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Drug discovery and design are difficult, expensive, and time-consuming procedures.
Drug discovery in the past was based on trial and error. Traditional drug development
methods often involve screening chemicals that are either naturally occurring or created
in laboratories at random. However, there are a number of serious problems with this
strategy, such as expensive and time-consuming design cycles. After the 20th century,
modern techniques are applied. The goal of drug design is to identify a chemical
compound that can physically and chemically fit into a certain protein target cavity.
Computer engineering and software development advances have improved rational drug
design to save time and money, making computer-aided drug design (CADD) a viable
substitute. CADD applications are widely used at various stages of design and
discovery, and ligand-based approaches are widely recognized as powerful and
successful techniques in drug development and discovery. Several CADD approaches
are evaluated as promising techniques in all structure-based drug design. It still takes
years for a treatment to be discovered, despite the amazing use of CADD; therefore,
new methods to improve the design and discovery processes should be put into place.
Machine learning, deep learning, and artificial intelligence are given special
consideration in order to increase the efficacy and efficiency of creating new
pharmaceutical medicines.

INTRODUCTION

The process of finding possible new therapeutic
entities through a combination of computational,
experimental, translational, and clinical models is

known as drug discovery. The creative process of
developing novel drugs based on an understanding
of a biological target is known as drug design. In
its most basic form, drug design is the process of
creating molecules that complement the molecular
target they interact and bind to in terms of shape
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and charge [1]. According to industry average
statistics given to the  Pharmaceutical
Manufacturer's Association, drug development
expenditures have increased from $4 million in
1962 to over $350 million in 1996. Between 1960
and 1980, a drug's improvement time from initial
synthesis to first release on the market nearly
doubled. Since 1980, it has been mostly unaltered
over the current 9-13-year span. Pharmaceutical
producers and researchers estimate that the entire
drug discovery process costs over US$880 million
and takes up to 14 years, from the start of research
to the successful 2001 launch of a new drug [2].
Another obstacle in the medication design and
development process was the time and expense
required to create innovative therapeutic agents
[3]. The difficulties and obstacles associated with
conventional medication design and development
can be removed by computer-aided drug design
that incorporates artificial intelligence algorithms
thanks to technological breakthroughs. While
machine learning includes supervised,
unsupervised, and reinforcement learning,
artificial intelligence is referred to as a superset
that includes machine learning. Additionally,
medication design and development have made
substantial use of deep learning, a subset of
machine learning [4].

Historical Perspective:

According to certain research, Paleolithic people
were aware of the use of psychoactive or bitter
plants that contained poison for self-medication.
The agricultural development that brought
civilization and infectious disease plagues began
about 10,000 years ago when the human species
settled from nomadic life and began growing
plants for food. There was no medical system in
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place in the ancient world, and plants-which were
primarily found by accident—were the main
source of medication used to heal illnesses.
Some of the "drugs" found, like tea and alcohol,
had no therapeutic value, while others, like opium
and cannabis, are dangerous and addictive.
Cultures and religions had a significant influence
on the practices, and the uses of plants as remedies
were passed down orally or inscribed on caves [5].
Herbs and plant extracts were among the first
natural compounds used for medical purposes, and
this is where the history of medication design
begins. However, with the development of organic
chemistry and the separation of active ingredients
from natural sources in the late 19th and early 20th
centuries, the methodical creation of medications
got underway. Paul Ehrlich's creation of salvarsan
in 1909, the first successful therapy for syphilis,
was one of the early achievements in drug design

[6].
Modern Drug Discovery

The goal of the target-based approach used in drug
development is to create medications that
selectively treat the deficiency underlying the
disease without generating adverse effects. The
organism is viewed as a collection of genes and
pathways. Chemical structures that can be
detrimental to a chemical compound can be
designed and simulated on a computer. The
sickness is brought on by enzymes attaching to the
proper location on a cell's membrane. Researchers
can use a computer to see the receptor site's
appearance and how to modify a substance to
prevent an enzyme from binding there. [7]

Stages in Modern Drug Discovery
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Figure 1: Stages in modern drug discovery

