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ABSTRACT

This study focuses on the design, molecular docking and comparative analysis of twenty-four
pyrazole derivatives to investigate their potential as anticancer agents. Molecular docking was performed
using AutoDock Vina against both mutation-type (PDB ID:4H]O) and wild-type (PDB ID:1XKK) forms of a
cancer-associated protein. Among the screened compounds six derivatives F4, F8, F12, F16, F20 and F24
demonstrated the highest binding affinities with the mutant protein exhibiting binding energies ranging
from -10.9 to -10.6 kcal/mol. These ligands share a common structural feature an ortho-nitrophenyl
hydrazine moiety at 1st position and hydroxy or methoxy groups at 4th position of the pyrazole ring
contributing to enhanced interactions within the mutant proteins active site. Comparatively lower binding
affinities were observed with the wild-type protein with -10.3 to -10.1 kcal/mol, indicating selective
binding towards the mutation-type. Since mutations in DNA often lead to altered protein function and are
a hallmark of cancer, the observed selectivity underscores the therapeutic potential of these derivatives in
targeting mutant proteins in cancer treatment.
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INTRODUCTION

Cancer is a complex and multifactorial disease marked by the deregulation of cellular signaling
pathways, often driven by genetic mutations [1]. Among the key molecular targets implicated in
tumorigenesis is the epidermal growth factor receptor (EGFR), a transmembrane tyrosine kinase receptor
involved in regulating cell proliferation, survival and differentiation [2]. Aberrant EGFR signaling, resulting
from overexpression or mutations is commonly associated with various cancers including breast cancer,
non-small cell lung cancer (NSCLC), colorectal cancer and glioblastoma [3].

Mutations within the EGFR kinase domain such as deletions or substitutions can lead to
constitutive receptor activation, promoting uncontrolled cellular growth and resistance to standard
therapies. These mutant forms differ structurally and functionally from the wild-type EGFR, making them
critical targets for selective inhibition in precision cancer therapy [4].

Pyrazole, a five-membered heterocyclic compound with two adjacent nitrogen atoms has attracted
significant attention in medicinal chemistry due to its several biological actions including anticancer, anti-
inflammatory and antibacterial effects [5]. The structural flexibility of pyrazole allows for strategic
modifications at various positions facilitating its optimization as a pharmacophore for kinase inhibition [6].
Several pyrazole-based derivatives have demonstrated promising anticancer activity through EGFR
inhibition, attributable to their capacity to occupy the ATP-binding site and form stable interactions with
critical residues in the kinase domain [7].

In the current investigation, a variety of new pyrazole derivatives were developed and
computationally analysed for their binding potential against both EGFR mutant and wild-type proteins
using molecular docking techniques. The aim is to identify structurally favourable ligands with high affinity
and selectivity toward both EGFR mutant and EGFR wild-type contributing to the development of targeted
anticancer agents.

MATERIALS AND METHODS
Protein and ligand preparation

The crystal structures for EGFR mutant type (PDB ID: 4HJO) and EGFR wildtype (PDB ID: 1XKK)
were extracted from RSCB Protein Data Bank http://www.rcsb.org [8, 9]. The docking was carried out on
monomeric form of the crystal structure. The AMP-PNP complexed with crystal structure was dismissed to
leave a clean docking canvas [10]. The PDB files of the protein and ligand were prepared using AutoDock
Tools version 1.5.7 (ADT; Scripps Research Institute, La Jolla, San Diego, USA). The three-dimensional
protein target was stripped of all water molecules. Polar hydrogens were incorporated into the proteins to
establish hydrogen bonding during docking. Kollman and Gasteiger charges were also added to reconstruct
the molecular electrostatic potential. Kollman charges were computed based on quantum mechanics
whereas Gasteiger charges were generated based on electronegativity equilibration [11]. Twenty-four
pyrazole analogues were designed and sketched using Chemsketch and constructed as in Table no 1. The
sdf files for ATP and Gefitinib were retrieved from PubChem (https://pubchem.ncbi.nlm.nih.gov) and
produced using AutoDock Tools [12].

