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A B S T R A C T 
 

The process of drug discovery takes a long time and costs a lot of money. Computer-Aided Drug Design (CADD) has become an 

important part of modern drug discovery because it speeds up the process and lowers prices. CADD includes many methods, such 

as Structure-Based Drug Design (SBDD) and Ligand-Based Drug Design (LBDD). These use computer programs to do things like 

molecular docking, virtual screening, QSAR, pharmacophore modeling, and molecular dynamics. LBDD is used when the shapes of 

receptors are unknown, while SBDD uses machine learning. This review provides a comprehensive overview of CADD methods, 

classification, principles, and uses in drug creation. The article discusses about how important it is to find targets, find lead 

compounds, and make things work better. It also talks about the role of computers in pharmaceutical chemistry and molecular 

biology. CADD has increased the speed and accuracy of drug finding, making it possible to find new medicines. The review shows 

how CADD could change the way drugs are made, help people who don't have access to proper medical care, and make patient 

results better. Researchers can speed up the process of finding new drugs by using CADD strategies. This review is a great 

resource for researchers, clinicians, and industry workers who want to use CADD in pharmaceutical research. Using CADD has 

changed the way drugs are found, and its continued growth could lead to better health for everyone. 
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INTRODUCTION:  

he drug discovery process is an extremely moneyand 

time-consuming process, which is necessary to 

guarantee the safety and the quality of novel 

therapeutical entities entering the market (1). The different 

steps needed to get a new small molecule from target review 

to regulatory approval can take up to 14 years and cost more 

than a billion dollars (2). Conventional drug development 

methodologies commence with target identification, 

followed by the identification of lead compounds, execution 

of preclinical and clinical trials, and ultimately, market 

introduction, each necessitating substantial time and 

resources(3). Although documentation for open access 

materials exists, publicly accessible educational platforms 

for concepts and applications in CADD are scarce (4). A 

drug candidate is identified and partially approved for the 

treatment of a specific disease, and the process for drug 

approval is known as computer-aided drug design 

(CADD)(5).  

The advent of computer methods in pharmaceutical 

chemistry and molecular biology over the 20th century has 

transformed drug development processes(6). CADD can be 

broadly categorized into two types: STRUCTURE-BASED 

drug design (SBDD) and ligand-based drug design 
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(LBDD).Imaging clinical trials aim at answering specific 

scientific questions regarding the value of imaging 

technologies and procedures for detecting, diagnosing, 

guiding, or monitoring the treatment of disease. In silico 

drug designing is a form of computer-based modelling 

whose technologies are applied in drug discovery processes 

(7). Drug targets are biomolecules that are causally linked to 

disease occurrence within cells or contribute to disease 

progression, and can be addressed by pharmacological 

interventions for therapeutic purposes(8). 

The identification of new active molecules is a complex 

endeavour that necessitates expertise in various disciplines, 

including chemistry and biology (9). A crucial question in 

drug discovery is the identification and validation of 

molecular targets with clinical application (10). The 

biological origin of a disease under lies the modern 

treatment of specific health conditions(11). The computer-

aided drug design (CADD) fields encompass a wide range 

of computational approaches for small molecules and 

macromolecules, as well as for analysing and predicting 

protein-ligand interactions(12). The introduction 

of computational techniques in pharmaceutical chemistry 

and molecular biology over the 20th century changed drug 

development processes(6). CADD is defined all computer-

assisted techniques employed for the identification, design, 

and optimization of molecules with specific structures and 

features (13). The evaluation of novel imaging technologies 

typically required a significant clinical trial to 

demonstrated advantages over the standard of care (14). 

