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Abstract 
Molecular docking serves as a crucial 

computational tool in the realm of drug discovery 

and development, aimed at understanding the 

interactions between small molecules and target 

proteins. This study delves into the objective of 

elucidating the evolution of molecular docking 

techniques, their current applications, and potential 

future directions. Through a comprehensive review 

of the literature and analysis of recent 

advancements, this study provides insights into the 

methodologies employed in molecular docking 

studies. From the traditional rigid docking 

approaches to the more sophisticated flexible and 

ensemble docking methods, the evolution of 

techniques is discussed, highlighting their strengths 

and limitations. The past decade has witnessed 

significant strides in the field of molecular docking, 

with improvements in algorithms, scoring functions, 

and accessibility of computational resources. 

However, challenges persist, including accurate 

prediction of ligand binding affinities and 

consideration of protein flexibility. Additionally, 

the advent of hybrid approaches combining docking 

with molecular dynamics simulations presents 

exciting opportunities for more realistic modeling of 

ligand-protein interactions.  

 

Key word: Molecular docking, Types, 

Application, Limitation 

 

I. Introduction 
Molecular docking, a computational 

method that predicts the preferred orientation of 

small molecules when bound to target proteins, is 

essential to drug discovery and design. 

Understanding how chemicals and proteins interact 

is made easier by this technique, which makes it 

easier to create novel medicinal activity. Since its 

inception in the 1980s, molecular docking has 

improved in accuracy and efficiency thanks to 

ongoing developments in algorithms and processing 

capacity. (1) Computer-aided drug design and 

discovery has seen numerous successes in recent 

years. Computational Drug Design is used in many 

pharmaceutical companies and academic institutions 

for drug lead discovery. The current phase of 

medication development and discovery is structural. 

Information is crucial. Several docking programs 

have been developed for the imaging of molecules' 

three-dimensional structures. Computer-based drug 

design software is used to analyze the docking 

score. It is a structure-based virtual screening 

technique for the target molecule's orientation, 

conformation, and location within its structure. 

Docking of ligands and proteins is a novel idea. 

Lead molecule optimization, biological pathway 

assessment, and de novo drug designare 

complications of the molecular docking process (2) 

 
Fig (1.1) showing molecular docking 
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Fig (1.2) showing A prototype flow chart of a molecular docking study. 

 

History of molecule docking 

Molecular docking techniques have been 

one of the most widely utilized methods since the 

1980s, and since its inception, the amount of 

experimental data they yielded has increased at an 

increasing rate. Pharmaceutical research has been 

greatly enhanced by the nearly yearly development 

of programs constructed using various techniques 

for molecular docking analysis Protein-protein 

interactions were the focus of the initial algorithms. 

To find the most advantageous orientations and 

conformational bindings with the potential to confer 

a putative drug candidate, algorithms designed to 

calculate the best geometrically complementary 

shapes as rigid bodies are required in addition to the 

scoring function, which is used to determine the 

best binding poses. (3) 

Over the past few decades, developments 

in computer technology have been matched by the 

progressive development of increasingly 

complicated and potent algorithms through the 

addition of additional parameters. In-silico 

techniques employ many tools and strategies to 

attain maximum flexibility. The algorithms used in 

docking software can be classified as either 

systematic, stochastic, or deterministic. This growth 

was also facilitated by improvements in techniques 

like nuclear magnetic resonance spectroscopy, X-ray 

crystallography, and protein rich filtration. 

Simulated docking procedures aim to use 

computational techniques to estimate the connection 

between specified structures (including such 

receptors or proteins) and at least each ligand, in 

order to find composites that illustrate energies for 

the dynamic site of the important objective 

particles. This is done by putting different postures 

(binding conformations between the protein and the 

ligand) to the test, which are then scored using 

scoring formulas. In particular, unchanging body 

docking and semi-adoptable ligand docking (where 

the ligand’s inner bond revolutions is permitted but 

the receptors is maintained fixed or the receptor is 

regarded flexible but the ligand is regarded as a 

fixed molecule), the receptor as well as ligand 

guidelines and standards are fixed. And flexible 

docking (where the ligand is treated as a fixed 

molecule but the receptor is regarded as being 

flexible). Similar to flexible docking, in which both 

the receptor and the ligand are treated as flexible 

molecules (both molecules are treated as flexible). 