Figure 1: The structure of the designed pyrazole derivatives
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Molecular docking

AutoDock Vina version 1.2.3 software was used to perform the molecular docking simulations (The
Scripps Research Institute, La Jolla, San Diego, USA). Discovery Studio Biovia 2021 (Dassault Systems, San
Diego, California, USA) was employed to visualize and modify receptor and ligand structures. All twenty-
four pyrazole analogues, ATP, and gefitinib were docked at the expected binding location [13]. We have also
superimposed our docking results 4H]JO with gefitinib and also 1XKK with gefitinib. The protein grid box,
which is the active site for docking was set up using AutoDock Tools to enclose the a fore mentioned
residues. The grid box dimensions for EGFR mutant at 2.50 A are 46 x 44 x 63 and centered at 24.8621 x
19.2636 x 7.3683 while for EGFRwtat 2.40 A are 54 x 49 x 58 and centered at 19.1689 x 42.6250 x 36.8915.
The docking was then performed using AutoDock Vina, where the docking scores (in kcal/mol) were
generated and the binding poses ranked from the highest to the lowest according to the order of binding
affinity. The protein-ligand interactions were visualized with Biovia Discovery Studio Visualizer and the
hydrogen and hydrophobic interactions within the protein-ligand complex were identified [14, 15].

Table 1: The designed pyrazole analogues

Sl No Ligand Ri1 Rz
1 Compound F1 H H
2 Compound F2 p-Cl H
3 Compound F3 2,4-NO2 H
4 Compound F4 0-NO2 H
5 Compound F5 H 0-OH
6 Compound F6 p-Cl 0-OH
7 Compound F7 2,4-NO> 0-OH
8 Compound F8 0-NO2 0-OH
9 Compound F9 H p-OH
10 Compound F10 p-Cl p-OH
11 Compound F11 2,4-NO2 p-OH
12 Compound F12 0-NO2 p-OH
13 Compound F13 H m-OH
14 Compound F14 p-Cl m-OH
15 Compound F15 2,4-NO2 m-OH
16 Compound F16 0-NO2 m-OH
17 Compound F17 H 0-OCH3
18 Compound F18 p-Cl 0-OCH3
19 Compound F19 2,4-NO2 0-OCH3
20 Compound F20 0-NO2 0-OCH3
21 Compound F21 H p-OCH3
22 Compound F22 p-Cl p-OCH3
23 Compound F23 2,4-NO2 p-OCH3
24 Compound F24 0-NO2 p-OCH3s

Structure-activity relationship between pyrazole and EGFR

The structure-activity relationship (SAR) of pyrazole derivatives as epidermal growth factor
receptor (EGFR) inhibitors reveals that specific substitutions on the pyrazole ring are critical for
modulating biological activity [16]. Pyrazole, a five-membered heterocycle with two adjacent nitrogen
atoms, serves as a privileged scaffold in the design of kinase inhibitors due to its ability to participate in
hydrogen bonding and m-m stacking interactions within the ATP-binding pocket of EGFR [17]. Substituents
at the 1, 3, and 5 positions of the pyrazole core significantly influence the binding affinity and selectivity.
The introduction of electron-donating or electron-withdrawing groups at the 3 or 5 positions improves
EGFR inhibition by enhancing favourable interactions with critical amino acid residues such as Met793 and
Thr790 in the receptor's hinge region [18]. Incorporation of aryl or heteroaryl moieties at these positions
often improves lipophilicity and increases binding strength through hydrophobic and van der Waals
interactions. Additionally, linkers such as amide or urea groups connecting pyrazole to pharmacophores
may further stabilize the ligand-receptor complex [19]. Optimized pyrazole derivatives have demonstrated
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promising anticancer activity by selectively targeting EGFR, inhibiting downstream signaling pathways
involved in cell proliferation and survival. Thus, rational modifications on the pyrazole scaffold are essential
for enhancing EGFR-targeted anticancer efficacy [20].

