£ IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal FiEp 0O
ISSN: 2581-9429 Volume 6, Issue 10, May 2026 Impact Factor: 8.2

Molecular Docking Study of Anticancer Agent

Dr. Chavan. D. K, Dhage Pranita Madhav, Gadme Nandini Kishan
Jadkar Rajashri Laxman, Kale Prachi Dadarao
Aditya Pharmacy College, Beed

Abstract: Cancer is one of the leading causes of death worldwide, and the development of effective
anticancer agents has become an important area of pharmaceutical and biomedical research. Anticancer
agents are chemical substances or natural compounds that inhibit the growth and spread of cancer cells
by targeting specific cellular pathways involved in tumor development. Molecular docking studies play a
significant role in identifying and designing novel anticancer compounds by predicting the interaction
between drug molecules and target proteins. These computational techniques help in understanding
binding affinity, molecular interactions, and the stability of ligand—protein complexes, thereby reducing
the time and cost involved in drug discovery. The present study focuses on the molecular docking
analysis of selected anticancer agents against specific cancer-related target proteins. Various ligands
were designed or selected based on their pharmacological properties and docked into the active site of
the target protein using suitable docking software. The docking results were evaluated based on binding
energy, hydrogen bonding, and interaction patterns. Compounds showing strong binding affinity and
favorable interactions were considered potential anticancer candidates. The study demonstrates that
molecular docking is an effective tool for screening and optimizing anticancer agents and may contribute
to the development of safer and more efficient cancer therapeutics in the future...

Keywords: Molecular Docking, Anticancer Agents, Protein—Ligand Interaction, In Silico Study,Drug
Discovery, Cancer Therapy, Bioinformatics.

L. INTRODUCTION
Cancer is one of the leading causes of death worldwide and is characterized by uncontrolled growth and spread of
abnormal cells. Despite significant advances in chemotherapy, radiotherapy, and targeted therapy, the development of
effective and safer anticancer drugs remains a major challenge. In recent years, computer-aided drug design (CADD)
has emerged as an important approach in the discovery and development of novel anticancer agents. Among these
techniques, molecular docking plays a crucial role in predicting the interaction between a drug molecule and its
biological target.
Molecular docking is a computational method used to study the binding orientation, affinity, and interaction of small
molecules (ligands) with target proteins or enzymes. It helps researchers understand how anticancer compounds
interact with specific cancer-related proteins such as kinases, receptors, or enzymes involved in tumor growth and
proliferation. The docking process predicts the most stable binding conformation and estimates the binding energy,
which indicates the strength of interaction between the ligand and the target protein.
In molecular docking studies of anticancer agents, target proteins are usually selected based on their involvement in
cancer progression. Examples include epidermal growth factor receptor (EGFR), vascular endothelial growth factor
receptor (VEGFR), cyclin-dependent kinases (CDKs), and Bcl- 2 proteins. The identification of strong interactions
between anticancer compounds and these targets may lead to the development of effective therapeutic agents with
improved efficacy and reduced side effects.
Therefore, molecular docking serves as a valuable tool in modern anticancer drug discovery by facilitating the rational
design and optimization of novel anticancer molecules before laboratory and clinical investigations.
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Cancer overview :

Cancer isadisease in which abnormal cells grow uncontrollably and spread to different parts of the body. Normally,
body cells grow, divide, and die in a controlled manner. In cancer, this normal process is disturbed, leading to
formation of tumors or abnormal masses of tissue.

Cancer can affect almost any organ of the body such as lungs, breast, blood, skin, liver, colon, and brain. It is one of the
major causes of death worldwide and requires early diagnosis and proper treatment.

Definition of Cancer:
Cancer is defined as theuncontrolled proliferation of abnormal cells that invade surrounding tissues and may spread to
distant organs through blood or lymphatic system.

CANCER

Cancer is a group of diseases characterized by the uncontrolled
growth and spread of abnormal cells in the body.

Incontrolled Tumor Growth Metastasis
ell Division and Angiogenesis  (Spread to other parts)

Cause of cancer:

Cancerisn’t causedby just one thing—it develops when cells in the body grow and divide uncontrollably due to changes
(mutations) in their DNA. These mutations can come from many different sources, often building up over time.

1. Genetic mutations:

Cancerbeginswhen genes that control cell growth are damaged.