The great majority of docking programs employ 

rigid docking. Searching the field of docked 

confirmations uses a lot less computational power. 

Contrarily, flexible docking requires more 

computation but yields better results since it is more 

accurate in its predictions of ligand binding 

geometries than rigid-receptor docking. 

Developmental coding, quick fourier transform, 

genetic programming, guided differential evolution, 

incremental constructions, fragment-based 

approaches, simulated annealing, multiple copy  

methods, matching algorithms.  

 

PRINCIPLE OF MOLECULAR DOCKING 

The goal of the docking method is to 

forecast the most stable connection between the 

ligand and the receptor. (small molecule), which is 

typically an enzyme or protein. Finding the best fit 

between the forms and chemical characteristics of 

the ligand and receptor is how this is accomplished 

(López-Vallejo et al. 2011). 

• Scoring Function: A scoring function assesses 

the binding affinity following ligand docking. 

Based on forces including hydrogen bonds, 

electrostatic interactions, and van der Waals 

forces 

• Binding Site Identification: Molecular docking 

usually focuses on the active or binding site of 

the receptor, which is the area of the protein that 

gives it its biological function. here, ligands are 

docked to observe their interactions (Morris et 

al., 2009). 
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• Conformational Flexibility: Both the ligand and 

the receptor have the ability to change their 

shape. Although it is a problem in 

computational docking, many docking systems 

attempt to account for this flexibility (Morris et 

al., 2009). (4) Molecular docking operates on 

fundamental principles of molecular 

recognition and thermodynamics, governing the 

formation of stable complexes between 

molecules in biological systems . 

• The theoretical framework has evolved from 

simple rigid body models to sophisticated 

approaches incorporating molecular flexibility 

and dynamic interactions. These principles 

provide the foundation for predicting binding 

modes and affinities between ligands and their 

molecular targets. 

 

1. Lock-and-Key Theory :The Lock-and-Key 

model, proposed by Emil Fischer in 1894, 

represents the earliest conceptual framework for 

molecular recognition . This model postulates that 

molecular interactions occur through precise 

geometric complementarity between ligand (5) 

 

 
fig (1.3 )showing lock and key 

 

2. indued fit theory : Daniel Koshland put forth the induced fit idea in 1958. The fundamental tenet is that 

during recognition, the ligand and target adapt to one another through gradual conformational changes until the 

best alignment is reached. 

 

 
fig(1.4)showing indued fit theory 

 

3. The conformational ensemble models 

Conformational Ensemble model was proposed in 

2003 by BUYONG Ma et al. Proteins have been 

found to be capable of significantly bigger 

conformational changes in addition to the tiny 

induced fit adaptation. According to the hypothesis, 

proteins already exist in a variety of conformational 

states. A protein’s ability to transition from one 

state to another is known as Ductility.(6) 
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Fig (1.5) showing conformational ensemble models  

 

Process of molecular docking 

 

 
fig (1.6) showing process of molecular docking 

 

mechanism of molecular docking 

• The first prerequisite for building a docking 

screen is the layout of the attention protein. The 

structure has usually been preserved using a 

biophysical method like X-ray crystallography 

or, less frequently, NMR spectroscopy. This 

protein arrangement and a folder of ligands are 

used as input in a docking agenda. 

• The success of a docking program is 

determined by two factors: the search algorithm 

and the scoring system. The research space 

consists of the possible orientations and 

conformations of protein and ligand 

combinations. 

• The study domain that would list every 

potential molecular deformation as well as 

every possible translational and rotational 

orientation of the ligand with respect to the 

protein at a certain level of granularity cannot 

be fully identified with current computational 

capabilities.(7) 
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Fig (1.7) Mechanism of molecular docking 

 

