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ABSTRACT 
Estrogen receptor-positive (ER+) hormone-dependent breast cancer is the most common type in women, 

accounting for approximately 75% of all cases. This study aims to propose new potential therapeutic agents for 

breast cancer using computational methods. A 3D-QSAR study screened 22 compounds based on previous 

research, demonstrating strong predictive capabilities, as indicated by high Q² values of 0.516 and 0.787 for 

CoMFA and CoMSIA, respectively. Six new molecules (T1–T6) were proposed to enhance inhibitory activity, 

and the results of molecular docking analysis show that these drug candidates exhibit significant docking scores 

and form stable interactions within the receptor (PDB code: 1SJ0). The proposed compounds exhibited favorable 

pharmacokinetic and pharmacodynamic properties, except for T3, which showed mild toxicity. Molecular 

dynamics simulations also confirmed the stability of the T1–1SJ0 and 2D–1SJ0 complexes within the active site 

of ERα (estrogen receptor alpha). These findings highlight the potential of thienopyrimidine-based compounds as 

anti-breast cancer agents and open new avenues for experimental and clinical research.  

Keywords: ADME/Tox, Breast cancer, Computational Modeling, 3D-QSAR, Thienopyrimidine. 

 

1. INTRODUCTION 

The broad family of nuclear receptors known as 

nuclear hormone receptors (NHR) functions as 

transcription factors. They are dispersed throughout the 

body and participate in cellular activities [1]. Estrone, 

estradiol (E2), and estriol are steroid hormones known as 

estrogens [2]. The most vital circulating estrogen is 17 β-

estradiol, which plays a crucial role in maintaining and 

developing reproductive organs and controlling the 

activity of the immunological, circulatory, 

musculoskeletal, and central neurological systems. It also 

helps initiate and advance target tissue cancers and control 

energy homeostasis [3]. The estrogen receptor subtypes, 

ER-α and β, are crucial in mediating the physiological 

effects of estrogen. Estradiol binds to these receptors and 

activates multi-protein complexes that include 

coregulators. This process stimulates ER-mediated 

transcriptional activity through the involvement of ERα 

(Estrogen Receptor Alpha), AF1(Activation Function 1), 

and AF2 (Activation Function 2), leading to estrogenic 

effects [4]. The development of breast cancer occurs due 

to a disorder of coregulator activity, which may be 
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attributed to fluctuations in coregulator concentrations or 

genetic abnormalities [5]. AIB1 (Amplified in Breast 

Cancer 1) (ERα coregulator) increases, which induces 

PEA3 (Polyoma Enhancer Activator 3) mediated 

activation of MMP2 (matrix metalloproteinase 2)  and 

MMP9 (Matrix Metalloproteinase 9) production, which 

promotes the spread of metastatic disease [6]. The process 

of breast cancer metastasis and invasion was facilitated by 

SRC-1 (Steroid Receptor Coactivator 1), an additional 

estrogen receptor (ER) coregulator, by its coactivation of 

PEA3 (Polyoma Enhancer Activator 3) mediated Twist 

expression. The study by Ali et al. showed that the 

coregulators of ERα had an impact on the modulation of 

gene expression in the context of metastasis [7]. 

Dydrogesterone is one of the essential non-acetylated 

pregnane derivatives and has many medical uses in 

treating and preventing miscarriage, supporting the luteal 

phase and part of menopausal treatment [8].  

Heterocycle-based compounds are important in 

designing and developing potential drugs [9]. Pyrimidine 

[10], thiazole [11], quinoline [12], and imidazole [13] 

derivatives exhibit a variety of biological activities, 

among which pyrimidines are particularly important for 

the synthesize of antitumor drugs, including inhibitors of 

different cell lines [14]. Pregnanes containing imidazole 

rings, triazole rings, a glycoside moiety, and a piperazine 

ring have been demonstrated to possess anticancer and 

cytotoxic activity [15], antioxidant activity [16], and anti-

leukemic properties [17], respectively. Recent studies 

have indicated that pyridines and pyrimidines are a 

category of heterocyclic nitrogen compounds with a wide 

range of applications in developing anticancer drugs [18]. 

These synthetic sources represent a potent class of 

compounds that can effectively treat breast cancer. 

Parveen et al. have developed a novel pyrimidine 

conjugate (Thienopyrimidine) that exhibits specific 

inhibitory effects in breast cancer [19]. The anti-

proliferative efficacy of the synthesized conjugates was 

evaluated in the MCF-7 tumour cell line using the MTT 

assay [20]. 

