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Abstract

The process of drug discovery has undergone radical changes and development over years. Traditionally, the drugs were
discovered by employing chemistry and pharmacology-based cautious approach. When natural products were the most
important source of drugs or drug precursors, but the conventional randomized drug research phenomenon was no
longer effective at that time due to many negatives of these approaches like: high expenses of discovering new drugs,
time-consuming and reduced success guarantee. Thus, with the development of the era, the concept of “Rational Drug
Design” has enabled drug target identification and validation to be more specific. In addition, several novel technologies
and approaches have been introducing economics, proteomics and other omics areas such as 3D QSAR, pharmacophore
modeling and other, which playing a promising role in accelerating the pace of drug discovery process. Their view of the
current research focuses on the importance of drug discovery in modern times and shows how old methods have been
replaced and summarized. Some of examples of molecules are identified in addition to computational approaches used to

discover it, specifically in the field of anticancer drug design

Keywords: Drug Discovery; Drug Design; CADD Technologies; 3D QSAR; Pharmacophore Modeling; Computational

Methods for Anticancer Drug

Abbreviations: CADD: Computer-Aided Drug Design;
RDD: Rational Drug Design; CAMD: Computer-Assisted
Molecular Modeling; SBDD: Structure-Based Drug Design;
MTDs: Multi-Target Drugs; QSAR: Quantitative Structure-
Activity Relationships; LBDD: Ligand - Based Drug
Design.

Introduction

In 1945, the Nobel Prize in Physiology or Medicine was
granted together to Sir Howard Walter Florey, Ernst Boris
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Chain and Alexander Fleming, the latter discovered
penicillin from two decades before [1]. During the past 50
years, the goal of drug discovery has been to design
compounds that interact with biological targets, according
to a ‘one-drug-one-target’ paradigm [2]. Drug discovery
process was a significant issue in the pharmaceutical
industry because it was a very costly and time-consuming
process to produce new drug potentials, although that
was only a very limited number of drug discovery projects
would lead to the discovery of a new drug [3-5]. Today,
with the development of bio informatics techniques, it is
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possible to facilitate drug Discovery and product
development at a faster rate by reduce the time, cost and
make the people understand the complex mathematical
and statistical equation in simple form. Bioinformatics is
the branch that deals with the application of computer
technology for the management and analysis of the
biological information by making a combination among
computers, databases, statistics, graphs and 3-d plots [6].

Many bioinformatics technologies are growing
importance fields to understand and predict the potential
drug because it focuses on two main areas: Data
Management and Data Analysis [6]. The bioinformatics
and computer-aided drug design (CADD) approaches play
a critical role in addressing different challenges in drug
design. It is the advance in understanding that a drug is an
effective ligand for a protein of therapeutic interest in
addition to the molecule need to have drug-like
properties. Rational Drug Design (RDD) is basically a
computer-aided molecular modeling which is a repetitive
process that is based on the knowledge of three -
dimensional (3-D) structure of the target proteins of
interest. Such knowledge allows designing molecules
capable of binding the receptor to maximize drug affinity
and specificity towards the target. The major goal of the
CADD center is to initiate these collaborations leading to
the establishment of research projects to discover novel
chemical entities with the potential to be developed into
novel therapeutic agents. An advance in RDD is tightly
coupled to advances in new algorithms for Computer -
Assisted Molecular Modeling (CAMD). Computer Aided
Drug Design (CADD) represents more recent applications
of computers as tools in the drug design process. In most
current applications of CADD, there are attempts to find a
ligand that will interact favorably with a receptor that
represents the target site [7].

With the dramatic increase of information available on
genomics, small molecules, and protein structures,
computational tools become integrated at almost every
stage of the drug discovery and development. More
recently, many cases of successful applications of
structure-based drug design and Ligand -based drug
design approaches have been reported. It is the case for
designing potential anticancer drugs and drug candidates,
the 3D structure of a target molecule, chemical
compounds which may have a potentially higher affinity
for their target when are designed rationally with the aid
of computational methods [8].

