation showed the way 2-
Styrylquinoline derived compounds move into active protein
sites due to their interactions with residues (amino acids) that
play a primary role in relation to their anticancer activity.

Molecular docking studies have shown that hydrogen bonds
with key amino acids of the targeted protein are essential for
stabilizing ligands in the active sites of the 2GEQ Protein

and increasing their inhibitory efficacy. A molecular dynamics
simulation was performed on three docked compounds, whose
thermodynamic stability was tested by running the MD simu-

lation in 40 and 100 ns, all 3 compounds showed significant
hydrogen bonding to key amino acids of the target protein
throughout the molecular dynamics simulation period. This

suggests that they are stable and likely to bind to the target
protein in a biological setting.

Based on the findings of the study, the three molecules rec-
ommended are highly suggested as potential anti-cancer agents

targeting HCT116++ line.
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