Drug Designing

Drug design is the creative process of developing
new drugs based on target knowledge. In short, it
involves the formation of molecules that
complement the form and charge of the object to
which they connect and interact [8]. The outlines
of compounds that complement the molecular
target they interact and bind with in terms of shape
and structure are the first step in the drug design
process [9]. These are the two primary types of
drug design, which are referred to as

a) structure-based drug design and
b) ligand-based drug design, respectively [10].
Computer aided drug designing (CADD)

The two broad types of CADD are ligand-based
drug design (LBDD) and structure-based drug
design (SBDD) [11]. When the target proteins'
three-dimensional structures are known, SBDD is
utilized; when the structures are unknown, LBDD
design is used. CADD techniques rely on
databases, software, and bioinformatics tools [12].

A] Structure-based drug design (SBDD)
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In drug design, the method to be employed is
structure-based drug design. Structure-based drug
design aids in the process of finding new
medications [13]. The target protein's structure is
known in SBDD, and all tested compounds have
known interactions or bioaffinities. The cost of
drug discovery and development can be as low as
50%. CADD uses any software that is based on
procedure for creating a standard to connect
structure to activity [14]. 3D structural study of
biological molecules is necessary for structure-
based medication design. Significant progress has
been made in this field thanks to biomolecular
spectroscopic techniques like NMR and X-ray
crystallography,  which  have significantly
improved the structural information of the
therapeutic target. This method predicts whether a
novel drug would bind with high affinity in the site
where the interaction alters protein function,
leading to a therapeutic effect, using structural
target knowledge [15]. The fundamental phases of
SBDD include target preparation, binding site

identification, molecular  docking, virtual
screening, and molecular dynamics [16].
Overview of CADD steps:
1. Target preparation:
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If the target proteins' 3D structures are not
available, computational techniques such as
comparative or homology modeling, threading,
and ab initio modeling have been successful in
determining the structures of proteins from their
sequences. This is because X-ray and NMR
structure elucidation techniques have advanced so
quickly that 3D structures of proteins deposited in
the Protein Data Bank (PDB) are easily accessible
[16].

2. ldentification of active binding site and
characterization for preparation:

Protein-ligand interaction is necessary for drug
action. Only if high-affinity binding sites are
discovered is it feasible. Finding druggable holes
or pockets on a target protein is crucial to the
development of innovative strategies in a
structure-based drug discovery process. Whether
or whether they contain a ligand, protein surface
cavities known as "binding sites” (BSs) can differ
greatly in size and form. [16]

3. Molecular docking

A computer technique for examining the
interactions between a ligand and a target is called
molecular docking. In order to find the ideal
conformations and orientations, tiny molecules are
positioned within the target's active site using
docking algorithms. These algorithms predict the
ligand's affinity in a given posture by exploring the
conformational space for docking poses and using
a score function [15]. The three primary
components of molecular docking approach are
objectives that are related to one another, such as:
prediction of virtual, bioaffinity, and binding pose
screening [14].

Table: 3 List of docking tools/ software.

4. virtual screening
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With the use of knowledge about the protein target
or known active ligands, virtual screening has
emerged as a highly practical method for
identifying the most advantageous bioactive
molecules. Virtual screening has emerged as a
remarkable  substitute for  high-throughput
screening in recent years, mostly due to its cost-
effectiveness and likelihood of identifying the
most relevant novel hit by filtering through the
vast chemical libraries [14].

4.1 Structure-based virtual screening

In SBVS, the compound database is docked into a
specific target binding location. In addition to
forecasting the binding mode, SBVS rates the
molecules that were docked. This rating can serve
as the only standard. for choosing compounds that
show promise or combining with other methods of
evaluation. Experiments are carried out to
ascertain the biological activity of the prescribed
drugs according to the molecular target being
studied. There are four phases in SBVS: [16]

(i) molecular target preparation, (ii) choosing
compounds from databases, (iii) molecular
docking and (iv) analysis after docking.

4.2 Ligand-based virtual screening

The information about the ligands that bind to the
target efficiently can be used to create a model of
the target protein using a computer method known
as ligand-based virtual screening.