Molecular docking in apply in various types of 

disorder 

1. cancer study in molecular docking 

The biology and introduction of cancer 

management in molecular docking 

Cancer is a disease that begins with genetic 

and epigenetic alterations occurring in specific cells, 

some of which can spread and migrate to other 

tissues. Although the biological processes affected 

in carcinogenesis and the evolution of neoplasms 

are many and widely different, we will focus on 4 

aspects that are particularly relevant in tumor 

biology genomic and epigenomic alterations that 

lead to cell transformation, the cells where these 

changes occur, and the processes of invasion and 

metastasis that, to an important degree, determine 

tumor aggressiveness.Canceris consider edasone of 

the world wide life-threatening and the leading 

causes of human mortality . According to the latest 

data released by the International Agency for 

Research on Cancer (IARC) on14 December 2020, 

the annual incidence of cancer in 2020 reached 

19.3million cases and 10 million deaths.Further 

more,evidence based on the World Health 

Organization (WHO)suggests that the re would be 

29.5million new cancer diagnoses and 16.4million 

cancer deaths per year by 2040. Accordingly,given 

the rapid development of on cology researches and 

the advancement of novel biotechnology 

approaches,determining different aspects of cancer 

progression can pave the way for improved cancer 

prognosis and treatment alternatives. Herein, one of 

the challenges in the field of cancer treatment is the 

heterogeneity of tumor cells,which may leadto anti-

cancer drug resistance or cancer treatment 

failure.There fore, a full understanding of tumor 

heterogeneity can provide a clear picture of cancer 

progression and lead to the discovery of new cancer 

therapy options by researchers .Tumor 

heterogeneity is a condition in which tumor cells 

differ in various biological aspects such as 

function,differentiation, tumorigenesis, and 

sensitivity to anti-cancer therapies . Inaddition, 

dependingon the type of 

heterogeneity,heterogeneous group so tumor cells 

can have the same or distinct genomic 

content.Inaddition,heterogeneous population so 

tumor cells can have the same or different genome 

content depending on the type of heterogeneity .(8) 

 

a. Nutraceuticals cancer 

Molecular docking discovery of nutraceuticals 

targets. Molecular docking is a computational tech 

nique used to predict the interactions between small 
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molecules, such as nutraceuticals, and larger 

biomolecules, such as enzymes, receptors, RNA, 

DNA, and other proteins. The technique involves 

the simulation of the molecular interactions between 

the small molecule and the target biomolecule, 

which can provide insights into the binding affinity, 

binding site, and possible mechanism of action. 

Enzymes are proteins that catalyze chemical 

reactions in the body. Nutraceuticals such as 

curcumin, resveratrol, quercetin, hesperidin, etc. 

have been shown to interact with enzymes and 

modulate their activity. For example, curcumin has 

been shown to inhibit the activity of the enzyme 

COX-2, which is involved in the inflammatory 

response. Molecular docking can predict the binding 

site and the strength of the interaction between the 

nutraceutical and the enzyme, which can help in 

understanding the mechanism of action and the 

potential therapeutic benefits. Receptors are 

proteins that bind to specific molecules, such as 

hormones, neurotransmitters, and drugs, and initiate 

a cellular response. Nutraceuticals can also interact 

with receptors and modulate their activity. For 

example, resveratrol was able to activate the sirtuin 

family of proteins, which are involved in cellular 

metabolism and aging. Molecular docking can 

predict the binding site and the strength of the 

interaction between the nutraceutical and the 

receptor, which can help in understanding the 

mechanism of action and the potential therapeutic 

benefits.(9) 

 

 
fig (1.8 ) showing The mechanism of nutraceuticals in cancer management 
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cancer Mechanism action of nutraceutical 

Neurochemical Targets in Cancer 

Molecular docking in neuro-oncology focuses on 

several key targets: 

 

• Receptor Tyrosine Kinases (RTKs): EGFR, 

VEGFR (important in glioblastoma) 

• Neurotransmitter Receptors: Dopamine and 

glutamate receptors influencing tumor growth 

• Enzymes: Histone deacetylases (HDAC), 

topoisomerases 

• Apoptotic Proteins: Bcl-2 family proteins 

• Ion Channels: Involved in tumor cell 

proliferation 

• Targeting these molecules helps in designing 

drugs with improved specificity and reduced 

toxicity(10) 

 

MOLECULAR DOCKING STUDY : A 

THERAPEUTIC A PPROACHFOR ANTI-

CANCER DRUG DESIGNING 

One virtual screening methodology called 

structure-based virtual screening (SBVS) uses the 

molecular docking technique to model and analyze 

the effective biological binding-conformation 

between a ligand and a target molecule (Liao et al., 

2013).One of the most advanced computational 

drug design techniques is molecular docking, when 

the ligand-receptor is in its most stable and effective 

state. Two essential components of docking 

programs are searching algorithms and scoring 

functions in molecular docking. The practice of 

investigating the most common and efficient 

docking forms of ligand to the molecular target 

among the various configurations is known as 

searching algorithms. Because there are many 

binding modes between a ligand and a biological 

target molecule, searching algorithms can be a cost-

effective and time-saving solution in the docking 

process in addition to taking into account the best 

possible orientations of the ligand with the target 

(Mengetal, 2011; Salmaso and Moro, 2018). 

