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Abstract 
Computational methods of drug design involve the use of 

various software and algorithms to predict the properties 

of drug molecules, screen for potential targets, and 

optimize drug candidates for therapeutic efficacy, it 

lowering the cost of drug research and development time. 

The discovery and development of a novel medicine is a 

lengthy, complex, expensive, and high-risk process that 

has no commercial counterpart. CADD has previously 

been used to uncover drugs that have gone through 

clinical trials and become innovative medicines for many 

ailments. CADD approaches are widely divided into two 

categories: structure-based drug design (SBDD) and 

ligand-based drug design (LBDD).  SBDD is used when the 

three-dimensional structures of target proteins are 

available, while LBDD design is used in the absence of 

receptor 3D information and relies on knowledge of 

molecules that bind to the biological target of interest. 

Some applications in CADD are Lead Optimization, 

Virtual screening (VS), ADMET prediction, and toxicity 

prediction. Medicinal chemists use a variety of 

computational approaches to modify the chemical 

structure of a compound to maximize its in vitro activity,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

drug discovery is driven by the idea that a ligand with 

higher binding affinity to a target should be more 

efficacious than that with lower binding affinity to the 

same target. Target flexibility is one of the key issues that 

still need to be resolved in drug discovery. The majority of 

molecular docking tools give the ligand high flexibility, but 

they fix or give the protein's residues close to or inside the 

active site only limited flexibility. It is very difficult to 

provide complete molecular flexibility to the protein as 

this increases the space and time complexity of the 

computation. In conclusion, computational methods have 

revolutionized the field of drug design by enabling faster, 

more cost-effective, and more efficient drug discovery 
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Design (SBDD), Ligand-Based Drug Design (LBDD), Virtual Screening, 

Molecular Docking 
 

Introduction 

Computational methods of drug design (CMDD), sometimes 
known as computer-aided drug design (CADD), involve the use of 
various software and algorithms to predict the properties of drug 
molecules, screen for potential targets, and optimize drug 
candidates for therapeutic efficacy. It also lowers the cost of drug 
research and development time. The discovery and development of 
a novel medicine is a lengthy, complex, expensive, and high-risk 
process that has no commercial counterpart. To speed up the 
process, computer-aided drug design (CADD) technologies are 
commonly utilized in the pharmaceutical sector. Using 
computational  methods  in  the  lead  optimization  phase  of  drug  
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development has a significant economic advantage. 
Pharmacological research facilities invest a lot of money and time 
in various stages of drug discovery, beginning with therapeutic 
target identification setting the stage for candidate drug discovery, 
assessing the efficacy and safety of newly created medications, and 
optimizing drugs through preclinical and comprehensive clinical 
studies. Major pharmaceutical corporations have made significant  
investments in routine Ultra-High Throughput Screening (uHTS) 
of vast numbers of drug-like compounds. Simultaneously, 
computers are increasingly being used for virtual screening in 
medication design and optimization. Recent improvements in 
DNA microarray research have revealed that thousands of genes 
linked to a disease can be exploited to learn more about disease 
targets, metabolic pathways, and medication toxicity. Empirical 
molecular mechanics, quantum mechanics, and, more recently, 
statistical mechanics are examples of theoretical techniques. The 
most recent development made it possible to include overt solvent 
effects. All of this is largely due to the availability of workstations 
that handle high-quality computer graphics (Ms.Priti et al., 2022). 
Computer-aided drug design (CADD) has resurfaced as a method 
of drastically reducing the number of compounds required to 
screen while maintaining the same degree of lead compound 
discovery. Many molecules that are projected to be inactive can be 
avoided, while those that are predicted to be active can be 
prioritized. This lowers the cost and workload of a comprehensive 
high-throughput screening (HTS) screen while maintaining lead 
discovery. Furthermore, typical HTS assays frequently necessitate 
significant development and validation before they may be 
employed. Because CADD takes much less time to produce, 
experimenters can conduct CADD investigations while the typical 
HTS test is being prepared. The fact that both of these tools can be 
utilized concurrently adds another advantage for CADD in a drug 
discovery effort. To find inhibitors of the enzyme tyrosine 
phosphatase-1B, which is linked to diabetes, researchers at 
Pharmacia (now a division of Pfizer) used CADD technologies. A 
hit rate of over 35% was achieved out of the 365 compounds that 
came from their virtual screen. This team also conducted a 
conventional HTS simultaneously on the same target. Only 81 of 
the 400,000 tested compounds demonstrated inhibition, yielding a 
success rate of 0.021%. This comparative case demonstrates the 
power of CADD in a powerful way (Doman et al., 2002). 
CADD has previously been used to uncover drugs that have gone 
through clinical trials and become innovative medicines for several 
ailments. The following are some of the earliest examples of 
authorized pharmaceuticals that attribute their development in 
major part to CADD tools: Dorzolamide, a carbonic anhydrase 
inhibitor that was approved in 1995 (Vijayakrishnan 2009). Drug 
design aims to create a chemical element that can physically and 
chemically fit into a specific cavity on a protein target. It is generally 