RESULT AND DISCUSSION

A comparative molecular docking investigation was carried out to determine the binding affinities
of chosen pyrazole derivatives with both EGFR mutant (PDB ID: 4H]JO) and EGFR wild-type (PDB ID: 1XKK)
target proteins. The docking results revealed a notable enhancement in binding affinity for the mutant
protein, with binding energies ranging from -7.8 to -10.9 kcal/mol. A Compound F4, F16, F8, F12, F20 and
F24 shows highest binding energy with -10.9, -10.8, -10.7, -10.7, -10.6 and -10.6 kcal/mol with two
conventional hydrogen bonding with residues Met769 and Thr766 as mentioned in the table no 2. In
contrast, the same ligands exhibited significantly lower binding energies when docked with the EGFR wild-
type protein with binding energy of -9.9, -10.3, -10.1, -9.8, -9.8 and -9.9 kcal/mol with conventional
hydrogen bonding of one and two with residues Asp855, Met793, Lys745, Thr854 and Asp800 indicating
that the structural alterations in the mutant protein favour stronger ligand-receptor interactions mentioned
in the figure 4-9.

Figure 3: ATP (red) and allosteric (blue) binding sites for pyrazole analogues in EGFR mutant (left)
and EGFRwt (right)

Table 2: Comparative analysis of EGFR mutant type and EGFR wild type protein.

EGFR (Mutant type) EGFR (wildtype)
Ligand Binding No Hbond | Hydrophobic | Ligand Binding No Hbond | Hydrophobic
affinity of H residues interacting affinity of H residues interacting
(kcal/mol) | bonds residues (kcal/mol) | bonds residues
F1 -10.1 1H Met769 Cys773 F1 -9.6 2H Asp855 Val726
Val702 Met793 Lys745
Leu764 Leu718
Leu788
Cys797
F2 -10.1 1H Met769 Cys773 F2 -9.9 2H Thr854 Lys745
Val702 Asp855 Ala743
Leu834 Val726
Leu753 Leu718
Leu764
F3 -10.5 2H Met769 Val702 F3 -10.0 2H Met793 Leu718
Thr766 Lys721 Thr854 Ala743
Arg841
Leu788
Lys475
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F4 -10.9 2H Met769 Val702 F4 -9.9 1H Asp855 Val726
Thr766 Cys773 Ala743
F5 -9.9 1H Met769 Val702 F5 -9.8 1H Asp855 Arg841
Leu764 Val726
Lys745
Ala743
LeuB844
Fé6 -10.0 1H Met769 Cys773 F6 -9.8 3H Met793 Leu718
Val702 Thr854 Ala743
Leu764 Asp855 Lys745
Leu753 Leu788
Leu834
F7 -10.6 2H Met769 Val702 F7 -10.2 2H Met793 Leu718
Thr766 Lys745 Ala743
Arg841
Leu788
F8 -10.7 2H Met769 Val702 F8 -10.1 2H Met793 Ala743
Thr766 Thr854 Leu718
Arg841
Lys745
Leu788
F9 -9.9 1H Met769 Val702 F9 -9.5 2H Asp855 Val726
Cys773 Asp800 Lys745
Leu718
Leu788
Cys797
F10 -10.2 2H Met769 Val702 F10 -9.8 3H GIn791 Ala743
Asp831 Leu764 Met766 Arg841
Leu834 Leu777
Leu753
Met742
F11 -10.4 2H Met769 Val702 F11 -10.0 3H GIn791 Ala743
Thr766 Lys721 Met766 Arg841
Leu777
F12 -10.7 2H Met769 Val702 F12 -9.8 2H Asp855 Ala743
Thr766 Cys773 Asp800 Val726
Cys797
F13 -9.9 1H Met769 Val702 F13 -9.8 1H Arg841 Lys745
Cys773 Ala743
Leu764 Val726
LeuB844
F14 -10.3 2H Met769 Val702 F14 -10.1 1H Phe856 Ala743
Asp831 Leu764 Arg841
Leu834 Met766
Leu753 Leu777
Met742
F15 -10.3 2H Met769 Val702 F15 -10.3 3H Met793 Leu718
Thr766 Lys721 Thr790 Ala743
Lys745 Arg841
F16 -10.8 2H Met769 Val702 F16 -10.3 2H Met793 Ala743
Thr766 Lys745 Leu718
ArgB841
F17 -9.7 1H Met769 Val702 F17 -8.7 1H Val717 Leu844
Leu768 Ala743
Leu764 Val726
Leul001
F18 -10.0 1H Met769 Lys704 F18 -10.1 2H Met793 Leu844
Val702 Thr790 Ala743
Leu768 Cys775
Leu764 Leu777
Leu753 Arg841
Met742 Lys745
LeuB834 Leu788
F19 -10.5 2H Met769 Val702 F19 -10.3 3H Met793 Leu844
Thr766 Leu768 Thr790 Ala743
Lys745 Leu777
Cys775
Leu788
F20 -10.6 2H Met769 Val702 F20 -9.8 1H Met793 Leu718
Thr766 Leu768 Ala743
Leu764 Leu788
Cys797
ArgB841
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F21 -9.9 1H Met769 Val702 F21 -9.6 2H Met793 Leu718
Cys773 Asp855 Cys797
Leu764 Val726
Lys745
Leu788
F22 -10.0 2H Met769 Val702 F22 -9.9 1H Met793 Phe856
Asp831 Leu764 Leu777
Leu753 Leu718
Met742 Arg841
Ala743
F23 -10.5 2H Met769 Val702 F23 -9.0 3H Lys745 Ala743
Thr766 Cys773 Asp800 LeuB844
Tyr998 Cys797
Leu1001
F24 -10.6 2H Met769 Val702 F24 -9.9 1H Met793 Leu718
Thr766 Cys773 Ala743
Arg841
Leu788
Lys745
Leu777
Met766
Gefitinib -9.2 1H Lys721 Leu764 Gefitinib -8.5 - - Lys745
Leu753 Ala743
Leu834 Val726
Leu820 Leu858
ATP -7.7 5H Gly700 - ATP -7.8 3H Thr790 -
Phe699 Asp855
Arg817 Asn842
Asn818
Asp831