Computational models generate useful predictions to
be checked with experimental results, and biologists and
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physicians demand approaches that are more accurate to
computational scientists [9]. In the current literature, the
main objective of this research was to review the drug
discovery in the past and to show how effect development
of the computational drug design approaches on the
design of new drugs in directing further therapy in future.
Drug discovery is discussed further in the following
section.

Drug Discovery

More than 30years ago, Macro molecular X-ray
crystallography was an important and powerful technique
used by pharmaceutical companies in drug discovery. The
crystal structures of protein-ligand complexes allows the
study of the specific interactions of a particular drug with
its protein target at the atomic level and it is used to
design and improve drugs discovery [10]. The utility of
this technique is demonstrated in the discovery and
optimization of a new orally available class of urokinase
inhibitors for the treatment of cancer [11]. In the design
of inhibitors of serine proteases to control blood clotting
and in Fragment-based drug discovery which allows the
complementarily between a protein active site and drug-
like molecules to be rapidly and effectively explored,
using structural methods but most pharmaceutical
companies considered X-ray crystallography too
expensive and time-consuming [12-14].

Traditionally, the typical drug discovery and
development cycle, from concept to market is a very
difficult task. It has many limitations such as: The drug
discovery takes approximately 14 years because
synthesizing compounds of drugs is a multi-step and
time-consuming process. Therefore, the most successful
pharmaceutical companies have only one project success
from ten when they are bringing a drug to market. Such
process has resulted in high attrition rates with failures
attributed to poor pharmacokinetics (39%), lack of
efficacy (30%), animal toxicity (11%), and adverse effects
in humans (10%) [15,16]. Drug design projects can fail
because of the lack of the adequate assays or animal
models to test for the proper functioning of candidate
compounds. Another limitation from the drug-design
limitations is that of the compounds that are active
against the disease which may be too toxic, not bio
available, or too costly to manufacture. There cent
estimates of the costs to bring a drug to the market have
ranged from $300 million to $1.7billion. A single
laboratory researcher’s salary, benefits, laboratory
equipment, chemicals, and supplies can cost in the range
of $200,000 to $300,000 per year [17]. In addition to that,
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some diseases are so rare that the cost of a development
effort would never be covered by product sales. Figure 1
refers to the traditional life cycle of drug discovery.

Currently, the rapid developments in combinatorial
chemistry and high - throughput screening technologies
have provided an environment to expedite the drug
discovery process by enabling huge libraries of
compounds to be screened and synthesized in a short
time. Although the investment in new drug development
has grown significantly in the past decades, the output is
not positively proportional to the investment because of
the low efficiency and high failure rate in drug discovery
[18]. Consequently, various approaches have been
developed to shorten the research cycle and reduce the
expense and risk of failure for drug discovery. The
bioinformatics and Computer aided drug design (CADD) is
one of the most effective methods for reaching these goals
[19].

Synthetic or Natural Compound

Preclinical Trails

¥

Clinical Trails

Figure 1: Traditional Life Cycle of Drug Discovery.

Drug Design Approach

In the most basic sense, the drug design is the design of
small molecules that are complementary in shape and
charge to the bio molecular target to which they interact
and bind [20]. Drug design is referred to as rational drug
design (or more simply rational design) [21]. The
objective of drug design is to find a chemical compound
that can fit geometrically and chemically to a specific
cavity on a protein target [22]. Traditional methods in the
design of new drugs which discovered by coincidence or
trial and error methods were replaced as a result of the
development of new approaches and technologies that
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yield significant savings in time and money and increase
in diversity and specificity of lead compounds. The
development of in Silico or “Computer aided drug design
(CADD)” has been receiving more and more attention in
the worldwide [20,21].

Current approach in drug discovery needs the
understanding of the disease mechanism, pathways,
identifying disease causative proteins followed by target
identification and lead compound discovery [23].
Nowadays, predominant methods of drug design and
discovery are integrating techniques of x-ray
crystallography, computational chemistry, and nuclear
magnetic resonance spectroscopy. Also, the research
activity is being mimic of the Dear Dr. Li Pin Kao, complex
molecular interactions of natural proteins by focusing on
small-molecule structure-based drug design, In Silico
drug design can be applied according to two approaches
of drug design depending on the knowledge of the target,
presence of the primary sequence, and 3D structure.
These strategies are: Structure - Based Drug Design
(SBDD) and Ligand - Based Drug Design (LBDD)
[21,24,25]. Structural - Based Drug Design is generally
the preferred method of drug design because it is the
process that incorporates both experimental and
computational techniques. In addition, it is not a single
tool or technique of drug designs in ceit has the highest
success rate and the docking, as well as in it is the
preferred tool for giving a computational prediction of
compound activity [26]. Figure 2 is an example of docking
process.