known that developing new medications requires a lot of time and 
resources. To hasten drug discovery, design, development, and 
optimization, there is an increasing push to use computer capacity 
in the combined chemical and biological domain. Computer-aided 
or in-silico design is used in the biomedical industry to optimize the 
absorption, distribution, metabolism, excretion, and toxicity 
profile, as well as to speed up and simplify hit identification, hit-to-
lead selection, and hit-to-hit selection. Years of scientific 
investigation are needed to understand the biochemistry of a 
disease to develop a potential treatment. Consequently, particular 
receptors (targets) are discovered. In the post-genomic era, the 
range of applications for computer-aided drug design (CADD) has 
considerably increased, encompassing nearly all phases of the drug 
development pipeline, from target identification to lead discovery, 
lead optimization, and preclinical or clinical trials. HTS and 
combinatorial chemistry were two techniques that the industry 
quickly adopted. To find lead compounds that can regulate a 
specific result, large libraries of compounds are screened against 
therapeutic targets in HTS. However, setting up a program for 
combinatorial chemistry and HTS is expensive and does not meet 
the special requirements of many biological (drug target) systems. 
Due to poor ADME (absorption, distribution, metabolism, and 
elimination) characteristics, compounds discovered in such 
screenings may not be appropriate for future medicinal chemistry 
research. Even though these technologies have accelerated the 
identification of lead compounds, new chemical entities (NCEs) 
have not been introduced into the global pharmaceutical market at 
a rate that has kept pace with that (Md. Mofizur et al., 2012). CADD 
approaches are widely divided into two categories: structure-based 
(SB) and ligand-based (LB) drug design. The CADD approach 
utilized is determined by the availability of target structural data. 
SBDD tools require knowledge of target structures to be used. X-ray 
crystallography or nuclear magnetic resonance (NMR) is 
commonly used to get target information experimentally. When 
neither is available, computational methods such as homology 
modeling can be employed to predict desired three-dimensional 
structures. Knowing the structure allows you to employ structure-
based tools on targets and potential therapeutic compounds, such 
as virtual high-throughput screening and direct docking 
procedures. The affinity of molecules to targets can be assessed by 
calculating various binding free energy estimations. Following that, 
prospective medication compounds are further filtered and 
optimized. The activity of the final lead compounds is evaluated in 
vitro. When the target structure cannot be identified experimentally 
or predicted using computational methods, ligand-based 
approaches are frequently utilized as an alternative. These 
techniques, however, rely on information about the target's known 
active binders. 
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CADD has played an important part in the discovery of several 
accessible pharmaceutical medications that have received FDA 
approval and have reached the consumer market [Talele et al., 2010; 
Kitchen D et al., 2004].  
2. Classification Of Computational Methods For Drug Design 
CADD can be classified into two general categories: structure-based 
drug design and ligand-based drug design. 
2.1 Structure-Based Drug Design (SBDD) 
 Structure-based drug design (SBDD) is the process that includes 
virtual screening and de novo drug design. These methods are a 
highly efficient and alternative approach to the discovery and 
development of the drug design course. In virtual screening, drug 
chemical compounds are computationally screened against known 
target structures. In classical or advanced pharmacology or legacy 
drug design and development, rational drug design is very costly 
and efficient. The first step in a rational drug design method or 
reverse pharmacology is to identify promising target proteins used 
for screening small molecule libraries. Structure-based virtual 
screening (SBVS), molecular docking and molecular dynamics 
(MD) are methods used in SBDD, a more specific, efficient, and 
rapid process for lead discovery and optimization because they are 
approximately related to the 3D structure of a Target protein. 
analysis of disease and binding energies at the molecular level, 
ligand-protein interaction induction insertion process (Lionta et 
al.,2014; Kalyaanamoorthy et al.,2011). The three-dimensional 
(3D) structure of proteins (more than 100,000) is provided in 
SBDD. 
2.1.1 Identification of Target Protein and Binding Site: 
Target protein identification is the key step in the SBDD process. It 
provided clear information on the binding site of the target 
macromolecule, protein-ligand interaction, post-docking 
dynamics, as well as hydrogen bond formation, which helped to 
calculate the best pharmacophores of the 'new' ligand. The binding 
sites are determined experimentally by integrative structural 
biology techniques in the 3D structure of the target macromolecule 
such as NMR, and X-ray crystallography. The next step is to identify 
the binding pocket after the target protein is resolved. It is a very 
small space where the ligand binds and also exerts its therapeutic or 
desired effect. These methods provide information on energy 
interaction and Van der Waals (vdW) forces for binding site 
mapping. There are many methods developed by energy interaction 
calculations for binding site mapping specifically for SBDD, and 
these methods identify specific regions of the target protein that 
interact with appropriate functional groups on drugs. These 
identify with the protein Q-site Finder (Laurie et al., 2005; Zhang et 
al., 2016; Grant 2009; Pau et al., 2017). 
2.1.2 Molecular Docking 
         Molecular docking is a virtual simulation technique used to 
model the interaction between a small molecule and a protein at the 