The superior binding affinity in the EGFR mutant protein complexes is primarily attributed to specific
structural features of the ligands. All high-affinity derivatives possess an ortho-nitrophenyl hydrazine
moiety at the 1-position of the pyrazole ring with hydroxyl and methoxy acetophenone substitutions at the
4-position of the pyrazole ring particularly in ortho, meta and para configurations. These electron-donating
and withdrawing groups are presumed to enhance hydrogen bonding and m-m stacking interactions within
the active site of the mutant protein, thereby stabilizing the ligand-protein complex.
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Figure 4: Interactions of (a) EGFRmutant Compound F4 (left) and (b) EGFRwt Compound F4 (right)
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Figure 5: Interactions of (a) EGFRmutant Compound F16 (left) and (b) EGFRwt Compound F16 (right)
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Figure 9: Interactions of (a) EGFRmutant Compound F24 (left) and (b) EGFRw: Compound F24 (right)
Comparison of docking result from pyrazole, ATP and gefitinib

May - June 2025 RJPBCS 16(3) Page No. 84



o© cs
@
[ =

To evaluate the potential of the designed pyrazole derivatives as EGFR kinase inhibitors molecular
docking studies were performed using AutoDock Vina. The binding free energies of the derivatives were
compared with that of the natural ligand ATP and the standard EGFR inhibitor gefitinib. The docking
protocol was validated by redocking the co-crystallized ligand (gefitinib) into the active site of EGFR kinase
of both EGFR mutant (PDB ID: 4H]O) and EGFR wild-type (PDB ID: 1XKK) target proteins, which reproduced
the binding pose with a low RMSD value, confirming the reliability of the docking method as shown in the
figure 2 and 3.

ISSN: 0975-8585

The docking results revealed that most of the pyrazole derivatives exhibited binding affinities in
the range of -10.9 to -9.6 kcal/mol. These compounds showed key interactions with crucial amino acid
residues within the ATP-binding pocket, including hydrogen bonding with Met769 and hydrophobic
contacts with residues such as Cys773, Val702 and Leu764 as shown in the figure 10 and 11. Some
derivatives demonstrated m-m stacking interactions that further stabilized the ligand-protein complex.

In contrast, ATP displayed a comparatively lower binding affinity of -7.7 kcal/mol in mutant type
and -7.8 kcal/mol in wild type protein. Although it forms several polar interactions, its binding is less stable
due to the lack of extensive hydrophobic or aromatic interactions. Gefitinib used as a reference inhibitor,
showed a docking score of -9.2 kcal/mol in mutant type and -8.5 kcal/mol in wild type protein, forming
strong hydrogen bonds and hydrophobic interactions with key residues, effectively occupying the ATP-
binding cleft of EGFR.