The current study is divided into three sections. First, 

it uses the 3D-QSAR method to correlate the structure with 

the activity of a series of Benzoyl Thienopyrimidine 

molecules with anti-breast cancer activity. Second, it 

proposes new anti-breast cancer candidates with the best 

effect. Finally, an in-silico evaluation of the proposed 

molecule's ADME/Tox properties, molecular docking, and 

molecular dynamics predicted their stability in the target 

receptor. The ultimate objective is to forecast novel agents 

exhibiting activity surpassing that of the most potent 

compound within this series. 

 

2. MATERIALS AND METHODS 

2.1. Data sets 

The dataset contains 22 anti-tubulin agent compounds 

synthesized by El-Sharkawy et al. [21]. Two arbitrary 

subsets were selected from this collection; one subset 

comprising 80% of the compounds was used for 

constructing the 3D QSAR model, while the other subset 

comprising 20% was used for model validation. The 

compounds' IC50 (µM) activity was expressed as pIC50 = -

logIC50 (Table 1). 
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Table 1.  Chemical structures and related activities of the compounds of the studied set. 

N° Molecules X R Y 

1a 
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H

H

N

X

 

CN - - 

1b COOEt - - 

2a 
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NS

X

S

H

H
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NH Ph - 

2b NH COPh - 

- 2c O Ph 

2d O COPh - 

6a S
N

O
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H

H
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CN - - 

- 6b COOEt - 

8a 
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O
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CN - - 

8b COOEt - - 

7a NS

X

O
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CN - - 

7b COOEt - - 
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N° Molecules X R Y 

9a 

S

H

H

X

N

S
N

O

 

CN - - 

9b COOEt - - 

10a 

S

H

H

X

N

O

N

Y
X

 

CN - H 

10b CN - CH3 

10c COOEt - H 

10d COOEt - CH3 

12a S

H

H

X

N

N O

N

 

CN - - 

12b COOEt - - 

14a 

N
S

H

H

N

O

N

 

CN - - 

14b COOEt -  

 

2.2. Minimization and molecular alignment 

Molecular alignment is an essential stage in generating 

the best models of 3D-QSAR [22]. To model and optimize 

the chemical compounds in the studied set, a program 

Sybyl X-2.0 was utilized. The geometry of the compounds 

has been optimized using the field of Tripos forces in 1000 

iterations[23]. Using the Gasteiger-Hückel concept, partial 

atomic loads have been computed with converge to 0.01 

kcal/mol Å energy value [24]. As a result, the 2d 

compound, which is the most active in the compound set, 

is selected as a model. Other compounds have been aligned 

with their common maximal sub-structures (Figure 1). 
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Fig. 1.  Aligned compounds. 

 

2.3. 3D QSAR studies 

This study describes using the CoMFA and CoMSIA 

are abbreviations for Comparative Molecular Field 

Analysis and Comparative Molecular Similarity Indices 

Analysis, respectively techniques for 3D-QSAR modeling 

with the aid of the SYBYL-X 2.0 software[25]. Within the 

framework of the CoMFA modeling, a hybridized sp3 

carbon atoms with a 1.52 van der Waals radius was chosen 

to calculate the steric and electrostatic fields, with an 

energy coupling of 30 kcal/mol. The same grille was used 

by the CoMSIA model, allowing for the calculation of 

additional fields, including hydrophobicity, hydrogen 

bond donor and acceptor, and steric and electrostatic 

fields. These approaches provide an investigation of 

molecular properties, making them invaluable in 

developing and discovering pharmaceuticals. 

2.4. Verification of the predictive capacity of the 

developed CoMFA and CoMSIA models  

The model generated by the method of least squares 

partials (PLS) was internally validated using the 

coefficients of cross-validation square (Q2), the number 

optimum de composants (ONC), the coefficient of cross-

validation square (R2), and the standard error estimation 

(SEE). These coefficients provide a gauge of the model's 

internal quality. The related expressions define Q2 and R2. 
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𝑦𝑖= experimental activity, ŷi = calculated activity, y
i
= = 

average of experimental activity, and ŷ
i
 = average of 

calculated activity. 