The binding form of a ligand molecule to 

the object-receptor can be modeled and evaluated 

using a variety of search algorithms, including 

molecular dynamics, distance geometry methods, 

point complementary methods, fragment-based 

methods, Mote Carlo methods, genetic algorithms, 

systematic searches, and incremental 

construction. Once the algorithm has finished 

searching, the scoring function should go to the 

docking area to determine the optimal position 

between the target molecule and the ligand.In order 

to achieve top-ranking poses between a ligand and a 

target molecule, potential docking modes are scored 

by assessing their binding affinity and lowest 

binding energy. This procedure is known as the 

scoring function. Examples of scoring function 

classifications in molecular docking include force 

field function, empirical scoring functions, 

knowledge-based scoring functions, knowledge-

based potentials, machine learning-based scoring 

functions, comparative evaluation of scoring 

functions, physics-based techniques, and descriptor-

based scoring functions..(11) 

 

b. Leukemia 

Leukemias rank thirteenth among the most 

com on cancers and represent the tenth leading 

cause of cancer-related death worldwide (12). 

Among the type so acute leukemia, acute 

lymphoblastic leukemia (ALL) is most frequently 

diagnosed in children and young adults, while acute 

myeloid leukemia (AML) is more prevalent in adults 

but is also common in children . The treatment of 

choice for leukemia is allogeneic hematopoietic 

stem cell transplantation (13). However, it presents 

major challenges such as the lack of compatible 

donors. The treatment of choice for leukemia is 

allogeneic hematopoietic stem cell transplantation 

(14). However, it presents major challenges such as 

the lack of compatible donors and its low efficacy 

in advanced stages of the disease (15). 

Chemotherapy continues to be widely used but 

faces common challenges in oncology, such as 

toxicity, adverse side effects, development of cell 

drug resistance mechanisms, and disease recurrence 

(16,17). Therefore, the search for new, more 

effective, and selective drugs against leukemic cells 

remains an ongoing challenge (16,17). 

Natural products have been widely used in 

the discovery and development of new drugs. It is 

estimated that 40% of the drugs used in cancer 

treatment have been inspired by natural products. 

The isolation of bioactive compounds from different 

natural sources, together with the generation of 

structural analogues of these compounds by 

chemical derivatization, are the most important 

strategies in the search for anticancer drugs.(18) 
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Fig (1.9)Leukemia in process of molecular docking 

 

A Docking-Based Approach for intraction in leukemia 

 

 
 

 



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 4, Jul.-Aug.2026, pp:1125-1141 www.ijprajournal.com ISSN:2456-4494 

                                      

 

 

 

DOI: 10.35629/4494-110411251141   | Impact Factor value 7.429  ISO 9001: 2008 Certified Journal  Page 1133 

2. Molecular docking in HIV 

 

INTRODUCTION 

Human immunodeficiency virus (HIV) is a 

lentivirus (a member of the retrovirus family) that 

causes acquired immunodeficiency syndrome 

(AIDS), a condition in humans in which the 

immune system begins to fail, leading to life-

threatening opportunistic infections. Once HIV 

enters the human body, its primary target is a 

subset of immune cells that contain a molecule 

called CD4. In particular, the virus attaches itself to 

CD4+T cells and, to a lesser extent, to 

macrophages. Reverse Transcriptase (RT) converts 

the single-stranded HIV RNA genome to a double-

stranded DNA copy by catalyzing both DNA-

dependent and RNA-dependent DNA 

polymerization as well as RNase H cleavage 

activity to remove the RNA template once the DNA 

has been synthesized. Because of its unique 

catalytic properties, RT has been the target enzyme 

for many antiviral therapeutic agents used in the 

treatment of AIDS, including nucleoside and 

nonnucleoside analogues.(19) Plants serve as a 

source of new drugs for treating different . 

kinds of ailments including HIV/AIDS. 