atomic level. This technique is also used to characterize the behavior 
of small molecules at the binding site of the target protein The 
insertion process involves two basic steps - the estimation of ligand 
conformation and the second is the binding of the ligand within the 
target active site with accuracy, so this technique is widely used in 
structure-based drug design (SBDD). The theoretical basis is that 
the process of ligand and receptor recognition relies on spatial 
shape matching and energy matching, which is the theory of 
“inducing fit”. Determining the correct binding conformation of 
small molecule ligands and protein receptors in the formation of 
complex structures is the basis for drug design and studying its 
action mechanism. Molecular docking can be roughly divided into 
rigid docking, semi-flexible docking, and flexible docking. In rigid 
docking, the structure of molecules does not change. The 
calculation method is relatively simple and mainly studies the 
degree of conformation matching, so it is more suitable for studying 
macromolecular systems, such as protein-protein, and protein-
nucleic acid systems. In semi-flexible docking, the conformation of 
molecules can be varied within a certain range, so it is more suitable 
to deal with the interaction between proteins and small molecules 
(de Ruyck et al., 2016).  
2.1.3 Scoring Function 
The scoring function assists an insertion program into the ligand 
binding site. The scoring function also helps calculate the binding 
affinity between protein and ligand functions. Scoring functions are 
divided into force field, empirical, knowledge-based, and machine 
learning.  
An early general-purpose empirical scoring function was developed 
by Bohm to describe the binding energy of ligands to receptors 
(Ms.Priti et al., 2022). 
2.2 Ligand-Based Drug Design (LBDD)  
Ligand-based drug design is an approach used in the absence of 
receptor 3D information and relies on knowledge of molecules that 
bind to the biological target of interest. 3D quantitative structure-
activity relationships (3D QSAR) and pharmacophore modeling are 
the most important and widely used tools in ligand-based drug 
design. They can provide appropriate predictive models for lead 
identification and optimization. 
Ligand-based drug design is an approach used in the absence of 
receptor 3D information and relies on knowledge of molecules that 
bind to the biological target of interest. 
a) Ligand-Based Drug Design consists of the information of 
molecules that bind to the desired target site. 
b) These molecules can be used to derive a Pharmacophore model. 
 
c) A pharmacophore model is defined as a molecule with the 
necessary structural abilities to bind to a desired target site. 
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d) Once the Pharmacophore is identified, it is determined whether 
it is suitable for the receptor, otherwise the Pharmacophore is 
further modified to make a potential drug (Crasto AM 2023). 
2.2.1 Quantitative Structure-Activity Relationships (QSAR)  
QSAR is a quantitative study of the interactions between small 
organic molecules and biological macromolecules. It contains a 
correlation between calculated properties of molecules (e.g., 
absorption, distribution, metabolism of small organic molecules in 
living organisms) and their experimentally determined biological 
activity (Vucicevic et al., 2019).  In the case of unknown receptor 
structure, the QSAR method is the most accurate and effective 
method for drug design. Drug discovery often involves the use of 
QSAR to identify chemical structures that could have good 
inhibitory effects on specific targets and have low toxicity (non-
specific activity). With the further development of structure-
activity relationship theory and statistical methods, in the 1980s, 3D 
structural information was introduced into the QSAR method, 
namely 3D-QSAR. Since the 1990s, with the improvement of 
computing power and the accurate determination of the 3D 
structure of many biomacromolecules, structure-based drug design 
has gradually replaced the dominant position of quantitative 
structure-activity relationship in the field of drug design, but QSAR 
with the advantages of a small amount of calculation and good 
predictive ability (Kumar et al., 2019) still plays an important role 
in pharmaceutical researches. Based on 3D structural 
characteristics of ligands and targets, 3D-QSAR explores the 3D 
conception of bioactive molecules, accurately reflects the energy 
changes and patterns of interactions between bioactive molecules 
and receptors, and reveals the drug-receiving mechanism of body 
interactions. The physicochemical parameters and 3D structural 
parameters of a series of drugs are fitted to the quantitative 
relationship. Then, the structures of new compounds are predicted 
and optimized. In short, 3D-QSAR is a research method combining 
QSAR with computational chemistry and molecular graphics. It is 
a powerful tool for studying the interactions between drugs and 
target macromolecules, speculating the image of simulated targets, 
establishing the relationship between drug structure, and designing 
drugs (Lin et al., 2020). 
2.2.2 Pharmacophore 
A pharmacophore is a molecular frame that describes the vital 
features responsible for the biological activity of a molecule (Guner 
et al., 2005). Pharmacophore models are generated to increase the 
understanding of the ligand-protein interactions. They can be 
employed in identifying new molecules that satisfy the 
pharmacophore requirements and are thus expected to be active 
(Sanders et al., 2012). Pharmacophore models can be built by using 
the structural information about the active ligands that bind to the 
target if the target structure is not available. This is known as the 
ligand-based pharmacophore modeling approach (Lin et al., 2000). 