» Some mutations are inherited (run in families)

* Others happen during life due to environmental exposure or random errors in cell division

2. Tobacco use:

» Smoking isthe leading preventable cause of cance
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* Linked to cancers of the lung, mouth, throat, pancreas, bladder, and more
* Includes cigarettes, cigars, and chewing tobacco

3. Unhealthy diet & lifestyle:

* Dietshighin processedfoods and low in fruits/vegetables

* Obesity and lack of physical activity

* Alcohol consumption (linked to liver, breast, and other cancers)
4. Radiation exposure:

* Ultraviolet (UV)raysfrom the sun — skin cancers

* Medicalor environmental radiation exposure (high doses)

5. Infection:

* Humanpapillomavirus — cervical and other cancers

* Hepatitis B and Hepatitis C — liver cancer

* Helicobacter pylori — stomach cancer

6. Environmental & workplace exposures:

 Chemicals likeasbestos,benzene, andindustrial pollutants

* Air pollution

* Exposure to toxic substances over time

Anticancer:
Anticancer agents are substances or drugs used to prevent, inhibit, or treat cancer by destroying cancer cells or stopping
their growth and spread. These agents act on rapidly dividing cells and are an important part of cancer therapy.
Kill cancer cells
Prevent multiplication of tumor cells
Slow the progression of cancer
Improve survival and quality of life of patientsKill cancer cells
Prevent multiplication of tumor cells
Slow the progression of cancer
Improve survival and quality of life of patients
Mechanism of Action:
Anticancer agentsworkthrough different mechanisms such as:
Kill cancer cells
Prevent multiplication of tumor cells
Slow the progression of cancer
Improve survival and quality of life of patients
Classification of Anticancer Agents
1. AlkylatingAgents
These drugs damage DNA and prevent cancer cell replication. Example:
Cyclophosphamide
Cisplatin
Chlorambucil
2. Antimetabolites
They interfere with the synthesis of DNA and RNA in rapidly dividing cells. Example:
Methotrexate
5-Fluorouracil
Cytarabine
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3. Antibiotic Anticancer Agents These drugs prevent cancer cells from growing by damaging DNA. Examples:
Doxorubicin
Bleomycin

4. Plant-Derived Agents Obtained from natural plant sources. Examples:
Vincristine
Paclitaxel
Etoposide

5. Hormonal Agents Used inhormone-dependent cancers. Examples:
Tamoxifen
Anastrozole

6. Targeted Therapy

Thesedrugsspecifically target cancer-related molecules. Examples:
Imatinib
Trastuzumab

7. Immunotherapy

Stimulatestheimmune system to attack cancer cells. Examples:
Pembrolizumab
Nivolumab

History of Anticancer:

Thehistory ofanticancer treatments evolved from ancient reliance on natural remedies and radical surgery to modern,
targeted therapies, with a pivotal shift to chemotherapy in the 1940s following discoveries related to nitrogen mustard
Key milestones include the development of hormonal therapy in the late

19th century, radiation in the early 20th century, and the rise of

immunotherapy and molecularly targeted agents in recent decades

Key Erasin AnticancerDevelopment:

* Early Beginnings (Pre-20th Century):

Cancer was historically treated with surgery and cautery. In 1861, podophyllotoxin (from root extracts) was
documented for local anticancer effects, marking early natural product research.

* Birth of Chemotherapy (1940s-1960s):

Following World War II, studies on nitrogen mustard (a chemical warfare agent) showed it could shrink tumors,
leading to the first effective chemotherapy. The 1950s introduced anti-tumor antibiotics like actinomycin D, followed
by bleomycin in 1966.

» Hormone Therapy (Late 19th-20th Century):

The realization that some cancers depend on hormones led to early surgical approaches, such as ovary removal for
breast cancer (1895), culminating in the FDA approval of Tamoxifen in 1977.