Reported that 25% of the drugs prescribed 

worldwide originate from plant, one hundred and 

twenty one such active compounds being in current 

use. Of the two hundred and fifty two drugs 

considered as basic and essential by World Health 

Organization (WHO), 11% are exclusively of plant 

origin and a significant number are synthetic drugs 

obtained from natural precursors. Plant based drugs 

are formulated to produce varieties of effective 

pharmaceutical formulations to enhance anti-HIV 

activities. Human Immunodeficiency Virus (HIV) is 

an endemic virus characterized by attacking the 

human immune system which makes the immune 

cells weak and unable to fight against it, thus 

leading to illness. The final stage in the life cycle of 

HIV is known as Acquired Immunodeficiency 

Syndrome (AIDS), a set of symptoms and 

infections resulting from the damage of the human 

immune system caused by the human 

immunodeficiency virus (HIV)(20) 

 
Fig (2.0) showing ligand attach to the HIV 

various 

 

Molecular Docking in Studies of HIV-1 Drug 

Resistance to Reverse Transcriptase Inhibitors 

Molecular docking is one of the broadly 

used computational procedures in the computer-

aided drug design (21). Typically, a set of ligands 

ispositioned within the protein’s binding site (for 

more details of this method, see (22). For each pose 

of a ligand in the binding site, the interaction energy 

is estimated using the scoring function. Then, the 

best poses of thiligand,according to the calculated 

scores can be determined either manually or 

automatically. To obtain the three-dimensional 

structure of mutant RT, the general molecular 

modeling software may be used. The 3D structure of 

mutant RT optimization can be done by energy 

minimization or,preferably, by simulation of 

molecular dynamics using AMBER (University of 

California, San Francisco,CA, USA, (23). 

contact available at http://ambermd.org/), 

GROMACS (GROMACS University of Groningen, 

Netherlands, 

http://www.gromacs.org/) 

 

 

http://ambermd.org/
http://www.gromacs.org/
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3. molecular docking study in 

TUBERCULOSIS 

 

Introduction 

Tuberculosis (TB) remains one of the 

world’s deadliest infectious diseases, causing ~ 10 

million new cases and 1.5 million deaths annually. 

The emergence of multidrug-resistant (MDR) and 

extensively drug-resistant (XDR) strains has 

reduced the effectiveness of the standard Directly 

Observed Treatment, Short-Course (DOTS) 

regimen—isoniazid, rifampicin, pyrazinamide, and 

ethambutol—highlighting the need for new 

drugs.Benzimidazole derivatives exhibit diverse 

pharmacological activities, including antitubercular, 

antiviral, antifungal, and anti-inflammatory effects. 

Their presence in marketed drugs underscores their 

versatility, and some have been reported to inhibit 

Mycobacterium tuberculosis enzymes such as InhA 

and KatG.illustrates representative biologically 

active compounds containing the benzimidazole 

moiety, highlighting its significance as a privileged 

scaffold in drug design.(24) 

As described above, a continued search for 

drug molecules in a limited time is essential due to 

drug resistance and aggressiveness of the TB 

disease. Isolation of a broad-spectrum potential drug 

active against TB through experimental trials is very 

difficult and time-consuming, and the results are 

less promising. Hence, molecular docking enables 

rapid screening of molecules from a drug database 

in isolation of a broad spectrum of potent anti-TB 

drug molecules. Some of the molecular docking 

studies involved in the virtual screening of drugs 

against tuberculosis reported in the literature are 

discussed here.  Accelrys Discovery Studio 4.0 

was used in the molecular docking of indolizines 

into the target protein’s active site, as shown in fig 

indolizine a indolizine c 

 

   
Fig (2.1) showing : PREDICTION OF INDOLIZINES–INHA BINDING DOMAIN 

INTERACTIONS OF TB 

 

Docking Tools Available in TB Drug Design 

As described above, a continued search for 

drug molecules in a limited time is essential due to 

drug resistance and aggressiveness of the TB 

disease. Isolation of a broad-spectrum potential drug 

active against TB through experimental trials is very 

difficult and time-consuming, and the results are 

less promising. Hence, molecular docking enables 

rapid screening of molecules from a drug database 

in isolation of a broad spectrum of potent anti-TB 

drug molecules. Some of the molecular docking 

studies involved in the virtual screening of drugs 

against tuberculosis reported in the literature are 

discussed here. 