In conditions where the structure of the target is available, 
pharmacophore models can be built by using the structural 
properties of the target. This is known as the structure-based 
pharmacophore modeling approach (Sanders et al., 2012). There 
are several pharmacophore modeling tools in use. HipHop, 
HypoGen, Pharmer, PHASE, GASP, PharmaGist, PharmMapper, 
MOE, LigandScout, and GALAHAD are examples of software used 
for pharmacophore model generation (Prachayasittikul et al., 
2015).  With the use of such software, pharmacophore modeling has 
been employed at the various stages of the drug discovery process 
(Gao et al., 2010). Virtual screening, drug target fishing, ligand 
profiling, docking, and ADMET (absorption, distribution, 
metabolism, excretion, toxicity) prediction are among its popular 
application areas (Langer et al., 2006; Vel et al., 2012; Schuster et al., 
2010). 
        A pharmacophore model includes several patterns arranged in 
a particular 3D (three-dimensional) pattern. Each pattern is 
depicted by a typical sphere containing a radius that determines the 
deviation tolerance from the exact position. There are also various 
other displaying ways. These patterns can be displayed as a single 
pattern or their combinations (Sheridan et al., 1989). In the ligand-
based pharmacophore modeling, the first active ligands are 
identified by using the literature available or database search. The 
data set is split into a training set and a test set. Then, a feature 
analysis of the training set ligands is done. The common features 
are detected through the alignment of the active ligands. The next 
step is pharmacophore model generation and ranking of the 
generated models. Finally, pharmacophore model validation is 
performed and the best pharmacophore model is selected 
depending on the results obtained (Noha et al., 2013; Leelananda et 
al., 2016).          In structure-based pharmacophore modeling, the 
selection and preparation of target protein structure is the first step. 
The second step is binding site prediction. Then, complemental 
chemical features of the binding site amino acids and their layouts 
are identified by analyzing them carefully. After this, the 
pharmacophore features, which should be optimized by the 
adjusted tools in the programs employed, are generated. Finally, 
crucial pharmacophore features responsible for the activity are 
selected (Sanders et al., 2012).                                                                                                         
3.1 Applications Of Computational Methods For Drug Design 
3.1.1 Lead optimization 
Lead optimization compares the properties of various lead 
compounds and provides information to select the compound or 
compounds with the greatest potential to be developed into safe and 
effective medicines. The candidate drugs with better therapeutic 
profiles are accessed for quality, taking into account factors such as 
the ease of synthesis and formulation. After this, they are registered 
as an investigational new drug and submitted for clinical drug 
(Maria et al., 2012). 
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3.1.2 Visual screening 
      Virtual screening (VS) is a computational technique used to 
identify from a large library of compounds those that bind to a 
specific target, usually an enzyme or receptor. Virtual screening is 
usually approached hierarchically in the form of a workflow, 
sequentially incorporating different methods, which act as filters 
that discard undesirable compounds.     This makes it possible to 
take advantage of strengths and avoid limitations of the individual 
methods (Scior et al., 2012; Kumar et al., 2015). Compounds that 
survive all the filters of the VS are usually referred to as hit 
compounds and they need to be tested experimentally in the 
laboratory to confirm their biological activity. Virtual screening 
methods can be classified into two major groups: Ligand-based 
methods, which rely on the similarity of the compounds of interest 
with active compounds. 
Receptor-based methods, which focus on the complementarity of 
the compounds of interest with the binding site of the target 
protein. Like high-throughput screenings (HTS), VS protocols are 
normally used as an early step in the drug discovery process to 
enrich the initial library with active compounds (Scior et al., 2012).  
3.1.3 ADMET Prediction 
ADMET (absorption, distribution, metabolism, excretion, and 
toxicity) data is considered an essential part of discovering and 
developing new drugs. Both in vitro as well as in vivo models 
provide parameters regarding drugs’ ADMET properties, which in 
turn can be used to predict drugs’ behavior after administration. 
ADMET parameters determine whether drug candidates are to be 
advanced, held, or terminated (Zhang et al., 2012). Preclinical data 
of drugs’ ADMET properties play a role in the assessment of drug 
targeting after administration since pharmacokinetic profiles can be 
estimated based on drugs' ADMET data. Parameters including the 
absorption rate, the deposition, and the metabolism of the drug 
within the targeted organ are being taken into consideration when 
assessing drugs’ exposure in the targeted site of action (Zhuang and 
Lu, 2016). To develop drugs with desired properties and optimal 
dosing regimens, it is very essential to determine the 
pharmacokinetic properties of these drugs, including their ADMET 
(Hop, 2012b). Due to various risk factors associated with the 
development and discovery of drugs along with the time-
consuming processes involved, in vivo models were conducted to 
reduce the expected undesired properties of drugs in the preclinical 
stages before introducing them to the market (Bohnert and 
Prakash., 2012). Properties that are taken into account when 
predicting the behaviors of newly developed drugs are related to the 
size of doses and their frequencies as well. These properties include 
drugs’ bioavailability, oral absorption, clearance, volume of 
distribution, as well as penetration through the blood-brain barrier 
(BBB) (van de Waterbeemd and Gifford, 2000). 
3.1.4 Toxicity Prediction 