* Radiation Therapy (1890s-1900s):

Following Roentgen’s discovery of X-rays (1895) and the Curies' discovery of radium (1898), radiation was quickly
adopted as a treatment for skin cancer by 1899.
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Timeline of Important Discoveries:
Year Discovery
Ancient era Surgical treatment and herbal remedies
1895 Discovery of X-rays
1940s Nitrogen mustard chemotherapy
1948 Methotrexate introduced
1960s Vinca alkaloids discovered
1970s Paclitaxel discovered
1980s Combination chemotherapy expanded
1990s Targeted therapy development
2000s Immunotherapy revolution
Present Personalized and Al-based therapy

Table 1: Timeline of important Discoveries

Molecular Docking:

Molecular docking is a computer-aided technique used in drug discovery to predict the interaction between a small
molecule (ligand) and a target protein (receptor). It helps determine how a drug molecule binds to the active site of a
protein and estimates the strength of binding.Molecular docking is a computational method used to predict the preferred
orientation of a ligand when bound to a protein receptor.

It is widely used in pharmaceutical research for designing new drugs, especially anti-cancer, antiviral, antibacterial, and
anti-inflammatory agents. Molecular docking is a computational method used to predict the preferred orientation of a
ligand when bound to a protein receptor.

Principle of Molecular Docking:
Moleculardocking works on the Lock-and-Key Theory.
Protein/Receptor — Lock
Ligand/Drug molecule — Key
The ligand fits into the active site of the receptor protein and forms a stable complex through different molecular
interactions.
The goal of Docking is to:
Predict the best binding position
Calculate binding affinity
Identify molecular interactions

Applications of Molecular Docking:
Drug discovery
Lead optimization
Enzyme inhibition studies
Toxicity prediction
Anti-cancer drug development
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AIM AND OBJECTIVES

Aim: To perform molecular docking studies of selected anti-cancer compounds against cancer target proteins

Objectives:

. To prepare ligand structures for docking.

. To perform docking using AutoDock software.

. To analyze binding affinity and interactions.

. To compare docking scores of selected compounds.
. To identify suitable cancer target proteins.

. To prepare ligand and protein structures

O 0 9N LNk W

. To identify promising anti-cancer compounds.

LITERATURE REVIEW

. To obtain protein structures from the Protein Data Bank.

. To perform docking using molecular docking software.

Cancer remains one of the major causes of mortality worldwide, and the development of effective anti-cancer therapies
continues to be a major challenge in pharmaceutical research. Conventional treatment methods such as chemotherapy
and radiotherapy are associated with severe side effects, toxicity, and drug resistance. Therefore, researchers are
increasingly focusing on computer-aided drug design approaches such as molecular docking to identify safer and more
effective anti-cancer agents. Molecular Docking is an important in silico method used to predict the interaction between
ligands and target proteins. It helps determine binding affinity, molecular orientation, and stability of ligand—protein
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complexes. Molecular docking has become a valuable tool in structure-based drug design and virtual screening for anti-
cancer drug discovery.

Several studies have reported the successful application of molecular docking in identifying inhibitors against cancer-
related proteins such as EGFR, HER2, VEGFR, CDKs, and BCL-2. Researchers have demonstrated that docking
analysis can predict hydrogen bonding, hydrophobic interactions, and binding energies responsible for anti-cancer
activity.

A review article published in the International Journal of Molecular Sciences explained that molecular docking plays a
significant role in identifying novel therapeutic compounds and predicting ligand—target interactions at the molecular
level. The study highlighted that docking techniques are extensively used for lead optimization and structure—activity
relationship analysis in drug discovery.Another review discussed molecular docking as an interpretative tool for disease
management and emphasized its importance in predicting conformations of ligands within receptor binding sites. The
authors reported that molecular docking significantly reduces the cost and time required for experimental screening in
pharmaceutical research.

MATERIALS AND METHODS

Materials:

1. Software Used:

The following computational software and online databases were used for molecular docking studies:

Software/Database Purpose
AutoDock Docking simulation
PyRx Virtual screening and docking
Discovery study Visualization of interactions
USCF Chimera Protein and ligand preparation
Protein Data Bank (PDB) Protein structure collection
Pubchem Database Ligand structure database

Table 2: Software used

2. Chemicals and Ligands:
Selected anti-cancer compounds or phytochemicals such as:
Curcumin
Quercetin
Resveratrol
Flavonoids
Chalcones

Methods:
1. Selection of Target Protein
Cancer-related target proteinswere selected from the Protein Data Bank based on their role in cancer progression and
cell proliferation.
Examples of target proteins:

EGFR (EpidermalGrowthFactorReceptor)
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HER?2 receptor
VEGFR

BCL-2 protein
Cyclin-dependent kinases(CDKs)
The three-dimensional crystal structure of proteins was downloaded in PDB format.