2.5. The prediction of ADME/Tox and bioavailability 

2.5.1. Rules of Lipinski and Veber 

SwissADME was used to calculate the similarity 

descriptors to the chosen medications using the Lipinski 

and Veber rules [26]. Lipinski's Rule of 5 guarantees a 

compound's applicability as an oral medication. A 

composition must meet at least two of the following 

requirements: molecules with PM < 500 Dalton, strong 

lipophilicity (LogP < 5), hydrogen bond donors (HBD < 

5), and hydrogen bond acceptors (HBA < 10) [27]. Veber 

and colleagues have added two more relevant descriptors 

that are used to assess a compound's medicinal power: the 

number of rotative liaisons (NBR10) and the surface 

polarity (PSA < 140 Å). The water solubility, lipophilicity, 
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and human intestinal absorption percentage (HIA) 

parameters have been used to predict absorption (LogS ≤ -

10: insoluble; -10 < LogS ≤ –6). a little bit soluble; -6 < 

LogS ≤ -4: moderately soluble; -4 < LogS ≤ -2: soluble; -

2 < LogS < 0: extremely soluble; 0 < LogS: highly soluble) 

[28]. 

2.5.2. Calculation of the ADME/Tox profile 

 The ADME/Tox (Absorption, Distribution, 

Metabolism, Elimination, and Toxicity) profile describes 

the chemical impact of drug candidates on health. It is a 

tool for predicting drug candidates' pharmacological and 

toxicological properties, avoiding costly late-stage 

preclinical and clinical failures in the preclinical phases 

[29]. 

2.6. Molecular docking 

The expression of estrogen receptors characterizes 

MCF-7 cell lines targeted during the antiproliferative 

activity. The structure of the human estrogen receptor 

alpha domain (ERα) binding to the proposed selected 22 

compounds is a target to be studied by molecular docking.  

Using the Auto Dock Vina program to predict the 

optimized binding conformation of the proposed selected 

22 compounds (ligands) and understand receptor-ligand 

interactions [30]. After the compounds were drawn using 

SYBYL X2.0 software, molecular docking was carried out 

using Auto Dock Vina software[31]. 

2.6.1. Macromolecule Preparation 

The RCSB database was used to retrieve the crystal 

structure of the human estrogen receptor alpha ligand-

binding domain (ERα) in association with the antagonist 

(ligand 4-D) (PDB code: 1SJ0) [32]. The Discovery Studio 

2016 program was used to remove the crystallized co-

ligand, add polar hydrogens, and remove water molecules 

in the estrogen receptor (ERα). 

2.6.2. Ligands Preparation 

The most active compound in the database (2d) and the 

newly designed molecules (T1, T2, T3, T4, T5, and T6) 

were docked into the human estrogen receptor alpha (ER) 

[33]. The binding mode between the receptor and the 

docked molecules was studied, compared, and selected for 

further analysis. 

2.7. Molecular dynamics simulations 

Molecular dynamics (MD) computations were used to 

determine the ideal docking positions to comprehend the 

stability of the interaction between a  (1SJ0) protein and  

(T1 and D2) ligands complexes [34]. The input files for the 

MD calculations were generated using the CHARMM 

force field parameters[35]. The CHARMM force field was 

utilized to build the ligand topology through the Param-

Chem server. The five steps of the CHARMM GUI 

solution builder included solving the combination and 

reading the coordinates of the 1SJ0) protein and (T1 and 

D2) ligands complex.  

The experiments took place within a triclinic container 

filled with TIP3P water models and balanced by the 

addition of Na+ and Cl− ions. Subsequently, the system 

underwent minimization utilizing the steepest descent 

technique. Following the energy minimization, the system 

was subjected to an NVT ensemble at 300 K for 100 ps, 

utilizing a v-rescale thermostat [36]. This was succeeded 

by an NPT ensemble at 300 K and 1 atm for 100 ps, 

employing a Parrinello-Rahman barostat [37] and a v-

rescale thermostat [37]. Lastly, the production simulation 

was run at 300 K for 300 ns. The particle mesh Ewald 

algorithm [38] was used to figure out the electrostatic 

interactions, and the Linear Constraint Solver algorithm 

[36] was used to limit the covalent bonds. 

2.7.1 Analysis of the Trajectory 

 Using GROMACS tools, the analysis of molecular 

dynamics simulations was carried out. The gmx_rms 

subroutine was used to calculate the ligand and the 

protein's root mean square deviations (RMSD) of the atom 

positions. Using gmx_rmsf, the quadrature-averaged 

fluctuations (RMSF) based on the protein's C-alpha atoms 

were calculated. Gmx_gyrate was used to calculate each 

protein's gyration radius, and Gmx_hbond was used to 

assess the number of hydrogen bonds at the protein-ligand 

interface. Also, the simulation has tracked the distance 
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between the protein's and the ligand's centers of mass 

thanks to the gmx_distance function. Finally, the trajectory 

visualization and frequency analysis of protein-ligand 

connections were conducted using the VMD 1.9.3 

program [39]. 