Toxicity evaluation is of fundamental importance in drug 
development and approval. It is well known that drugs must 
undergo clinical trials to become legal (Ting et al., 2006; Janodia et 
al., 2007). Unfortunately, clinical trials are always associated with a 
certain degree of risk. It was reported that about half of the new 
drugs were found to be unsafe or ineffective in late human clinical 
trials (Hwang et al., 2016). For example, the drug Sitaxentan was 
urgently withdrawn from global markets due to specific and 
irreversible hepatotoxicity in humans (Galiè et al., 2011; Erve et al., 
2013). The safety of clinical trials highlights the importance of 
preclinical evaluations, which are necessary to prevent toxic drugs 
from entering into clinical trials. 
3.2 Challenges in Computational Methods for Drug Design 
Computational drug design faces several significant challenges that 
impact its effectiveness. One of the primary challenges is ensuring 
the accuracy of the results, which heavily depends on the quality of 
input data, such as protein structures and ligand conformations. 
Additionally, the precision of the computational methods, 
including the scoring functions used to evaluate ligand-protein 
interactions, is crucial to achieving accurate outcomes. Another 
challenge is the inherent complexity of drug design, as it involves 
numerous factors like ligand-protein interactions, solubility, and 
toxicity. Developing computational methods that can accurately 
model these multifaceted elements is a significant hurdle. 
Furthermore, the time required for computational drug design is 
often substantial due to time-consuming calculations, such as 
molecular dynamics simulations or large-scale virtual screening, 
which can create bottlenecks in the drug discovery process. Finally, 
reproducibility presents another critical challenge, as variations in 
software tools or input parameters can lead to inconsistent results, 
complicating the ability to compare and reproduce findings across 
different studies (Feher et al., 2003; Kitchen et al., 2004). 
3.3 Future Direction 
Artificial intelligence (AI) and machine learning are increasingly 
being utilized in drug design to predict the properties of new 
compounds and analyze vast datasets of molecular structures. 
These technologies offer the potential to accelerate the discovery of 
novel drug candidates while significantly reducing the cost and time 
associated with traditional drug discovery methods. Recent 
advancements, such as the application of deep learning to generate 
compounds with specific properties like efficacy and selectivity, 
highlight the transformative impact of AI in this field (Gómez-
Bombarelli et al., 2018). Quantum computing, another emerging 
technology, promises to revolutionize drug design by enabling the 
simulation of molecular interactions with unprecedented detail, far 
surpassing the capabilities of classical computing methods. This 
could lead to the design of molecules with improved selectivity and 
binding affinity, although quantum computing is still in its infancy 
and rapidly evolving (McArdle et al., 2020). Additionally, multiscale  
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Figure 1. Schematic Representation of a Computational-Aided Drug Design (CADD) 
 

 
Figure 2.  Workflow of Structure-Based Drug Design (Ms.Priti et al., 2022). 
 

 
Figure 3. The Various Principles and Efficient Methods for SBDD Workflow 
 
Table 1. Software for Structure-Based Drug Designing (SBDD) 

Stages Tools used Brief Description Links 
1. Target 
modelling 

SWISS-MODEL Homology modelling https://swissmodel.expasy.org/ 

  MODELER Homology Modelling https://salilab.org/modeller/ 
  Phyre and Phyre2 Template detection alignment as well as 

3D modeling 
http://www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id=index 

2. Binding site CASTp Binding site prediction http://sts.bioe.uic.edu/castp/index.html?201l 
  Active site prediction 

tool 
Active site prediction http://www.scfbio-iitd.res.in/dock/ActiveSite.jsp 

3. Molecular 
Docking 

AutoDockVina Molecular docking and virtual screening https://vina.scripps.edu/ 

  Schrodinger Maestro https://www.schrodinger.com/products/maestro 
  

 

https://www.schrodinger.com/products/maestro
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Figure 4. General Steps Involved in Ligand-Based Drug Design 
 
 

   
Figure 5. Pharmacophore Modeling workflow 
 
 

 
Figure 6. General Scheme of a Virtual Screening Workflow. 
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modeling approaches, which account for interactions occurring at 
different lengths and time scales, offer a more accurate 
representation of biological processes than traditional 
computational methods. By capturing these complex interactions, 
multiscale modeling can enhance drug design precision, identify 
potential off-target effects, and improve the safety of drug 
candidates (Klontz et al., 2018). 
3.4 Successful Applications Of Cadd 
3.4.1 Design of Protease Inhibitors for HIV:  
The development of protease inhibitors for the treatment of HIV 
was a breakthrough in the field of drug design. The design of these 
inhibitors was facilitated by computational methods such as 
molecular docking and molecular dynamics simulations, which 
helped to identify compounds that could bind to the active site of 
the HIV protease enzyme. This led to the development of drugs 
such as saquinavir, ritonavir, and indinavir, which have been highly 
effective in treating HIV (De Clercq, 2009). 
3.4.2 Discovery of Tamiflu for Influenza:  
The antiviral drug Tamiflu was developed using a combination of 
computational and experimental methods. Molecular modeling 
was used to design analogs of the natural sialic acid molecule, which 
is a substrate for the influenza virus neuraminidase enzyme. These 
analogs were then synthesized and tested for their ability to inhibit 
the enzyme. Tamiflu, which was derived from one of these analogs, 
has been widely used to treat influenza (Hayden, 2009). 
3.4.3 Design of Kinase Inhibitors for Cancer: 
 Kinases are enzymes that play a key role in cancer cell growth and 
proliferation. The design of kinase inhibitors for cancer treatment 
has been facilitated by computational methods such as virtual 
screening and molecular dynamics simulations. These methods 
have been used to identify compounds that can bind to the ATP-
binding pocket of specific kinases and inhibit their activity. Drugs 
such as imatinib, dasatinib, and sunitinib, which target specific 
kinases, have been highly effective in treating certain types of cancer 
(Sharma and Almasi, 2019). 
 