Figure 2: Example of molecular docking of a
peptidomimetic designed to bind to domain IV of HER
protein [27].

Structure Based Drug Design

In the drug design, one of the major challenges in
computational approaches is the accurate prediction of
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the binding affinities between small molecules and their
macro molecular receptors, SBDD approaches are
responsible for that [28,29]. Structure-based drug design
(SBDD) methods are becoming increasingly powerful,
versatile and more widely used [30].

If the target 3D structure is known, it can be use
Structure-Based Drug Design (SBDD) strategy for the
design of new ligands, which it is a well-established as
successful and highly attractive strategy used by academic
and pharmaceutical research laboratories worldwide
[31,32]. The identification of peptide-based HIV protease
inhibitor was the first success of structure based drug
design [33] and inhibitors against MDM2 protein which
interact with P53 and cause cancer [34]. From the first
published work describing SBDD in 1976 to the present
day the computer aided molecular design and SBDD have
played a key role in the development of several marketed
drugs [35].

Ligand Based Drug Design

Ligand based drug design is one of the popular
approaches for drug discovery and lead optimization used
when the 3D structure of a target protein are unavailable,
new drugs will designed based on the knowledge of
already reported drugs for that particular biological
target [36,37]. From the successful example of small
molecules designed using a ligand-based approach is the
case of tubul in polymerization inhibitors, which is an
essential component of cell cycle progression and cell
division represents an important target for anticancer
therapy [38]. Many methods are used in the ligand -
based drug design process, but the 3D structure-activity
relationships (3D QSAR) and pharmacophore modeling
are widely used because they are considered as the most
important tools. Which can provide predictive models
which are suitable for lead compound optimization in
addition to the crucial role in the nature of the
interactions between drug target and ligand molecule?
[39].

3dgsar: Quantitative structure-activity relationships
(QSAR) are statistically derived models from the
knowledge of chemical structure it can predict the
physicochemical and biological properties of molecules.
Classical QSAR methods describe relationships using
mathematical models which further validate and predict
the model statistically. Predicting the biological activity of
untested compounds from their molecular structures is
one of the major applications of QSAR model. Overcoming
the critical problem in QSAR modeling in estimating the
accuracy of prediction becomes easy after the
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development of molecular modeling. Three-dimensional
(3D) descriptors have replaced the traditional
physicochemical and bi-dimensional descriptors [40]. A
3D-QSAR is a mathematical attempt to define the
properties of the active site without knowing its structure.
This is done by computing the electrostatic and steric
interactions that an imaginary probe atom would have if
it were placed at various positions on a grid surrounding
a known active compound [17]. 3D QSAR is a well-
established, successful and highly attractive strategy
which allows the identification of the pharmacophoric
arrangement of molecular fragments in space and
provides guidelines for the design of the next generation
of compounds with enhanced biological potencies.
Therefore, it is used by academic and pharmaceutical
research laboratories worldwide [31,32,41,42].

Pharmacophore Modeling: Pharmacophore approaches
have become one of the major and successful
computational tools in drug discovery [43,44]. The
concept of pharmacophore was first introduced in1909 by
Ehrlich [45]. Who defined the pharmacophore as the
essential features responsible for a drug’s biological
activity and it is the first essential step towards
understanding the interaction between a receptor and a
ligand [43,46]. After the past century’s various ligand-
based and structure-based methods have been developed
for improved pharmacophore modeling and the latest can
be established either by superposing a set of active
molecules and extracting common chemical features that
are essential for their bioactivity in a ligand-based
manner, or by probing possible interaction points
between the macromolecular target and ligands by in a
structure-based manner. Pharmacophore approaches
have been successfully and extensively applied in virtual
screening, de novo design and other applications such as
lead optimization and multi target drug design [44,47,48].
Although in recent years, many successful stories of
pharmacophore approaches in facilitating drug discovery
have been reported, still pharmacophore faces many
challenges that limit its capability to reach its expected
potential, particularly with reducing the high cost
associated with the discovery and development of a new
drug. However, with success stories in drug discovery and
increasing application ranges of pharmacophore, enable
further enrichment of the pharmacophore concept and
development of it. [44].