5. Molecular dynamics

The foundation of this advanced physical method
is Newton's equations of motion, which govern
interactions between atoms. It is employed to
predict each atom's location within a chemical
system in relation to time.

B] Ligand based drug designing
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When three-dimensional information about the
receptor is not available, ligand-based drug design
is employed. Understanding the molecules that
attach to the biological target of interest is essential
to the approach. LBDD techniques improve
existing medications or direct the creation of new
ones with increased activity by using a known
antibiotic (ligands) as a target to establish a
structure-activity relationship (SAR) between
their physiochemical characteristics and antibiotic
activities Pharmacophore and QSAR (quantitative
structure-activity relationship) are two LBDD
techniques [16]. The pharmaceutical industry
optimizes medication pharmacokinetic parameters
such as absorption, distribution, metabolism,
excretion, and toxicity by using ligand-based drug
discovery techniques to screen for novel ligands
with intriguing biological activities. Based on the
notion that molecules with similar structures have
comparable biological effects, these techniques
predict similar chemical entities using the structure
of known ligands. These techniques examine the
known ligands' 2D or 3D structures in relation to
the target molecule. The objective is to remove
unnecessary information while capturing the
physicochemical characteristics required for the
intended interactions [15].

1. Quantitative Structural
Relationship [QSAR]

Activity
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A computerized statistical tool called a
quantitative  structural  activity relationship
(QSAR) can be used to explain the observed
variation in structure changes brought about by
replacement. These mathematical models show
how a ligand's structural characteristics impact a
target's activity response when it binds to it.
Electronic, hydrophobic, steric, and substructural
effects are examples of molecular factors that can
be utilized to construct QSAR models. The
parameters are discussed in depth below [16].

2. Pharmacophore Modelling

Ligand-oriented another computational approach
to drug creation is pharmacophore modeling,
which finds ligands with comparable structural
and physical characteristics that bind to a protein.
A 3D model of a ligand's physiologically active
characteristics, including hydrophobic areas,
aromatic rings, and hydrogen-bonding groups, is
produced using this technique. A ligand-based
pharmacophore is made by layering many active
compounds to overlap in a geometric pattern.
Molecular flexibility can identify overlapping
regions in  more accurate applications.
Conformational flexibility can be incorporated by
pre-calculating each ligand's conformal space,
generating a general-purpose model, or adjusting
molecule positions as required by the alignment
method [15].
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Figure 2: Steps in Pharmacophore Modelling

In drug development, computer-aided drug design
(CADD) approaches are becoming more and more
important for the economical identification of

viable therapeutic candidates. These
computational techniques are important for
reducing the wuse of animal models in

pharmacological research, helping to rationally
design new and safe drug candidates, repositioning
already-marketed medications, and assisting
pharmacologists and  medicinal  chemists
throughout the drug discovery process [18]. A new
understanding of the quantitative relationship
between structure and biological activity has led to
the emergence of computer-aided drug design
applications in search of new therapeutics against
tuberculosis (TB), in contrast to the time-
consuming, costly, and laborious traditional drug
discovery approach. Lead analogue synthesis and
testing account for a large amount of the $500-800
million and 10-15 years it takes on average to
bring a medication to market. Because there are
computer models that can screen thousands of
compounds prior to synthesis and in vitro testing,
applying  computational  methods  during
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optimization significantly lowers the costs
associated with drug development [19]. In order to
boost the success rate with high precision in a brief
amount of time, scientists and researchers looked
for alternative tools. CADD is one of the best
approaches for drug discovery among these
strategies. The term "CADD" is frequently used to
describe the many computer techniques utilized in
complex design. Typically, it covers compound
analysis, modeling, management, and storage. The
drug discovery and development pipeline has
changed as a result of CADD's implementation.
CADD tools may be used in preclinical research,
validate and improve processes, and maybe find
medication targets [20]. These days, CADD is
essential to the hunt for novel molecular entities.
Improved data source management and design,
computer programs that produce vast libraries of
pharmacologically intriguing compounds, new
algorithms to evaluate the potency and selectivity
of lead candidates, and the development of
predictive tools to detect possible ADME/Tox
liabilities are among the current priorities [21].
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Figure 3: Recent programs in CADD

Advantages of CADD [22]

The screening of millions of tiny molecules to
identify a limited number of possible candidates
for additional assessment in experimental testing
is one of CADD's primary benefits.