2. Protein Preparation
Thedownloadedprotein structure was prepared before docking using molecular visualization softwYaoruer .paragraph
text
Steps involved:
Removal of water molecules
Removal of co-crystallized ligands
Addition of hydrogen atoms
Addition of Kollman charges
Energy minimization of protein structure

3. Ligand Preparation
Selected ligandswere downloaded from the PubChem database in SDF format.
Ligand preparation steps:

Conversion of SDF to PDB format

Geometry optimization

Energy minimization

Addition of hydrogen atoms

Assignment of charges

4. Active Site Identification

The active binding site of the protein was identified using:
Literature studies
Co-crystallized ligand position
Active site prediction tools

5. Molecular Docking Procedure
Molecular docking was performed using docking software. General docking steps:
Import prepared protein and ligand
Define grid box dimensions
Set docking parameters
Run docking simulation
Generate binding poses and docking scores

6. Analysis of Docking Results
The docked complexes were analyzed based on:
Binding energy
Docking score
Hydrogen bonding
Hydrophobic interactions
Amino acid interactions
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Stability of ligand—protein complex

7. Visualization of Interactions
The ligand—protein interactions visualization software.
Interaction analysis included:

Hydrogen bond formation

Pi—Pi interactions

Van der Waals interactions

Hydrophobic contacts

FLOW CHART OF MOLECULAR DOCKING STUDY
Selection of target protein
[’
Protein preparation
[’
Ligand selection and preparation
'
Active site identification
[’
Docking simulation
'
Analysis of docking score
'
Visualization of interactions
I

Interpretation of results

PHARMACOLOGICAL STUDY
Moleculardockingisa computer-aided drugdesign techniqueusedto predict
the interaction between a drug molecule (ligand) and a target protein (receptor). In anti-cancer research, molecular
docking helps identify compounds that can inhibit cancer-related proteins and prevent tumor growth.
The pharmacological study in molecular docking focuses on:
Drug-receptor interaction
Binding affinity
Mechanism of action
Therapeutic activity
Toxicity prediction
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induction G2/M phase arrest proliferation

OBJECTIVES OF PHARMACOLOGICAL STUDY :-
To identify potential anti-cancer compounds.
To study drug—receptor interaction using molecular docking.
To evaluate binding affinity and stability of ligand-protein complexes.
To predict pharmacological activity and therapeutic efficacy.
To reduce time and cost in drug discovery.

PHARMACOLOGICALEVALUATION PROCESS :-

1. SelectionofTargetProtein

Cancer-related proteins are selected from protein databases. Examples:
EGFR (Epidermal Growth Factor Receptor)

HER2 receptor

VEGFR
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BCL-2 protein
2. Selection of Ligand (Drug Molecule)
Ligands may include:
Natural compounds
Synthetic anti-cancer drugs
Herbal constituents
Examples:
Doxorubicin
Paclitaxel
Curcumin
Quercetin

3. Preparation of Protein and Ligand
Protein Preparation
Removal of water molecules
Addition of hydrogen atoms
Energy minimization
Ligand Preparation
Conversion into 3D structure
Optimization of molecular geometry
Energy minimization
Software used:
AutoDock
PyMOL
Discovery Studio