The comparative docking analysis indicates that selected pyrazole derivatives possess binding
affinities and interaction profiles comparable to or better than ATP and closely mimic those of gefitinib.
These findings suggest that the synthesized pyrazole derivatives may serve as promising lead compounds
for further development as EGFR-targeted anticancer agents.

Figure 10: Comparison of adopted conformation by pyrazole analogue (blue)and Gefitinib (red)
after being docked against
(a) EGFRmutant and (b) EGFRwt
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| 38
Figure no 11: Comparison of adopted conformation by pyrazole analogue (blue) and ATP (red)

after being docked against
(a) EGFRmutant and (b) EGFRwt

This comparative analysis underscores the influence of both electronic and spatial effects
introduced by these substituents, suggesting their crucial role in optimizing ligand affinity towards mutant
cancer-related proteins, which may guide future structure-based drug design.

CONCLUSION

This study highlights the significance of targeting mutant proteins in cancer research as mutations
often arising from genetic alterations in DNA play a crucial role in cancer development and progression.
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Among the twenty-four designed pyrazole analogues F4, F8, F12, F16, F20, and F24 exhibited superior
binding affinities specifically with the mutant form of the target protein than the wild type protein. These
ligands contain ortho-nitrophenyl hydrazine at 1st position and hydroxy/methoxy substitutions at 4th
position, showed enhanced interaction due to favourable electronic and spatial features. The findings
suggest that mutant proteins are promising targets for the design of selective anticancer agents.

[7]

8]

[15]

[16]

REFERENCES

Mohammed EZ, Mahmoud WR, George RF, Hassan GS, Omar FA, Georgey HH. Synthesis, in vitro
anticancer activity and in silico studies of certain pyrazole-based derivatives as potential inhibitors
of cyclin dependent kinases (CDKs). Bioorganic chemistry. 2021;116(1):105347.

Dhaduk M, Joshi H. Synthesis, characterization and biological study of some new N-acetyl pyrazole
derivatives. Curr. Chem. Lett. 2022;11(2):199-206.

Altamimi AS, El-Azab AS, Abdelhamid SG, Alamri MA, Bayoumi AH, Alqahtani SM, Alabbas AB,
Altharawi Al, Alossaimi MA, Mohamed MA. Synthesis, anticancer screening of some novel
trimethoxy quinazolines and VEGFR2, EGFR tyrosine kinase inhibitors assay; molecular docking
studies. Molecules. 2021;26(10):2992-06.

Khairulah AE, Shuhaib ZA, Alharis RA, Hussein KA. Synthesis, Anticancer Activity, and
Computational Studies of New Pyrazole Derivatives. Russian Journal of General Chemistry.
2024;94(3):719-28.

Abdullahi SH, Uzairu A, Shallangwa GA, Uba S, Umar AB. 2D and 3D-QSAR Modeling of 1H-Pyrazole
Derivatives as EGFR Inhibitors: Molecular Docking, and Pharmacokinetic Profiling. Chemistry
Africa. 2023 Jun;6(3):1381-98.

Murugesan DK, Rajagopal K, Vijayakumar AR, Sundararajan G, Raman K, Byran G, Emran TB. Design
and Synthesis of Pyrazole-Substituted 9-Anilinoacridine Derivatives and Evaluation against Breast
Cancer. ]. Biol. Regul. Homeost. Agents. 2024;4(1):2845-59.

Hassan AY, Mohamed MA, Abdel-Aziem A, Hussain AO. Synthesis and anticancer activity of some
fused heterocyclic compounds containing pyrazole ring. Polycyclic Aromatic Compounds.
2020;40(4):1280-90.

Chalkha M, Nour H, Chebbac K, Nakkabi A, Bahsis L, Bakhouch M, Akhazzane M, Bourass M, Chtita
S, Bin Jardan YA, Augustyniak M. Synthesis, characterization, DFT mechanistic study, antimicrobial
activity, molecular modeling, and ADMET properties of novel pyrazole-isoxazoline hybrids. ACS
omega. 2022;7(50):46731-44.