4. Conclusion 
Computational methods have revolutionized the field of drug 
design by enabling faster, more cost-effective, and more efficient 
drug discovery. These methods include various techniques such as 
molecular docking, virtual screening, and machine learning 
algorithms, which can predict the activity, potency, and safety of 
potential drug candidates. The use of computational methods has 
led to the development of several successful drugs, such as HIV 
protease inhibitors, Tamiflu for influenza, and kinase inhibitors for 
cancer, which have significantly improved patient outcomes. 
Furthermore, computational methods have enabled the design of 
drugs that would have been impossible to discover using traditional 

methods, offering new hope for the treatment of complex and 
previously untreatable diseases. 

 

Author contributions 

O.S.B., O.O., and O.O.J. conceptualized the study. O.S.B. led data 
curation, formal analysis, and methodology development, with 
contributions from O.O. and O.O.J. O.S.B. and O.O. managed 
project administration, with O.O.J. supervising and validating. 
O.S.B. and O.O.J. drafted the manuscript, with O.O. assisting in 
review and editing. Data from this research can be accessed upon 
request. 
 

Acknowledgment  

Author was grateful to their department. 
 

Competing financial interests  

The authors have no conflict of interest. 
 

References 

Bohnert, T., Prakash, C., (2012). ADME profiling in drug discovery and development: an 

overview. Encyclopedia of Drug Metabolism and Interactions 135. Available 

from: https://doi.org/10.1002/9780470921920.edm021. 

Crasto AM. All About Drugs. (2020) Mumbai, India:[Publisher unknown]; Available from: 

http://www.allfordrugs.com/drug-design 

De Clercq, E. (2009).The design of drugs for HIV and HCV. Nature Reviews Drug Discovery, 

8(3), 1-22. https://doi.org/10.1038/nrd2853 

de Ruyck J., Brysbaert G., Blossey R., Lensink M.F. (2016) Molecular docking as a popular 

tool in drug design, an in silico travel. Adv. Appl. Bioinf. Chem. AABC. 9:1–11. 

doi: 10.2147/AABC.S105289 

Doman TN, McGovern SL, Witherbee BJ, Kasten TP, Kurumbail R, Stallings WC, Connolly DT, 

Shoichet BK. (2002) Molecular docking and high-throughput screening for novel 

inhibitors of protein tyrosine phosphatase-1B. J Med Chem 45:2213–2221. 

Erve J.C., Gauby S., Maynard M.J., Jr., Svensson M.A., Tonn G., Quinn K.P. (2013). 

Bioactivation of sitaxentan in liver microsomes, hepatocytes, and expressed 

human P450s with the characterization of the glutathione conjugate by liquid 

chromatography-tandem mass spectrometry. Chem. Res. Toxicol. 26:926–936.  

          doi: 10.1021/tx4001144. 

Feher, M., & Schmidt, J. M. (2003). Property distributions: differences between drugs, natural 

products, and molecules from combinatorial chemistry. Journal of Chemical 

Information and Computer Sciences, 43(1), 218-227. 

 Gao Q, Yang L, Zhu Y. (2010). Pharmacophore Based Drug Design Approach as a Practical 

Process in Drug Discovery. Curr Comput Aided-Drug Des. 6(1):37–49. DOI: 

https://doi.org/10.2174/157340910790980151. 

Galiè N., Hoeper M.M., Simon J., Gibbs R., Simonneau G. (2011). Liver toxicity of sitaxentan 

in pulmonary arterial hypertension. Eur. Heart J. 32:386–387.  

         doi: 10.1183/09031936.00194810.  

Gómez-Bombarelli, R., Wei, J. N., Duvenaud, D., Hernández-Lobato, J. M., Sánchez-

Lengeling, B., Sheberla, D., ... & Aspuru-Guzik, A. (2018). Automatic chemical 



ANGIOTHERAPY                                       REVIEW 
 

https://doi.org/10.25163/angiotherapy.879775                                                                                                         1–10 | ANGIOTHERAPY | Published online Jul 10, 2024 
 

design using a data-driven continuous representation of molecules. ACS Central 

Science, 4(2), 268-276. 