2.7.2 MM/PBSA calculation of free energy of binding 

A GROMACS tool called g_mmpbsa was used to 

perform MM/PBSA (Molecular Mechanics/Poisson-

Boltzmann Surface Area) calculations for the systems 

chosen for additional research[40]. The free energy of 

binding between the (1SJ0) protein and (T1 and D2) 

ligands complexes in the solvent may be represented as 

follows:                                           

 

( )binding complex protein ligandG G G G     
 

 

To estimate the binding energy between a protein and 

ligand in a solvent, we use the isolated protein and ligand's 

total free energies and the protein-ligand complex's total 

free energies. An alternative method is to use g_mmpbsa 

to estimate the energy contribution of each residue to the 

binding energy. The binding energy can then be broken 

down by adding up the energy contribution of each 

residue. To compute g_mmpbsa's MM-PBSA, we need a 

binary run input file (.tpr) that reads files from specific 

versions of GROMACS. This file is created by 

GROMACS 5.1.4 [41]. 

 

3. RESULTS AND DISCUSSION 

3.1. CoMFA and CoMSIA statistical findings 

The real pIC50 about the calculated pIC50 for the 

CoMSIA and CoMFA models was illustrated in Fig. 2. The 

proximity of the red and blue dots creates a linear link 

between the observed and expected activity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.  Variation of the experimental activity versus the activity predicted by the CoMFA and CoMSIA models. 

 

Tables 2 and 3 provide descriptions of the outcomes of 

the CoMFA and CoMSIA model validation. The outcomes 

satisfy all the criteria listed above. 

 

 

 

 

 

 

 

 

4.0

5.0

6.0

7.0

8.0

4.0 5.0 6.0 7.0 8.0

P
rd

ec
te

d
 p

IC
5

0

Obderved pIC50

CoMFA  model

Training

test

4.0

5.0

6.0

7.0

8.0

4.0 5.0 6.0 7.0 8.0

P
rd

ec
te

d
 p

IC
5

0

Obderved pIC50

CoMSIA  model

Training

Test



Integrated Computational Exploring …                                                                                                  Hassan Badaoui et al. 

- 603 - 

Table 2. PLS statistical parameters. 

Fractions 

Model Q2 R2 SEE F N R ext 2 Ster Elect Acc Don Hyd 

CoMFA 

CoMSIA 

0.516 

0.787 

0.970 

0.993 

0.194 

0.093 

118.276 

524.592 

3 

3 

0.972 

0.895 

0.480 

0.083 

0.520 

0.230 

- 

0.191 

- 

0.311 

- 

0.185 

 

Table 3. Experimental and predicted pIC50 of 19 thiophene, pyrimidine, pyrazole, pyridine, coumarin and isoxazole 

derivatives 

N° pIC50 
CoMFA CoMSIA 

Predicted Residual Predicted Residual 

10a 

10c 

10d 

12a 

12b 

5.85 

5.55 

5.35 

4.62 

4.37 

5.703 

5.522 

5.552 

5.111 

4.419 

0.147 

0.028 

-0.202 

-0.491 

-0.049 

6.407 

5.398 

5.477 

4.391 

4.445 

-0.557 

0.152 

-0.127 

0.229 

-0.075 

2c 

2d 

6a 

6b 

7a 

7b 

8a 

8b 

9a 

9b 

1a* 

14a* 

14b* 

2b* 

7.05 

7.52 

5.21 

5.03 

4.42 

4.38 

4.56 

4.44 

4.48 

4.39 

4.66 

4.37 

4.36 

5.32 

7.009 

7.437 

5.038 

5.100 

4.28 

4.447 

4.624 

4.339 

4.345 

4.293 

5.347 

5.178 

4.971 

6.472 

0.041 

0.083 

0.172 

-0.07 

0.14 

-0.067 

-0.064 

0.101 

0.135 

0.097 

-0.687 

-0.808 

-0.611 

-1.152 

7.552 

7.583 

5.72 

5.046 

4.130 

5.320 

5.624 

5.713 

4.129 

4.486 

5.309 

5.444 

5.037 

6.983 

-0.502 

-0.063 

-0.51 

-0.016 

0.29 

-0.94 

-1.064 

-1.273 

0.351 

-0.096 

-0.649 

-1.074 

-0.677 

-1.663 

             * Molecule set test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.   (A) Steric field: yellow areas are sterically unfavorable, while green is sterically favorable. (B) Electrostatic 

field: blue indicates the zone where electropositive groups are favored, while red corresponds to the zone where 

negative groups are favored 

  