* The creation of new, patentable compounds using
scaffold-hopping, fragment-based, or de novo
techniques.

* Reducing the number of human and animal
experiments.

* Forecasting lead molecule PK/PD parameters.
* The creation and application of top-notch
libraries and databases to maximize lead
molecules  for  similarity or  diversity.
* Drug resistance is being reduced and overcome.

Challenges in CADD

There have been several developments in
computer-aided drug design (CADD) techniques
during the last few decades. In many instances, in
vitro or in vivo investigations have demonstrated
good potential for the compounds that are
improved and screened utilizing different CADD
approaches. There aren't many practical uses for
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these techniques, even with their improvements
and implementations. Numerous issues and
difficulties with different CADD approaches
remain unresolved. The Ilimits of CADD
approaches can be lessened by extensive use of the
highly accurate computational program, which can
also offer an effective solution that could cut down
on the overall time and expense of drug design
[23]. In order to reduce erroneous expectations and
improve CADD production, other issues that need
to be addressed include appropriate scientific
dissemination, data exchange, and education [24]

New Approaches in CADD

Molecular docking, dynamics, and other
conventional techniques are examples of classical
CADD-based technologies that must overcome
various obstacles. Because the actual approach
necessitates numerous steps, including (i) target
validation, (ii) lead optimization, and (iii)
biological assays, artificial intelligence (Al)-based
techniques like machine learning (ML) and deep
learning (DL) algorithms may be the next
generation of CADD. By learning from prior entry
data, machine learning can resolve issues. When
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solving problems, the machine mimics "human
reasoning." As a result, artificial intelligence (Al)
algorithms are being used in a variety of fields,
including drug screening, drug repurposing,
finding novel compounds and targets, directing
molecular synthesis, and biological evaluation. In
this sense, will the next generation of drug design
and CADD techniques use Al, ML, and DL [25]

Al in Drug Discovery and Designing

Due to long timescales and high failure rates, the
drug discovery pipeline has historically been
associated with expensive prices. Pharmaceutical
businesses may more effectively and efficiently
traverse this complicated market by integrating
Al-driven  approaches.  Machine learning
algorithms, for instance, are able to examine
enormous information and find complex patterns.
This makes it possible to find new therapeutic
targets and anticipate possible drug candidates
more quickly and accurately than with
conventional trial-and-error methods. This has
accelerated the process of developing drugs for a
wide range of illnesses [26]. The use of innovative
methods that are self-sufficient to overcome the
difficulties posed by conventional computing
methodologies is on the rise. Deep learning (DL)
and machine learning (ML) algorithms are two
examples of artificial intelligence (Al) that has
surfaced as a potential remedy to address issues
and challenges in the drug design and discovery
process [27]. The discovery of various, strong,
target-specific, and drug-like ligands for protein
targets can be accelerated using Al-driven
methods. This finding could lead to more cost-
effective and efficient drug discovery, which
would ultimately help create safer and more
efficacious treatments [28]. The distinction
between artificial intelligence (Al) and
computational intelligence is that the latter uses
genetic algorithms and neurons to convey
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information, drawing inspiration from biological
processes such as evolution. Big data and effective
machine learning approaches are needed to
develop models with high accuracy and precision.
"Big data" is defined as having a large volume (TB
to ZB), fluctuating rapidly over brief periods of
time, and being extremely diversified (words,
images, graphs, vectors, symbols, etc.). A good
machine learning model in Al is one that can
generalize well to new cases that haven't been
implemented in the training database without
overfitting, in other words, predictions from
extrapolated data are reasonable and predictions
within the dataset range, or interpolations, are
typically easy to achieve [29]. When applied
correctly, artificial intelligence (Al) technology
can assist in the analysis of enormous volumes of
data, including chemical, proteomic, and genomic
data, in order to forecast the toxicity or efficacy of
drugs and identify possible therapeutic
compounds. The ability of Al to forecast possible
new applications for currently available
medications is a breakthrough that could speed up
the drug development process and lower related
expenses [30]. Emerging Al-ML platforms and
medical and  pathological trends  are
revolutionizing the sector by providing creative
ways to improve clinical decision support,
operational workflows, diagnostic accuracy, and
clinical outcomes [31]. In drug discovery, artificial
intelligence (Al) tools are being used more and
more to support each step of the Design-Make-
Test-Analyze (DMTA) cycle [32]. Artificial
intelligence is mostly used to anticipate
medication qualities, which could eliminate the
need for clinical trials and live research
participants, which would be advantageous from
an ethical and cost perspective.
This section discusses the research found in this
review that backs the use of Al to enhance the drug
development process's efficacy, precision, and
output [33].
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Figure 4: Application of Al in Drug Discovery