Others: Many other methods used in the ligand-based
drug design process such as: COMFA and CoMSIA, the first
one developed as a tool to study 3D QSAR that begins with
a traditional pharmacophore modeling to suggest a
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bioactive conformation for each molecule and to
superimpose the molecules under study. Although
CoMSIA method based on similarity indices similar to
CoMFA but it is overcomes to the problems associated
with the functional form of the Lennard-Jones potentials
used in most of the COMFA methods because this method
adopted Gaussian type functions instead of traditional
CoMFA potentials [49,50]. GRID and GOLPE is the other
method used in the ligand - based drug design which is
better than COMFA method because of reduced number of
potential functions to (6-4) compared to Lennard-Jones

potential (6-12) in COMFA [51]. In recent years, QSAR
validation received more attention that there were four
tools to validate a QSAR model 1. Randomization of the
response data 2. Cross-validation 3. Bootstrapping 4.
External validation by splitting the total data set into test
and training set. REACH (Registration, Evaluation and
Authorization of Chemicals) legislation enforced in the
European Unions agreed that QSAR models should be
validated scientifically and regulatory bodies should take
decisions based on sound scientific background [52].

Compound name Drug target Computational approach Therapeutic area Reference
GefltlI}lb .comtl)lrllatlon allosterl.c site of MTT cell proliferation treatment of CML [53]
with imatinib Abl kinase assay
ZINC08764498 (hit1)
and ZINC12891610 Bcr-Abl protein Glide software treatment of CML [54]
(hit2)
FDA approved drugs i)arréctzli‘npigtevfllgrliprigpf:; I%?ri?&iftieﬁa?rgilgfozr;d Patient’s with [55]
based on the patient's |modeling (CBM) approach. Relapsed/refractory ETP- ALL.
Construction of a cancer- | Potential molecular targets for
Drug target discovery| BCL2, caspase-3 and TP53. | perturbed protein-protein| development of anticancer [56]
interaction network drugs.
T . . against both mitosis .
alipoic ac1q sh{komn (tubulin) and glycolysis compute'r assistant drug clinical anticancer agent [57]
ester derivatives design method
(PDK)
Brk (also known as . . - :
protein tyrosine 19,20-anhydrosipholenol A| a kinase assay profiling controlling breast cancer 58]
kinase 6, PTK6) 4-3-benzoate platform proliferation and migration
indazole-based . . Structure-based drug colon cancer HCT-116 Ce.ll line
diarylurea derivatives targeting c-kit design and hepato cellular carcinoma [59]
' PLC/PRF/5 cell line
2,4-dihydroxy a molecular chaperone a validated molecular | Anti proliferative effect against [60]
benzaldehyde (Hsp90) docking methodology PC3carcinoma cells.
MI-888 p53-MDM2 interaction Spirotry pros.tgtln Aand anticancer agents [61]
alstonisine
inverse docking (Pharm
Danshensu HRas Mapper and id Target Anticancer target [62]
servers)
A topological sub
carbonucleosides Ras FTase inhibitors structural approach to Anticancer Compounds [63]
molecular
design (TOSS-MODE)

Table 1: Selected inhibitors, drug targets and computational methods used for anticancer identification and interaction

prediction
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Application of Computational Methods for
Anticancer Drug