(A) 

(B) 
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3.2. Analysis of the results of the contour maps 

generated by the CoMFA model 

Contextual data from contour maps is used to improve 

small molecule activity. On the contour maps, the most active 

chemical, 2d, was noted as a point of reference for 

interpretation. 

Figure 3(A) illustrates electrostatic interactions using 

red and blue contours, whereas Figure 3(B) shows steric 

interactions of CoMFA using green and yellow contours. 

The green regions indicate a preference for bulky 

substituents, while the yellow regions indicate a preference 

against them. The blue sections show that nucleophilic 

groups are favored, while the red parts indicate that 

aromatization is not occurring. A) Steric specializations: the 

yellow outlines (20% contribution) indicate areas requiring 

large clusters to decrease activity, while the green contours 

(80% contribution) indicate regions requiring large clusters 

to boost activity. B) Regarding electrostatic fields, the blue 

contours (80% contribution) represent areas where positive 

charge clusters are more active. In comparison, the red 

contours (20% contribution) indicate areas where negative 

charge clusters are more active. 

 

 

3.3. Analysis of the results of the contour maps 

generated by the CoMSIA model. 

The CoMSIA analysis generated contour maps with a 

2 Å grid spacing combined with compound 2D steric 

fields. The yellow contours (20% contribution) indicate 

areas where large groups are less active, while green 

contours (80% contribution) indicate areas of increased 

activity. Similarly, red contours (20% contribution) 

indicate areas in the electrostatic fields where electron-

withdrawing groups are more active, and blue contours 

(80% contribution) indicate areas where they are less 

active. Fields with undesirable hydrophobic groups are 

characterized by white outlines that exhibit water-repelling 

properties (20% contribution), while hydrophobic groups 

are favored according to yellow contours (80% 

contribution). Magenta contours (80% contribution) 

indicate areas in H-bond acceptor fields where an H-bond 

acceptor substituent increases activity. On the other hand, 

red contours (20% contribution) indicate areas where an 

H-bond acceptor substituent decreases activity. Blue 

outlines (80% contribution) represent areas where the 

activities of the H-bond donor group increase, while purple 

outlines (20% contribution) indicate areas where H-bond 

acceptor substituents lessen activity [42]. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.  2d compound. A) Steric fields; B) Electrostatic fields.; C) H-bond acceptor fields; D) H-bond donor 

fields; E) Hydrophobic fields.
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3.4. Drug Candidates and activity prediction 

Finally, six medication candidates were recommended 

utilizing the field contour analysis results from the 

CoMFA and CoMSIA models. Table 3 illustrates the new 

candidates' organization and anticipated activities, and 

Table 4 illustrates the new candidates' structure and 

predicted activities. 

 

Table 4. Newly designed drug candidates and their predicted activities. 

Compound pIC50 

T1  

7.655 

T2  

7.634 

T3  

7.618 

T4  

7.663 

T5  

7.591 

T6  

7.549 
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3.4.1. The prediction of ADME/Tox and 

bioavailability 

3.4.1.1. Rules of Lipinski and Veber 

Using Lipinski and Veber's rules, the similarity 

descriptors to the selected drugs were calculated with 

SwissADME (Table 5). Based on the results, the proposed 

drug candidates may be Lipinski drugs.  

 

Table 5. ADME properties of newly designed compounds 

Property 

Rule LogP<5 HBD<5 HBA<10 TPSA Nrotb<10 MW ≤500 

2d compound 4,58 1 6 119 2 384.526 

T1 5.00 0 2 101.93 5 482.74 

T2 4.64 0 2 101.93 6 496.77 

T3 4.41 0 5 101.93 5 494.64 

T4 4.47 0 2 101.93 5 544.00 

T5 4.81 0 2 101.93 6 466.70 

T6 5.14 1 5 101.93 4 480.73 

 

3.4.1.2. Calculation of the ADME/Tox profile 

The LogS values for our compounds ranged from -

5.115 to -6.494, indicating that the compounds are highly 

soluble (Table 6). 