CLASSIFICATION: (15) 

 (Computer-assisted Drug Design) 

1. Structure-Based Drug Design: 

A. Structural Prediction  

a) Homology Modeling  

b) Ab initio structural prediction 

c) Validation of Protein Models 

B. Docking-Based Virtual Screening 

a) Binding site identification  

b) Ligand flexibility  

c) Protein flexibility  

d) Scoring function  

2. Ligand-Based Drug Design  

A. Similarity search  

B. Quantitative Structure-Activity Relationship  

C. Pharmacophore  

D. Scaffold Hopping  

3. Hierarchical Virtual Screening 

4. De Novo and Fragment-Based Drug Design 

5. MM-GBSA  

6. Molecular Dynamics 

7. QM/MM and DFT Approaches  

Structure-Based Drug Design: 

The potential use of crystallographic and NMR methods is 

currently being extended beyond structural determination 

into novel approaches for lead discovery (16). The 

accessibility of the three-dimensional structures of 

therapeutic target proteins and the investigation of the 

binding site cavity provides the foundation of structure-

based drug design (SBDD) (17). Every technique based on 

this type of data belongs to the "structure-based drug design" 

(SBDD) family, which is by far the most popular method in 

computational drug discovery (18). The incorporation of 

machine learning techniques into structure-based drug 

design methodologies has improved performance (19). 

Structure-based virtual high-through put screening (SB-v 

HTS) is the tool used in silico to classify supposed hits of a 

huge library of compounds to targets of known structure, 

relies on comparing the small molecule’s 3D structure with 

the putative binding pocket (20).  

Ligand-Based Drug Design: 

Ligand-based drug design is a prevalent method in 

computer-aided drug design, utilized when the three-

dimensional structure of the target receptor is unavailable 

(21). The principle of ligand-based Drug Design is that 

structurally similar substances are likely to exhibit similar 

behaviours. A crucial stage in LBDD is to acquire and 

prepare small molecule libraries (22). These methods utilize 

a collection of reference structures derived from substances 

recognized to interact with the target of interest and examine 

their 2D or 3D configurations (23).The chemical structures 

of identified pharmaceuticals were obtained from the 

PubChem compound database, accessible at NCBI (24).
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Figure 1: In silico methodologies for pharmaceutical design (25) 

Homology modelling: 

The HHpred web server was utilized for the homology 

modeling of all targeted HIV proteins. HHpred employed 

MODELLER subsequent to the PIR alignment of the target 

sequence with the template(s) exhibiting the highest 

sequence similarity and identity (26).Despite the 

current revolution in structural investigations, particularly 

the recent advancements in cryo-electron microscopy, the 

intricate structures of several proteins, notably membrane 

proteinswhich are disproportionately represented among 

therapeutic targetsremain undetermined (27). The initial 

phase of structure-based drug design (SBDD) involves 

selecting a target structure and identifying the binding site of 

interest (28). 

Virtual Screening (VS) 

Popular VS techniques emerged in the 1980s, however the 

inaugural publication on VS was released in 1997. Recently, 

the application of VS approaches has demonstrated to be a 

superior option to high-throughput screening, particularly 

regarding cost-effectiveness and the likelihood of 

identifying the most suitable outcome from an extensive 

virtual database (29).VS is a computational method 

employed in the drug discovery process. In VS, extensive 

datasets of molecular structures are systematically assessed 

by computational techniques (30). The virtual screening 

(VS) method has successfully enhanced high-throughput 

screening (HTS) for hit identification (31). It has become a 

highly convenient approach for identifying the most 

favourable bioactive compounds using information 

regarding protein targets or active ligands (32). 

Molecular Docking:  

Grid generation was accomplished utilizing the receptor grid 

to establish the docking platform via the GLIDE (Grid-based 

Ligand Docking with Energetics) module of the Schrödinger 

Suite, which identifies and delineates the active site location 

(33). Docking is the process of optimizing molecular 

configurations for optimal interaction with a receptor (34). 

A significant benefit of DNN compared to other ML 

methods is its capacity for representation learning (35). 

Molecular docking is used to determine and optimize 

drug candidates by analysing and modeling the interactions 

between ligands and target macromolecules (36). 

 

QSAR(Quantitative Structure Activity Relationship): 

The quantitative structure-activity relationship (QSAR) uses 

mathematical and statistical multivariate techniques to 

identify significant connections between a set of structures 

and their functions(37). Quantitative Structure-Activity 

Relationship (QSAR) is a crucial instrument in 

bioinformatics and chemical information, principally relying 

on data derived from molecular modeling and computational 

chemistry to forecast the toxicities of compounds (38). 