Grant M.A. (2009) Protein structure prediction in structure-based ligand design and virtual 

screening. Comb. Chem. High Throughput Screen. 12:940–960. doi: 

10.2174/138620709789824718. 

Guner O. (2005). History and Evolution of the Pharmacophore Concept in Computer-Aided 

Drug Design. Curr Top Med Chem;2(12):1321–32. DOI:  

          https://doi.org/10.2174/1568026023392940. 

Hayden, F. G. (2009). Developing new antiviral agents for influenza treatment: what does the 

future hold? Clinical Infectious Diseases, 48(Supplement_1), S3-S13. 

https://doi.org/10.1086/591952 

Hop, C.E., 2012b. Role of ADME studies in selecting drug candidates: dependence of ADME 

parameters on physicochemical properties. Encyclopedia of Drug Metabolism 

and Interactions 6, 143. Available from: 

https://doi.org/10.1002/9780470921920.edm049. 

Hwang T.J., Carpenter D., Lauffenburger J.C., Wang B., Franklin J.M., Kesselheim A.S. 

(2016). Failure of Investigational Drugs in Late-Stage Clinical Development and 

Publication of Trial Results. JAMA Intern. Med. 176:1826–  

         33. doi: 10.1001/jamainternmed. 6008.  

 Janodia M.D., Sreedhar D., Virendra L., Ajay P., Udupa N. (2007). Drug Development 

Process: A review. Pharm. Rev. 5:2214–2221. [Google Scholar] 

Kalyaanamoorthy S., Chen Y.P. (2011) Structure-based drug design to augment hit discovery. 

Drug Discov. Today. 16:831–839. doi: 10.1016/j.drudis.2011.07.006. 

Kitchen D B, Decornez H, Furr J R, Bajorath J. (2004) Nat Rev Drug Discovery, 3:935–949. 

doi: 10.1038/nrd1549. [PubMed] [CrossRef] [Google Scholar] [Ref list] 

Klontz, E. H., Kenney, I. M., & Kirschner, D. E. (2018). Multiscale modeling in the clinic: 

diseases of the kidney. Wiley Interdisciplinary Reviews: Systems Biology and 

Medicine, 10(2), e1406. 

 Kumar A., Zhang K.Y.J. (2015). Hierarchical virtual screening approaches in small molecule 

drug discovery. Methods. 71:26–37. doi 10.1016/j.ymeth.2014.07.007. [PMC 

free article] [PubMed] [CrossRef] [Google Scholar] [Ref list]  

 Kumar A., Rathi E., Kini S.G. (2019). Identification of potential tumor-associated carbonic 

anhydrase isozyme IX inhibitors: Atom-based 3D-QSAR modeling, 

pharmacophore-based virtual screening, and molecular docking studies. J. 

Biomol. Struct. Dyn.  doi: 10.1080/07391102.2019.1626285.  

Laurie A.T., Jackson R.M. Q-sitefinder. (2005) An energy-based method for the prediction of 

protein-ligand binding sites. Bioinformatics. 21:1908–1916. 

Langer T, Hoffmann RD. (2006). Pharmacophore Modelling: Applications in Drug Discovery. 

Expert Opin Drug Discov. 1(3):261–7. DOI:  

          https://doi.org/10.1517/17460441.1.3.261. 

Leelananda SP, Lindert S. (2016). Computational methods in drug discovery. Beilstein J Org 

Chem. 12:2694–718. DOI: https://doi.org/10.3762/bjoc.12.267. 

Lin, X., Li, X., & Lin, X. (2020). A Review on Applications of Computational Methods in Drug 

Screening and Design. Molecules (Basel, Switzerland), 25(6), 1375. 

https://doi.org/10.3390/molecules25061375 

Lin, Shu-Kun Sutter, J.M. Hoffman R. HypoGen. (2000) An automated system for generating 

predictive 3D pharmacophore models. In: Güner O, editor. Pharmacophore 

Perception, Development and Use in Drug Design. International University Line; 

p. 171–89. 

 Lionta E., Spyrou G., Vassilatis D.K., Cournia Z. (2014) Structure-based virtual screening for 

drug discovery: Principles, applications, and recent advances. Curr. Top. Med. 

Chem. 14:1923–1938. doi: 10.2174/1568026614666140929124445. 

  

Maria Antony Dhivyan JE and Anoop MN. (2012). School of Health and Life Sciences, 

Edinburgh Napier University, Edinburgh, United Kingdom – EH10 5DT. 

McArdle, S., Endo, S., Aspuru-Guzik, A., Benjamin, S. C., & Yuan, X. (2020). Quantum 

computational chemistry. Reviews of Modern Physics, 92(1), 015003. 

Md. Mofizur Rahman1*, Md. Rezaul Karim2, Md. Qamrul Ahsan3, Abul Bashar Ripon 

Khalipha1, Mohammed Raihan Chowdhury4 and Md Saifuzzaman. (2012). 