The percentages of the proposed drug candidates 

absorbed from the human gut (% HIA) were predicted 

using pkCSM pharmacokinetics ranging from 86.129 to 

91.511% (Table 6), indicating good absorption of the 

compounds studied. 

Blood-brain barrier (BBB) permeability is a crucial 

factor in pharmacological control because it helps to limit 

molecular transport and diffusion via the BBB while still 

exerting therapeutic effects on the brain [43]. The 

validated blood-brain barrier (BBB) permeability value in 

the standard scale is higher than 0.3, while a number lower 

than -1 is unacceptable [44]. According to the BBB 

assessment, all chemicals proposed under study had 

average BBB permeability.  

P-gp in various human tissues acts as an ATP-

dependent drug extraction pump, as all the proposed drug 

candidates are not P-gp substrates. 

CYP enzyme inhibition is an essential mechanism of 

drug interactions based on metabolism, which exerts 

another drug on the same enzymatic active site. Inhibiting 

CYP reduces toxicity or reduces medication effectiveness 

[45]. CYP2C9 is the main enzyme that metabolizes drugs 

[46]. It has a highly rearranged polymorphic structure, and 

how it is broken down differs for each person. Indeed, 

people with low CYP2D6 activity may not benefit as much 

from the drug or have harmful side effects. All proposed 

compounds, except T2, inhibit CYP2C9. As shown in 

Table 6, the compounds studied are not CYP2C19, 

CYP3A4, and CYP2D6 inhibitors, while they inhibit 

CYP1A2 [47]. 

Excretion is an effective method by which drugs are 

eliminated from the body. It is essential to determine 

dosing rates to achieve steady-state concentrations [48]. 

This descriptor's value varies between -0.361 and -0.158 

ml/min/kg for the studied compounds. 

AMES toxicity evaluates the potential carcinogenic 

effects of chemicals. When these mutant bacterial cells are 

exposed to mutagenic substances, the mutation in the 

bacterial cells is reversed, allowing the bacteria to thrive 

on a medium deficient in histidine [49]. T3 is the only 

compound that shows toxicity. 
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Table 6. Pharmacokinetic properties (ADMET) of new compounds. 

Models 
Compounds 

 

T1 T2 T3 T4 T5 T6 2d 

Absorption 

Water solubility -5.228 -5.214 -6.494 -6.292 -6.077 -6.081 -5.115 

Intestinal absorption (human) % 90.646 90.071 88.258 86.129 90.176 89.123 91.511 

P-glycoprotein substrate No No No No No No No 

Distribution 

The blood-brain barrier (LogBB) -0.065 -0.104 0.166 0.14 0.087 0.131 0.484 

Metabolism 

CYP1A2  No No No No No No Yes 

CYP2C9  Yes No Yes Yes Yes Yes Yes 

CYP2D6  Yes Yes Yes Yes Yes Yes Yes 

CYP2C19  No No No No No No No 

CYP3A4  No No No No No No Yes 

Excretion 

Total Clearance (ml/min/kg) -0.308 -0.361 -0.158 -0.320 -0.266 -0.336 -0.279 

Toxicity 

AMES toxicity No No Yes No No No No 

 

3.5. Docking results 

Table 7 and Figure 5 show the interactions between the 

studied compounds and the target receptor and the 

corresponding free energy. According to the results, all the 

studied compounds interact with amino acids in the same 

pocket of the receptor's (PDB code 1SJ0) active site. Also, 

all the proposed compounds have a significant binding 

affinity. 

 

Table 7. Different interactions between designed molecules and the receptor (ERα) (PDB code 1SJ0). 
Designed 
molecules 

Binding 
affinity 

[kcal/mol] 