QSAR modeling investigates the correlation between 

molecular chemical structures and their biological functions 

(39). 

Pharmacophore Modeling: 

A pharmacophore model clarifies the spatial configuration 

of chemical characteristics in ligands necessary for 

interaction with the target receptor (26). Some Chemical 

characteristics utilized in pharmacophore modeling includes 

hydrogen bond donors, hydrogen bond acceptors, aromatic 

ring systems, hydrophobic regions, positively charged 

ionizable groups, and negatively charged ionizable groups 

(40). 

A further method of CADD for identifying drug-like novel 

compounds within an extensive chemical space enables the 

discovery of new drugs by optimizing many pharmaceutical 

features essential for efficacy (41). Pharmacophores are 

collections of electronic and steric features necessary for a 

compound's recognition by a protein target (42). 

Molecular Dynamics:  

MD simulations of the novel molecule 1 were conducted 

using the YASARA software package, in conjunction with 

the apo form of Mpro. These simulations were conducted to 

examine the virtual stability of the ligand situated in the 
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binding pocket. A dynamic system comprised one copy of 

Mpro, one copy of the attached chemical, water molecules, 

and 0.9% NaCl at a temperature of 298K (43). 

Experimentally determined structures give significant 

insights for drug design, however they only capture a static 

representation of the complete conformational space 

inherent to the changeable nature of biological systems (44). 

ADME (Adsorption, Distribution, Metabolism, 

Excretion):  

They denote bidirectional interaction between drug 

effect and the human body, wherein drugs influence 

physiological processes through receptor inhibition, 

activation, and signal pathway obstruction, while the body 

processes drugs via absorption, distribution, metabolism, 

and excretion (45). 

Methods and Materials 

Study design:  This systematic study assessed the 

computational in silico models employed to identify novel 

anti-COVID-19 drugs (46). 

The development of a multi-epitope vaccination 

encompassed several technical procedures. Summarizes the 

overall methodology employed in the design of a multi-

subunit vaccine and the associated pipeline for the present 

investigation (47). 

Bibliographic Review and Lead Identification: To 

discover a possible therapy for L. amazonensis, we 

hypothesize that disrupting a critical metabolic route of the 

parasite might result in its demise and therefore alleviate the 

disease's consequences (48). Our study consists of a 

regression in-silico analysis and an in-vitro analysis. The in-

silico study comprises data collection, preparation, 

validation, molecular docking, MM\GBSA, kinetic 

simulation, and ADMET analysis (49). 

population, Concept, and Context: We employed the 

population-concept-context (PCC) mnemonic to direct the 

formulation of research questions, establish eligibility 

criteria, and conduct the literature search. The articles in this 

scoping review should concentrate on in silico 

methodologies for drug repurposing within the field of 

oncology research. We did not define a specific population 

as our focus was on the computational approaches employed 

in oncology research broadly, encompassing various study 

designs and populations (50). 

In Silico Hydrolysis of the Parent Protein: The Expasy 

online application was utilized to analyse the trypsin 

potential of parental proteins (19). Trypsin is a peptide chain 

endonuclease that selectively hydrolyses peptide chains 

containing arginine and lysine. The Exposé peptide cutter 

software provides an extensive array of enzymes, including 

trypsin. Upon inputting the protein sequence, the relative 

locations of the cleavage sites for various enzymes will be 

indicated on the specified protein. Upon selecting the target 

enzyme, the obtained protein fragments will be represented 

with greater accuracy (51). 

Details regarding Drug-Drug Interactions (DDIs) and 

the formulation of Training Sets: We utilized DDIs data 

obtained from two informational sources. The secondary 

source of DDIs data was the Fujitsu ADME Database (52). 

Features Based on Sequence: The independent version of 

the feature was employed to compute several characteristics 

from protein sequences in this investigation. Numerous 

features or descriptors of protein or peptide sequences can 

be computed with feature (53). 

We utilized the composition-based function module of 

features to generate a vector including 8,968 features. In 

addition to these, we have also examined various 

composition features individually from the features in both 

datasets (54). 
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