Computational models are mathematical models used
to study the complex systems numerically by making a
computer simulation and predictions of the system's
behavior under different conditions [64]. It has become
an important component of many drug discovery
programs and provided fruitful insights into the field of
cancer, because computational models given the
advantage that much less investment in technology,
resources, and time are required [65,9,8]. In recent years,
many successful applications of the structure-based drug
anticancer design have been reported. For example,
identification of p53 unregulated modulator of apoptosis
(PUMA) inhibitors; PUMA inhibition increased risks for
cancer development and therapeutic resistance because it
leads to apoptosis deficiency. This cancer-treatment
target is central in mitochondria-mediated cell death by
interacting with all known anti apoptotic Bcl-2 family
members, such compounds have been identified through
computational modeling, structure-based design, and
high-throughput screening of natural product and
synthetic libraries [8,66,67]. In this review, we summarize
leading computational techniques of anticancer in Table 1
that include target prediction, compound name with
Computational approach and therapeutic area.

Currently, a rational drug design technique has become
an indispensable instrument for the development of the
target-based therapies [65]. Specially, in modern biology
with development of medicine bio informatics which
become essential for management of data and clinical
applications of these data in drug design and development
[68]. From the example of the application of
bioinformatics in new therapeutic advances is the
development of designer targeted drugs such as imatinib
mesylate (Gleevec), in chronic myeloid leukemia which is
interferes with the abnormal protein made [69]. Also,
from the latest advances in bioinformatics tools which
lead to discovering multi-targeting molecules, where a
single chemical entity can act on multiple molecular
targets. Nowadays, it is gaining a great importance in
anticancer drug discovery. In this field, a promising
computational approach for identification of target
combinations, and virtual screening for the design of
multi- targeting ligands include data mining, ligand and
structure-based analyses [70]. Design I-Kappa-B KinaseB
(IKK-B) inhibitor, is another example of design a small
molecule using a computational approach which is a key
player in the NF- B signaling pathway, represents yet
another potential target for the treatment of cancer in
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addition to inflammation [71]. Researchers are also
exploring peptides which are called ‘alternative scaffolds’
that enhance tumor penetration. With the development of
these approaches new opportunity become available for
impactful cancer treatments [72]. It is expected that
rational poly pharmacology will play an increasingly
important role in drug discovery during the near future.

Conclusion and Future Trends

This brief review found that the bioinformatic and the
computer-aided drug design (CADD) center were created
to foster collaborative research among biologists,
biophysicists, structural biologists and computational
scientists. Now a day, it is possible to design a drug using
high technologies and which create a new area of drug
design and development. As structural genomics,
bioinformatics, and computational power continue to
explode with new advances and further successes in
structure-based drug design. New targets are being
identified each year, structures of those targets are being
determined at an amazing rate, and our capability to
capture a quantitative picture of the interactions between
macromolecules and ligands is accelerating [73]. For
example, after the completion of human genome project,
pharmacogenomics becomes the new area of research
which evaluates the effect of genes and their
polymorphism on drug response and makes a revolution
in the drug discovery, development process and
formulation optimization based on the evaluation
different genetic markers. Furthermore, medicine will be
smarter, safer and more efficacious based on
pharmacogenomics approaches [74].

Another example is that deep learning methods will
become a major computer-aided drug design (CADD)
approach in the near future. Despite the advantages and
popularity of using machine-learning approaches (e.g.,
QSAR) in modeling studies, machine intelligence has been
replaced by the deep learning in recent years because it
can deal with complex tasks based on large,
heterogeneous, and high-dimensional data sets without
the need for human input. These methods have been
shown to be useful in drug design studies [75]. Also, from
a new paradigm in drug discovery is of the Poly
pharmacology, which is the process off in ding new uses
for existing approved drugs which focuses on multi-target
drugs (MTDs), has potential application for drug
repurposing, prediction of off-target toxicities and
rational design of MTDs. The computational strategies
have important role in it [76].
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In future, many novel technologies and methodologies
will be developed to increase the efficiency of the drug
discovery process, and many drug discovery programs
have depended on these computational methodologies,
from hit identification to lead optimization. However,
computational models generate useful predictions to be
checked with experimental results. We hoped to improve
of the success rate of new drugs in the clinic and the
finding of new uses for existing drugs by achieving a
systems-level understanding of human diseases. Although
the brief review of drug design was not completely
accurate, it can serve as a foundation that covers some
studies in this field to which improvements can be made
in the future.
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