Conventional 
hydrogen 
bonding 

Carbon 
Hydrogen 

Charge 
attractive 

Pi-
Anion 

Alkyl or 
Pi-alkyl 

Pi-sigma Pi-sulfur or 
Pi-stacked 

T1 
 

-6.6 
 

Leu   536 
 

None 
 

None 
 

None 
 

Val A:533 Trp A:383 None 
 

T2 
 

-6.3 
 

None 
 

None 
 

None 
 

None 
 

Val A:533 
Ala A:350 
Trp A:383 
Leu A:354 
Leu A:536 

None Tyr A:526 

T4 
 

-7.2 
 

None None None None 
 

Leu A:354 
Leu A:536 

Trp A:383 
Tyr A:526 

Cys A:530 

T5 -6.7 
 

None Cys 530 
 

None None Leu A:354 
Ala A:350 
Trp A:383 
Leu A:536 

Tyr A:526 
 

Tyr A:530 

T6 -7.8 
 

None None Asp 351 
 

Asp 351 
 

Leu A:354 
Leu A:536 
Leu A:525 
Ala A:350 

Trp A:383 None 

2d 
 

-7.4 None None None None 
 

Val A:533 
Leu A:536 

Trp A:383 Trp A:383 
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The affinity of the proposed compound and the active 

molecule of the (ERα) receptor ranged from -7.8 to -6.3 

kcal/mol (Table 7). Compounds T1, T2, T4, T5, and T6 

showed higher PIC50 activity than the active molecule 2d. 

Discovery Studio software elucidated the hydrogen and 

hydrophobic interactions between compounds T1, T2, T4, 

T5, and T6 and the more active molecule 2d. Compound 

32 did not form any hydrogen bonds but demonstrated pi-

sigma and pi-alkyl interactions with the (Me) groups and 

the residues Val (Valine, A533) and Leu (Leucine, A536). 

The limited number of bonds reduces the stability of this 

complex. In contrast, compound T1 established a 

hydrogen bond with the amine groups via the residues Leu 

(Leucine, A536), significantly enhancing the stability of 

the complex. Additionally, T1 formed two pi-sigma 

bonding interactions with the residues Trp (Tryptophan, 

A383) and Tyr (Tyrosine, A526). These important pi-

sigma interactions contribute to a compact structure, with 

a lower binding affinity than the more active molecule. 

The proposed molecule T1 exhibits greater potency as an 

(ERα) receptor inhibitor than the 2d molecule due to its 

improved binding affinity and interaction stability. The 

other complexes (T2, T4, T5, and T6) show fewer 

hydrogen bonds and less effective interactions, making 

them less stable than T1. This demonstrates that T1 is the 

most stable complex among those analyzed. 

 
Ligand 2D 3D 

2d 

 

 

T1 
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T2 

 
 

T4 

 

 

T5 

 

 

T6 

 

 

Fig. 5. Docking interaction of the representative compound in the estrogen receptor (ERα)
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3.6. Molecular dynamics (MD) simulation of the 

stability of protein-ligand interactions 

A one-hundred-nanosecond simulation using 

molecular dynamics (MD) was performed to assess the 

stability of the T1 and 2D complexes formed by the protein 

1SJ0 and its associated ligands. Throughout the 

simulation, according to the trajectory analysis, every 

ligand maintained its link with the protein's gorge of 

liaison. Numerous parameters, including the RMSD, 

RMSF, gyration radius, hydrogen bonding, the average 

distance between the protein and ligand centers of mass 

(COM), and free energy of liaison (MMPBSA), have been 

computed to assess each structure's stability [50]. 

After the first ten simulation runs, the results showed 

very little variation, with the RMSD and RMSF values 

indicating the stability of the complexes [51]. The small 

variations observed in the radius of gyration suggest that 

the stability and compactness of the protein-ligand system 

are maintained. Throughout the simulation, the hydrogen 

bonds between the ligands and the protein persisted, and 

the COM's distance suggested strong stability, especially 

for ligand T1. 

The free energy of binding (ΔGBind) obtained using the 

MM-PBSA method was -165.832 ± 20.069 kJ mol-1 for T1 

and -135.295 ± 15.421 kJ mol-1 for 2D, confirming the strong 

affinity of the two ligands for the protein. The MM-PBSA 

calculations also provided the potential energy and the polar 

and non-polar energy of solvation, highlighting the stability 

of the interactions in the T1 and 2D complexes [52]. 

In summary, the simulations have shown the stability 

and robustness of protein-ligand complexes, offering vital 

information to comprehend their interaction and potential 

as therapeutic targets. 

 

Table 8. Calculated binding free energies of the tested compounds [kJ/mol]. 