JALIL NA, ABD HAMID SH. Molecular Docking Analysis on the Designed Benzimidazole Derivatives
as EGFR Inhibitors: Comparison between EGFR Wild-Type EGFR. Sains Malaysiana.
2023;52(4):1203-15.

Lawal HA, Uzairu A, Uba S. QSAR, molecular docking, design, and pharmacokinetic analysis of 2-(4-
fluorophenyl) imidazol-5-ones as anti-breast cancer drug compounds against MCF-7 cell line.
Journal of Bioenergetics and Biomembranes. 2020;52(1):475-94.

Herfindo N, Prasetiawati R, Sialagan D, Frimayanti N, Zamri A. Synthesis, antiproliferative activity
and molecular docking studies of 1, 3, 5-triaryl pyrazole compound as estrogen Itreceptor
inhibitor targeting MCF-7 cells line. Molekul. 2020;15(1):18-25.

Wang G, Liu W, Peng Z, Huang Y, Gong Z, Li Y. Design, synthesis, molecular modeling, and biological
evaluation of pyrazole-naphthalene derivatives as potential anticancer agents on MCF-7 breast
cancer cells by inhibiting tubulin polymerization. Bioorganic Chemistry. 2020;103(1):104141.
Mohammed EZ, Mahmoud WR, George RE Hassan GS, Omar FA, Georgey HH. Synthesis, in vitro
anticancer activity and in silico studies of certain pyrazole-based derivatives as potential inhibitors
of cyclin dependent kinases (CDKs). Bioorganic chemistry. 2021;116(1):105347.

Sabet R, Hatam G, Emami L, Ataollahi E, Zare F, Zamani L, Kazemi B, Jahromi MM, Sadeghian S,
Khabnadideh S. Pyrazole derivatives as antileishmanial agents: Biological evaluation, molecular
docking study, DFT analysis and ADME prediction. Heliyon. 2024 Dec 15;10(23).

Walaa S, Mohamed NA, Weam S, Nossier ES, Mahmoud K. Synthesis, molecular modeling studies
and biological evaluation of novel pyrazole derivatives as antitumor and EGFR inhibitors. Int ]
Pharm Technol. 2016;8(1):25192-09.

Othman IM, Alamshany ZM, Tashkandi NY, Gad-Elkareem MA, Anwar MM, Nossier ES. New
pyrimidine and pyrazole-based compounds as potential EGFR inhibitors: Synthesis, anticancer,
antimicrobial evaluation and computational studies. Bioorganic chemistry. 2021;114(1):105078.

May - June 2025 RJPBCS 16(3) Page No. 86



ISSN: 0975-8585

Abdullahi SH, Uzairu A, Shallangwa GA, Uba S, Umar AB. 2D and 3D-QSAR Modeling of 1H-Pyrazole
Derivatives as EGFR Inhibitors: Molecular Docking, and Pharmacokinetic Profiling. Chemistry
Africa. 2023;6(3):1381-98.

Nawaz F, Alam O, Perwez A, Rizvi MA, Naim M, Siddiqui N, Rahman S, Jha M, Sheikh AA. Design,
synthesis, molecular docking, and anticancer evaluation of pyrazole linked pyrazoline derivatives
with carbothioamide tail as EGFR kinase inhibitors. Anti-Cancer Agents in Medicinal Chemistry
(Formerly Current Medicinal Chemistry-Anti-Cancer Agents). 2021;21(1):42-60.

Alhamaky SM, Khalil NA, Bass AK, Osama N, Hassan MS. Design, Synthesis, Docking Studies, and
Investigation of Dual EGFR/VEGFR-2 Inhibitory Potentials of New Pyrazole and Pyrazolopyridine
Derivatives. Drug Development Research. 2025;86(1):70056-68.

Fadaly WA, Nemr MT, Kahk NM. Discovery of novel pyrazole-based Urea/Thiourea derivatives as
multiple targeting VEGFR-2, EGFRWT, EGFRT790M tyrosine kinases and COX-2 Inhibitors, with
anti-cancer and anti-inflammatory activities. Bioorg chem. 2024;147(1):107403.

May - June 2025 RJPBCS 16(3) Page No. 87