 

Role in Tuberculosis Research Molecular 

docking helps 

1. Identify new anti-TB drug candidates 

2. Understand drug resistance mechanisms 

3. Optimize existing drugs like Isoniazid and 

Rifampicin 

4. Reduce time and cost compared to lab 

experiments 

 

Steps in Molecular Docking (TB Drug Discovery) 

1. Target Selection 

Choose a TB protein critical for survival 

2. Protein Preparation 

Clean structure (remove water, add hydrogens) 

3. Ligand Preparation 

Design or select potential drug molecules 

4. Docking Simulation 
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Use software like Auto Dock or Schrödinger Glide 

5. Scoring Function 

Evaluate binding affinity (lower energy = stronger 

binding) 

6. Interaction Analysis 

Study hydrogen bonds, hydrophobic interactions 

 

 
Fig(2.2) showing target in mycobacterium tuberculosis 

 

4. Molecular docking in diabetes mellitus 

 

Introduction: 

Diabetes mellitus is a long-term metabolic 

condition marked by increased levels of glucose in 

the bloodstream due to insufficient insulin 

production or utilization within the body 

(25).Sustained high blood sugar levels can give rise 

to numerous complications that significantly impact 

both physical well-being and overall quality of life 

(26). T2DM is the predominant form of diabetes, 

making up around 85% to 90% of all diagnosed 

cases (27). Pancreatic α-amylase serves as a 

significant enzyme involved in starch breakdown 

within the small intestine. primary function is to 

break down dextrinized starch into maltose and 

various oligosaccha Its rides by catalyzing the 

hydrolysis of the α-1,4-glucosidic bond. The 

subsequent digestion of the produced substances 

occurs through the action of other glucosidases . A 

successful strategy to mitigate the effects of T2DM 

involves the inhibition of α-amylase in the 

gastrointestinal tract, leading to a delay in the 

digestion of starchy foods. This, in turn, effectively 

suppresses postprandial hyperglycemia and reduces 

its impact on individuals with T2DM. Studies 

haveindicated that thiazolopyridines, which consist 

of two fused heterocyclic rings, exhibit inhibitory 

effects on enzymes associated with diabetes(28) 

Diabetes mellitus (DM) is a group of metabolic 

disorders characterized by the presence of high 

levels of glucose in the (hyperglycemia) resulting 

from defects in secretion, insulin action or both. 

Hyperglycemia- blood glucose levels usually above 

180-200 mg/dl. 

 

 
Fig (2.2) Normal condition of diabetes mellitus 
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Fig (2.3) diabetes mellitus condition 

 

Types of diabetes mellitus 

1 Type 1 DM- 

• It constitutes about 10% cases of DM 

• Juvenile-onset diabetes (JOD) due to its 

occurrence in younger age (below 30 years). 

• Insulin- dependent DM (IDDM) because 

patients have absolute requirement for insulin in 

replacement as treatment. 

• It mainly occurs due to the destruction of 

insulin secreting pancreatic beta cells of islets 

of Langerhans. 

 

2 Type 2 DM-This type comprises about 90% 

cases of DM. 

• Maturity-onset diabetes (above 40 years) 

• Non-insulin dependent diabetes mellitus 

(NIDDM) 

• It occurs due to relative insulin deficiency or 

resistance or both. 

3 Gestational diabetes- occurs during pregnancy. 

 

Biological process on DM in molecular docking 

 

 
Fig showing : biological process of DM 
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Fig (2.4) showing biological process on DM in molecular docking 

 

MD stimulation 

The results of molecular docking studies, 

although somewhat suggestive of the real process of 

protein-ligand binding, are further elucidated by 

MD simulations, which provide a comprehensive 

understanding of the interactions, including even 

the subtlest differences. Consequently, a MD 

simulation was conducted to investigate the best 

protein-ligand complex over aduration of 100 ns, 

with the aim of uncovering precise atomic-level 

information about molecular interactions. The 

RMSD study of the Cα atoms revealed that the 
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complex stabilizes.after 25  nano second 

sandstays stable with slight perturbationat 

80.RMSD,with respect to its initial position ,rose to 

2.30 for the initial 25 ns before becoming more 

stable the re after. All of the RMSDs are within 

acceptable ranges,indicating that value sremained 

stable in the receptor-ligand complex during the 

simulation(28) 

 

Application of molecular docking 

A. Drug Discovery and Development 

B. Disease-Specific Applications 

 

A Drug Discovery and Development 

 

1 Hit Identification and Virtual Screening 

Virtual screening represents a primary 

application of molecular docking, enabling 

rapid identification of bioactive molecules from 

vast chemical libraries. Screening performance 

is evaluated using enrichment factors and 

BEDROC metrics emphasizing early 

recognition of actives. 