ΔEMM (kJ mol-1) ΔGSol (kJ mol-1) 

Complex (Protein-

ligand) 
∆𝑮 Van der Waal energy Electrostatic energy Polar solvation energy SASA energy 

T1 -165.832+/-20.069 -194.756+/-16.084 -35.240+/-15.455 86.265+/- 5.823 -22.102+/-1.188 

2D -135.295+/-15.421 -147.225+/-10.945 -48.464+/-11.157 75.789+/- 9.759 -15.395+/- 1.469 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.  (A) RMSD, (B) RMSF, and (C) gyratory radius, observed during 100ns MD simulation. T1 (top) and 2D 

(bottom) complexes. 
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Fig. 7. From right to left: (A) Hydrogen bonds (protein (1SJ0)-ligand (T1 and 2D)) and (B) Average distance between 

ligand and protein for the complexes during the 100ns MD simulation. Compounds T1 (top) and 2D (bottom) 

 

CONCLUSION 

This study highlighted the potential of 

thienopyrimidine inhibitors for the treatment of ER+ 

breast cancer using advanced computational methods. 

Through robust 3D-QSAR analyses and molecular 

docking validation, six new molecules (T1-T6) were 

identified as promising candidates for estrogen receptor 

alpha inhibition. The results indicate that these 

compounds, except T3, which showed mild toxicity, have 

favorable pharmacokinetic and pharmacodynamic 

properties and maintain stability within the receptor's 

active site. Molecular dynamics simulations confirmed 

their stability, providing valuable insights into the 

development of new breast cancer drugs. These findings 

pave the way for future experimental and clinical research 

to improve therapeutic options for breast cancer patients. 
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في علاج  Erαدراسة حوسبية متكاملة لمشتقات بنزويل ثينوبيريميدين كمنظمات محتملة لمستقبل الإستروجين 
 سرطان الثدي

 
، حميد ¹، عبد الواحد السباعي¹، مبارك شوكراد¹، مولاي أحفيظ العلوي ³، حنان زكي¹، يونس مخلص2*، مروه العقاربه¹حسن بداوي 

 ¹شرين، محمد بوع¹، الطاهر الأخليفي¹مغات
 

 مختبر الكيمياء الجزيئية والمواد الطبيعية، كلية العلوم، جامعة مولاي إسماعيل بمكناس، المغرب 1
 نالأرد ⸲السلط ⸲التطبيقية البلقاء جامعة ⸲أكاديمية الأمير حسين بن عبدالله الثاني للحماية المدنية 2
 ، المغربمولاي سليمان، خنيفرة 3الحيوية، المدرسة العليا للتكنولوجيا، جامعة السلطان مختبر التكنولوجيا الحيوية والموارد البيولوجية والمعلوماتية 3

  

 ملخـص
هو النوع الأكثر شيوعًا لدى النساء  (+ER) يُعدّ سرطان الثدي المعتمد على الهرمونات والموجب لمستقبلات الإستروجين

اقتراح عوامل علاجية جديدة محتملة لسرطان الثدي ٪ من جميع الحالات. تهدف هذه الدراسة إلى 75حيث يمثل حوالي 
مركبًا  (22على  (3D-QSARباستخدام الطرق الحوسبية تم إجراء دراسة ثلاثية الأبعاد للعلاقة الكمية بين البنية والنشاط )

 0.787و 0.516، والتي بلغت Q²مستندة إلى أبحاث سابقة، وقد أظهرت قدرة تنبؤية قوية كما يتضح من القيم العالية لـ 
بهدف تعزيز النشاط المثبط،  (T1–T6) على التوالي.  تم اقتراح ست جزيئات جديدة CoMSIAو CoMFAلطريقتي 

وقد أظهرت نتائج تحليل الارتباط الجزيئي أن الجزيئات المرشحة أحرزت نتائج مميزة واستقرت في موقع الارتباط داخل 
 T3ما أظهرت المركبات المقترحة خصائص دوائية وحركية حيوية مناسبة، باستثناء ك(  (PDB: 1SJ0المستقبل رمز 

مستقران في الموقع  2D–1SJ0و T1–1SJ0الذي أظهر سمية خفيفة. وأكدت محاكاة الديناميكيات الجزيئية أن المعقدين 
بنية على الثينوبيريميدين كمضادات تسلط هذه النتائج الضوء على إمكانيات المركبات الم Erαالفعّال لمستقبل الإستروجين 

 محتملة لسرطان الثدي، مما يفتح آفاقًا جديدة للبحث التجريبي والسريري.

سرطان الثدي، النمذجة الحوسبية، الامتصاص والتوزيع والتمثيل والإخراج/السمّية،الثينوبيريميدين، العلاقة  الكلمات الدالة:
 .الكمية ثلاثية الأبعاد بين البنية والنشاط
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