4. ADMET Pharmacological Studies
ADMET analysis predicts:
Absorption
Distribution
Metabolism
Excretion
Toxicity

5. In-vitro Pharmacological Studies

Afterdocking, compoundsaretestedoncancer cell lines:
MCF-7 (Breast cancer)
HeLa (Cervical cancer)
A549 (Lung cancer)
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EVALUATION PARAMETERS
1. Binding Energy (Docking Score)
Mostimportantparameterinmolecular docking.
Indicates strength of interaction between ligand and target protein.
Expressed in kcal/mol.
Interpretation
Lower (more negative) binding energy = stronger binding affinity.
Strong interaction suggests better anti-cancer activity.
Examples :
—9.5 kcal/mol — strong interaction
—4.0 kcal/mol — weak interaction
2. Binding Affinity
Measureshow tightly the ligand binds to the receptor protein. Importance
Higher binding affinity improves drug efficacy.
Helps identify potent anti-cancer compounds.
3. Hydrogen Bond Interaction
Hydrogenbonds stabilizeligand—protein complexes. Evaluation
Number of hydrogen bonds
Bond length
Bond strength
Importance
More stable complexes indicate better pharmacological activity.
4. Hydrophobic Interaction
Importance
Enhances stability of docking complex.
Improves drug binding within active site.
5. RMSD(RootMean Square Deviation)
Measures deviation between docked pose and reference structure. Interpretation
RMSD < 2 A — acceptable docking accuracy
Lower RMSD indicates reliable docking prediction
6. Active Site Interaction
Determines whether ligand binds correctly to the active binding site of target protein.
Important amino acid interactions are analyzed:
Lysine
Arginine
Aspartate
Tyrosine
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SUMMARY TABLE
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Evaluation Parameter

Importance

Binding energy

Strength of interaction

Binding affini Drug potency
Hydrogen bonding Complex stability
Hydrophobic interaction  |Stabilization

RMSD

Docking accuracy

Active site interaction

Target specificity

Table 3: Summary

ADVANTAGES G LIMITATIONS
Advantages:
Fastscreening process
Cost-effective
Reduces experimental workload
Predicts binding affinity
Useful in lead optimization
Easy Visualization of Drug—Target Interaction
Improves Drug Optimization
Supports Structure-Based Drug Design
Supports Modern Cancer Research
Useful in Virtual Screening
Useful for Natural Product Research
Facilitates Personalized Medicine

Limitations:
Dependence on Protein Structure Accuracy
Protein Flexibility Issues
Limited Prediction Accuracy
Cannot Replace Experimental Studies
Scoring Function Limitations
Simplified Biological Environment
Computational Errors
False Positive Results
Limited Consideration of Drug Metabolism
Difficulty in Predicting Solvent Effect
Time-Consuming for Large Systems
Software and Database Dependency
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Difficulty in Predicting Multi-Target Interactions
Lack of Complete Dynamic Simulation

RESULTS AND DISCUSSION
Observations:
The selected ligands showed significant binding affinity toward cancer target proteins.
Binding Interactions:
Hydrogen bonding
Hydrophobic interactions
Van der Waals interactions

Example Docking Scores:

Target Binding energy
Compound| Protein (kcal/mol) niaraction 1yne
Curcumin EGFR -8.2 Hy di‘opllobic )
interaction
E— . -7.5 Hydrogen bonding
= —— EGER 70 Multiple Interactions
Ch.alcctne SO 85
derivative

Table 4: Example Docking Scores

Discussion:
Molecular Docking successfully predicted the interaction pattern between selected anti-cancer compounds and target
proteins.
The study also demonstrated that molecular docking is useful for:

Virtual screening of anti-cancer compounds

Prediction of ligand—protein interaction

Lead optimization

Structure-based drug design

II. CONCLUSION

Molecular docking is an important computational technique in modern drug discovery. It helps identify potential anti-
cancer agents by predicting ligand—protein interactions and binding affinity. The study demonstrated that selected
compounds showed favorable docking scores and stable interactions with cancer-related targets.Therefore, molecular
docking serves as a valuable tool for screening and designing effective anti-cancer drugs before experimental
validation.

The presentstudydemonstratedthe importance of Molecular Dockingin the discovery anddevelopment of potential anti-
cancer agents. Molecular docking analysis was successfully performed to evaluate the interaction between selected
ligands and cancer-related target proteins.The docking results revealed that the selected compounds showed favorable
binding affinity and stable interaction with target proteins through hydrogen bonding, hydrophobic interactions, and
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Van der Waals forces. Compounds with lower docking scores exhibited stronger ligand—protein interaction, indicating
better stability and possible anti-cancer activitThe docking results revealed that the selected compounds showed
favorable binding affinity and stable interaction with target proteins through hydrogen bonding, hydrophobic
interactions, and Van der Waals forces. Compounds with lower docking scores exhibited stronger ligand—protein
interaction, indicating better stability and possible anti-cancer activity.

Example of favorable docking interaction:
A Gbinding<0
The study confirmed that computational docking is a rapid, reliable, and cost-effective technique for virtual screening

and lead identification in anti-cancer drug discovery. It reduces the time and cost involved in experimental research and
helps predict the molecular mechanism of drug action.
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