2 Lead Optimization: Lead optimization uses 

molecular docking to guide modifications of hit 

compounds, aiming to enhance binding affinity, 

selectivity, and drug-like properties by 

analyzing atomic interactions. While scoring 

functions are essential in this process, their 

predictive accuracy is often limited, with 

studies showing moderate correlation between 

docking scores and experimental activities, 

such as in acetylcholinesterase inhibitors. 

Therefore, experimental validation remains 

critical. 

3 De Novo Drug Design: De novo design creates 

new molecules by building them directly within 

the target’s binding site, using fragment growth 

and linking guided by interaction scores. Tools 

like LUDI and HIPPO map hydrogen bonding 

and hydrophobic sites, while modern methods 

use AI and structural modeling for precise 

protein–ligand design. 

4 Virtual Screening :Virtual screening is used to 

find hits and lead compounds from molecular 

databases according to scoring functions [84]. 

The applications of docking in virtual screening 

have increased with the combination of the 

method with other new applications. For 

example, the combination of molecular 

dynamics and free energy binding estimation 

methods with docking has improved virtual 

screening.(29) 

 

B. Disease-Specific Applications 

1 Cancer Therapy: Docking is crucial for 

designing inhibitors against cancer-related proteins 

like BCL-2, CDK4/6, HER2, and EGFR. It supports 

structure-guided drug design by improving inhibitor 

selectivity and helping overcome drug resistance 

2 Neurological Disorders: Molecular 

docking supports Alzheimer's research by helping 

identify inhibitors targeting key proteins like 

acetylcholinesterase, butyrylcholinesterase, tau, and 

amyloid-β plaques. These docking studies also aid 

in discovering dual inhibitors and natural 

compounds that contribute to developing multi-

target treatments for neurodegenerative 

diseases.(30) 

 
Fig (2.5) showing application of molecular docking 

 

Docking is most often employed for drug 

discovery, as the majority of medications are 

composed of tiny organic compounds. 

Docking may be used to: 
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1. Hit identification 

Docking in conjunction with a score function 

enables rapid screening of vast databases of 

possible medications in silico to find compounds 

that are capable of binding to a particular target of 

interest. 

2. Lead optimization 

Docking can be used to anticipate the location and 

relative position of a ligand’s interaction to a protein 

(also referred to as the binding mode or pose). This 

data can be utilized to develop more powerful and 

selective analogues. 

3. Lead optimization 

Additionally, protein-ligand docking may be 

utilized to forecast which contaminants are 

degradable by enzymes. It can be utilized for the 

determination  of  the  desired  location,  

collection  of  the  most  effective medication. 

Molecular docking can be used to identify enzymes 

and their mode of action. It can also be utilized to 

determine relationships between proteins. 

Molecules are screened virtually by using the 

remediation method . 

 

Application of molecular modeling in modern 

drug Development 

It is used to evaluate for potential harms produced 

by relationships with other proteins, such as 

proteases, cytochrome P450, and others. Docking 

can also be used to determine the specificity of a 

proposed medication against homologous proteins. 

Additionally, docking is a frequently utilized 

technique for identifying protein-protein 

interactions. 8 Comprehension of cellular 

connections helps in the comprehension of a range 

of processes occurring in live organisms and the 

identification of potential pharmaceutical targets. 

1. Receptor preparation 

It depends upon the docking software utilized. It 

can be used for the Selection of a structure and 

binding sites. 8 Frequently, hydrogens must be 

added, with some programmed being more position-

sensitive than others. 

2 Ligand preparation 

It can Predict the pKa values for each charged atom 

Implement programs for each possible charge 

arrangement within a specified pH range. Typically, 

through the use of a quantum mechanical force 

field, it can be used to reduce chemical structure. 