Ms. Priti B. Savant,Ms. Ashwini R. Pawar, Ms. Kaufiya D. Sayyed, Ms. Pooja R. Yelmar. (2022) 

1,2,3,4 Sahyadri College of Pharmacy Methwade Tal, Sangola, Distsolapur  

Maharashtra 413307. 

Noha SM, Schuster D. (2013). Pharmacophore modeling. In: Lill MA, editor. In Silico Drug 

Discovery and Design. p. 80–93. ISBN: 9781909453029. 

 Pau L.; Gardner, C.L.; Pugliai, F.A. (2017) Gonzalez, teleonomic acid binding pocket in prb 

from liberibacterasiaticus. Front microbial 8,1591. 

Prachayasittikul V, Worachartcheewan A, Shoombuatong W, Songtawee N, Simeon S, 

Prachayasittikul V, et al. (2015). Computer-Aided Drug Design of Bioactive 

Natural Products. Curr Top Med Chem. 15(18):1780–800. URL:  

          https://www.ingentaconnect.com/content/ben/ctmc 

/2015/00000015/00000018/art00004. 

Sanders MPA, McGuire R, Roumen L, De Esch IJP, De Vlieg J, Klomp JPG, et al. (2012). From 

the protein’s perspective: The benefits and challenges of protein structure-

based pharmacophore modeling. Medchemcomm 

         3(1):28–38. DOI: https://doi.org/10.1039/C1MD00210D 

Scior T., Bender A., Tresadern G., Medina-Franco J.L., Martínez-Mayorga K., Langer T., 

Cuanalo-Contreras K., Agrafiotis D.K. (2012). Recognizing pitfalls in virtual 

screening: A critical review. J. Chem. Inf. Model.52:867–881.  

          doi: 10.1021/ci200528d. [PubMed] [CrossRef] [Google Scholar] [Ref list] 

Schuster D. (2010). 3D pharmacophores as tools for activity profiling. Drug Discov Today 

Technol. 7(4):e205–11. DOI: https://doi.org/10.1016/j.ddtec.2010.11.006 

 Sheridan RP, Rusinko A, Nilakantan R, Venkataraghavan R. (1989). Searching for 

pharmacophores in large coordinate databases and their use in drug design. 

Proc Natl Acad Sci U S A. 86(20):8165–9. DOI: 

https://doi.org/10.1073/pnas.86.20.8165. 

Sharma, A., & Almasi, Z. (2019). Kinase inhibitors in cancer treatment: an overview. Mini-

Reviews in Medicinal Chemistry, 19(12), 986-1002.  

          https://doi.org/10.2174/1389557519666190911153827 

Sliwoski, G., Kothiwale, S., Meiler, J., & Lowe, E. W., Jr (2013). Computational methods in drug 

discovery. Pharmacological reviews, 66(1), 334–395.  

          https://doi.org/10.1124/pr.112.007336 

 Talele T T, Khedkar S A, Rigby A C. (2010) Curr Top Med Chem. 10:127–141. doi 

10.2174/156802610790232251. [PubMed] [CrossRef] [Google Scholar] [Ref 

list] 

Ting N., editor. (2006). Introduction and New Drug Development Process. Dose Finding in 

Drug Development. Springer; New York, NY, USA; pp. 1–17. [Google Scholar] 

Van de Waterbeemd, H.,Gifford, E., (2000). ADMET in silico modeling: toward prediction 

paradise? Nat. Rev. Drug Discov. 2(3), 192-204. 



ANGIOTHERAPY                                       REVIEW 
 

https://doi.org/10.25163/angiotherapy.879775                                                                                                         1–10 | ANGIOTHERAPY | Published online Jul 10, 2024 
 

Vel EP, Guti PA. (2012). Generation of pharmacophores and classification of drugs using 

protein-ligand complexes Generación de farmacóforos y clasificación de drogas 

utilizando complejos proteína-ligando Geração de farmacóforos e classificação 

de fármacos usando-se complexo prote. Rev Colomb Química. 41(3):337–48. 

URL: 

http://www.scielo.org.co/scielo.php?pid=S012028042012000300001&script=

sci_arttext&tlng=en. 

Vucicevic J., Nikolic K., Mitchell J.B. (2019) Rational drug design of antineoplastic agents 

using 3D-QSAR, cheminformatic, and virtual screening approaches. Curr. Med. 

Chem. 26:3874–3889. doi 10.2174/0929867324666170712115411.  

Zhang Y.; hand.; Tian H.; Jiao Y.; Shi Z.; Ran T.; Liu H.; Lu S.; Xu A.; Qiao X.; Pau J.; Yin L.; 

Zhou W.; Lu T.; Chen Y. (2016) Identification of covalent binding sites targeting 

cytokines based on computational approaches Mol. Pharma, 13(9) 3106-3118. 

Zhang, D., Luo, G., Ding, X., Lu, C., (2012). Preclinical experimental models of drug 

metabolism and disposition in drug discovery and development. Acta Pharm. 

Sin. B 2 (6), 549□ 561. 

Zhuang, X., Lu, C., (2016). PBPK modeling and simulation in drug research and development. 

Acta Pharm. Sin. B 6 (5), 430□440. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