Challenges in Al:

Choosing and developing algorithms is essential.
The particular issue at hand will determine which
Al algorithms are most suited for the finding of a
substance. It takes knowledge of both Al and
materials science to create specialized algorithms
that can manage the particular difficulties of
material data, such as high dimensionality and
non-linear connections. Even though Al models
are able to anticipate material qualities with
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remarkable precision, it is still difficult to
understand the underlying causes
of these predictions. To direct future research and
design, it is crucial to comprehend the connection
between the input qualities and output properties.
Lastly, the integration of domain-specific
knowledge, such thermodynamics or quantum
mechanics, is frequently necessary for efficient
material discovery. It is crucial to combine Al
methods with specific scientific understanding to
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guarantee precise forecasts and significant
breakthroughs [34]. Future healthcare is
anticipated to be greatly impacted by artificial
intelligence, while it is still difficult to define its
potential for patient-level decision-making. The
methods used now don't increase confidence,
guarantee human decision accuracy, or enable Al
recommendations in therapeutic contexts. Medical
practitioners must use prudence while utilizing Al
systems, and they should encourage authorities to
guarantee safety and offer explanations prior to
implementing Al in healthcare settings [35].

FUTURE POTENTIAL OF Al:

Al is predicted to help and change every industry
in the future, including clinical pharmaceutical
services and healthcare. But Al is not a panacea
that can fix every issue. It's important to
understand the capabilities and limits of any Al-
adapted program before utilizing it [36]. An
emerging trend in machine learning is explainable
Al, and its use in drug development will help to
build an iterative loop of artificial intelligence,
experimental biology, and human input. It would
be ideal if the Al model could reveal how it arrives
at a specific prediction, such as which training
molecules are used. Understanding the reasoning
and insight behind Al's predictions will assist
scientists in avoiding making inaccurate forecasts
for the wrong reasons and in highlighting warning
signs that are too subtle for the human brain to see
[37]. In some cases, AI/ML is being utilized to
improve human decision-making skills; the FDA
has taken proactive steps to guarantee that
machine-made decisions are at least as strong and
dependable as human analysis; and AI/ML models
are now widely employed to speed up drug
discovery. Numerous rules, directives, and White
Papers have been published to guarantee that
choices made by machines are consistently
contested [38].
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CONCLUSION:

Drug design and discovery are inherently
expensive and time-consuming procedures.
Researchers are using computer-aided drug design
(CADD) more and more to address these issues.
Prior to synthesis, CADD prioritizes and optimizes
compounds using virtual screening and
computational modeling. CADD can drastically
cut down on the time and resources required for
conventional synthesis and testing by filtering
sizable chemical libraries in silico. However, there
are significant drawbacks to CADD. Because of its
limited accuracy, virtual screening frequently
produces false positives and negatives, and
docking algorithms have to streamline molecular
flexibility and scoring, which may compromise
reliability. Al models, for instance, can create new
molecules with optimized properties and predict
protein structures with high accuracy, significantly
broadening the search space beyond what is
practical to do by hand. In the future, combining
Al and CADD has a lot of potential.
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