 

Protein-Protein Interaction 

1. Interface Analysis 

Molecular docking techniques facilitate the analysis 

of protein-protein interaction interfaces . These 

studies provide insights into the structural 

determinants of protein complex formation and 

stability. Understanding these interactions is crucial 

for developing .Therapeutic strategies targeting 

protein-protein interfaces. 

 

2. Complex Structure Prediction 

Docking methods contribute to predicting the 

structure of protein complexes when experimental 

structures are unavailable .This application has 

become increasingly important in structural biology, 

complementing experimental techniques and 

providing Initial models for further refinement. 

• Nutraceutical research 

Defining the cellular targets of nutraceuticals to 

medical use can be improved by the practice of 

molecular docking. 

• Bioremediation 

Molecular docking may be utilized to uncover 

enzymes and their means of activation. It is also 

Essential to discover interactions among proteins. 

Molecules are evaluated electronically using the 

Restoration treatment. 

• Faster Drug Discovery 

Docking allows researchers to screen thousands of 

compounds quickly against disease-related targets 

(e.g., enzymes, receptors). 

This is especially useful in disorders like:Cancer 

(targeting mutated proteins) Viral infections (e.g., 

identifying inhibitors for viral enzymes). 

• Cost-Effective Approach 

Traditional experimental drug testing is expensive 

and time-consuming. Docking reduces costs 

by:Narrowing down potential drug candidates 

before lab testing Minimizing failed experiments. 

• Understanding Disease Mechanisms 

Docking helps visualize how molecules interact with 

biological targets, improving understanding of 

Protein–ligand interactions Structural changes in 

diseases like Alzheimer’s or Parkinson’s. 

• Target-Specific Drug Design 

It enables structure-based drug design, meaning 

drugs can be tailored for specific disease targets. 

 

In cancer → targeting specific oncogenes. 

In diabetes → targeting enzymes like α-

glucosidase. 

• Drug Repurposing 

Existing drugs can be tested against new targets 

using docking: Speeds up treatment discovery for 

emerging diseases Widely used during outbreaks 

(e.g., screening antivirals). 

• Reduced Side Effects 

By predicting binding specificity, docking helps 
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design drugs that Bind only to intended targets 

Reduce off-target interactions and adverse effects. 

 

Applications in Neurological Disorders 

In diseases like Alzheimer’s: Helps identify

 inhibitors for enzymes like 

acetylcholinesterase Aids in designing 

neuroprotective agents. 

• Personalized Medicine 

Docking can be adapted to study patient-specific 

mutations . 

Helps design customized therapies Important in 

genetic disorders and precision oncology. 

• Supports Experimental Research 

Docking complements lab experiments by: 

Providing hypotheses before in vitro/in vivo 

testing Interpreting experimental results. 

 

II. Conclusion 
Molecular docking has emerged as a 

fundamental tool in modern drug discovery and 

computational biology, offering a cost-effective and 

time-efficient alternative to traditional experimental 

approaches. It enables the prediction of ligand–

target interactions, binding orientations, and 

structure–activity relationships, thereby playing a 

critical role in hit identification, lead optimization, 

and drug repurposing across various diseases such 

as cancer, infectious diseases, and neurological 

disorders. Molecular docking has significantly 

advanced drug discovery efforts across major global 

diseases, including diabetes mellitus, tuberculosis 

(TB), HIV, and cancer, by enabling rapid 

identification of potential therapeutic agents and 

understanding of molecular interactions at the target 

level. In diabetes mellitus, docking has been widely 

applied to identify inhibitors of key enzymes such 

as α-glucosidase, DPP-4, and protein tyrosine 

phosphatase-1B, contributing to the development of 

novel antidiabetic agents. 

In tuberculosis (TB), docking plays a 

crucial role in targeting essential proteins of 

Mycobacterium tuberculosis, such as InhA and 

DNA gyrase, facilitating the discovery of new drugs 

to combat multidrug-resistant strains. Similarly, in 

HIV, molecular docking has been instrumental in 

designing inhibitors against viral enzymes like 

reverse transcriptase, protease, and integrase, 

significantly contributing to antiretroviral therapy 

development. 

In conclusion, molecular docking remains 

a powerful and indispensable tool in addressing 

major diseases like diabetes mellitus, TB, HIV, and 

cancer. With continued technological evolution, it 

holds great promise for improving drug discovery 

efficiency and delivering innovative therapeutic 

solutions to global health challenges. 
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